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Abstract 

Conserving biodiversity across Australia's rangelands requires action at vast spatial scales, often across 

multiple land tenures, and in landscapes where threatening processes interact in complex ways. Drawing 

on 25 years of conservation management across nearly 7 million hectares, we examine how Australian 

Wildlife Conservancy's approach to rangeland conservation has evolved in response to these challenges. 

Our experience demonstrates that no single intervention is sufficient. Effective conservation requires 

the sustained and adaptive integration of species recovery, fire management, invasive species control 

and ecological monitoring, implemented at ecologically meaningful scales. Safe havens remain 

essential for species unable to persist with introduced predators, while emerging beyond-the-fence 

translocations are testing pathways to recovery for species capable of persistence under sustained 

predator suppression. At landscape scales, interactions among fire, introduced herbivores, habitat 

condition and predation highlight the need to manage threats as interconnected processes rather than in 

isolation. Delivering such programs across the rangelands increasingly depends on enduring 

partnerships with First Nations organisations, governments and pastoral enterprises. We argue that the 

next phase of rangeland conservation must move beyond individual projects and threats towards 

integrated, cross-tenure conservation systems capable of adapting to ecological change. 

Introduction  

The scale of Australia's biodiversity challenge has driven a rapid evolution of conservation models. 

Conservation efforts have traditionally centred around publicly owned national parks, reserves, and 

other protected areas. However, over the past three decades there has been growing recognition that the 

public reserve system alone is insufficient to slow or reverse Australia's biodiversity decline, 

particularly given that many threatened ecosystems and species occur on private and leasehold land. In 

response, private land conservation has expanded rapidly through conservation covenants, Indigenous 

Protected Areas, philanthropic conservation organisations, and privately protected areas managed 

specifically for biodiversity outcomes. Non-governmental organisations now play an increasingly 

important role in protecting and managing Australia's conservation estate, complementing government-

managed reserves and contributing to national biodiversity targets (Cowell and Williams 2006, 

Fitzsimons 2015). This shift has been particularly significant across Australia's rangelands, where the 

size of existing land parcels presents the opportunity to conduct conservation actions at scale. 

Australian Wildlife Conservancy (AWC) began with the vision of its founder, Martin Copley AM, to 

prevent the extinction of Australiaôs native fauna. After rapid expansion in the early 2000s, AWC now 

manages or co-manages 32 properties or management areas, encompassing nearly 7 million hectares of 

land, 99% of which (by area) occurs in the rangelands. This paper reflects on AWCôs 25-year history 

in managing land for conservation in the rangelands, describing our conservation model, key successes, 

challenges and opportunities. 

AWCôs conservation model 

AWC's conservation model is founded on a single objective: the effective conservation of Australia's 

wildlife and their habitats. Achieving this objective requires conservation management tailored to the 

threats affecting different species and ecosystems. Accordingly, management focuses on mitigating the 

principal drivers of biodiversity decline, primarily introduced predators and herbivores, changed fire 

regimes and weeds. In some locations, AWC conducts reintroductions of locally-extinct mammals, in 

conjunction with feral predator exclusion or effective control. These actions are underpinned by an in-

house science program and a commitment to evidence-based management. Long-term ecological 
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monitoring is used to assess the status and trajectories of priority species and ecosystems, evaluate the 

effectiveness of management interventions, and refine conservation strategies and actions in response 

to new evidence. This conservation model is implemented at scale through partnerships with other 

landholders, enabling conservation across diverse land tenures and drawing together cultural 

knowledge, scientific evidence and practical land management expertise. 

Key outcomes and lessons 

Species recovery and reintroductions 

Australia has experienced the worldôs highest rate of recent mammal extinctions, with predation by 

feral cats and foxes remaining a primary driver of ongoing declines. Safe havens, including fenced areas 

and predator-free islands, are now an essential conservation tool for threatened mammals vulnerable to 

introduced predators. AWC manages Australiaôs largest terrestrial safe haven network, comprising 11 

safe havens supporting reintroduced populations of 21 mammal species. Five of these safe havens occur 

in the rangelands (Mt Gibson, Scotia, Mallee Cliffs, Newhaven and Faure Island) and support 15 

reintroduced mammal species. 

Safe havens have played a critical role in preventing extinctions of threatened mammals and facilitating 

their reintroduction to parts of their former ranges; however, the benefits extend beyond the 

reintroduced species themselves. Predator exclusion can also benefit resident native fauna, with higher 

occupancy or abundance of small native mammals and some birds within predator-free areas relative 

to adjacent unfenced landscapes, although responses vary among taxa and more complex outcomes 

have been reported for reptiles (Roshier et al. 2020, Smith et al. 2020). Reintroductions can also restore 

ecological processes following mammal declines. The return of digging mammals, such as bilbies and 

bettongs, has reintroduced important ecosystem engineering functions that influence soil processes, 

nutrient cycling and vegetation dynamics (Anson 2018). Similarly, restoring mammalian granivores to 

arid landscapes may generate landscape-scale changes in vegetation structure, including reduced shrub 

encroachment (Mills et al. 2018). 

Fenced areas require substantial upfront and ongoing investment in infrastructure and maintenance, 

although over the long-term, costs may be lower than landscape-scale baiting or similar programs. 

Construction can be particularly challenging in rugged and high rainfall areas. A key lesson from the 

past 25 years is that safe havens are an effective tool for preventing extinctions and rebuilding 

populations of threatened species that are highly vulnerable to feral cats and foxes. For some species, 

the level of vulnerability to introduced predators is such that predator-free safe havens are likely to 

remain essential to their long-term conservation. For others, achieving recovery at a larger scale will 

require the restoration of self-sustaining populations beyond fenced areas, supported by sustained 

reductions in predator impacts and improvements in habitat condition. These ñbeyond-the-fenceò 

translocations represent a new phase in AWCôs reintroduction strategy and will present novel 

challenges and opportunities for learning (Bourne 2024). 

Threat management and monitoring 

Across Australiaôs rangelands, multiple threatening processes interact to drive declines in biodiversity. 

Altered fire regimes and introduced herbivores have compounding impacts which degrade habitat 

quality and make native fauna more vulnerable to introduced predators (Legge et al. 2019). Climate 

change adds further complexity by modifying the frequency and intensity of extreme events, reducing 

the resilience of already strained ecosystems (Legge et al. 2023). 

Fire management is a major component of AWC's conservation program across the rangelands. The 

primary objective is to restore fire regimes that reduce the occurrence of extensive late dry season 

wildfires to promote habitat heterogeneity and protect fire sensitive ecosystems and species. Across 11 

monitored management areas encompassing more than 5 million hectares, AWCôs fire management 

programs have more than halved the extent of late dry season wildfire relative to pre-management 

baselines. This has been achieved by increasing the proportion of country burnt by planned early dry 

season fire, which has more than doubled since AWC management commenced. Overall, fire regimes 

on AWC-managed properties in northern Australia have shifted from a high frequency of high-intensity 

wildfires towards regimes dominated by less-intense, patchy, early dry season fire. 
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Yet improved fire regimes alone are not always sufficient to drive wildlife recovery. Introduced 

herbivores, including camels, buffalo, horses, donkeys and pigs, can substantially alter vegetation 

structure and habitat condition, potentially undermining the benefits of fire management. AWC has 

used strategic fencing, aerial control and targeted exclusion to manage large feral herbivores and has 

established some of the largest feral herbivore exclusion areas on mainland Australia at Wongalara 

(NT) and Mornington-Marion Downs (WA) Wildlife Sanctuaries. In the central Kimberley, small 

mammal populations doubled following feral herbivore removal and concurrent improvements in fire 

management (Legge et al. 2011, Legge et al. 2019). 

Broad-scale suppression of introduced predators across remote rangelands remains difficult with current 

tools. In northern Australia, growing evidence suggests that improving habitat condition through fire 

and feral herbivore management can reduce hunting efficiency and impacts of feral cats on native 

wildlife (McGregor et al. 2014, Legge et al. 2019, Stobo-Wilson et al. 2025). Weed management 

presents similar challenges at landscape scales, requiring strategic prioritisation of high-impact weeds 

that pose the greatest threat to key conservation assets, such as buffel grass in arid regions and high-

biomass grasses such as gamba grass and smothering vines in northern Australia. Weed management is 

supported indirectly by managing fire and minimising disturbance from introduced herbivores, further 

reinforcing the importance of integrated threat management rather than addressing individual threats in 

isolation. However, it is clear that leaps in innovation are required to adequately manage the threat of 

invasive predators and weeds across Australiaôs rangelands. 

Responding to climate change is now an increasingly important component of rangeland conservation, 

not least because of direct effects to wildlife and vegetation communities, but also because of the risks 

to staff working in remote environments. AWCôs Climate Change Adaptation Strategy is providing a 

framework for identifying climate-related risks and embedding adaptation into conservation planning, 

infrastructure design, emergency preparedness and long-term ecological monitoring.  

Through one of Australia's largest biodiversity monitoring programs, AWC assesses the status of 

priority species and ecosystems, evaluates the effectiveness of management interventions, and applies 

adaptive management principles to continually improve conservation outcomes (Kanowski et al. 2018). 

Monitoring data are used to identify emerging threats, prioritise management actions and measure 

ecological responses to conservation investment. 

Partnerships and collaboration 

The ecological processes shaping Australia's rangelands do not align with property boundaries. Fire, 

invasive species, wildlife populations and climate impacts operate across tenures and jurisdictions, 

making collaboration essential to conservation at meaningful scales. Building and maintaining 

partnerships requires time, trust and flexibility, and a willingness to align conservation objectives with 

cultural, social and economic priorities. For AWC, partnerships have become increasingly central to 

conservation delivery as the organisation's work has expanded beyond the direct ownership and 

management of conservation properties. 

Partnerships with Traditional Owners and First Nations organisations provide opportunities to bring 

ecological and cultural knowledge together and support employment and training associated with caring 

for Country. Across Australia, these partnerships encompass fire management, threatened species 

monitoring, feral animal control, cultural heritage protection and joint planning for long-term 

management priorities. 

Partnerships with government agencies and pastoral enterprises have similarly expanded the scale, 

reach and effectiveness of conservation programs. Collaborative conservation management on 

Commonwealth Defence lands (e.g. Yampi Sound Training Area), and partnerships with state and 

territory governments (e.g. Mallee Cliffs National Park), demonstrate the potential to deliver 

conservation on public land without transferring tenure to a conservation organisation. Partnerships 

with pastoral enterprises, including NAPCo and Bullo River Station, are testing how biodiversity 

conservation can be integrated within production landscapes. These collaborations provide 

opportunities to apply ecological monitoring, fire management and targeted threat reduction across 

working rangelands, while recognising the operational realities of pastoral production.  
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The lesson from these partnerships is that conservation at scale is as much an institutional challenge as 

an ecological one. Expanding conservation across the rangelands will require models capable of 

operating across different land tenures, governance systems and management objectives. The durability 

of these relationships may ultimately determine whether conservation gains can be sustained over the 

timeframes required for ecological recovery. 

Future directions 

Despite substantial progress over the past 25 years, significant challenges remain. Broad-scale 

management of introduced predators and weeds, the increasing impacts of climate change, and the need 

for sustained funding continue to constrain biodiversity recovery across Australia's rangelands. 

Emerging technologies, innovative funding mechanisms such as the Nature Repair Market, and 

continued investment in long-term monitoring provide opportunities to strengthen conservation 

outcomes. Australia's rangelands represent one of the country's greatest opportunities to address 

biodiversity decline at meaningful scales. Realising this opportunity will require conservation models 

that combine rigorous science, long-term commitment and genuine collaboration between rangeland 

stakeholders. Ultimately, lasting conservation outcomes will depend as much on enduring partnerships 

across land tenures as on the landscapes themselves. 
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Abstract 

Our story begins in the 1950s when rangeland advisers, Kevin Fitzgerald, Hank Suijdendorp and David 

Wilcox, were posted by the WA Department of Agriculture to the Kimberley, Pilbara and Murchison 

to assist the pastoral industry. They faced a landscape already degraded in many areas by overuse and 

limited knowledge by both government and the industry of the art and science of rangeland 

management. Pastoral industries in these regions experienced reduced productivity and sought 

solutions. A truly daunting undertaking by our forebearers and the over 350 men and women who 

followed them.  

From the start we pursued the ideal that ólooking after countryô would be financially rewarded. While 

all our work in ecological research, landscape description, landscape rehabilitation and animal 

production was focused on this, few pastoralists embraced, or even believed it, and for the most part 

there was inadequate evidence of economic rewards for conservative management. 

Government (as well as industry) objectives at the time were more focused on boosting productivity 

than on caring for the land. Our employer, the Department of Agriculture relied on extension, rather 

than regulation, to change management behaviour in the pastoral lands. With some exceptions, this was 

generally ineffective. In latter years, we sought no formal imprimatur for our main tool of monitoring 

and while lease inspection was accorded high priority, no procedures were in place to ensure 

recommended management conditions were addressed. Consequently, we had little or no impact either 

on lease scale management or on the overall administration of the pastoral estate which covers 40% of 

the state. 

A key and enduring conclusion from our research on effects of grazing in grasslands and shrublands is 

that pastoralism practiced at conservative stocking rates is a benign user of rangeland resources and is 

to be encouraged. Conversely, in areas where conservative stocking is no longer economically viable 

pastoralism ceases to be an acceptable land use. 

The environment we found ourselves in 

While this paper is written as an opportunity for self-reflection, rather than a history lesson, it is worth 

considering some history, for context. 

The majority of pastoral stations in Western Australia were taken up in the last decades of the 19th 

century and the early part of the 20th century, although the 1960s saw new stations on the Nullarbor 

Plain. Today, the (approx.) 435 stations make up about 860,000 km2, or nearly 40% of Western 

Australia. South of the Kimberley, livestock numbers peaked in the early 1930s, (Morrissey et al. 2025) 

before crashing due to drought and overgrazing. Numbers never recovered to those levels despite the 

increased number of watering points and station development. The 1930s drought led to a Royal 

Commission (Fyfe, 1940). The Report recommended many actions to improve administration and 

government support for the pastoral industry but said almost nothing about the need for improved land 

management to achieve rehabilitation of the resource.   

Almost all the research that had been done in the pastoral areas up until the 1950s was led by the 

University of Western Australia. The Bureau of Agriculture, renamed the Department of Agriculture in 

1904, was established to focus on rainfed, broadacre agriculture in the south-west of the state. In 

response to pressure from the pastoral industry, from government, and from within, the Department of 

Agriculture established the North West Division (NWD) in 1950-51. 

mailto:ian.watson@csiro.au
mailto:aholm@bigpond.net.au
mailto:don.burnside@iinet.net.au
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It is here that our story begins. Kevin Fitzgerald was appointed to the Kimberley in 1951, Hank 

Suijdendorp to the Pilbara in the same year and David Wilcox to the southern shrublands in 1954. Their 

achievements in this largely unknown environment, as reported in Morrissey et al. (2025) were legion 

and inspired those who followed. David was part of the team, led by CSIRO, which described and 

mapped the resources of the Wiluna-Meekatharra area (1958). As an example of how little was known 

about the art and science of range management at the time, of the three references cited in Wilcox and 

Speckôs chapter on the pastures of the region, only one relates specifically to those mulga lands (Wilcox 

and Speck 1963). 

In 1972 the Rangeland Management Branch (RMB) was formed, with Kevin Fitzgerald as the first 

Principal Adviser. The Branch was disbanded in 1993. This presentation, and the book from which it 

originates (Morrissey et al. 2025) honours the 350 or so people who served in the NWD and RMB, 

many of whom took their families to remote locations, often with rudimentary facilities, and performed 

their duties with great passion for the pastoral industry and the natural resources on which it depended. 

The book also provided the authors with a chance to see their own roles in the context of departmental 

and government policy and to reflect on where, when and whether, they made a difference. 

Roles and activities 

Early research conducted by the NWD focused on addressing problems which were seen as restricting 

pastoral or regional productivity. These included fodder and crop research at Camballin on the Fitzroy 

River, integration of extensive Kimberley cattle operations with the Ord River Irrigation Area, plant 

introductions, broadscale landscape rehabilitation in the Ord, management of spinifex pastures through 

fire and spelling to raise sheep productivity, improved livestock genetics, resource inventories, 

understanding the dynamics of grasses and shrubs in the mulga zone and some first steps towards 

monitoring.  

Over time, RMB came to focus more on ólooking after countryô. The Branch conducted grazing trials, 

exclosure studies, resource inventory and condition surveys, research into vegetation dynamics, 

monitoring methods, station management planning, water conservation, fencing and water point 

distribution, land rehabilitation and, by the mid-1980s, pastoral lease inspections on behalf of the WA 

Pastoral Lands Board, which became a formal role in 1987. 

While both the Soil Conservation Act [1945] and the Land Act [1933] contained regulatory powers 

sufficient to compel landholders to take action to mitigate land degradation the practice was to work 

with managers to encourage more benign management of the range resource. Catchment-scale 

degradation in the Gascoyne, the Ashburton, the Fitzroy, the Ord and elsewhere was well recognised, 

mapped, and reported, however the government response (except in the specific case of the Ord) was 

largely inaction. There was: a fond hope that monitoring would provide the means by which managers 

could see the results of their management decisions and then act on them; an expectation that the 

advisory and engagement work of the RMB could translate its research into improved practices; a focus 

on mechanical regeneration; and from 1983, the formation of Soil (later Land) Conservation Districts 

which provided both a vehicle for groups of pastoralists to receive funds for rehabilitation activities as 

well as the potential to combat obvious mis-management through peer-to-peer learning, encouragement 

and (at times) peer group pressure. 

RMB pursued the belief that ómore wool from fewer sheepô (or more beef from fewer cattle) was the 

foundation to protecting and managing the rangelands. We documented the experiences of successful 

pastoralists who practiced conservative management styles (e.g. Morrissey and OôConnor 1988), we 

collected financial data and started cash-flow budgeting with willing pastoralists to show that greater 

production per head would outweigh production from more head, we set up mid to long term grazing 

trials with the expectation that they would show that conservative stocking rates provided long term 

viability, we built exclosures to demonstrate the benefits of rest, we did a lot of extension and 1:1 

engagement. There were a few spectacular converts, but it was a hard case to sell and the industry at 

the time, although probably wanting to believe it, were not convinced. 

At one point in the Branchôs history about one-third of its resources were being put towards range 

monitoring. RMB had a long history of developing and adapting monitoring techniques, installing 
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thousands of photo sites and promoting the benefits of monitoring to the pastoral industry, to land 

administrators and to government. Eventually, we settled on two systems. One being a photo-point 

based system for pastoralists themselves to take ownership and another being a government-focused 

system with fewer sites but more quantitative information (WARMS, see Holm et al. 1987 and Watson 

et al. 2007). On the whole, the industry did not adopt monitoring when it was their own time and 

resources being invested and the use of WARMS results by land administrators proved underwhelming. 

Reflections - after 50+ years 

The process of writing the book (over the course of nearly three years) was a lot of fun. It included 

nostalgia, disputed memory and robust discussion - but ultimately it led to some deep self-reflection. 

The authors were fortunate in being able to look back at careers which began in some cases over 60 

years ago, and to still work and travel through many of the same rangelands today. We reflected that 

throughout our professional careers we had thought hard and worked hard and had produced lots of new 

information ï but too little of that endeavour resulted in real change. The research, development, 

extension and regulation model (we came to wear two hats) was not able to deliver industry-wide 

behavioural change by landholders, and regulation was generally not applied or enforced, and was 

insufficient to force change where it was required.  

Overall, as a group of authors, our conclusions were that; 

1. We became adept at óreading the rangelandsô which allowed us to make sense of what we saw 
as we moved around the bush (Burnside et al. 1995). From our ecological understanding and 

through many discussions with thoughtful and observant pastoralists, we developed basic tenets 

about the interaction between livestock, grazing, climate, the land and vegetation, some of 

which we were able to test in a research setting. 

2. Where pastoralism was profitable at sustainable stocking rates and could adjust to inevitable 

dry times, it was a legitimate use of our natural resources. Conversely, there were substantial 

areas where this was not the case and where pastoralism was not a legitimate use of resources. 

Government, the industry and ourselves never accepted this, and we never made the case in a 

coherent and constructive way. 

3. The spectacular regeneration of parts of the Ord River catchment was one of our success stories 

from 1960 onwards (Payne et al. 2004), although it did rely on species which are now 

considered by many to be weeds.  

4. Our rangeland resource surveys, the result of a program of work conducted over 55 years 

mapping and describing 95% of the pastoral lands, remain an outstanding inventory of the 

stateôs rangeland resources (e.g. Payne et al. 1987).  

5. Land degradation identified in these reports was often not addressed. Early (1970s) reports from 

the Gascoyne (Wilcox and McKinnon 1974) and west Kimberley (Payne et al. 1979) were 

fiercely resisted by the pastoral industry with little impact on management. Later reports were 

used to identify land management issues and to impose management conditions, but 

insubstantial protocols were in place to ensure these conditions were addressed. Government 

really only stepped in to recognise, and sometimes act, on poor land management and 

accompanying degradation when confronted with an externality. Resuming leases in the Ord 

River catchment to protect the irrigation scheme from sedimentation of Lake Argyle is one 

example. At lease renewal in 2015 all conditions were deemed to have been achieved and leases 

transitioned free of management conditions. 

6. We put a lot of our eggs into the basket of what we consider was one of the most comprehensive 

ground-based rangeland monitoring systems in the world. Unlike in many jurisdictions we 

completed the installation task (about 1,600 sites), we collected metrics which we knew could 

be used to detect change, we had data storage and data management systems in place, an 

analytical framework, and repeat measures (up to nine samplings for some sites) but ultimately 

it failed to be supported by the Department and sampling was suspended in 2021. While 

innumerable reports, government enquiries, policies, strategies and even the Land Act itself 

highlighted the need for monitoring, RMB never sought a formalised directive to install a 

rangeland monitoring system. We implemented WARMS because we believed it to be 
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important, but only now realise that government, and our own department, never actually gave 

us the mandate to do so. 

7. óWearing two hatsô proved an insurmountable challenge. We worked closely with pastoralists 

to help improve their viability through wise use of the natural resource while increasingly 

being at the same time the field-based arm of the regulators from the early 1980s. We were 

the carrot and the stick rolled into one. We recognised the challenge at the time but were 

unable to reconcile these differences and to properly articulate a solution. 

We believe this paper, and the book it is based on (Morrissey et al. 2025) are an accurate and realistic 

record of our endeavours in the pastoral rangelands of Western Australia. Our collective efforts had 

both success and failure over 50+ years. We learnt a lot during that time but have now had cause to 

reflect and to ask ourselves if we really achieved as much as we had led ourselves to believe. 

This disappointing experience should not lead to despair, but to clearer purpose. Pastoralism remains a 

legitimate and valued use of much of the rangeland estate where it is kept within the ecological capacity 

of country, supported by credible monitoring resourced by industry, and backed by governance that 

links advice with accountability. Conservative stocking, timely destocking, rehabilitation of degraded 

areas and recognition that some country is unsuited to pastoral use must be treated as conditions of 

tenure, not optional aspirations. The task now is not to prove again what is already known, but to apply 

it with honesty, consistency and resolve, so that viable enterprises and resilient landscapes can endure 

together. 
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Abstract 

Buffel grass (Cenchrus ciliaris L.) first arrived in Australia in camel saddles and hay, probably in the 

1860s. Camels traversed rangeland Australia, carrying goods to pastoral properties, mining settlements, 

ports and telegraph stations. Most herbarium records of buffel grass up to 1950 can be linked to camels. 

A consignment of 500 camels was delivered to Port Hedland in 1907. The local storekeeper observed 

the subsequent establishment of buffel grass around the town and began distributing seed to nearby 

pastoralists. After World War I, the WA Department of Agriculture also undertook distribution of seed, 

both within the state and interstate. As well, the camel-sourced buffel grass occurred across Australia, 

along cartage routes and in 'Ghan towns' where cameleers re-stuffed saddles. This characteristically 

small, dark-headed variety, though widespread, was not an aggressive invader. 

Beginning in the 1930s, Queensland and NSW began distributing new varieties of buffel grass imported 

from Africa. Some hundreds of accessions were imported for trialling but only nine were formally 

released as cultivars. A very few people warned of potential weed risk, but the vast majority welcomed 

these more robust cultivars. 

Introduction of these cultivars to pastoral properties continued for decades, sometimes, as in the NT, in 

a 'shot gun' mix of up to five cultivars plus local camel-originated varieties. High rainfalls in central 

Australia in the 1970s, and subsequently, caused buffel grass populations to expand rapidly and their 

invasive potential to become increasingly apparent by the 1990s. 

Later, genetic analysis of buffel grass populations in central Australia and the equivalent commercially 

available cultivars showed a complex pattern of genetic variation that evidenced hybridisation and local 

adaptation, and the rarity of the originally planted cultivars. With continuing adaptation to new 

environments, buffel grass will inevitably remain part of rangeland Australia for the foreseeable future. 

Introduction  

The arrival of buffel grass in Australia, likely from the 1860s, was first reported on 29 July 1887, when 

surveyor Charles Nyulasy collected it near the Ord River crossing of the Hall's Creek to Wyndham track 

(NUL-14, State Records Office of WA); camels had begun carting goods on the track about six months 

before (Anonymous 1887). It was 1932 before the grass appeared in herbarium records again (Atlas of 

Living Australia [ALA]:  https://www.ala.org.au). 

By this time, active distribution of WA-sourced seed had successfully introduced it across the breadth 

of Australia, and state agencies were seeking new varieties from its native range from Africa to the 

Middle East and through to India (Friedel 2020). The benefits of the grass were widely recognised, not 

just for livestock, but also for soil erosion management. 

Widespread heavy rainfall in the 1970s, and subsequently, initiated a rapid and continuing expansion 

of buffel grass, particularly in rangeland regions. It was the subject of a Commonwealth Threat 

Abatement Advice in 2015 (DCCEEW 2015), which recognised its impact on biodiversity, and 

subsequently it was nominated as a Weed of National Significance in 2025 with the additional 

recognition of its impacts on Aboriginal bush foods and medicines, and cultural values (Landscape 

South Australia 2025). It was declared a weed in SA in 2015, and in the NT in 2024. 

By examining the history of buffel grass in Australia, I aim to explain why ALA records have increased 

markedly since the 1950s, how the means of distribution has enhanced its widespread establishment, 

and provide evidence of hybridisation and adaptation, and likely occupation of new environments. 

mailto:mhfriedel@outlook.com
https://www.ala.org.au/
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Camels and the introduction of buffel grass to Australia 

There is good evidence that the saddles of camels imported to carry goods throughout the outback were 

the original source of buffel grass. The cameleers came from India, modern day Pakistan and 

Afghanistan, and they brought saddles stuffed with local plants, including buffel grass. The grass was 

reported over time from 'Ghan towns', travel routes and riverbanks, where worn saddles were re-stuffed, 

and was deliberately planted by cameleers in favoured areas for later use (Friedel 2020). 

The first major importations of camels occurred in the 1860s, when they were delivered to Melbourne 

for the Bourke and Wills expedition, and to Port Augusta for Thomas Elder's Beltana property. Through 

the 1870s, importations continued predominantly through Port Augusta and numbers were 

supplemented by locally bred beasts, all of which operated across state boundaries into NSW, 

Queensland, the NT and WA. Camel importations into WA began in the 1880s, through Fremantle and 

later along the west coast into Geraldton, Port Hedland and Wyndham (McKnight 1969). Thus, it seems 

probable that buffel grass first arrived in Australia in any quantity in the 1860s. 

Following the importation of 500 camels through Port Hedland in 1907 (McKnight 1969), the 

storekeeper Joe Moore noted the successful establishment of buffel grass in the town, and he encouraged 

the local school children to collect the seed for distribution to local pastoral properties (Don Burnside, 

pers. comm. 2016). When the grass established well, further distribution followed, both formally and 

informally. After World War I, the WA Government sent seed to more pastoral properties and to 

interstate agencies for trialling. This eventually became the cultivar 'West Australian' that is still 

available today, although it may no longer be identical to the original small dark-headed variety, as 

suggested below on the basis of central Australian research and local observations. 

Importation of new buffel grass varieties 

Due to the success of Joe Moore's buffel grass, state and federal governments began importing seed 

from Africa, the Middle East and the Indian region from the 1930s, in a search for even better forms of 

buffel grass. The 'Register of Australian Herbage Plant Cultivars' (Anonymous 2026) recognises nine 

cultivars: 'West Australian' (see above), Gayndah (from Kenya, 1930), Biloela (Tanzania, 1937), 

Nunbank (Uganda, 1949), Tarewinnabar (Kenya, 1950), Boorara (source unknown, 1950s), Lawes 

(South Africa, 1951), American/USA (imported commercially from USA in the 1950s, original source 

Kenya) and Molopo (South Africa, 1958). 

The Commonwealth Plant Introduction program introduced altogether 525 accessions of buffel grass 

between 1930 and 1993 (Garry Cook, pers. comm. 2026). It is possible that, in addition, many other 

accessions were planted in field trials across Australia and distributed with little or no documentation 

(Cook and Dias 2006). Not all accessions would have proved successful. Nevertheless, with so many 

introductions, the genetic variation amongst the populations of buffel grass across Australia would 

potentially have been high. 

ALA records show that the numbers of collected buffel grass specimens were low for decades. Up until 

1950, there had been 32 records, excluding duplicates, at the time of Friedel's (2020) analysis, all but 

two of which could be associated with camels. From the 1970s numbers increased, probably attributable 

to continued planting, favourable seasons and increased collecting activity. In the decade 2010-19, 

14,481 specimens were collected; by June 2026, there were over 28,000 records. 

Throughout the period to the 1990s, buffel grass was generally regarded as a boon to the pastoral 

industry and a valuable tool for erosion control and mine site rehabilitation. Humphreys (1967) noted 

one dissenting voice in Australia in the 1930s. The grass was used in NT parks for revegetation and 

erosion control until the mid-1970s, when its capacity to dominate native vegetation and enhance fire 

risk became apparent, and planting ceased (Albrecht and Pitts 1997). A few observers voiced their 

concern (e.g. Griffin 1993) but, in general, the threat posed to biodiversity by buffel grass did not appear 

in published literature in any quantity until the 2000s (see Marshall et al. 2012, for example). Public 

recognition of threats to indigenous bush foods and medicines and to cultural values took much longer 

(e.g. Landscape South Australia 2025). 
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Why has buffel grass increased so markedly over 50 years? 

The successful establishment and spread of buffel grass in Australia are exemplified by developments 

in central Australia. Improving the productivity of northern grazing lands was a political imperative 

after World War II (Christian et al. 1960) and the potential of exotic species to contribute was promoted 

by pastoralists and government agencies alike (e.g. Connellan 1944, Anonymous 1952, CSIRO 1959, 

Albrecht 1984, 1985). The Northern Territory Administration's Agriculture Branch established 17 

pasture introduction sites on the Barkly Tablelands and 53 sites across the Alice Springs region between 

1961 and 1971. Five cultivars of buffel grass were introduced as part of a 'shot gun mix': West 

Australian, Gayndah, Biloela, USA and Molopo, plus several locally collected varieties (Albrecht 1984, 

1985). These latter varieties had arrived with the cameleers, and were small, dark-headed plants that 

grew in only localised patches (Des Nelson, pers. comm. 2005). Other agencies and land holders also 

planted multiple cultivars across the region. 

A sequence of high rainfall years in the 1970s caused the rapid expansion of buffel grass populations 

that continues to the present time, following episodic periods of extended rainfall. While buffel grass 

had been present for almost 100 years prior to the 1970s as a naturalised variety, this new development 

was due to the presence of robust African cultivars. The 'shot gun mix' had enabled the grass to establish 

in a greater variety of habitats than previously. Furthermore, the seed mix enhanced the potential for 

hybridisation. While it is generally understood that buffel grass is apomictic, thereby excluding the 

potential for hybridisation, rare examples of sexual reproduction occur (Marshall et al. 2012). 

In 2004, Michelle Waycott developed DNA fingerprint profiles for field sampled plants from central 

Australia, perceived by local observers to be derived from the various introduced cultivars, for 

comparison with commercially available seed sources and government-held seed lots of the same 

cultivars (unpublished data, cited with permission). Waycott concluded: 

There are numerous buffel grass varieties present in the arid central Australian landscape. These 

varieties can interbreed and potentially form new locally adapted types. The originally planted 

varieties appear to be uncommon in the landscape today. 

Something similar may have transpired in WA. The small, dark-headed variety, associated with camels, 

was observed in the 1950s by John Morrissey (pers. comm. 2026) on roadsides in the Carnarvon area 

but was later confined to red sands after run-on areas were overtaken by a strong tussock form of the 

grass, from the 1970s. In the 1960s small quantities of Gayndah, Molopo, Biloela, Nunbank and 

Tarwinnebar had been used in the Ord Regeneration project (Alan Payne pers. comm. 2026), along with 

kapok bush, local buffel and Birdwood grass. Later Payne et al. (2004), reporting on carrying capacity 

in the Ashburton River catchment, said: "There are several strains of buffel grass in Western Australia" 

and that strains other than WA had larger straw-coloured heads and somewhat more robust tussocks. 

Given the central Australian experience, it may be that today's WA cultivar differs genetically from Joe 

Moore's variety, due to hybridisation, and that other cultivars may likewise have formed hybrids. 

Buffel grass has the ability to adapt to new environments through hybridisation. It has C4 metabolism 

so is well suited to arid and sub-tropical climates, but it has also spread into parts of WA and SA with 

a sizable proportion of winter rainfall. It is drought tolerant, perennial and responds quickly to rain. It 

recovers rapidly after fire due to deep roots, an accumulation of carbohydrates in its stem bases and the 

capacity to commandeer post-fire phosphorus, to the disadvantage of native vegetation. It is a prolific 

seeder and is grazing tolerant (Miller et al. 2010, Marshall et al. 2012). Its benefits for livestock 

productivity and land rehabilitation are clear, but its costs to biodiversity, Aboriginal bush foods and 

medicines, and cultural values are also clear (Landscape South Australia 2025). 

Conclusions 

Due to its formidable attributes, buffel grass is well placed to establish and spread through large areas 

of arid to sub-tropical Australia; modelling by Lawson et al. (2004), based on climate and soil attributes, 

suggested that about 70% of Australia was suitable at a broad scale for buffel grass. Given its propensity 

for hybridisation and its apparent ability to adapt to new environments, buffel grass is likely to remain 

a feature of large parts of rangeland Australia, whether desirable or not. Weed management resources 

are not limitless, so consideration must be given to setting priorities for regional and local actions. 
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Abstract 

Extension practice has increasingly shifted towards participatory, farmer-centred and systems-based 

approaches (Maratha et al. 2025, Vidyawati et al. 2025). While these approaches emphasise 

relationships, co-learning and working within complex contexts, less attention has been given to how 

extension practitioners develop their own coherent approach to practice. 

This paper explores the role of Personal Practice Frameworks in strengthening extension practice. 

Drawing on Schön's concept of the reflective practitioner, we argue that effective extension is shaped 

not only by models and methods, but by how practitioners integrate their values, knowledge, experience 

and judgement into practice. The work emerged through collaboration between the two authors while 

designing and delivering professional development workshops with regional extension practitioners. 

The framework supports practitioners to articulate and strengthen their practice across key domains, 

including relationships, role clarity, understanding change, place-based practice, knowledge exchange 

and navigating systemic tensions. Using structured reflection and facilitated dialogue, practitioners 

make their implicit "theory-in-use" more visible and intentional. The approach integrates two 

complementary perspectives: an inside-out focus on self-awareness and reflective practice, and an 

outside-in focus on context, participation and community priorities. 

The paper presents a practical framework and guiding questions that support extension officers, teams 

and organisations to develop more grounded, adaptive and intentional practice, ultimately strengthening 

extension's capacity to facilitate locally relevant and sustainable change. 

Introduction  

Agricultural extension has evolved from a predominantly technology transfer model towards 

participatory, systems-based and farmer-centred approaches that emphasise collaboration, co-learning, 

local knowledge and adaptive decision-making (Maratha et al. 2025, Vidyawati et al. 2025, Prajapati et 

al. 2025). As a result, the role of extension officers has expanded from technical advisers to facilitators 

of learning, innovation and change who work across complex social, environmental and organisational 

contexts.  

Contemporary perspectives on professional capability suggest that effective practitioners do more than 

apply technical knowledge. They integrate evidence, experience, values, relationships and contextual 

judgement to respond thoughtfully to complex situations. Reflective practice is recognised as a key 

mechanism for developing this capability (Schön 1983, Argyris et al. 1985), enabling practitioners to 

make their assumptions, decisions and actions more intentional. 

We propose that a Personal Practice Framework (PPF) provides a practical way for extension officers 

to integrate these dimensions into a coherent approach to practice. While extension literature provides 

substantial guidance on facilitation, participation and change processes, comparatively little attention 

has been given to how practitioners develop their own professional practice.  

The Queensland Extension Model of Practice (Williams et al. 2020) makes an important contribution 

by identifying the relational, technical and change dimensions of effective extension and recognising 

the importance of self-awareness and reflective practice. However, it does not explicitly address how 

practitioners integrate these elements into their own coherent approach to practice.  

mailto:grconsul@tpg.com.au
mailto:heather@bluewrenconnections.com
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Drawing on practitioner inquiry, action learning, reflective practice and insights from community 

development (Cavaye 2001, Ife 2016, Westoby and Ingamells 2010), this paper proposes a Personal 

Practice Framework to support extension officers in becoming more reflective, intentional and adaptive 

practitioners. In doing so, it contributes a practical approach to strengthening practitioner capability and 

complements existing extension models by focusing on how practitioners develop, rather than simply 

apply, effective extension practice. 

Methods  

This exploratory qualitative study describes the development of a Personal Practice Framework (PPF) 

for agricultural extension practitioners. The framework was developed and refined through an iterative 

process of literature review, practitioner inquiry, workshop design, implementation and reflection.  

The literature review drew on agricultural extension, community development, adult education, systems 

thinking and reflective practice, with particular attention to participatory extension, experiential 

learning and professional practice. Insights from this review informed the design of a professional 

development workshop for regional natural resource management (NRM) extension practitioners.  

Workshop activities encouraged participants to explore self-awareness (using the DiSC assessment), 

personal values, beliefs about change, relationship building and knowledge exchange. Structured 

reflective questions, action learning and peer coaching (Revans 1982) supported participants to 

articulate an initial Personal Practice Framework and reflect on their own approach to extension 

practice.  

Following the workshop, approximately 20 experienced extension practitioners were asked the 

exploratory question: "Have you ever formally or informally documented your personal values, 

technical skills, or other aspects that influence how you work with landholders?" The purpose was to 

explore whether practitioners had previously developed an explicit framework to guide their practice.  

Responses indicated that personal practice frameworks were uncommon, reinforcing the need for a 

structured approach. The framework presented in this paper was informed by Schön's (1983) and 

Argyrisôand Schºnôs (1996)  concepts of the reflective practitioner, Revans' (1982) action learning, and 

Westoby and Ingamells' (2010) work on reflective community development practice. Together, these 

informed a framework that integrates values, knowledge, relationships, skills, experience and Healy's 

(2022) work on frameworks for practice, reflective practice into a coherent approach to professional 

practice. 

Results 

None of the eight extension practitioners who participated in the initial workshop had previously 

developed or documented a Personal Practice Framework (PPF). Although participants reported 

reflecting on how individual landholders responded to different engagement approaches, these 

reflections were largely informal and had not been systematically articulated. 

To explore this further, 15 of the experienced extension practitioners (3 to more than 30 years' 

experience) responded when asked whether they had formally or informally documented the personal 

values, technical skills or other factors that influenced how they worked with landholders. None 

reported having developed a formal Personal Practice Framework. While several participants had 

undertaken leadership programs, mentoring, personality profiling, skills audits or training in the 

Queensland Extension Model of Practice, these experiences had not resulted in an integrated framework 

for their own professional practice. 

Participants demonstrated substantial tacit knowledge of effective extension practice, particularly in 

communication, relationship building, adaptability, systems thinking and continuous learning. 

However, a consistent finding was the gap between reflective awareness and explicit articulation. 

Practitioners described regularly reflecting on their work, particularly following significant or 

challenging interactions, but had not necessarily translated these insights into a coherent framework 

that could be revisited, refined and intentionally applied. 
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Analysis of the literature, practitioner reflections and workshop inquiry identified four interconnected 

domains that consistently influenced extension practice: Head (knowledge and theory), Hands (skills 

and methodologies), Heart (values and beliefs), and Feet (context and grounding). These domains 

informed the Personal Practice Framework presented in Figure 1. A follow-up workshop demonstrated 

that participants were able to refine and personalise their frameworks through structured reflection, peer 

dialogue and shared learning.  

Figure 1. Components of a Personal Practice Framework with prompt questions for extension 

practitioners drafting a first version.  

Conclusion 

This exploratory inquiry provides preliminary evidence for the potential of Personal Practice 

Frameworks as a practical approach to supporting reflective, intentional and adaptive extension 

practice. The findings suggest that explicitly articulating a Personal Practice Framework may assist 

extension practitioners to integrate their values, knowledge, skills, relationships and contextual 

understanding into a coherent and re-visitable approach to practice. 

While participants demonstrated considerable professional knowledge and reflective capability, few 

had explicitly documented an integrated approach to their own practice. Existing professional 

development activities appeared to strengthen individual aspects of practice but rarely supported 

practitioners to intentionally integrate these elements into a coherent and evolving framework. 
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The Personal Practice Framework proposed in this paper complements existing extension models, 

including the Queensland Extension Model of Practice, by focusing on how practitioners develop their 

own professional capability, rather than prescribing what effective extension practice should look like. 

It offers a practical process for integrating technical expertise, reflective practice, professional 

judgement and place-based engagement into everyday extension work. 

Further research involving larger and more diverse cohorts of extension practitioners is recommended 

to evaluate the application of Personal Practice Frameworks over time, examine their contribution to 

practitioner capability and reflective practice, and determine whether they enhance extension 

effectiveness and support the adoption of changed management practices. 
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Abstract 

Established in 2003, the Burdekin Dry Tropics Traditional Owner Management Group (TOMG) has 

long recognised the importance of working together as a collective and driving support for Indigenous 

leadership in regional natural resource management. The NQ Dry Tropics Reconciliation Action Plan 

vision of ñCaring for Country togetherò reflects the Organisationôs commitment towards proactive 

relationships with Traditional Owners and community as a collective. The cultural fire management 

project started four years ago with the TOMG inviting Firesticks Alliance (Living Knowledge Network) 

lead fire practitioner, Victor Steffensen to work with us to support rebuilding the region's cultural fire 

management knowledge and capacity within a grazing landscape. The scope of delivery has expanded 

due to increasing interest from graziers, land managers, Indigenous Ranger groups, and Rural Fire 

Service, in supporting the rebuilding of cultural fire and land management capacity regardless of tenure.  

Key lessons:  Importance of early involvement with the TOMG, co-design and inclusion of scalable 

and tailored opportunities for the different Traditional Owner groups and Ranger programs based on 

their individual aspirations and capacity.  Respectful recognition of cultural knowledge and providing 

time and space for healing and rebuilding of cultural knowledge systems to enable for cultural 

knowledge sharing to be led by Traditional Owners for the benefit of Country.  The value and extent of 

co-benefits, including some of our challenges to measure the ripple effects from the cultural fire and 

invasive species management projects, these include the rebuilding of respect for cultural knowledge, 

intergenerational knowledge sharing, access to Country for Traditional Owners, improved land 

management outcomes including bushfire risk reduction, increasing grazing land management 

productivity, improved biodiversity and climate resilience, strengthening regional fire and land 

management capacity, employment, health, and the list goes on.  

Introduction  

Established in 2003, the Burdekin Dry Tropics Traditional Owner Management Group (TOMG) 

demonstrates the importance and broad benefits of working collectively and supporting Indigenous 

leadership in regional natural resource management. The group recognises Traditional Owners as 

custodians of Country and shows that meaningful engagement must go beyond ñhaving a yarnò. 

Effective engagement requires support and resourcing from partner organisations such as NQ Dry 

Tropics. For the TOMG, this tailored support and adequate resourcing has resulted in a working 

relationship over two decades due to an approach that has addressed power sharing, equity and social 

justice (Nursey-Bray et al. 2009; Woodward et al. 2020). 

ñThe outcomes from Indigenous-led decision-making including a description of successful 

engagements or successful outcomes are rarely published in the scientific literatureò (Espinoza & 

Burns, 2023).  This paper reflects on the positive outcomes and co-benefits which can be achieved as a 

result of Indigenous-led decision-making being integrated into the regional natural resource 

management space.  The Burdekin Dry Tropics Traditional Owner Management Group legacy has 

resulted in numerous successful achievements across the region including the current cultural fire 

projects.  The TOMG is inclusive of nature cutting across governance whilst maintaining respect for 

individual Traditional Owner groups and their varying decision-making processes and status.  NQ Dry 

Tropics has invested in building proactive relationships and seeking out opportunities which 

encapsulate Traditional Owner priorities.  Currently, the TOMG includes 14 Traditional Owner groups 

from across the Burdekin Dry Tropics region.   The purpose of the group is to provide a starting point 

for direction and advice to NQ Dry Tropics about Traditional Ownersô aspirations for land and sea 

Country management, engagement, and to provide an opportunity for regional Traditional Owner 

groups to collaborate.  
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Picture 1.  Burdekin Dry Tropics Traditional Owner Management Group with NQ Dry Tropics staff 

and Townsville Ports 

Discussion  

The Burdekin Dry Tropics Caring for Country Plan was originally developed in 2005 in consultation 

with the TOMG.  Traditional Owners in the region have endured extensive disruption, injustices, 

displacement, and inequalities since colonisation, with many Traditional Owners no longer living on or 

having access to Country.  Access to Country and revitalising connection to Country is a strong priority 

for Traditional Owners in the region along with caring for Country, reviving cultural knowledge, and 

having opportunities to share this knowledge with the younger generation on Country.  A statement 

from the TOMG is included within the NQ Dry Tropics Indigenous Participation Plan and reiterates ñit 

is critical that Traditional Owners knowledge is recognised and that we have leadership responsibilities 

and management roles for Country é It is vital that both non-government and government management 

agencies actively support Traditional Owners in creating real, meaningful management roles and 

opportunities to meet our customary responsibilities to Country.ò  

Some funding bodies now mandate targets for ñIndigenousò procurement and employment, but these 

requirements can overlook the complexity of Traditional Ownersô roles and responsibilities as 

custodians of Country. This focus can undermine long-term initiatives such as the partnership between 

the TOMG and NQ Dry Tropics.   For NRM organisations and others, respectful and appropriate 

engagement is essential to achieving the best outcomes for Country which benefits people and the 

environment.  

This approach has been central to the successful delivery of the Cultural Fire Projects and other 

Traditional Owner partnership activities which recognises not only óIndigenous engagementô but 

specifically the role of Traditional Owners. The importance of engaging Traditional Owners not as 

stakeholders but as decision-makers is reflected in the Scientific Consensus Statement: ñCollaboration 

is required at all levels of environmental decision-making including research, planning, policy, 

implementation, assessment and overall governance; and establishing relationships that are founded on 

respect, trust and mutual capacity-building is criticalò (Espinoza & Burns 2023) 

The NQ Dry Tropics Reconciliation Action Plan (RAP) commitments include strengthening 

relationships, increasing awareness, and recognising the cultures and contributions of Aboriginal and 

Torres Strait Islander peoples.  NQ Dry Tropics' Reconciliation Action Plan vision of "Caring for 

Country together" reflects the organisation's commitment to building proactive relationships and 

fostering community stewardship.  In project delivery there are a range of Traditional Owner 

engagement opportunities matched to current capacity and priorities of individual Traditional Owners 

groups in the region and funding opportunities from awareness raising through to employment and 

procurement opportunities for Traditional Owners.  
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Diagram 1. Burdekin Management Unit (BMU) Indigenous Stakeholders 

The cultural fire management project started as a response to the 2019 bushfires and the TOMGôs 

concern that a similar situation could unfold in the region. The initiative was supported by NQ Dry 

Tropics to find resourcing to support a project and led us to engage with Firesticks/ Living Knowledge 

lead cultural knowledge holder, Victor Steffensen, who the Elders invited to work with them in 

rebuilding the region's cultural fire knowledge. The initial proof of concept activities centred around a 

grazing property on Gugu Badhun Country and the project design prioritised to allow for much needed 

time and space for acceptance of loss of cultural knowledge, healing and piecing back together cultural 

knowledge amongst Elders, knowledge holders, and the younger generation including Indigenous 

Rangers.  The project also listened to the problems faced by the grazing community and their concerns 

and fear of bushfire. This formed a working partnership between the graziers and the Traditional 

Owners who also welcomed neighbouring groups and Indigenous Rangers to rebuild the knowledge 

system on Country through cultural fire healing the grazing landscape.    It was important to ensure 

integrity of the knowledge and application of Cultural fire and to celebrate the role of Traditional Owner 

custodianship.  The scope of delivery has expanded due to increasing interest from graziers, land 

managers, Indigenous Land & Sea Rangers, and Rural Fire Service, along with the growing interest in 

nature-based solutions.   

At the heart of cultural fire management, is the practice of caring for Country that is guided by careful 

observation, deep listening, and responding to the needs of Country (Steffensen, 2020). Growing 

evidence demonstrates that cultural fire management not only heals landscapes but delivers multiple 

co-benefits, including rebuilding and strengthening cultural knowledge through intergenerational 

knowledge sharing, reconnecting Traditional Owners with Country. The co-benefits which appeal to 

stakeholders are improved weed and invasive species management, improving land management 

outcomes through bushfire risk reduction and enhanced biodiversity and climate resilience, increasing 

grazing productivity, and strengthening regional fire management capacity and Indigenous Ranger 

employment opportunities.  The reflective value and extent of co-benefits is one of our ongoing 

challenges to measure the ripple effects from investing in proactive relationships with Traditional 

Owners, and particularly the cultural fire projects.  Co-benefits include rebuilding of respect for cultural 

knowledge both for Traditional owners themselves and the broader community, intergenerational 

knowledge sharing, access to Country, healing and connection for Traditional Owners, building 

relationships at all levels, improved land management outcomes including bushfire risk reduction, 

increasing grazing land management productivity by addressing weeds and woody thickening, 

improved biodiversity and climate resilience, strengthening regional fire and land management 

capacity, health, and the list goes on.   It is important that these critical cultural benefits are not forgotten 

against the land management focussed outcomes and remain at the core of cultural fire management 

projects.   
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Picture 2. Cultural Fire on Grazing Landscape Workshop, Gugu Badhun Country. 

Conclusions  

Stronger traditional owner engagement is vital for regional natural resource management. It honours 

Indigenous knowledge, improves ecological outcomes, and respects custodianship of Country.  We 

encourage all organisations to invest in and grow proactive relationships with Traditional Owners as 

custodians of Country, and recommend to:  

Ensure time and resources are allocated, which allow for respectful engagement Traditional Owners 

and provide for support to navigate Indigenous governance 

Involve and resource Traditional Owners as decision makers early through co-design and provide for 

scalable and tailored opportunities for the different Traditional Owner groups and Ranger programs 

based on their individual aspirations and capacity. Listen and respect the wealth of Traditional 

Knowledge that though scattered is still out there and can bring benefits for how we can live and thrive 

in modern day Australia.    

Lastly, we need to amplify the recognition of the hard to count but tangible social and cultural co-

benefits as being of equal importance as National and State project milestones, as these co-benefits 

build resilient regional communities.  

Acknowledgements  

We acknowledge all the past and present members of the Burdekin Dry Tropics Traditional Owner 

Management Group and the NQ Dry Tropics Board and staff who have supported the TOMG.  We 

acknowledge the support and generous sharing of cultural knowledge of the Traditional Owners that 

we work with, especially Elders, and the many partner organisations including Victor Steffensen from 

Firesticks/ Living Knowledge Network for sharing and practising knowledge.  We thank the funding 

agencies for their support including the Federal and Queensland Government, with special mention to 

WWF-Australia for investing in the start-up trial project which has reignited cultural fire knowledge 

and practise in the region, and healing Country together.     

    



 

24 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

References  
Espinoza T, Burns C (2024) 2022 Scientific Consensus Statement: Summary. In Waterhouse J, Pineda, M-C, 

Sambrook K (Eds) 2022 Scientific Consensus Statement on land-based impacts on Great Barrier Reef 

water quality and ecosystem condition. Commonwealth of Australia and Queensland Government.  

 Nursey-Bray M, Wallis A, & Rist P (2009) Having a yarn: The importance of appropriate engagement and 

participation in the development of Indigenous driven environmental policy, Queensland, Australia. 

Indigenous Policy Journal, 20(3).   

 Steffensen V (2020)  Fire Country: How Indigenous fire management could help save Australia.  Hardie Grant 

Travel.    

 Woodward E, Hill R, Harkness P, & Archer R (2020) Our Knowledge Our Way in caring for Country: 

Indigenous-led approaches to strengthening and sharing our knowledge for land and sea management. Best 

Practice Guidelines from Australian Experiences. ISBN 978-1-4863-1408-9   

  

  



 

25 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

Big country building  biodiversity: implementing biodiversity monitoring  

for  adaptive management in Australia's working rangelands 

Hammond, A¹; Perkins, I² 
1 Landcare Agriculture Program, Landcare Australia, 

angela.hammond@landcareaustralia.org.au; 2 Northern Beef 2 Indigenous Facilitator, Meat & 

Livestock Australia 

 
Key words: rangelands; biodiversity monitoring; adaptive management; Indigenous knowledge; natural 

capital 

Abstract 

Australia's rangelands occupy almost 70% of the Australian continent, yet biodiversity monitoring 

across these extensive grazing systems remains constrained by landscape scale, climatic variability, 

remoteness and limited ecological baselines. Effective monitoring must therefore be scientifically 

robust while remaining practical, affordable and directly relevant to adaptive land management. 

This paper examines four currently progressing projects from Landcare Agriculture's Biodiversity in 

Action (BiA)  program that represent complementary approaches to biodiversity monitoring across 

Australia's working rangelands. These include Indigenous-led monitoring undertaken through Gulf 

Regional Economic Aboriginal Holdings Ltd and MLA's Northern Beef 2 Indigenous network, 

landscape condition assessment using the Rangelands Monitoring Tool through the Gascoyne Pilbara 

Rangelands Initiative, environmental DNA (eDNA) monitoring by RegenWA, and producer-led 

biodiversity monitoring within the Dawson Catchment. 

This paper examines four currently progressing projects from Landcare Agriculture's Biodiversity in 

Action (BiA)  program that represent complementary approaches to biodiversity monitoring across 

Australia's working rangelands. These include Indigenous-led monitoring undertaken through Gulf 

Regional Economic Aboriginal Holdings Ltd and MLA's Northern Beef 2 Indigenous network, 

landscape condition assessment using the Rangelands Monitoring Tool through the Gascoyne Pilbara 

Rangelands Initiative, environmental DNA (eDNA) monitoring by RegenWA, and producer-led 

biodiversity monitoring within the Dawson Catchment. 

These projects indicate that biodiversity monitoring should be considered a management tool rather than 

solely an ecological assessment process. The findings also inform ongoing Industry PhD research 

examining how rural and remote pastoralists engage with biodiversity stewardship and emerging natural 

capital opportunities. Future biodiversity programs should invest equally in monitoring technologies, 

producer capability and the trusted relationships that enable long-term adoption. 

Introduction  

Australia's rangelands occupy almost 70% of the continent and support globally significant biodiversity 

alongside extensive pastoral production (Bastin et al., 2009; Briske, 2017; Friedel et al., 2008). 

Increasing emphasis on biodiversity stewardship, natural capital and sustainable supply chains is 

driving demand for practical biodiversity monitoring capable of informing adaptive management across 

these landscapes. 

Implementing biodiversity monitoring in rangelands presents unique challenges. Vast property sizes, 

climatic variability, remoteness and limited ecological baselines reduce the practicality of conventional 

monitoring approaches. Monitoring must therefore be scientifically robust while remaining cost-

effective, repeatable and directly relevant to grazing management and enterprise decision-making. 

Consistent with the principles of adaptive management, monitoring should provide feedback that 

supports management decisions under changing environmental conditions (Holling, 1978). 

Recent advances in environmental DNA (eDNA), landscape condition assessment and natural capital 

frameworks provide new opportunities to improve biodiversity monitoring. However, successful 

implementation depends not only on monitoring technologies but also on trusted relationships, locally 

mailto:angela.hammond@landcareaustralia.org.au
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relevant knowledge, Indigenous leadership and monitoring frameworks that reflect the ecological, 

cultural and production diversity of working rangelands (Ens et al., 2016; Reed, 2008). 

Landcare Agriculture's BiA program provides an opportunity to evaluate biodiversity monitoring across 

multiple grazing systems. This paper draws on four ongoing case studies representing contrasting 

approaches to biodiversity monitoring across northern and western Australia. As implementation 

continues, monitoring methods, producer engagement and management responses are being adaptively 

refined through collaboration between producers, Indigenous organisations, researchers and industry 

partners. 

Rather than comparing monitoring methods alone, this paper examines the implementation of 

biodiversity monitoring within working rangelands. It presents emerging observations from an adaptive 

learning process to identify principles that may support future biodiversity stewardship and natural 

capital initiatives. These observations are also contributing to Hammond's ongoing Industry PhD at the 

University of Melbourne, which is investigating how rural and remote pastoralists - including 

Indigenous and non-Indigenous enterprises - can be supported to engage confidently with biodiversity 

stewardship and emerging natural capital opportunities. 

Methods 

Study design 

This paper adopts a qualitative multiple-case study approach (Yin, 2018) to examine the 

implementation of biodiversity monitoring across Australia's working rangelands. Rather than 

evaluating completed projects, it examines an ongoing program of implementation in which monitoring 

methods, producer engagement and management approaches are being progressively refined through 

adaptive learning. 

Four case studies from Landcare Agriculture's BiA program were selected because they represent 

contrasting ecological settings, governance models and monitoring approaches within extensive grazing 

systems. The selected case studies comprise Gulf Regional Economic Aboriginal Holdings Ltd, the 

Gascoyne Pilbara Rangelands Initiative, RegenWA, and the Dawson Catchment Coordinating 

Association. These projects form part of a broader national BiA program comprising 11 producer-led 

projects across five Australian states. 

Monitoring implementation and data collection 

The case studies are implementing monitoring approaches appropriate to local ecological and 

production contexts within an adaptive Monitoring, Evaluation and Learning (MEL) framework. 

Monitoring combines direct biotic measures, such as environmental DNA (eDNA) and species 

observations, with vegetation condition, ground cover, soil, water and remotely sensed measures that 

primarily act as biodiversity surrogates. Their ecological relevance must therefore be evaluated against 

species- or community-level data. 

Data were synthesised from project monitoring plans, MEL documentation, field observations, 

workshop records and producer engagement undertaken during 2025 and continuing until mid-2028. 

Particular attention is given to implementation processes, including co-design, producer participation, 

knowledge exchange and integration of biodiversity monitoring with adaptive land management. 

Observations from the 2026 Mareeba Biodiversity in Action workshop, involving members of MLA's 

Northern Beef 2 (NB2) Indigenous network and technical partners from Landcare Ag, Accounting for 

Nature, BirdLife Australia, BushAgri, CSIRO and Department of Agriculture, Fisheries and Forestry 

(DAFF) were incorporated as an example of collaborative learning supporting the co-development and 

ongoing implementation of biodiversity monitoring approaches. 

Results 

Monitoring approaches reflected landscape and management context: Emerging observations indicate 

that biodiversity monitoring is being adapted to local ecological and management contexts rather than 

applying a single methodology across Australia's rangelands. 
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Within Gulf Regional Economic Aboriginal Holdings Ltd, Indigenous-led monitoring integrates 

Traditional Ecological Knowledge with contemporary ecological assessment across more than 3.7 

million hectares of pastoral Country. Monitoring currently focuses on vegetation condition, wetlands, 

culturally significant species, fire and invasive species management, with indicators continuing to 

evolve through producer feedback, peer learning and ethical co-design. 

The Gascoyne Pilbara Rangelands Initiative is applying the Rangelands Monitoring Tool developed by 

the Western Australian Department of Primary Industries and Regional Development (DPIRD) to 

assess vegetation condition and grazing impacts. RegenWA is evaluating environmental DNA (eDNA) 

as a direct biodiversity assessment technique for extensive pastoral landscapes. The Dawson Catchment 

project combines producer-led vegetation and land-condition assessment with BioCondition and 

remote-sensing approaches, while Gulf Regional is co-designing indicators for vegetation, wetlands, 

culturally significant species, fire and invasive species. Complementary expertise includes BirdLife 

Australia's evaluation of birds as indicators of ecosystem condition and emerging remote-sensing, 

drone, soil, moisture and biomass technologies. 

Current MEL data show that the broader program is combining direct biotic measures - including 

botanical species richness, eDNA, bird observations and pest and beneficial-insect monitoring - with 

vegetation composition and condition, ground cover, soil, waterway and remotely sensed measures. By 

30 June 2026, seven projects had submitted baseline environmental data. This complementary design 

allows feasible surrogate indicators to be progressively assessed against more direct evidence of 

biodiversity response (Landcare Agriculture, 2026).  Early observations suggest that producers engage 

most readily with monitoring approaches that generate information directly relevant to grazing 

management and enterprise decision-making. Across the case studies, monitoring methods continue to 

be refined through implementation, with producer feedback informing the selection of indicators, 

technologies and monitoring protocols. 

Implementation has consistently been supported by established producer networks and long-term 

trusted relationships. In particular, long-term facilitation through Meat & Livestock Australia's 

Northern Beef 2 (NB2) Indigenous network has provided a strong foundation for Indigenous leadership, 

peer learning and respectful co-design. 

Discussion 

This paper examines the implementation of biodiversity monitoring rather than comparing the 

performance of individual monitoring methods. Although the Biodiversity in Action program remains 

in progress, emerging observations suggest that successful implementation within Australia's working 

rangelands depends on the integration of ecological science, adaptive management, trusted partnerships 

and locally relevant producer support. Collectively, the case studies indicate that biodiversity 

monitoring is most valuable when it is embedded within enterprise decision-making and evolves 

through adaptive learning rather than being implemented as a stand-alone ecological assessment. 

A consistent observation across the case studies is that producers engage most readily with monitoring 

when it generates information that directly informs land management decisions. Monitoring activities 

linked to grazing management, vegetation condition, fire management, wetland protection and enterprise 

planning were generally perceived as more relevant than monitoring undertaken solely for reporting 

purposes. This observation aligns with adaptive management theory, where monitoring provides 

continual feedback to improve management under conditions of environmental uncertainty (Holling, 

1978). It also supports previous Australian rangeland research demonstrating that monitoring is most 

likely to be adopted when it contributes to practical management outcomes and enterprise resilience 

(Bastin et al., 2009; Briske, 2017; Friedel et al., 2008). 

A second emerging observation is that no single monitoring methodology can meet the diverse 

ecological, cultural and operational requirements of Australia's rangelands. Across the case studies, 

monitoring combines Indigenous-designed assessment, vegetation and landscape-condition measures, 

eDNA, remote sensing and ecological indicator species. This approach recognises that some variables 

measure biota directly while others are practical surrogates for biodiversity. Rather than identifying a 
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preferred method, the program is evaluating how complementary measures can generate useful 

information for producers while testing their ecological relevance across landscapes and scales. 

The projects also highlight the social processes supporting biodiversity monitoring. Long-term 

facilitation through MLA's NB2 Indigenous network, together with Landcare Ag's collaboration with 

producers and regional partners, has established relationships that enable respectful co-design, 

knowledge exchange and peer learning. The 2026 Mareeba workshop illustrated how Indigenous and 

non-Indigenous pastoralists, researchers and technical specialists can refine monitoring under 

Indigenous governance and cultural authority. These observations are consistent with research showing 

that social learning, trusted advisory networks and knowledge co-production are critical to 

environmental management and agricultural innovation (Ens et al., 2015; Kuehne et al., 2019; Reed, 

2008). 

The case studies combine direct biotic measures, including eDNA and indicator species, with vegetation 

structure, cover, soil condition and landscape function measures that are more appropriately regarded 

as biodiversity surrogates. Australian rangeland research has linked vegetation-patch condition and bare 

ground with plant and grasshopper diversity, while showing that relationships vary across taxa, 

landscapes and spatial scales (Ludwig et al., 2004). Combining practical surrogates with direct species- 

and community-level observations should therefore improve interpretation of biodiversity outcomes. 

Continued refinement through the adaptive MEL framework will test these relationships and support 

their appropriate use in management and natural capital applications. 

While findings remain preliminary, the broader BiA program will expand the evidence base across 

Australian grazing systems. These observations also inform Hammond's Industry PhD at the University 

of Melbourne, which examines how rural and remote pastoralists, including Indigenous and non-

Indigenous enterprises, can be supported to engage with biodiversity stewardship and natural capital 

opportunities. Together, the program provides an opportunity to refine implementation approaches and 

generate practical evidence for biodiversity monitoring across diverse rangeland landscapes. 

Conclusions 

The Biodiversity in Action program highlights the value of an adaptive, implementation-focused 

approach to biodiversity monitoring across Australia's working rangelands. While the program remains 

in progress, emerging observations suggest that successful implementation depends not only on 

scientifically robust monitoring methods, but also on locally relevant application, Indigenous 

leadership, trusted partnerships and strong collaboration between producers, researchers and industry. 

Across these projects, biodiversity monitoring is evolving from ecological assessment towards practical 

decision-support tools that support adaptive grazing management, landscape stewardship and enterprise 

resilience. The diversity of monitoring approaches currently being trialled - including Indigenous-

designed monitoring, landscape condition assessment, environmental DNA and producer-led monitoring 

- reinforces that no single methodology is appropriate across Australia's diverse rangeland 

environments. Instead, monitoring frameworks should remain flexible, place-based and responsive to 

ecological, cultural and production contexts. 

As implementation continues, ecological, management and social data collected through the program's 

adaptive MEL framework will test how reliably practical surrogate indicators reflect species, 

community and ecosystem responses. More broadly, this work suggests that the future of rangeland 

management will depend on integrating ecological science, Traditional Ecological Knowledge, 

practical monitoring technologies and sustained investment in producer capability, trusted extension 

and collaborative learning. Together, these approaches have the potential to strengthen biodiversity 

outcomes, improve landscape resilience and support thriving rural and remote rangelands communities 

while building producer confidence to engage with emerging biodiversity stewardship and natural 

capital opportunities. 
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Abstract 

The Australian Governmentôs Nature Repair Market scheme is designed to encourage private sector 

investment in repairing and protecting Australiaôs environment. To support the implementation of the 

scheme, CSIRO and the Commonwealth Department of Climate Change, Energy, the Environment and 

Water (DDCCEW) have partnered to design an Ecological Knowledge System (EKS). The EKS 

provides consistent and transparent information to participants interested in exploring regionally-

tailored opportunities for nature protection and/or enhancement. We describe a method for collating 

and synthesising regional-scale information on restoration actions and their effectiveness in preventing 

or reversing loss of ecosystem condition in savanna woodlands of Cape York Peninsula. The method 

uses expert-elicited state-and-transition models (STMs) developed using national-scale templates to 

ensure consistency and comparability in the description of models. The method aims to provide 

equitable access to trusted and authoritative restoration knowledge that builds on existing information, 

models and tools, and can be updated with new knowledge. The STM for savanna woodlands on Cape 

York describes changes in ecosystem condition relevant to biodiversity persistence that may result from 

drivers such as clearing, weed invasion, fire and grazing regimes, as well as restoration actions. We use 

this STM as an example of restoration knowledge synthesis and discuss options to (1) quantify expert 

uncertainty in restoration actions, and (2) explore climate change impacts and adaptation opportunities. 

Introduction  

The collapse of natural ecosystems is accelerating across the globe, leading to loss of biodiversity and 

ecosystem services, and presenting significant risks to livelihoods and the economy (IPBES 2019). 

Halting and reversing this trend will require substantial innovation and funding of nature restoration. 

The Australian Governmentôs Nature Repair Market scheme is designed to encourage private sector 

investment into repairing and protecting Australiaôs environment. To support implementation of the 

Market an EKS has been established with an aim to be an accessible, transparent and authoritative 

source of information and biodiversity assessment capability (Murphy et al. 2025). The information 

delivered by the EKS supports project planning and helps participants compare the potential 

biodiversity benefits of different projects using a nationally consistent approach. A key part of the EKS 

is the elicitation of regional-scale restoration knowledge and synthesis within STMs. STMs are 

conceptual tools that describe the state of a particular ecosystem, and the drivers or agents that cause 

transitions between states (Westoby et al. 1989). STMs are used in the EKS to organise understanding 

of how ecosystem management interventions, such as restoration activities, impact ecosystem condition 

and biodiversity. 

To support comparability of STMs produced in different regions and ecosystem types a suite of 

national-scale templates have been produced to guide the selection of ecosystem states, formalise rules 

for adding transitions and assigning ecosystem condition ranges to a state (Prober et al. 2026). Here, 

ecosystem condition refers to the quality of an ecosystem, assessed through its abiotic and biotic 

characteristics relative to an appropriate reference state (United Nations, 2024) and it is expressed on a 

scale from 0 to 1, where 1 represents the highest integrity reference state. The templates have been 

combined with a guide to the elicitation of expert knowledge (Richards et al. 2026) to form a method 

for developing STMs for the EKS. Objectives of this study were to: 

mailto:Anna.Richards@csiro.au
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1. Test tools and templates for synthesising restoration knowledge into an STM  

2. Describe how this information may be used to infer changes to ecosystem condition and 

biodiversity persistence for different restoration actions, and under climate change. 

Methods 

An STM was produced for a case study region within Cape York Peninsula that encompassed the Weipa 

Plateau, Coen-Yambo Inlier, Northern Holroyd Plain and Laura Lowlands Interim Biogeographic 

Regionalisation of Australia (IBRA) subregions. The STM was developed through expert elicitation 

using methods described in Richards et al. (2026) at a face-to-face workshop in Cairns on the 13th and 

14th of October 2025. Briefly, experts were asked to consider terrestrial ecosystems in the region that 

would relate to the Wet-dry tropical eucalypt forests and woodlands (herein termed ósavanna 

woodlandsô) archetype model from the AusEcoModels Framework (Prober et al. 2026, Richards et al. 

2020). Experts used the archetype model to describe structural, functional and compositional attributes 

for a high integrity reference ecosystem state. The high integrity reference state description was drawn 

from Queensland regional ecosystem vegetation benchmark descriptions (Queensland Herbarium and 

Biodiversity Science 2025) for the 73 regional ecosystems that fall within the savanna woodlands 

archetype model. 

Experts then used a forests and woodlands ecosystem states template (Prober et al. 2026) to identify 

and describe modified states that occur in savanna woodlands of the study region. The template 

distinguishes the tree layer from shrub and ground layers, recognising that these layers can follow 

independent modification or recovery pathways. The template also includes intensive land use states 

(Prober et al. 2026). Each state in the template is assigned a condition range based on departure from 

the high integrity reference state. Experts identified plausible transitions between states and assigned 

drivers and pre-conditions to these. Workshop outputs were synthesised by the EKS team, reviewed by 

facilitators, and circulated to participants for comment, to achieve an agreed model. 

Results 

Experts described 17 ecosystem states for savanna woodlands in the Cape York case study region. Two 

ecosystem states represented intensive land uses (óIntensively managed exotic pastures and cropsô and 

óArtificial surfaces and infrastructureô) and the other 15 states represented variable levels of 

modification of attributes related to structure, function and composition in the tree and shrub/ground 

layers (Figure 1, Table 1).  

Discussion  

Experts identified livestock grazing, weed invasion, high-intensity fires and erosion as drivers of 

degradation in understorey condition of savanna woodlands in Cape York. In contrast, selective 

thinning, high-intensity fire and clearing or overstorey re-planting practices drive tree canopy 

modification. Restoration actions may sequentially improve shrub/ground layer condition, but tree 

canopy may recover, in some instances, without passing through a modified tree canopy class. 

Alignment of ecosystem states with condition ranges enables land managers to determine potential 

ecosystem condition gain associated with different restoration actions. The change in condition can be 

related to improvements in landscape-scale biodiversity persistence through the National biodiversity 

Assessment System (Murphy et al. 2025). Further work may be undertaken to elicit expert uncertainty 

around timeframes for restoration transitions, including the impact of climate change on the 

effectiveness or otherwise of these actions. 
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Figure 1. STM for savanna woodlands of the Cape York study region. The colours of each ecosystem state denote a condition range for that state. Note no 

maintenance arrows are shown or intensive land use states. Transitions from states with transformer shrub/ground layers to highly modified shrub/ground layers 

are not included for simplicity. The drivers of these transitions are fire and weed management, and a reduction in grazing pressure. 
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Table 1. Description of ecosystem layers for each level of modification of savanna woodlands in Cape York. The ecosystem condition range for each 

modification level is shown in the column headings. Descriptions for intensive land use states are not shown.  

 

 CLOSE TO REFERENCE  

(0.75-1.0) 

MODIFIED   

(0.25-0.75) 

HIGHLY MODIFIED/ABSENT   

(0.05-0.25) 

COLLAPSED/TRANSFORMER   

(0-0.05) 

Tree layer 

description 

The close to reference tree layer is 

largely intact, with mixed-age 

Eucalyptus and other species in the 

canopy.  
 

The modified tree layer is characterised by 

altered composition of canopy species 

compared to reference, such as altered 

stem density (e.g. higher density) or 

presence of non-local native species (e.g. 

resulting from rehabilitation of mines).  

The highly modified/ absent tree layer has 

almost no mature tree species remaining. 

There is no or minimal recruitment although 

a few seedlings/ suckers may persist.  

The collapsed tree layer has no mature 

tree species or seedbank remaining due to 

modification of the geomorphological 

and hydrological properties of the soil 

(often resulting from bauxite mining).  

Shrub/ 

ground layer 

description 

The close to reference shrub/ground 

layer has intact structure, function 

and composition. Some minor 

changes to composition of forbs, 

grasses and shrubs may be observed 

and a few exotic plant species e.g. 

Hyptis sp., Stylosanthes sp. (stylo), 

Themeda quadrivalvis (grader 

grass), Stachytarpheta mutabilis 

(snake weed) may occur at very low 

abundance.  
 

In the modified shrub/ground layer, there 

is a reduction in palatable perennial grass 

and forb species richness and abundance 

compared to reference. Annual grasses 

may form a greater proportion of total 

grass species richness and abundance. 

Invasive species present include grader 

grass, Hyptis sp., Sida spp., Urena lobata, 

stylo. Feral animals such as pigs occur. 

The midstorey may be dense with species 

such as Melaleuca and Acacia sp, but 

some palatable midstorey shrubs are no 

longer present. Soil compaction may be 

evident and erosion channels could result 

in increased run off. 

In the highly modified/absent shrub/ground 

layer annual grasses dominate and almost no 

palatable perennial grasses remain. Exotic 

species are common (up to 75% relative 

cover), including Hyparrhenia rufa (thatch 

grass), Chamaecrista rotundifolia (wynn 

cassia), grader grass, Hyptis sp., 

Megathyrsus maximus var. maximus (guinea 

grass), Senna obtusifolia (sicklepod), 

Andropogon gayanus (gamba grass). Areas 

of compacted soil and bare ground are 

present. No granivores or leaf litter/ soil 

dwelling reptiles are present and few 

medium-weight range mammals observed. 

Pigs, horses, feral cats and cane toads occur.  

There are two variants of the shrub/ 

ground layer in this category: The 

collapsed shrub/ ground layer has very 

little vegetation. The soil is scalded or 

eroded into gullies with extensive 

compacted bare ground. A low cover of 

annual grasses may be present. 

 

The transformer  shrub/ ground layer 

consists of a high cover of grader grass 

and few to no native grasses. Annual 

forbs can occur and some native 

mammals may persist that are tolerant of 

high grass biomass.  
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Abstract 

The book Plants of Western New South Wales has been the authoritative guide to the flora of the region 

since its publication in 1981. However, the book has never been revised, and is now out of date, with 

many taxonomic changes and new discoveries in the decades since. We are producing a fully revised, 

comprehensive new book, with ~2,800 taxa treated for the region and a net increase of ~800 taxa 

compared to the original book. Many of the new species that will appear in our book are the result of 

taxonomic revisions and the collection of herbarium specimens, but an increasingly important role is 

being played by the citizen science platform iNaturalist, with many valuable discoveries and new 

records being made through photographic vouchers on the site. 

Introduction  

First published in 1981, Plants of Western New South Wales (Cunningham et al. 1981) has been the 

seminal field guide to the flora of the arid and semi-arid regions of the state for the last 45 years. 

Although the book has been reprinted several times since, including most recently in 2011, it has never 

been revised or updated. Unsurprisingly, our knowledge of the western NSW flora has greatly evolved 

during this time, and consequently the book is now out of date for many taxa. Given the bookôs 

extensive use by ecologists, pastoralists, botanists, taxonomists and many others to identify plants and 

check information on their ecology, uses, and stock palatability, an update will provide an invaluable 

resource. 

We are producing a comprehensive, fully revised new Plants of Western New South Wales, with 

publication scheduled for 2028. Here, we present a selection of interesting case studies that highlight 

new species that will appear in this new book.  

Methods 

To be considered for the new book, a taxon must be represented by at least one vouchered occurrence 

record from western NSW, i.e., a physical voucher (herbarium specimen) deposited at a biodiversity 

institution such as the National Herbarium of New South Wales, or a digital voucher (photographic 

record) uploaded to the biodiversity citizen science platform iNaturalist (www.inaturalist.org). We have 

reviewed more than 150,000 occurrence records from the region, including over 125,000 herbarium 

specimens digitised in the Australasian Virtual Herbarium, and over 30,000 records uploaded to 

iNaturalist.  

We have also extensively consulted botanical experts from around Australia, and conducted multiple 

field trips to western NSW to conduct field surveys, collect specimens, and take photographs, with 

further trips planned for the next twelve months. 

Results and Discussion 

Accounting for both removals and additions, our new book treats ~2,800 taxa, a net increase of 40% 

from the ~2,000 taxa featured in the original book.  

Although some updates did not result in a net increase to the total species count, they nonetheless 

required the addition of new species that were not previously treated in the book. Pomaderris 

mailto:thomasmesaglio@gmail.com
http://www.inaturalist.org/
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andromedifolia A.Cunn. (Rhamnaceae) has a current distribution largely restricted to coastal areas of 

eastern Australia, stretching from the extreme far east of Victoria northward into southeastern 

Queensland, however, it was historically a more broadly circumscribed species. Cunningham et al. 

(1981) included the species in Plants of Western New South Wales, describing it as occurring ñéwithin 

the region to the Cocoparra Range near Griffith, where it occurs on the upper slopes on and in the 

vicinity of Mt Binga.ò However, several new species have been split off P. andromedifolia since 1981: 

the Cocoparra population was described in 1990 as a new narrow-range endemic, Pomaderris 

cocoparrana N.G.Walsh (Walsh 1990; Figure 1). This change required a direct one-to-one swap from 

P. andromedifolia to P. cocoparrana, with the former no longer considered to occur in western NSW. 

 

  

Figure 1. Pomaderris cocoparrana, photographed on the northwestern slopes of Mount Caley in 

Cocoparra National Park. Photograph by Ciaran Ernst-Russell, CC BY-NC.  

 

Similarly, recent taxonomic changes have resulted in what was previously considered a single, 

widespread species across western NSW to be split into multiple species. Hibiscus trionum L., in the 

broad sense, was a highly variable species distributed across Africa, Eurasia, and Australasia, with 

contention over whether some or all Australian plants represented native or naturalised populations 

(Craven et al. 2011). Craven et al. (2011) recognised three Australian species in the complex  

resurrecting two names and newly describing one species Ƅ two of which occur in western NSW. 

Accordingly, Hibiscus trionum sens. strict. no longer occurs in western NSW (or Australia more 

broadly), requiring us to replace it in the updated book with Hibiscus tridactylites Lindl. (Figure 2) and 

Hibiscus verdcourtii Craven, and reassess the distributions, habitat, and abundance of each.   

Excitingly, there are also entirely novel species that continue to be discovered within the region. In 

2016, a Brachyscome was collected in semi-arid shrubland along the Wilcannia-Wanaaring Road in 

Paroo Darling National Park. Although only known from two plants, and with similarity to 

Brachyscome ciliaris (Labill.) Less. (and also to Calotis cuneifolia R.Br.), it is clearly a new species 

(Gavin Phillips, pers. comm. 2026) and has been assigned the formal phrase name Brachyscome sp. 

Paroo Darling NP (G.P.Phillips 187). Once a collection that includes mature achenes can be made, the 

species will hopefully be formally described; a field trip to the region in 2026 has already been planned 

to attempt to relocate the original population.  
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Figure 2. Hibiscus tridactylites, photographed along a road verge near the town of Hillston. Photograph 

by Nick Lambert, CC BY-NC-SA.  

 

All of these changes have been built on the more than 125,000 herbarium specimens collected from 

western NSW; physical specimens have been integral for driving the ever-evolving knowledge of our 

flora and will continue to be invaluable into the future. However, the rapid emergence of the global 

citizen science platform iNaturalist over the last decade, including in Australia (Mesaglio and Callaghan 

2021), has driven a new stream of contemporary plant occurrence records that are highly 

complementary to herbarium specimens and facilitate an increasing number of valuable new discoveries 

(Mesaglio 2026).     

One of the most notable areas in which iNaturalist records are improving our understanding of the 

western NSW flora is the detection of new weed species for the region. Not only are citizen scientists 

photographing many interesting introduced plant species around townships and other built-up areas 

where herbarium vouchers tend to be less commonly collected (compared to natural areas such as nature 

reserves or national parks), they are also recording plants on their private properties; these areas are 

traditionally difficult, or even impossible, for professional botanists to access, survey, and collect 

specimens from (Callaghan et al. 2021), emphasising the high value of these photographic data.  

Numerous species have been added to the new Plants of Western New South Wales thanks to citizen 

science contributors to iNaturalist. Among many such examples are included Bauhinia variegata L., 

self-seeded around Newey Reservoir in Cobar and in several empty lots in Broken Hill; Myrtillocactus 

geometrizans (Mart. ex Pfeiff.) Console, yet another naturalised cactus found at Lightning Ridge; and, 

Cyperus involucratus Rottb., found growing as a ruderal weed around Wilcannia. Some of these new 

additions to Plants of Western New South Wales have also been important discoveries from a biosecurity 

perspective. In April 2025, citizen scientist Bruce Wilson uploaded photographs of an unusual 

Drosanthemum in chenopod shrubland on the outskirts of Broken Hill. Although a confident species 

identification was not possible from those images, it was clearly a new weed for the region regardless 

of its identity. TM was able to visit the site in March 2026, and collected herbarium specimens, took 

extensive photographs, and documented more than 30 plants naturalised within a 20 m radius of the 

initial sighting. The plants were identified as Drosanthemum barkerae L.Bolus, a new species for not 

only western NSW but also for Australia more broadly (Figure 3). Given the Broken Hill area 

experiences a similar climate to D. barkeraeôs native range in the South African Karoo (Mark Berry, 

pers. comm. 2026)  already increasing its invasiveness here  and that tens of thousands of fruits were 

observed in March 2026, the potential for this species to spread and possibly become a problematic 

weed seems relatively high, and thus its detection before spreading any further was important for control 

efforts. 
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Figure 3. Drosanthemum barkerae, photographed in chenopod shrubland at Broken Hill. Photograph 

by Thomas Mesaglio, CC BY. 

 

Finally, new additions to the book have also been unearthed via iNaturalist through significant range 

extensions. Ecologist Bryce Watts-Parker photographed a Ptilotus in Gundabooka National Park north 

of Cobar in September 2024 and uploaded the images to iNaturalist. Tim Hammer, an authority in the 

genus, identified the plant as most likely Ptilotus helipteroides (F.Muell.) F.Muell.. This would be the 

first known record of the species for the entire state, let alone western NSW; this species is mostly 

distributed across arid and semi-arid South Australia, Northern Territory, and Western Australia. 

Fieldwork in the area to collect a herbarium voucher has been planned for late 2026 to help confirm the 

identification. 
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Abstract 

The Beetaloo sub-basin of central NT has very extensive deposits of gas-bearing shale, and exploratory 

drilling has shown these deposits to be highly prospective. The shale occurs deep (typically 3-4 km) 

below the land surface and the gas contained within it is extracted through the process of hydraulic 

fracturing, commonly known as fracking. Due to public concern over environmental impacts, in 2016 

the NT Government imposed a moratorium on fracking development and established an independent 

Inquiry (the Pepper Inquiry) to examine the environmental risks and their potential mitigation. The 

Pepper Inquiry concluded that the risks were acceptable so long as all its recommendations were 

implemented. The NT Government accepted all recommendations and subsequently lifted the 

moratorium. One of the Inquiryôs recommendations was that a comprehensive Strategic Regional 

Environmental and Baseline Assessment (SREBA) be undertaken before any production approvals are 

granted. This assessment has since been completed for the Beetaloo region, and it called for the 

implementation of a long-term monitoring program for assessing any regional-scale impacts of shale-

gas development, complementing the local monitoring required by industry. Charles Darwin University 

has subsequently been contracted to develop robust assessment protocols and to commence long-term 

monitoring of the Beetalooôs biophysical environment, with a particular focus on water and water-

related values. The project will include the development and implementation of cost-effective protocols 

based on new technologies such as environmental DNA, acoustic recording and the use of drones. This 

paper provides an overview of the (1) the fracking process, (2) the Pepper Inquiry and Beetaloo SREBA, 

and (3) CDUôs Beetaloo monitoring project.  

Introduction  

The Northern Territory (NT) has very extensive deposits of gas-bearing shale, and the most prospective 

of these for gas extraction are in the Beetaloo sub-basin of central NT (Figure 1). The shale occurs deep 

(typically 3-4 km) below the land surface and the gas contained within it is extracted through the process 

of hydraulic fracturing, commonly known as fracking. Fracking involves drilling a well into the shale 

and using water under high pressure to fracture the rock and thus release the gas. Due to public concern 

over environmental and social impacts, in 2016 the NT Government imposed a moratorium on fracking 

development and established the independent Pepper Inquiry to examine the risks and their potential 

mitigation. The Inquiry concluded that the risks were acceptable so long as its 135 recommendations 

were implemented. The NT Government accepted all recommendations and subsequently lifted the 

moratorium.  

A key recommendation of the Pepper Inquiry was that a comprehensive Strategic Regional 

Environmental and Baseline Assessment (SREBA) be undertaken before any production approvals are 

granted. This assessment has since been completed for the Beetaloo region, and it called for the 

implementation of an extensive monitoring program for assessing any regional-scale impacts of shale-

gas development, complementing the local monitoring that must be undertaken by on-shore petroleum 

companies on and around their drill sites. Charles Darwin University (CDU) has subsequently been 

contracted to establish such monitoring of the Beetalooôs biophysical environment, with a particular 

focus on water and water-related values. The 5-yr project addresses monitoring of the broader Beetaloo 

region, including areas downstream of the Beetaloo sub-basin itself (Figure 1).  

mailto:alan.andersen@cdu.edu.au
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Figure 1. Map of the Beetaloo sub-basin and the SREBA biophysical study area. 

This paper provides an overview of (1) the fracking process, (2) the Pepper Inquiry and subsequent 

Beetaloo SREBA, and (3) CDUôs regional monitoring project. 

The fracking process 

Fracking involves drilling a well into the shale and using water under high pressure to fracture the rock 

and thus release the gas (Figure 2). The extraction of shale-gas is very different to that of the more 

familiar coal-seam gas in that (1) the shale typically occurs 3-4 km belowground rather than closer to 

the surface and often near aquifers, (2) no de-watering is required before extraction, and (3) multiple 

wells can be drilled per well pad, including horizontal wells extending laterally for kilometres 

underground.    

The fracking of each horizontal well requires 20 ï 30 megalitres (equivalent to 6 ï 10 Olympic-sized 

swimming pools) of water. Sand is added to the water to prevent the fractures in the rock from closing, 

and it remains in the fractures holding them open. A range of chemicals are also added for suspending 

the sand in the water, improving fluid low, and controlling bacterial growth. Wells are lined with 

multiple layers of cemented steel casings to ensure that gas or fluids canôt escape, especially into 

aquifers. Further details of the fracking process can be found at 

https://frackinginquiry.nt.gov.au/inquiry-reports/background-and-issues-paper. 

 

https://frackinginquiry.nt.gov.au/inquiry-reports/background-and-issues-paper
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Figure 2. Schematic diagram of shale-gas extraction (from https://frackinginquiry.nt.gov.au/inquiry-

reports/background-and-issues-paper). 

The Pepper Inquiry and Beetaloo SREBA 

The independent Inquiry established in 2016 to examine the environmental and social risks associated 

with a potential shale-gas industry in the NT was headed by Justice Rachel Pepper from the New South 

Wales Land and Environment Court, and it included technical experts from throughout Australia. The 

Inquiryôs terms of reference were to determine the nature and extent of the risks from fracking, whether 

these risks can be mitigated to an acceptable level and if so how, and if the existing regulatory 

framework was adequate for doing so. The Inquiry involved very extensive public consultation, 

including forums held throughout the NT. Its 2018 report identified a comprehensive set of risks to the 

biophysical environment, especially relating to water and water-related values, including the quantity 

and quality of both underground and surface water, spills of wastewater, aquatic biodiversity, and water-

dependent vegetation (https://frackinginquiry.nt.gov.au/inquiry-reports/final-report). Other identified 

risks include ecological impacts of vegetation clearing, the spread of weeds, and changed fire regimes.  

The Pepper Inquiry report included 135 recommendations for effective risk mitigation and concluded 

that, in the Panelôs opinion, ñprovided all of the recommendations made in this Report are adopted and 

implemented in their entirety, not only should the risks associated with an onshore shale gas industry 

be minimised to an acceptable level, in some cases they can be avoided altogether.ò All 

recommendations were accepted by the NT Government and the fracking moratorium was lifted. 

A key recommendation was that a comprehensive Strategic Regional Environmental and Baseline 

Assessment (SREBA) be undertaken in prospective shale-gas regions before any production approvals 

are granted. The SREBAôs purpose is to address knowledge gaps and establish appropriate baselines 

against which the potential impacts of proposed gas activities may be assessed. A SREBA has since 

been completed for the Beetaloo region and its report was released in 2022 

(https://hydraulicfracturing.nt.gov.au/sreba). The biophysical components of the Beetaloo SREBA 

were water quality and quantity, aquatic ecosystems, terrestrial ecosystems, and methane and other 

greenhouse gases. The report called for the implementation of a long-term monitoring program for 

assessing any regional-scale impacts of shale-gas development, complementing the local monitoring 

https://frackinginquiry.nt.gov.au/inquiry-reports/background-and-issues-paper
https://frackinginquiry.nt.gov.au/inquiry-reports/background-and-issues-paper
https://frackinginquiry.nt.gov.au/inquiry-reports/final-report
https://hydraulicfracturing.nt.gov.au/sreba
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required by industry. CDU has subsequently been contracted to establish such a long-term regional 

monitoring program.  

The CDU monitoring project  

The project commenced in 2025 and aims to develop and implement cost-effective protocols for 

monitoring the following biophysical components identified in the SREBA report: 

¶ Groundwater levels and quality 

¶ Surface water quality, targeted at detection of downstream contamination  

¶ Aquatic biodiversity in perennial or near-permanent waterbodies 

¶ The vegetation and bird communities of water-dependent terrestrial ecosystems 

¶ Landscape fire regimes 

¶ Vegetation clearing and fragmentation 

¶ Methane emissions. 

The project includes the development of new technologies such as environmental DNA for aquatic 

biodiversity, acoustic recorders and drone-based surveillance for bird surveys, and remote sensing of 

methane emissions.  

Strategic oversight of the project is being provided by a Steering Committee comprising three 

representatives each from CDU and the NT Government. The Steering Committee has established the 

project governance framework, and it approves annual workplans and monitors progress against agreed 

milestones. A Management Team, chaired by the Project leader and including key CDU personnel, is 

responsible for project management. Such management is guided by a Stakeholder Engagement Plan 

that aims to facilitate exchange of knowledge and information, and to provide stakeholder input into 

the set of indicators to be monitored and where and how monitoring is conducted.  

The NT Government is committed to full public availability of project results. The project has a Data 

Management Plan that describes the types of data that will be collected, how data will be managed 

within the project, and how it will be provided to the NT Government. 

In conducting the project, CDU is committed to full consultation with landowners and to extensive 

Indigenous participation. The project has developed an Indigenous Participation Strategy that covers 

the building of partnerships, selection of sampling sites and species, permissions, protocols for working 

on Country, participation in fieldwork, capability development, payments, data and intellectual 

property, and the provision of feedback on project results. 

Acknowledgements 

The key role of Alaric Fisher in establishing the project is acknowledged, along with the contributions 

to its development by project team members, particularly Sam Banks, Dylan Irvine, Erica Garcia, 

Maxine Piggott, Richard Crabbe, Sarah Fischer, Cameron Yates and Sophia Oliveira. 

 

  



   

44 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

TERN: integrating samples, data and drones for long-term rangeland 

monitoring 

Lewis, D1; Steen, C1; Tokmakoff, A1; Guru, S2; Irvine, K1; OôNeill, S1; Sparrow, B1 
1 Terrestrial Ecosystem Research Network (TERN), School of Biological Sciences, College 

of Sciences, Adelaide University, Adelaide. donna.lewis@adelaide.edu.au; 2Terrestrial 

Ecosystem Research Network (TERN), University of Queensland, Long Pocket Precinct. 
 

Key words: rangeland monitoring; AusPlots; herbarium specimens; drone imagery; ecosystem 

surveillance monitoring 

Abstract 

Australiaôs rangelands span vast and diverse environments, requiring coordinated, long-term 

monitoring to inform sustainable management and national-scale decision-making. The Terrestrial 

Ecosystem Research Network (TERN) delivers a standardised, continent-wide research infrastructure 

that integrates field observations, drone imagery, and curated plant and soil collections. 

This paper highlights the role of permanently archived plant voucher specimens and soil samples in 

supporting long-term ecological understanding. Plant voucher specimens provide verifiable records of 

species occurrence and enable future taxonomic, genetic and trait-based analyses, while soil samples 

support assessments of carbon, nutrients and broader ecosystem function. These collections are 

complemented by standardised measurements of vegetation composition and structure collected from 

over 1000 permanent 1-ha (100 x 100m) monitoring plots distributed across Australia. 

Recent advances in drone-based monitoring provide high-resolution spatial data that extend plot-based 

observations to broader landscape scales and enable more frequent monitoring than is practical through 

field surveys alone. Drone imagery supports the assessment of vegetation cover, structural complexity, 

biomass distribution and disturbance patterns, enabling stronger integration between field observations 

and drone imagery, and assist in scaling field measures to satellite imagery.  

TERNôs open-access data infrastructure provides access to integrated datasets, specimens and 

associated metadata, supporting research, environmental reporting and land management applications. 

By combining enduring biological collections with emerging technologies and standardised monitoring 

protocols, TERN delivers nationally consistent environmental information that supports improved 

understanding of ecosystem dynamics and resilience across Australia. 

Introduction  

Australian rangelands occupy approximately 80% of the continent and encompass a diverse range of 

ecosystems. Effective management of these environments requires long-term monitoring programs 

capable of detecting ecological change across large spatial and temporal scales. 

Historically, monitoring efforts have often been fragmented (Sparrow et al. 2014), using differing 

methodologies and producing datasets that are difficult to compare between regions (Bastin et al. 2009). 

To address these limitations, TERN established the Ecosystem Surveillance program in 2010, to 

implement standardised monitoring protocols across a national network of permanent 1-ha (100 x 

100m) monitoring plots. The program provides consistent measurements of ecosystem composition, 

structure and function, and a variety of soil attributes, while creating a long-term environmental record 

capable of supporting research, management, industry and policy development. 

A distinctive feature of TERNôs Ecosystem Surveillance program is the integration of physical sample 

collections, field observations and drone imagery, all provided as an open access data infrastructure to 

support long-term monitoring of Australiaôs major biomes. 

Study Area and Field Data Collection 

Since 2010 TERN has established a network of over 1,000 permanent 1-ha (100 × 100m) monitoring 

plots distributed across Australia's major biomes and environmental gradients. Over 400 plots have 

mailto:donna.lewis@adelaide.edu.au
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been resampled to detect change in vegetation composition and structure, soil properties and 

environmental condition (Figure 1). 

 

Figure 1. Distribution of TERNôs Ecosystem Surveillance 1-ha (100 x 100m) monitoring plots 

illustrating revisits and DroneScape collection. 

Standardised AusPlots protocols provide a repeatable framework for collecting vegetation, soil and 

environmental information across sites and through time (White et al. 2012; Sparrow et al. 2020). The 

protocols provide a repeatable framework for quantifying vegetation composition, structure and 

condition across Australia's diverse ecosystems, supporting long-term ecological monitoring and 

enabling comparisons among sites and survey periods. 

Vegetation composition and structure are assessed using ten 100-m transects arranged at intervals across 

the plot (Figure 2). Vegetation cover is quantified using a systematic point-intercept method, 

complemented by a complete floristic inventory to document all vascular plant species present within 

the plot.  

These repeat measures support a wide range of research, monitoring and land management applications 

across Australia's rangelands. Repeat surveys of permanent monitoring plots enable the detection of 

changes in vegetation composition, structure and ground cover through time, including shifts in 

palatable pasture species, the spread or decline of introduced species, woody vegetation dynamics and 

responses to grazing pressure, fire and climate variability. 

Standardised field descriptions are completed for each monitoring plot to characterise the site's 

environmental setting. Site attributes include location, topography, landform, slope, aspect, vegetation 

classification, and evidence of natural and anthropogenic disturbance. Land surface characteristics, 

geomorphology, soil profile morphology and substrate are described using the methods outlined in the 

Australian Soil and Land Survey Field Handbook (National Committee on Soil and Terrain 2024). 

These standardised protocols include the description of landform and landscape position, erosion and 

depositional features, soil surface condition, soil profile morphology (including horizon depths, 

boundaries, texture, colour, structure, coarse fragments and other diagnostic properties), and substrate 

characteristics. Collectively, these field observations provide the environmental context required to 

interpret vegetation patterns and support comparisons among monitoring sites. 

Standardised site photographs, including the automated stitching of landscape panoramas, are collected 

to provide a permanent visual record of vegetation structure and site condition. Together, the vegetation, 
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soil, geomorphological and environmental data provide a comprehensive characterisation of each 

monitoring plot and enable consistent comparisons across the national monitoring network.  

 

Figure 2. TERN Ecosystem Surveillance plot layout. 

Specimens and Samples 

To complement field observations, TERN has curated more than 200,000 plant and soil specimens 

within the TERN Australia Soil and Herbarium Collection. The collection includes plant voucher 

specimens, plant tissue, soil pit, soil metagenomic and soil subsite samples, with dominant ant samples 

added at selected sites since 2023. Standardised collection and curation protocols ensure long-term 

preservation and reuse. 

Plant voucher specimens provide verifiable records of species occurrence, while associated plant tissue 

samples support taxonomic, phylogenetic, genomic and trait-based research. The herbarium is 

registered under the Index Herbariorum code TERN. Soil samples characterise physical, chemical and 

biological properties, supporting studies of soil carbon, nutrients, microbial diversity and ecosystem 

processes. Repeat sampling enables long-term assessment of ecological change. 

Drone Data 

DroneScape, TERN's drone monitoring capability, became operational in 2024 and has surveyed more 

than 300 plots (Figure 1). Standardised acquisition protocols produce consistent, analysis-ready 

datasets, including high-resolution orthomosaics, multispectral imagery and three-dimensional 

vegetation models (Montes-Herrera et al. 2025a,b,c; Robbins et al. 2025). 

These products complement field measurements by providing spatial information on vegetation 

structure, cover and landscape condition, improving calibration and validation of satellite-derived 

products. Together with TERN's standardised monitoring protocols and open-access data systems, 

drone data strengthen long-term ecosystem monitoring across Australia's rangelands. 

Integration  

TERN integrates standardised field observations with permanently curated herbarium and soil 

collections, environmental measurements, drone products and Earth observation data to provide a 

comprehensive understanding of ecosystem structure, composition and function. This integrated 

approach extends the value of long-term monitoring plots by linking field observations with biological 

collections and complementary environmental datasets, supporting applications including biodiversity 

conservation, sustainable land management, ecosystem restoration, climate change research, soil 

studies, and remote sensing calibration and validation. 

https://www.tern.org.au/field-sample-library/
https://www.protocols.io/view/dronescape-collection-of-rgb-and-10-band-multispec-rm7vzk2e5vx1/v1
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By combining nationally consistent monitoring with curated collections and environmental data, TERN 

provides a scalable framework for detecting ecological change and supporting evidence-based 

management across Australia's rangelands. 

Data Access 

TERN makes ecosystem surveillance data, metadata, imagery, and associated specimen and sample 

records openly available through its data infrastructure, following FAIR and CARE principles. 

Environmental datasets are published through the TERN Data Discovery Portal with persistent DOIs, 

while specimens and samples are assigned International Generic Sample Numbers (IGSNs) to maintain 

traceability between field observations, physical collections and derived datasets. 

Integrated platforms, including EcoPlots, EcoImages and the ausplotsR package, enable users to 

discover, visualise and download linked vegetation, soil, imagery and specimen data. Drone products 

are published as cloud-native STAC assets, providing a comprehensive, interoperable resource for 

research, long-term monitoring and evidence-based management (Montes-Herrera et al. 2025d). 
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Abstract 

We classified savanna vegetation on Gumaranganyjal, Yawuru Country, near Broome, Western 

Australia, into four height classes, based on National Forestry Inventory thresholds. We collected drone 

lidar data to provide ground-reference height data. These data trained machine-learning classifiers on 

radar and optical satellite imagery to produce a wall-to-wall vegetation structure map. We overlaid this 

map on ten years of fire history and fitted spatial models across the pindan land system. Fire frequency 

was found to have a strong effect on vegetation structure, but only for late dry-season fires. Increasing 

late-season fire frequency caused a steep decline in tree cover with a corresponding increase in short, 

grassy cover. Early dry-season fire had no detectable effect on vegetation structure at any frequency 

tested. These results show that frequent early dry-season burning is well tolerated by pindan vegetation, 

and that shifting fire regimes toward the early dry season may help managers retain tall woody 

vegetation.  

Introduction  

Fire is a major driver of the structure and composition of tropical savanna vegetation (Sangha et al. 

2021). In northern Australia, most country burns on a cycle of a few years. Prescribed burning practices 

are used to shift fire patterns, meaning land managers decide when, not whether, fire occurs (Beringer 

et al. 2015). Managers therefore need to know what a given fire regime does to woody structure, because 

structure provides shade, fodder, habitat, and standing carbon. 

Higgins et al. (2007) found tree populations resilient to four decades of fire manipulation, although 

size-class distributions changed. Ribeiro et al. (2019) found no marked effect of fire frequency on 

woody height, density, or phytomass in Mozambican miombo, and concluded that geology controls 

vegetation structure. Smit et al. (2010) found the opposite in Kruger National Park, where woody cover 

decreased with fire intensity, frequency, and dry-season timing. Singh et al. (2023) found fire season to 

be more important than frequency in drier savannas. In Australia, Murphy et al. (2023) found that late 

dry-season fire decreases tree cover, but most of their plots were eucalypt sites that receive 1,000 mm 

or more of rain each year. Lehmann et al. (2014) showed that savanna fireïvegetation relationships 

differ between continents, and recommended regionally calibrated models. Results from wetter, 

eucalypt-dominated savanna cannot be transferred to semi-arid, Acacia-dominated pindan with 

confidence. 

Two further limits apply. First, almost all of this evidence comes from plots. Plots measure vegetation 

accurately, but they cover a very small part of the country that a fire plan covers. Second, remote sensing 

of savanna has usually estimated biomass or burn severity, not vegetation structure. Recent work shows 

that satellite radar, combined with drone lidar training data, can map vegetation height classes over 

whole properties (Shennan et al. 2026, under review), making it possible to ask the fire question at the 

scale at which burning is planned. Pindan has been proposed as an eligible fuel type under Australia's 

savanna burning emissions abatement methodology (Lynch et al. 2018), which rewards ecological 

benefits associated with controlled early dry-season fires.  

This study uses a four-class vegetation structure map of Yawuru country, near Broome, Western 

Australia (Shennan et al. 2026, under review), and overlaid on ten years of fire-scar history across a 

pindan habitat to: 

¶ characterise the broad vegetation structure  

mailto:richrad.crabbe@cdu.edu.au
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¶ measure how vegetation structure changes as fire frequency increases, with climate and terrain 

held constant; 

¶ compare the effect of early dry-season fire with the effect of late dry-season fire 

Methods 

Study region 

The study region, Gumaranganyjal, is south-east of Broome, Western Australia. The dominant land 

system is pindan: Acacia-dominated low woodland and shrubland on deep red sandy soils, carrying 

spinifex and annual grasses. This pindan is grazed, burnt for cultural, and conservation purposes, and 

burnt by wildfire. The study area is the intersection of mapped pindan with the station boundary, and is 

2,354 km². The climate is hot and semi-arid (Köppen BSh), with approximately 650 mm of rain each 

year, almost all of it between December and March. The terrain is flat and carries no permanent water.  

Vegetation structure map 

Production of the vegetation structure map is described in Shennan et al. (2026, under review), and only 

a summary is given here. Drone lidar was flown over 13 sites in 2025 (306.5 ha in total, approximately 

25 ha per site) with a DJI Matrice 350 and a Zenmuse L2 sensor. Canopy height models were created 

at 0.5 m resolution, using the 98th percentile of point heights in each cell. 

The lidar heights were converted into four structural classes. Forest definitions specify % canopy cover 

at threshold heights, but a satellite pixel gives a mean height. The two were reconciled by regression of 

cover fraction on mean height within each satellite pixel. A mean height of 1.22 m corresponds to 20 

% cover at 2 m, and a mean height of 2.35 m corresponds to 20 % cover at 5 m. The classes are therefore: 

low vegetation (< 0.2 m), non-forest (0.2ï1.22 m), low forest (1.22ï2.35 m), and forest (Ó 2.35 m). 

These classes were used as training labels to produce a satellite-based (combining optical and SAR) 

vegetation structure map, using an extreme gradient boosting classifier. 

Statistical modelling  

The vegetation map was aggregated onto the fire-frequency grid. Each fire cell records the proportion 

of each vegetation class it contains. Cells were clipped to the study area. Higher frequencies were 

truncated: 5+ fires for all seasons, 4+ for early dry season, and 3+ for late dry season. Mean annual 

rainfall, mean annual temperature and elevation were attached to each cell as controls. 

Vegetation class was then modelled by multinomial logistic regression, with forest as the dependent 

variableȢ Confidence intervals were calculated using a spatial block bootstrap. Model fit was measured 

using McFadden's pseudo-R², and the contribution of fire frequency using a likelihood-ratio ɢĮ test. 

Time since burnt was tested and rejected because within a fixed ten-year window it cannot be separated 

from fire frequency. The early and late dry season models were fitted separately, on the same cells and 

with the same controls, and compared by their explanatory contribution.  

Results 

Vegetation structure  

The classification identified 1,088 kmĮ of tall forest (Ó 5 m canopy height) and 822 kmĮ of low forest 

(2ï5 m) across the 2,392 km² study area (Figure 1). Together, these two classes account for 80 % of the 

pindan, all meeting the ANFI definition of forest (Ó 20 % crown cover with trees above 2 m). This 

forest extent exceeds the 2023 ANFI estimate for the same region by more than an order of magnitude 

(Shennan et al. 2026, under review).  

Fire Frequency 

Tall forest declined steeply with increasing fire frequency (Figure 2) from 83.5 % of unburnt country 

to 16.8 % of country burnt five or more times. Low forest increased from 11.9 % to 46.6 % over the 

same range. Bare ground did not increase consistently at any frequency. Combined woody cover above 

the 2 m forest line fell from 95.4 % to 63.4 %, indicating that the structural change was a conversion of 

tall forest to low forest rather than a loss of woody vegetation. 

After controlling for rainfall, temperature and elevation, model-adjusted tall forest cover was 72.9 % 

(62.3ï84.0 at 95 % CI) at zero fires and 29.0 % (16.8ï44.6) at five or more fires. These confidence 



   

50 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

intervals do not overlap. Fire frequency was a significant predictor of vegetation class (ɢĮ(15) = 1,969, 

p < 0.001). 

 

Figure 1 - Four-class vegetation structure map of the Dampier Peninsula. Classes: Bare/low < 0.2 m; 

Non-forest 0.2ï1.22 m; Low forest 1.22ï2.35 m (meets the ANFI 2 m forest threshold); Forest Ó 2.35 

m (meets the FAO 5 m forest threshold). Height ranges refer to the mean 98th-percentile canopy height 

within each 24 m pixel. 

  

 

Figure 2 - Model-adjusted vegetation composition by fire frequency for all dry season, early dry 

season (fires before 31 July) and late dry season (fires from 1 August). Bars show the predicted 

proportion of each vegetation class at each fire frequency, with rainfall, temperature and elevation 

held at the study-area average. Ribbons show 95 % confidence intervals on the tall forest fraction, 

derived from a spatial block bootstrap. Fire data: NAFI, 2016ï2025. 

Discussion  

High fire frequency drives the loss of tall forest in Gumaranganyjal pindan, and this loss is attributable 

primarily to late dry-season fires. Repeated high-intensity fire can cause significant tree loss (Smit et 

al., 2016), and in Australian savannas, canopy cover and biomass are lowest under biennial late dry- 

season burning (Levick et al. 2019). The analysis is observational, not experimental, so unmeasured 

covariates may contribute to the patterns described. However, the results have implications beyond 

structural conservation. Shifting the fire regime toward EDS burning offers greenhouse gas abatement 

(Aboriginal Carbon Foundation, 2026; Edwards et al., 2021). Pindan has been proposed as an eligible 

fuel type under Australia's savanna burning methodology (Lynch et al., 2018); the present results 

provide landscape-scale monitoring approaches for the national carbon and biodiversity markets.  
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Abstract 

Land condition decline is a prominent issue affecting northern Australia whether through natural 

disasters or improper grazing practices. Recovery of these rangeland systems can often be slow and 

complex processes involving best management practices and favourable seasons. Despite decades of 

research and extension, improved management practices such as matching stocking rates to available 

forage, and wet season spelling have not been widely adopted by industry.  

The óDeveloping Long-Term Carrying Capacity (LTCC) Models for the Desert Uplands (DU)ô project 

(2003ï2005) aimed to address land degradation by establishing safe LTCC guidelines for the thirteen 

DU land types through modelling and grazier experiences. Nine properties were selected as calibration 

sites to verify the modelled estimates of LTCC. Host landholders participated in a peer-to-peer learning 

group, supported by ongoing engagement with the project leader (P Jones) over 19 years to implement 

project recommendations. 

For one host producer, involvement in this project provided them with knowledge and resources to 

implement improved management practices. The ongoing support that was provided by the project 

leader (P Jones) helped with various decisions such as proposing new fencelines, steps to implement 

wet season spelling, and understanding of the role of key perennial pasture species such as desert blue 

grass (Bothriochloa ewartiana). When monitoring sites were revisited in 2023, and management 

changes were documented, positive impacts on land condition and productivity were observed.  

This case study demonstrates the long-term benefits of on-farm research and extension in improving 

land condition and productivity. It underscores the critical role of sustained relationships between 

agencies and producers in achieving enduring practice change. 

Introduction  

Land condition decline is reported in many regions of the Australian Rangelands. Decades of research 

highlights that land condition is improved through grazing management practices such as matching 

stocking rates to available forage and wet season spelling. Despite extensive extension efforts, on-farm 

adoption of these practices is below the levels expected by industry professionals. This case study 

presents how on-farm research, coupled with extension and ongoing relationship building with 

producers has driven practice change on a property near Jericho in Western Queensland. 

Methods 

Validation of the modelled LTCC in the Desert Uplands was done through property land condition 

assessments and consultation with calibration property hosts in 2004. Sites were chosen based on 

paddock size and land type variability to give an accurate representation of the property. Land condition 

assessments (Chilcott 2003) were taken and fed into the model to give the estimated LTCC for each 

property. Results were then compared with producer estimates. Key findings from this project were 

extended through peer-peer learning and a series of field days across the region. The project leader (P 

Jones) also worked one on one with producers to implement improved grazing management strategies. 

In 2023, the original monitoring sites on the case study property at Jericho were revisited to capture 

practice change and assess changes in land condition using LCAT (Hasset et. al. 2020). The project 

leader also conducted an informal interview with the host producer to capture changes in management 

strategies over the last 19 years.  
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Results 

The interview showed that the landholder had implemented a range of improved practices including 

rotational grazing, wet season spelling, fencing to land type, and stocking around LTCC. The number 

of paddocks and watering points had increased significantly which improved grazing distribution and 

access to previously underutilised parts of paddocks. As a result, carrying capacity had increased from 

700 adult equivalents (AEs) in 2004 to 1,000 AEs in 2023. Land condition over the last 19 years had 

improved at thirteen out of the 24 monitoring sites with some going from C (poor) to B and from B to 

A condition (Figure 1), as indicated by an increase in the presence of key perennial pasture species such 

as desert blue grass (Bothriochloa ewartiana). This improvement occurred despite the overall increase 

in property stocking rates. Land condition was maintained at four sites and declined at the remaining 

six.  

 

 

Figure 1. One of the property monitoring sites in 2004 (left) and the same monitoring site twenty years 

later in 2023 (right) showing the change from B to A land condition. 

Discussion  

The host producer acknowledged that involvement in the original LTCC project provided them with 

the knowledge and resources to implement new, improved management practices, positively impacting 

both land condition and animal productivity. Ongoing engagement with the original project leader over 

the last twenty years ï and more recently their successor (D Walkington) has helped support and 

validate changes being observed. These results highlight the long-term impact of on-farm research and 

extension and the importance of strong, enduring relationships between agencies and producers. 
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Abstract 

This paper presents findings from a survey conducted by the Department of Primary Industries and 

Regional Development (DPIRD) examining pastoral industry priorities across the regions of Western 

Australia's southern rangelands: Murchison, Gascoyne, Goldfields, and Nullarbor.  

A total of 63 responses were received, predominantly from pastoral leaseholders, providing insights 

into key challenges, current management practices, and priorities for demonstration sites aimed at 

improving rangeland condition. 

Key findings: 

¶ Strong support (83%) for regional research demonstration sites across all regions 

¶ Regional priorities vary, reflecting local environmental conditions and management challenges 

¶ Major challenges were soil degradation (54%), climate variability (51%), and water scarcity (49%) 

¶ Top research priorities included improved grazing management (52%), soil regeneration techniques 

(48%), and restoration of native vegetation (43%) 

¶ Grazing and vegetation management emerged as a central theme with all respondents identifying 

issues related to grazing pressure, stocking rates or vegetation restoration and management. 

Introduction  

The DPIRD Southern Rangelands Revitalisation Program supports pastoralists to investigate, design 

and implement long-term solutions to improve rangeland condition and livestock profitability. A survey 

was conducted to identify southern rangeland pastoralist priorities for research and demonstration 

activities aimed at improving rangeland condition and supporting the development of a producer 

demonstration site program. The objective was to generate a robust evidence base to guide site selection, 

research themes, and delivery approaches aligned with producer needs. A further goal was to find and 

engage pastoralists with a strong interest and the capability to host and manage sites. At the time of the 

survey no relevant published information on priorities derived from a survey of pastoralists from the 

southern rangelands of Western Australia could be found. 

Methods 

A structured 9 question survey instrument (SurveyMonkey) was developed and distributed between 3 

September 2024 and 2 April 2025. Respondents provided quantitative (predefined responses) and 

qualitative (free text) responses; a copy of the survey questionnaire is available from the author upon 

request. Distribution included online industry newsletters, regional grower groups networks, and direct 

engagement with pastoral leaseholders. Face to face engagement and hard copies at grower group 

meetings were also used. The survey targeted respondents across the Murchison, Gascoyne, Goldfields 

and Nullarbor regions. Questions addressed key challenges, management priorities, preferred research 

themes, specific practices for testing, and factors influencing adoption. Responses were collated and 

analysed descriptively to quantify priorities and identify regional variation. 

Results 

Participation and demographics 

A total of 63 responses were received, with representation from Murchison (37%), Nullarbor (24%), 

Gascoyne (22%) and Goldfields (17%). Most respondents were pastoral leaseholders (67%), with 

additional participation from industry representatives and grower groups. 
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Almost half of the respondents left their contact details seeking further information on producer 

demonstration site opportunities. 

Adoption drivers and evidence preferences 

Adoption of new practices was primarily influenced by demonstrated effectiveness (81%), cost of 

implementation (75%), and compatibility with existing systems (56%). Preferred evidence types were 

case studies and field trials (both 79%), highlighting the importance of applied demonstration. 

Gascoyne  

Soil degradation (64%), water scarcity (64%) and climate variability (57%) identified as key challenges. 

Priorities are soil regeneration, grazing management, livestock productivity and water management. 

Declining shrub/tree populations, poor vegetation condition in parts of Upper Gascoyne and Gascoyne-

Wooramel, increasing erosion risk, water-limited system, high seasonal variability (DAFWA 2017). 

Murchison 

Soil degradation (70%) and overgrazing (48%) are dominant concerns. Vegetation management (74%) 

and grazing management (70%) are top research priorities. 

Fair-to-poor vegetation condition in many areas; declining perennial shrubs and trees; increased erosion 

susceptibility; long history of reduced carrying capacity associated with degradation (DAFWA 2017). 

Goldfields 

Climate variability (60%), overgrazing (50%) and soil degradation (50%) are leading concerns. Strong 

interest in grazing management, livestock productivity and technology adoption. 

Generally, more stable condition than parts of the Gascoyne and Murchison; vegetation cover increased 

in the Kalgoorlie LCD; however, shrub populations have generally declined across the southern 

rangelands and climate remains a major driver of change (DAFWA 2017). 

Nullarbor 

Invasive plants and animals (67%) are the dominant concern, followed by water scarcity (60%) and 

climate variability (60%). Research priorities focus on invasive species, climate adaptation and water 

conservation. 

Vegetation cover generally stable or improving; NullarborïEyre Highway showed increased cover. 

Relative to the other regions, erosion levels are generally low despite fire and climatic risks. However, 

water remains a limiting resource and the system is vulnerable to climatic extremes (DAFWA 2017). 

Discussion 

An earlier survey of pastoralist priorities could not be found to compare with this survey. However, the 

issues identified by producers in 2025 generally align with the biophysical trends reported in 2017 

(DAFWA 2017). 

Post survey, follow-up one on one conversations with respondents added insights. In the Nullarbor some 

pastoralists included the total grazing pressure impacts of non-domestic native grazers with invasive 

species. Concern regarding the contribution native grazers make to total grazing pressure is reflected in 

Atkinson et al. (2020)'s survey of southern rangeland pastoralists across all states that found total 

grazing pressure management was rated as a high priority issue by 66% of respondents. 

From 1952 -2012 Department of Agriculture staff conducted a wide range of structured and informal 

extension activities with southern rangelands pastoralists to improve land management and condition. 

(Morrissey et al. 2025). However, there was little published work available to document relevant 

pastoralist views after 2012. 

The survey provides clear direction for the design of a producer-focused demonstration site program. 

The strong level of support indicates that such a program is likely to achieve engagement if it aligns 

with identified priorities. The consistency of grazing and vegetation management issues across regions 

suggests these should form core program themes.  

However, regional variation in challenges highlights the need for locally tailored research. 

Demonstration sites should prioritise practical, field-based trials, incorporate economic analysis, and 
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be co-designed with producers to maximise adoption. The emphasis on case studies and field trials 

demonstrates the importance of visible, credible evidence in influencing practice change. 

Effective research and extension in rangelands require strong collaboration between external 

professionals and the local pastoral communities to build trust, knowledge and capacity and to support 

meaningful system transformation (Phelps and Kelly 2020, cited in Neilsen et al. 2020). 

Engaging stakeholders from the outset builds trust and long-term relationships, which is important for 

the successful codesign of research that is more likely to be actionable and adopted, because it reflects 

the priorities and constraints of those who will use it (Nielsen et al. 2020). This has been borne out by 

an approach where the survey was the start of an ongoing conversation that fostered credibility and 

rapport with many pastoralists. In turn that led to pastoralist ownership of fully costed proposals 

successfully obtaining funding from separate external funding programs. 
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Abstract 

Attribution of vegetation change to management, rather than climate, is critical to rangeland assessment 

and monitoring programs, informing management and reporting within environmental stewardship 

projects. This study compared three remote-sensing based approaches (Regional Comparison, Dynamic 

Reference Cover Method [DRCM], and Residual Trend Analysis [Restrend]) applied to Landsat-

derived seasonal ground cover data from a pastoral property in the Mulga Lands of NSW that 

transitioned to rotational grazing, total grazing pressure control and management for above-ground 

carbon sequestration using the Human Induced Regeneration method in 2015. At the pixel scale, the 

DRCM and Restrend approaches identified areas of improving and declining cover, but the magnitude 

of change identified across the property differed between methods and the directional agreement of 

change was only 53%. At property scale, the DRCM detected a ground cover deficit change of 0.86% 

between 2014 and 2025, the Restrend a significant positive change of 0.79% per year (~8% increase 

over 10 years), and the Regional Comparison a near-neutral, non-significant trend of ~0.01% per year. 

Results highlight the significant influence of method selection on reported outcomes, and importance 

of context in interpretation of outcomes.  

Introduction  

Accurate, reliable and efficient methods to monitor change and attribute it to management are essential 

to build evidence to support management change and provide confidence for emerging environmental 

markets. In particular, in the semi-arid and arid Australian rangelands, these methods need to account 

for episodic or climate-driven vegetation changes, innate spatial variability within rangeland 

landscapes, relatively small changes over long timeframes (Westoby et al. 1989, Watson et al. 1996), 

and the increasing proportion of the landscape undergoing similar management change. Multiple 

methods exist to separate management from climate effects, most commonly via comparison of a target 

area with comparative reference or regional benchmarks, or with predicted benchmarks. As 

environmental markets and land stewardship programs increasingly rely on remote sensing to verify 

management outcomes, the choice of analytical method may have significant consequences in 

managing project risk and reporting on outcomes. Furthermore, a lack of consensus regarding the effect 

of grazing management on ground cover and other indicators of land condition in Australian rangelands 

may in part reflect the use of different analytical techniques across studies (e.g. Bartley et al. 2023, 

Bastin et al. 2024, McDonald et al. 2024).  This study sought to (1) demonstrate the utility; (2) assess 

the strengths and limitations; and (3) identify key considerations in applying different approaches to 

assess and attribute changes in ground cover to management in the context of environmental project 

areas in Australian rangelands.  

Methods 

A 43,000 ha commercial pastoral property in the Mulga-lands bioregion of NSW was selected for 

demonstration. The climate is semi-arid (mean annual rainfall 255 mm), with predominantly native 

vegetation encompassing a diverse mix of grassland, woodland and wetland communities across soil 

types ranging from sandy to heavy clay. The property transitioned from set-stocking to rotational 

grazing with total grazing pressure control (boundary fencing and water-point control) and management 

for above-ground carbon sequestration using the Human Induced Regeneration method in 2015.  

Landsat derived, seasonal ground cover data was obtained from the TERN Data Discovery Portal 

(TERN 2022) at 30 m pixel resolution for the period 1990 to 2025. For all analyses, the photosynthetic 

mailto:sarah.mcdonald@dpird.nsw.gov.au


   

58 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

vegetation and non-photosynthetic vegetation band values were summed to generate a value of total 

ground cover (TGC). Three benchmarking methods were compared: 

Regional Buffer Comparison 

A 10 km buffer was delineated around the property, excluding areas under similar management change. 

Both the property and its buffer were stratified by vegetation formation (NSW DCCEEW 2020) and 

mean TGC for the whole-property and whole-buffer mean values (comparing like-for-like vegetation 

forms) were compared over time. The slope of the trend of difference in Property and Buffer cover was 

assessed with a Prais-Winsten model.  

Dynamic Reference Cover Method 

Following Bastin et al. (2012), the DRCM was adapted for Landsat-derived TGC. Comparable dry 

years before and after the management change (2014 and 2025) were identified using 6-24 month 

Standardised Precipitation Environmental Index (SPEI) data. Reference pixels were identified within a 

500x500 pixel neighbourhood around each focal pixel. For each year, mean TGC across the reference 

pixels was calculated for every focal pixel, and the difference between focal and reference cover was 

calculated as ȹGC. Management-adjusted change was estimated as the difference between ȹGC values 

for two dry years (ȹȹGC; aka change in the ground cover deficit). 

Residual Trend Analysis 

The Restrend analysis broadly followed the approach described by Wessels et al. (2007) and Evans and 

Geerken (2004), adapted for the seasonal TGC data. For each pixel, a climate (rainfall and temperature; 

Queensland Government 2025) and TGC relationship was developed using data from 1990-2015. The 

resulting prediction model was used to predict post-management change TGC and the residual trend 

between observed and predicted TGC was assessed using a Prais-Winsten model.  

Comparison of approaches 

At pixel scale, DRCM and Restrend outputs were compared using z-score differences (differences >1 

z-score highlighted) and directional agreement. At property scale, DRCM ȹGC, Restrend residuals and 

Regional Comparison time series were compared. 

Results 

Both the Restrend and DRCM methods effectively represented spatial patterns in ground cover change, 

highlighting areas of improvement or decline and reflecting landscape features (e.g., drainage lines or 

vegetation patterns) and management boundaries (e.g., fenceline effects) (Figure 1a, b). However, 

pixel-scale agreement between the two methods was low. Z-score comparisons indicated that the 

magnitude and direction of within-property change differed substantially at many locations (Figure 1c) 

and with directional agreement in TGC change (improvement, stability or decline) of only 53% (Figure 

1d). At property scale, the DRCM detected a ground cover deficit change of 0.86% between 2014 and 

2025, the Restrend a significant (P<0.05) positive change of 0.79% per year (~8% increase over 10 

years), and the Regional Comparison a near-neutral, non-significant trend of ~0.01% per year. The 

Restrend produced moderately similar temporal trends to that of the DRCM while the regional 

comparison showed smaller temporal variation (Figure 2). 

Discussion  

The Restrend approach identified areas of increasing, stable and decreasing ground cover at pixel scale, 

with the ability to summarise residuals and analyse the residual trends at different scales, such as within 

paddocks or the entire property, and assess change at any time. The strength of the climate-ground cover 

relationship varied spatially, with lower coefficient of determinations along drainage lines and in areas 

of higher woody cover, suggesting reduced reliability in these landscape positions. 

The DRCM quantified the change in ground cover between successive dry periods (ȹȹGC), providing 

an indicator of how cover during drought (when the landscape is most vulnerable to degradation) has 

shifted, and an indication of change in landscape resilience. Paddock and landscape position effects 

were clearly apparent in the pixel scale outputs. However, detection of change was restricted to dry 

periods and so the approach cannot be applied routinely.  
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The Regional Comparison approach provided a tangible comparison between the property and buffer 

area, without relying on predicted data or specific climatic conditions. Its utility was limited to the land 

type or property scale. A practical challenge in this context was also identified, where 44% of the 

surrounding buffer was identified as being managed under similar HIR projects and excluded from 

analysis, reducing confidence in the assumptions of climatic and management equivalence between 

property and buffer. 

Results highlight the substantial influence of analytical method choice on outcomes. The DRCM 

approach detected a change in the ground cover deficit of 0.86% between 2014 and 2025, whilst the 

Restrend detected a significant positive trend of 0.79% per year, and the Regional Comparison detected 

a near-neutral trend of -0.012% per year. This divergence and additional sensitivity to parameter choices 

within the methods (data not shown), highlights the importance of careful method selection and the 

context of interpretation. This variability may also account for some of the inconsistences reported 

across previous grazing management studies. Understanding the differences and subjectivities between 

approaches is important. Results highlight the need for transparent, context-appropriate and climate 

adjusted monitoring frameworks across Australiaôs grazed rangelands.  

  

Figure 1. a) ȹȹGC (2014-2025) pixel results of the DRCM analysis; b) Restrend analysis (% change in 

TGC per year) of pixels; c) comparison of z-scores between Restrend and DRCM, blue/red = z-

scorelarger (z-score difference >1) under DRCM or Restrend, respectively, grey = similar z-score 

values between methods; d) Comparison of directional agreement between DRCM and Restrend results, 

green = both methods show a positive (increase) change in cover, red = both methods show a negative 

change in cover, yellow = both methods show a neutral change, and grey = disagreement in direction 

of change between methods.   
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Figure 2. Timeseries of property-scale DRCM (ȹGC; green), Regional Comparison (Property minus 

Buffer; Blue), and Restrend (Observed minus Predicted; Red) outputs from 1990-2025. Prais-Winsten 

trend lines are shown before and after the management change date as dashed lines for Restrend and 

Regional Comparison. DRCM comparison dates (2014 and 2025) are marked with a point, and 

connected with a dashed line to demonstrate trend between the two dry periods. The management 

change date is denoted with the vertical dotted line. 12-month rolling rainfall totals are shown below. 
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North Queensland 

Macor, JP1; OôReagain, P2 
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Abstract 

Maintaining productive native pastures is fundamental to the sustainability of northern Australian 

grazing systems. Desirable ñ3Pò grassesðperennial, productive and palatable speciesðform the 

foundation of resilient rangeland pastures, supporting livestock productivity while maintaining 

groundcover and soil stability. However, grazing pressure, climate variability and the spread of 

introduced species can alter pasture composition over time. 

One species that attracts mixed opinions in northern grazing systems is Bothriochloa pertusa (Indian 

couch). Some producers value it for its tolerance to grazing and its ability to maintain groundcover, 

while others view it as an indicator of declining pasture condition due to its capacity to dominate and 

reduce the abundance of desirable native species. Consequently, the relative contribution of B. pertusa 

within native pastures can strongly influence overall land condition assessments across northern 

Australian rangelands. 

This study examined pasture composition over a 22-year period, with data collected at four intervals: 

2004, 2011, 2019 and 2026. The trial compared five contrasting grazing strategies designed to represent 

a range of management approaches used in northern beef production systems. 

Basal area of pasture species was measured using the line intercept method along established transects. 

Significant differences in basal area were observed between sampling years, with patterns closely 

corresponding to drought index measurements, highlighting the strong influence of climatic variability 

on pasture dynamics. 

Significant differences were also detected between grazing treatments in the basal cover of both 3P and 

2P native grasses. Treatments incorporating wet-season spelling recorded the highest basal cover, while 

heavy stocking recorded the lowest. No significant differences were detected between treatments in the 

basal area of B. pertusa, suggesting this species can persist and spread within native pastures 

irrespective of grazing management. These findings highlight the potential for B. pertusa to influence 

pasture composition through reduced dominance of desirable native grasses. 
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The value of South Australian pastoral photopoints for long-term 

rangeland monitoring 

Cantor, E1; Humphrey, M2. 
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Environment and Water, South Australia 
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Abstract 

South Australiaôs Pastoral lands cover approximately 410,000 km2 constituting more than 40% of the States land 

area. A long-term monitoring program using standardised photopoints continues to monitor changes in land 

condition under a grazing regime. 

Pastoral photos have been taken since the 1950ôs by pastoral inspectors and Board members to capture the condition 

of land. Objective monitoring of South Australian pastoral lands began with the installation of photopoints in 1970, 

capturing visual data at a set point with consistent methodology.  

The network of photopoints across all pastoral leases was established with the aim to measure trends in a given 

vegetation type over time. Photographing a marked site provides the opportunity for repeatable monitoring and a 

long-term record of changes in condition. The introduction of the Pastoral Land Management and Conservation Act 

1989 further developed photopoints into a monitoring tool through the addition of vegetative data capture.  

Since the 1990ôs alongside the image collected, data pertaining to the vegetation communities, density, palatability, 

grazing impacts and soil stability has been captured at photopoints. The integration of visual and quantitative 

vegetation data enhances the interpretative potential of photopoints, developing the ability to capture seasonal 

variability, ecological change and long-term responses to grazing. In addition to the long-term continuity of these 

records, this data makes them valuable for informing regional scale assessments, cross disciplinary studies, climate 

impact, sustainable land use and calibrating/validating modern monitoring methodologies. 

The nature of this data set provides a rare multi-decadal record that has potential for broader landscape scale studies 

not only for pastoral land assessment but for researchers, ecological, policy and remote sensing fields. Photopoints 

are a critical foundation for monitoring South Australia's rangeland health, and their long-term record continues to 

inform management decisions and guide future monitoring approaches. 

Introduction  

South Australia's pastoral leases covers approximately 410,000 km², representing more than 40 per cent of the State's 

land area. These rangelands provide significant environmental, ecological and cultural values and additionally 

support pastoral production. Effective monitoring of land condition across such a vast landscape is essential to ensure 

sustainable land management and to maintain the productive capacity of pastoral lands for future generations. 

One of the most valuable tools used in South Australia's pastoral monitoring program is the network of permanent 

photopoints established across pastoral leases.  A photopoint is a fixed monitoring location, typically established 1.5 

km from a waterpoint in sheep stations and 3 km from a waterpoint in cattle stations, where photographs and site 

observations are repeatedly collected over time. Photopoints are placed in representative areas of a paddock to 

monitor changes in vegetation, soil condition, and grazing impact, providing an objective record of land condition 

and long-term trends in landscape health. 

These sites provide a long-term record of vegetation and landscape change and have become a cornerstone of land 

condition assessment throughout the SA pastoral rangelands. The combination of repeat photography and vegetation 

monitoring has created a unique dataset that documents ecological change over multiple decades and supports 

evidence-based land management decisions. 

Development of the Photopoint Monitoring Program 

Pastoral photographs have been collected in South Australia since the 1950s by Pastoral Inspectors and members of 

the Pastoral Board to document land condition and management practices. Objective and repeatable monitoring 

began in 1970 with the establishment of a formal network of photopoints across pastoral leases (Lay and Lay, 2025). 

These monitoring sites were designed to capture photographs from the same location using consistent methods, 
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enabling direct comparisons over time and providing an objective record of changes in vegetation cover, species 

composition, soil condition, landscape stability, and overall land condition within representative vegetation 

communities. By repeatedly photographing the same location, land managers could visually assess changes in 

vegetation cover, species dominance, soil condition and landscape stability. 

The introduction of the Pastoral Land Management and Conservation Act 1989 further strengthened the value of 

the photopoint monitoring program through the addition of quantitative vegetation assessments. Since the 1990s, 

monitoring at photopoints has included the collection of information on vegetation communities including plant 

density, species composition, palatability, grazing impacts and soil stability. This integration of vegetation data 

transformed photopoints from a photographic record into comprehensive scientific monitoring sites. 

Visual evidence of landscape change 

The most immediate value of photopoints lies in their ability to provide visual evidence of long-term landscape 

change. Repeat photographs allow direct comparison of the same location over years or even decades, revealing 

changes that may otherwise go unnoticed. 

Photopoints can provide clear visual records of: 

¶ Changes in vegetation composition and density 

¶ Shifts in dominant plant species 

¶ Soil surface condition and stability 

¶ Erosion or landscape recovery 

¶ Responses to drought, grazing pressure and fire 

Because the images are collected from fixed locations and viewing angles, they provide an objective and consistent 

record of environmental change. This visual evidence allows land managers and researchers to identify trends and 

assess whether land condition is changing. 

The importance of vegetation data 

While photographic records are valuable on their own, the addition of vegetation monitoring data greatly increases 

the scientific value of photopoints. Vegetation assessments provide quantitative measurements that complement the 

visual record and allow for detailed ecological analysis. 

Vegetation data collected at photopoints can be used to: 

¶ Monitor species composition and diversity 

¶ Track changes in perennial vegetation cover 

¶ Identify increaser and decreaser species 

¶ Detect changes in vegetation structure 

¶ Assess responses to rainfall variability 

¶ Measure the effects of grazing and other disturbances 

Together, photographs and vegetation data provide a more complete understanding of ecosystem condition than 

either approach would achieve independently and enables the monitoring of both short-term seasonal responses and 

long-term ecological trends. 

Discussion  

Assessing grazing impacts and land condition 

Monitoring grazing impacts has always been a central objective of the South Australian pastoral monitoring 

program. Photopoints allow land managers to evaluate the effects of grazing pressure on vegetation communities 

and soil condition over time. 

Long-term records can reveal: 

¶ Areas experiencing excessive grazing pressure 
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¶ Recovery following reduced stock numbers 

¶ Changes in palatable perennial species 

¶ Impacts on ground cover and soil stability 

This information supports informed decisions regarding stocking rates, grazing management and sustainable land 

use practices. It also assists the Pastoral Board and land managers in assessing whether pastoral lands are being 

managed in accordance with lease conditions and land management objectives. 

Monitoring other ecological processes 

In addition to grazing impacts, photopoints are valuable for documenting the effects of fire and subsequent vegetation 

recovery. Long-term records allow assessment of post-fire regeneration, changes in vegetation structure and shifts 

in species composition. 

Photopoints are also particularly valuable because they capture ecological processes that occur gradually over long 

periods. These include: 

¶ Shrub encroachment 

¶ Recovery following prolonged drought 

¶ Changes in soil surface condition 

¶ Long-term fluctuations in vegetation communities 

¶ Responses to climate variability 

¶ Flooding events 

Many of these changes are difficult to detect through short-term monitoring programs but become clearly evident 

when observations extend across decades. 

Supporting research and decision-making 

The consistency and longevity of South Australia's photopoint network make it a valuable resource beyond routine 

pastoral assessments. In addition to informing land condition assessments, the network provides a long-term record 

of environmental change across the rangelands, enabling trends in vegetation, soil condition and landscape stability 

to be tracked over multiple decades. 

Photopoint records support: 

¶ Regional land condition assessments 

¶ Ecological research 

¶ Climate change studies 

¶ Remote sensing validation and calibration 

¶ Policy development 

¶ Sustainable land management planning 

The long-term nature of the dataset allows researchers and land managers to understand how ecosystems respond to 

environmental pressures over time and evaluate whether management actions are achieving desired outcomes. 

Conclusion 

South Australian pastoral photopoints represent one of the State's most valuable long-term environmental monitoring 

tools. Their strength lies in the combination of repeatable photographic records and quantitative vegetation data, 

providing both visual and scientific evidence of landscape change. 

For more than five decades, photopoints have documented changes in vegetation, soil condition, grazing impacts 

and ecological processes across South Australia's pastoral lands. They support land managers, researchers and 

decision-makers in understanding rangeland condition and responding to emerging management challenges. 
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As pressure from climate variability, changing land use and environmental change continues to grow, the long-term 

photopoint record remains a critical foundation for monitoring rangeland health, informing sustainable management 

practices, and guiding future approaches to landscape monitoring across South Australia's pastoral regions. 
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Abstract 

The Leakiness Index (LI) describes the potential for landscapes to lose (i.e. leak) water, litter, plant 

nutrients and their seeds in soil sediments as areas become dysfunctional through inappropriate grazing 

practices. We used field and remotely-sensed data to show how a formerly leaky savanna woodland at 

the Victoria River Research Station (NT) recovered over a twenty-year period (from 1973) to reach a 

resource-conserving state.  Vegetation change associated with this recovery has continued to the present 

day but ground cover since the mid-1990s has been sufficiently high and uniformly distributed to 

provide LI values that align with a functional landscape. This retrospective analysis, albeit at the small 

scale of research paddocks, documents another example of rangeland recovery in Australiaôs semi-arid 

tropics, Datasets are now available that allow this type of analysis to be applied in other rangeland 

regions. 

Introduction  

The Leakiness Index (LI, Ludwig et al. 2007) derives from landscape function principles and provides 

a simple quantitative method to monitor the extent to which arid and semi-arid rangelands retain their 

capacity to conserve rainwater and soil nutrients in situ. These resources are vital for plant growth and 

derived livestock production while also influencing habitat quality as a component of biodiversity. 

Index values are calculated from remotely-sensed ground cover and a digital elevation model (DEM). 

Kidman Springs (now the Victoria River Research Station, VRRS) in the Victoria River District of the 

Northern Territory (NT) was a stock reserve until the 1960s. It had been heavily grazed by cattle and 

feral donkeys, particularly around old waterpoints, with resultant extensive erosion (Forster and Laity 

1972, Foran et al. 1985). Early research into improved grazing management showed that destocking 

(using exclosures constructed in 1973) rapidly promoted pasture recovery on an eroded calcareous red-

soil site deemed in ópoorô condition. Five years after exclosure, herbage biomass and its composition 

was similar to that on an area judged in good condition (Foran et al. 1985). Twenty-plus years later 

(2002), the vegetation on exclosed and grazed areas had continued to transition such that there was no 

visible difference between the two former condition states; the biomass of perennial grasses (mainly 

black spear grass, Heteropogon contortus and curly bluegrass, Dichanthium fecundum) consistently 

increased and the density of native tree species had substantially increased (Bastin et al. 2003). These 

authors attributed vegetation recovery to removal of donkeys, reduced cattle numbers and some good 

wet seasons. The sites were partially remeasured in 2025 to reveal further woody increase and growth 

of the two main perennial grasses (Holzapfel et al. 2025). 

Here, we document changes in landscape leakiness over a 50-year period for those areas surrounding 

(and including) the exclosures on VRRS. We use ground-based and remotely-sensed data to monitor 

these changes. 

Methods 

Leakiness analysis was conducted at two scales: (a) plot; the exclosures and adjacent grazed areas of 

calcareous red soil in Conkerberry paddock (Fig. 1a), and (b) paddock; the entire area of calcareous red 

loam in that paddock (Fig. 1b). 

Historic ground cover was obtained from ground-based and remotely-sensed sources. On-ground, 

herbage biomass data collected at various times in permanent transects within and adjacent to exclosures 

(Fig. 1a) was used to estimate ground cover. This was based on a linear transformation between 

mailto:gary-bastin@bigpond.com


   

68 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

estimated ground cover and herbage biomass data collected at the nearby Shruburn site (Cowley et al. 

2014). 

 

  

  

Figure 1. Locations of: (a) exclosures and adjacent grazed areas of calcareous red loam in Conkerberry 

paddock used for plot-scale analysis, (b) calcareous red loam within Conkerberry paddock, (c) VRRS 

paddocks and (d) the research station in the NT. 

Landsat TM ground cover was obtained from the TERN Data Discovery Portal 

(https://data.tern.org.au/gov/qld/fractional_cover_v3/landsat/fractional_cover/seasonal/nt/, accessed 

August 2025) at 30 m pixel resolution from 1990 to 2025. These data were derived from the seasonal 

fractional cover product, whereby the persistent green layer is separated from the fractional cover data 

allowing an estimate of the ground cover excluding woody foliage (JRSRP 2022). The photosynthetic 

vegetation (PV) and non-photosynthetic vegetation (NPV) bands were summed to provide percentage 

ground cover. We used the September ï November (óspringô) composites for leakiness analysis because 

ground cover was likely to be at its lowest at that time of year. Where the óspringô composite was 

unsuitable (e.g. excessive cloud), we reverted to the preceding June ï August (ówinterô) composite. 

The hydrologically enforced 1-second (~30 m) DEM for Australia (Gallant et al. 2011) was subset and 

transformed to the same image properties of the remotely-sensed ground cover. 

The óperennial tall tussock grassesô function was used to estimate plot- and paddock-level leakiness 

from ground cover (see Ludwig et al. 2007 for further detail). For plot-level assessment, LI was 

calculated in a spreadsheet while the LI Calculator (Liedloff et al. 2024) was used for remotely-sensed 

ground cover at paddock scale. 

(d)

(a)

Site 2

Site 1

(b)

(c)

https://data.tern.org.au/gov/qld/fractional_cover_v3/landsat/fractional_cover/seasonal/nt/
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Results 

Site 1 (ópoorô condition) was initially quite leaky (1974 to 1977, Fig. 2). Thereafter, the exclosure was 

much more conserving of resources as its biomass (Foran et al. 1985) and estimated ground cover 

substantially increased. There was minimal evidence of leakiness across all treatments from 1989 

onwards (all LI <0.1). 

Figure 2. Leakiness at exclosed and grazed Sites 1 and 2, Conkerberry paddock. Leakiness was 

calculated from ground cover using the parameter values for the ótall perennial grassesô function. Photos 

at a fixed point within Site 1 illustrate vegetation change over time (see Bastin et al. 2003 for further 

information). 

Annual LI values, based on remotely-sensed ground cover, for the entire area of calcareous red loam in 

Conkerberry paddock were <0.06 indicating a functional (resource conserving) landscape (Fig. 3). 

Leakiness values fluctuated between 1990 and 1993 and then stabilised to be Ò0.012 (recorded in 2003), 

apart from a small increase (to 0.026) in 2008. Apart from this aberration, LI values were damped 

against preceding variation in wet-season rainfall from the mid-1990s onward. 

Discussion 

The rapid regeneration of herbage biomass and derived ground cover within the ópoorô condition 

exclosure (Site 1, Fig. 2) meant that LI values initially fluctuated (until 1979) but then stabilised to 

provide almost complete conservation of resources that would support further plant growth. The 

reduction in LI on grazed areas during the same period was slower and more variable suggesting that 

continued grazing pressure during preceding wet-period growing seasons was impeding landscape 

recovery. The herbage biomass data reported elsewhere (Foran et al. 1985 and Bastin et al. 2003) show 

that the initial improvement in landscape function was due to recovery of Enneapogon species and then 

recruitment and continued increase in perennial grasses (mainly Heteropogon contortus and 

Dichanthium fecundum). 

Within Conkerberry paddock and based on remotely-sensed ground cover, leakiness values fluctuated 

between 1990 and 1993 and then stabilised to be mostly Ò0.012 from 2003 onwards. This is consistent 

with the effective retention on-site of resources for plant growth. The small increase in LI in 2008 may 

have been caused by a temporary increase in stocking density as the North Australian Fire Information 

record shows no recent fire that would reduce ground cover. Because LI is sensitive to short-term 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

L
e

a
k
in

e
s
s
 I
n

d
e
x

Site 1, exclosed

Site 2, exclosed

Site 1, grazed

Site 2, grazed

1973

1978

2002



   

70 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

changes in ground cover, its value as a proxy for monitoring landscape function should be based on 

longer-term change, as used here. 

 

Figure 3. Leakiness Index values for calcareous red loam in Conkerberry paddock based on remotely-

sensed ground cover between 1990 and 2024. Columns show preceding wet season (November-April) 

rainfall recorded at VRRS. 

There is potential to up-scale this analysis with nationally consistent remotely-sensed ground cover 

available since 1990. However, the ability of the Leakiness Index to monitor management-related 

grazing effects decreases where late dry-season ground cover exceeds ~40% over continuous areas. In 

these situations, multiple other indicators including pasture composition and woody-layer dynamics are 

probably more relevant for monitoring sustained long term pastoral production. 

References  
Bastin GN, Ludwig JA, Eager RW, Liedloff AC, Andison RT, Cobiac M (2003) Vegetation changes in a semi-

arid tropical savanna, Northern Australia: 1973-2002. The Rangeland Journal 25, 3-19. 

Cowley RA, Hearnden MN, Joyce KE, Tovar-Valencia M, Cowley TM, Pettit CL, Dyer RM (2014) How hot? 

How often? Getting the fire frequency and timing right for optimal management of woody cover and 

pasture composition in northern Australian grazed tropical savannas. Kidman Springs Fire Experiment 

1993ï2013. The Rangeland Journal 36, 323-345. 

Foran BD, Bastin GN, Hill B (1985) The pasture dynamics and management of two rangeland communities in 

the Victoria River District of the Northern Territory. Australian Rangeland Journal 7, 107-113. 

Forster BA, Laity JR (1972) Report on the Land Units of Victoria River Research Station - Kidman Springs 

Station, Northern Territory. Land Conservation Section, Animal Industry and Agriculture Branch, 

Department of Northern Australia, Darwin NT. 

Gallant, J.C., Dowling, T.I., Read, A.M., Wilson, N., Tickle, P. and Inskeep, C. (2011). 1 second SRTM 

Derived Digital Elevation Models User Guide. Geoscience Australia www.ga.gov.au/topographic-

mapping/digital-elevation-data.html, accessed 28 August 2024. 

Holzapfel K, Cowley R, Eastaughffe J, Bastin G (2025) Revisiting 52-year-old grazing exclosures at Kidman 

Springs, NT. Range Management Newsletter 25/3. 

JRSRP (2022) Joint Remote Sensing Research Program & Department of the Environment, Tourism, Science 

and Innovation (2022) Seasonal Fractional Cover - Landsat, JRSRP Algorithm Version 3.0, Australia 

Coverage. Version 3.0. Terrestrial Ecosystem Research Network. 

Dataset. https://portal.tern.org.au/metadata/0997cb3c-e2e2-45be-ac82-f5e13d24331c  

0

200

400

600

800

1000

1200

1400

0.00

0.01

0.02

0.03

0.04

0.05

0.06

1
9
9
0

1
9
9
2

1
9
9
4

1
9
9
6

1
9
9
8

2
0
0
0

2
0
0
2

2
0
0
4

2
0
0
6

2
0
0
8

2
0
1
0

2
0
1
2

2
0
1
4

2
0
1
6

2
0
1
8

2
0
2
0

2
0
2
2

2
0
2
4

P
re

c
e

d
in

g
  

w
e
t-s

e
a

s
o

n
 r

a
in

fa
ll 

(m
m

)

L
e

a
k
in

e
s
s
 i
n

d
e
x

Nov-Apr rainfall

LI

http://www.ga.gov.au/topographic-mapping/digital-elevation-data.html
http://www.ga.gov.au/topographic-mapping/digital-elevation-data.html
https://portal.tern.org.au/metadata/0997cb3c-e2e2-45be-ac82-f5e13d24331c


   

71 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

Liedloff A, Ludwig J, Bastin G, Chewings V, Eager R (2024) Leakiness Calculator (Version 5) Console 

Application using .Net Runtime 8.0. 

Ludwig J, Bastin G, Chewings V, Eager R, Liedloff A (2007) Leakiness: a new index for monitoring the health 

of arid and semiarid landscapes using remotely sensed vegetation cover and elevation data. Ecological 

Indicators 7, 442-454. 

 

 

  



   

72 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 
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Abstract 

The Northern Territoryôs unique approach to land resource mapping has delivered integrated landform, 

soil and vegetation mapping across its rangelands for decades. Known as land unit mapping, this method 

utilises the strong relationships between geology, soil-landscapes and vegetation to deliver a broader 

range of outputs, in comparison to independently-derived soil or vegetation mapping. Some of the 

demonstrated benefits of this holistic approach include: an understanding of underlying soil-landscape 

factors that influence poor rangeland condition; quantifying pastoral carrying capacities through the 

establishment of new pastoral mapping units and pastoral research sites; and the mapping of key 

habitats. 

Introduction  

Land resource mapping commenced in the Northern Territory (NT) in the 1940s by the Commonwealth, 

undertaking broad-scale survey and mapping programs in the Katherine-Darwin (Christian and Stewart 

1953), Barkly (Christian et al. 1954), Alice Springs (Perry 1962), and Ord-Victoria (Stewart et al. 1970) 

regions. The methods established during the surveys involved a multi-disciplinary team of scientists 

including geologists, geomorphologists, soil scientists, and botanists. This integrated approach 

produced information and datasets that are valuable resources and remain in use. 

In contrast to other Australian states and territories, this integrated, multi-disciplinary approach 

continues in the NT today, whereby land resource survey and mapping projects are undertaken by a 

team of soil scientists/geomorphologists and vegetation ecologists working in close collaboration. 

Integrated landform, soil and vegetation mapping has advantages over independently-derived 

vegetation or soil mapping. This approach results in products embedded with more information and 

greater versatility, enabling a greater capacity to deliver a broader range of outputs. 

Examples demonstrating how this integrated mapping approach can support rangeland management are 

discussed. Other examples include erosion risk and pasture rating maps (Napier and Hill 2012, Napier 

et al. 2018), and the potential for mapping and monitoring individual soil attributes (e.g. soil organic 

carbon, available phosphorus). 

Methods 

The land resource mapping program has been running for several decades and continues to be guided 

by national standards. Current standards include: óthe blue bookô, survey guidelines for planning 

(McKenzie et al. 2008), óthe yellow bookô, field handbook (NCST 2024), óthe red bookô, the Australian 

Soil Classification (Isbell and NCST 2021); and óthe green bookô, soil chemical methods handbook 

(Rayment and Lyons 2011). In general, land resource mapping involves the use of field and laboratory 

observational methods, in combination with spatial and non-spatial soil inference methods. 

Field work is undertaken by applied science professionals, often focussing on ósitesô, described as points 

on the land surface that best characterise the surrounding landscape. This includes detailed landform, 

soil and vegetation descriptions at recommended site densities, supplemented with extensive field notes. 

Representative soils are tested at accredited laboratories for standard soil properties such as pH, EC, 

cations and particle size. This is critical to determine important soil-landscape properties such as carbon, 

salinity and erodibility. The data are then interrogated within a landscape framework to extrapolate the 

information across the study area, and to develop polygon-based (vector) land unit mapping. 

Spatial mapping was traditionally based solely on the interpretation of aerial photographs, however it 

is now integrated with a range of available remotely derived datasets. This includes a range of satellite 

mailto:Jasonv.Hill@nt.gov.au
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imagery, digital elevation models and other remotely-sensed data, e.g. radiometrics. Importantly, 

depending on regional geologies and landscapes, it has been demonstrated that using varying 

combinations of datasets, rather than a single dataset, can provide greater insights and improves the 

delineation of landscapes. 

Semi-automated processes, known as digital soil mapping (DSM), have been trialled and compared to 

conventional mapping in recent years (Andrews et al. 2021a; Andrews et al. 2021b; Wright 2018). 

Outputs of DSM are pixel-based (raster) and often produce maps limited to presenting an individual 

soil attribute per map sheet, e.g. pH. However, vector-based mapping continues to produce integrated, 

cost-efficient and accurate results, and is often more user-friendly from a land management perspective. 

Land condition 

Grazing regimes significantly impact land condition and soil properties - overgrazing can lead to soil 

and land degradation, while well-managed grazing can improve soil health and productivity. However, 

land condition is not just a consequence of grazing, it is also influenced by often-hidden soil-landscape 

factors and processes, such as soil erodibility and natural soil salinity. Land resource mapping case 

studies in the Victoria River District (VRD) and the Alice Springs region have identified inherent soil -

landscape factors that are significant contributors to land condition.  

The case of land degradation and erosion in the Ord River catchment, NT (western VRD) and Western 

Australia (WA), is well-documented (Payne et al. 2004).  Here, displaced sediment from uncontrolled 

grazing posed a threat to the newly constructed Lake Argyle, WA. Specific areas of land containing 

highly erodible calcareous soils were identified circa-1950 (Stewart et al. 1970) and mapped in detail 

circa-1970 (Robinson 1971). Other studies within the VRD have identified and characterised erodible 

soils in the Humbert River area (Wood et al. 1979) and Auvergne area (Napier et al. 2018). However, 

it wasnôt until 2025 that soil materials within the NT Ord River Catchment were examined in detail. 

Soil sampling and laboratory analyses enabled examination of soil particles, found to have a very high 

proportion in the specific size range of fine sand and silt (0.002 to 0.02 mm diameter). When compared 

to soil datasets across the Territory, these soils are potentially the most erodible soil materials known 

within the NT. 

Similarly, a case of declining land condition in an area of the arid zone rangelands of Southern NT 

escalated to a critical point in 2021. Poor pasture recovery over consecutive years, even following 

notable rainfall events, was identified through the on-ground and remote sensing work of rangeland 

monitoring. Initially, past land management practices and grazing regimes were suspected to be the 

main drivers, however it became increasingly clear that soil-landscape factors in these fragile 

landscapes warranted comprehensive investigation. A program to improve the land resource mapping 

(Easey and Lynch 2021), with a focus on soil characterisation and laboratory analysis was undertaken 

to investigate the role in which soil-landscape factors were influencing land conditions. The 

investigation led to the identification of natural, geological, soil salinity and sodicity drivers, 

predisposing specific land areas to poor pasture recovery. This likely contributed to increased areas of 

bare ground and greater susceptibility to further decline and erosion. 

These cases highlight that some soils are less resilient than others, and underlying soil-landscape 

factors, rather than grazing regimes alone, can have an unexpected influence on land condition. 

Furthermore, while soil sampling and analysis can identify the contributing soil-landscape factors at 

discrete sites, when this information is combined with high quality land unit mapping (1:25 000 to 

1:100 000 scale), the spatial extent of the fragility or resilience of whole landscapes can be more fully 

ascertained. Management can then be adjusted appropriately and applied at greater scale with greater 

confidence.  

Pastoral carrying capacity 

High-quality land resource mapping datasets can be used for a range of óvalue-addingô applications. 

The existence of comprehensive land resource mapping at a consistent scale (1:100 000) across the 

VRD (Napier and Hill 2012, Napier et al. 2018) has enabled the development and compilation of 

Grazing Land Management (GLM) map units (Figure 1). This has, in turn, enabled the best-possible 

positioning and establishment of pastoral carrying capacity research and monitoring sites to represent 



   

74 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

each GLM unit. The establishment of GLM-based sites required expert input from both land resource 

and rangeland scientists, combined with measurements of pasture growth and soil water holding 

properties. The information produced at each representative research site was then applied back to the 

respective GLM unit. As such, the results were able to be extrapolated across the VRD (78,744 km2).  

 

Figure 1. The existence of comprehensive land unit mapping in the VRD (left) has enabled the 

development of a new dataset: Grazing Land Management (GLM) units (right). 

A similar approach was applied across the pastoral lands of the southern NT region. While the extent 

of uniform scaled coverage of land unit mapping across the VRD is not currently available for southern 

NT, historical broader-scale land systems mapping (1:250 000; 1:1 000 000) is useful. Here, a new set 

of high-quality land resource reference sites were established to complement the existing set of pastoral 

carrying capacity research sites. Based on the land systems the sites each represent the main pastoral 

land types. Where pastoral land types were not yet represented, new reference sites were established. 

This involved collecting the integrated information required to inform and establish new pastoral 

carrying capacity research and monitoring sites in the future. The new sites will also inform future 

mapping projects such as NTôs Regional Ecosystem and Landscape Mapping (REALM) program. 

Habitat mapping 

Vegetation community mapping across the VRD, as a component of land unit mapping, has identified 

several key habitats at risk of degradation (Figure 2). The identification of these key habitats enables 

management and protection of sensitive and significant environments. 

Figure 2. Areas of sensitive (in green) and significant environments (in blue), identified during land 

unit mapping across the VRD. 
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Sensitive habitats contain species that are especially sensitive to disturbances such as fire, feral animals 

or stock, invasive plants, and infrastructure and development. The most common are riparian zones that 

are important for both native flora and fauna and pastorally as watering points for stock. These areas 

are particularly prone to degradation. 

Significant habitats possess high diversity values by containing flora or fauna species that have 

conservation significance. These map units are used to identify the potential and actual locations of 

threatened species within the NT and nationally. Areas may have conservation significance because 

they support important wetland values, large wildlife populations, concentrations of threatened or 

endemic species or are considered botanical hot spots such rainforests. 

Conclusion 

Soil and land resource surveying and mapping can provide an essential link between underlying soil-

landscape factors and the successful and sustainable management of rangeland grazing systems. The 

Northern Territoryôs holistic land resource mapping program integrates landform, soil and vegetation 

information into a multi-use dataset that can be used to develop a range of new datasets, based on 

current and future trends and needs. The examples presented demonstrate some of the ways in which 

this integrated approach can support rangeland management. An improved understanding of soil-

landscape factors and processes, combined with versatile high-quality spatial datasets, provides a solid 

foundation on which to manage and build landscape resilience across the rangelands. 
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Abstract 

Environmental restoration projects undertaken within working rangeland landscapes often require 

project teams to balance engineering, environmental, cultural and operational objectives while 

maintaining regulatory compliance and stakeholder support. The Logan Creek Streambank 

Rehabilitation Project, delivered by NQ Dry Tropics under the Disaster Recovery Funding 

Arrangements (DRFA), demonstrates how these competing requirements were managed while 

rehabilitating flood-damaged streambanks in Queensland's Suttor River catchment. The project 

involved rehabilitation works across five sites on three commercial grazing properties, including 

streambank reshaping, revegetation, exclusion fencing, construction of a rock chute and installation of 

large woody habitat structures.  

Delivery required collaboration between engineers, ecological restoration specialists, Traditional 

Owners, landholders and the project team. During implementation cultural heritage assessments 

identified artefacts and culturally significant sites requiring protection, and construction methodologies 

were refined to accommodate operational and cultural heritage requirements while maintaining the 

approved design intent. Additionally, one of the original cluster of landholders withdrew, necessitating 

a design rescoping. Repeatable aerial monitoring using orthomosaics, digital terrain models and aerial 

video documented project delivery from pre-construction to post-maintenance, supporting project 

reporting and communication with the funding partner. 

The first significant flood following construction provided an opportunity to assess treatment 

performance under natural hydraulic conditions. While several rehabilitation treatments performed as 

intended, post-construction monitoring also identified areas requiring remedial works, reinforcing the 

value of adaptive management beyond practical completion. The project demonstrates that successful 

environmental restoration extends beyond engineering design alone and relies on collaborative 

governance, systematic monitoring and the ability to respond to changing stakeholder requirements 

while maintaining engineering integrity, regulatory compliance and long-term environmental 

objectives. 

Introduction  

Environmental rehabilitation projects within working rangeland landscapes rarely occur in isolation. 

Without compromising compliance or project outcomes, they must balance environmental objectives 

with productive grazing enterprises, cultural heritage obligations, regulatory approvals and engineering 

requirements, while responding to changing stakeholder expectations.  

The Logan Creek Streambank Rehabilitation Project provides a practical case study of how these 

competing priorities were managed during delivery of a post-flood streambank rehabilitation project in 

central Queensland. Delivered by NQ Dry Tropics under DRFA, this paper examines how engineering, 

cultural heritage, landholder and governance requirements were negotiated while maintaining the 

intended rehabilitation outcomes.  

Located approximately 115 km north of Clermont within the Suttor River catchment, the completed 

project comprised five rehabilitation sites across three grazing properties. Works included 

approximately 1.6 km of streambank battering and stabilisation, construction of a rock chute to stabilise 

an active erosion gully, revegetation using site-specific seed mixes, installation of exclusion fencing 

and placement of large woody habitat structures. According to Paddock to Reef (P2R) modelling during 

project design, the completed works were estimated to reduce fine sediment delivery by approximately 

869 t/year. 

mailto:angus.hogg@nqdrytropics.com.au
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Methods 

The rehabilitation methodology applied soft engineering principles to restore stable streambank 

function while adapting project delivery to accommodate cultural heritage, landholder and regulatory 

requirements without compromising the intended environmental outcomes. Rehabilitation treatments 

included reprofiling eroded streambanks to stable batters, revegetating disturbed areas with site-specific 

native seed mixes to provide long-term root reinforcement, constructing a rock chute to stabilise an 

active erosion gully, installing large woody habitat structures to improve aquatic habitat values, and 

excluding stock during vegetation establishment. The design incorporated sacrificial batter zones 

intended to accommodate limited scour during high-flow events without compromising the overall 

stability and function of the rehabilitated streambanks.  

Concept development and detailed engineering design were undertaken by Alluvium Consulting, with 

construction coordination and ecological supervision provided by Verterra Ecological Engineering. NQ 

Dry Tropics was responsible for project management, procurement, project coordination and delivery 

on behalf of the funding partners. During construction, minor refinements to batter extents and work 

areas were made to accommodate site conditions while remaining consistent with the approved 

engineering design, streambank remediation permits and environmental approvals. All refinements 

were reviewed collaboratively by NQ Dry Tropics, Alluvium Consulting and Verterra Ecological 

Engineering before incorporation into the final construction methodology and subsequent as-

constructed certification.  

Delivery of the rehabilitation works required negotiated agreements with participating landholders to 

enable construction and long-term rehabilitation success. Memoranda of Understanding established 

responsibilities for site access, construction activities and post-construction management, including a 

commitment to exclude stock from rehabilitated areas for two years to allow vegetation establishment. 

These agreements enabled the required rehabilitation outcomes to be achieved while accommodating 

the operational requirements of participating grazing enterprises. One participating landholder also 

supplied locally grown and harvested hay mulch for application across all rehabilitation sites, 

contributing directly to vegetation establishment. 

Cultural heritage management formed an integral component of project planning and delivery. Jangga 

Ops undertook cultural heritage assessments across all rehabilitation sites, with endorsement provided 

by Bulganunna Aboriginal Corporation RNTBC as the prescribed body corporate representing Jangga 

Country. Identified artefacts and culturally significant features, including grinding and sharpening 

stones, canoe trees and shell scatters, were protected through construction planning, while portable 

artefacts were removed for safekeeping and returned following completion of the works. Jangga Ops 

remained involved throughout construction, contributing to ongoing cultural heritage monitoring and 

collaborative refinement of work areas where required.  

Project monitoring incorporated repeatable uncrewed aerial system surveys throughout site 

investigations, construction, post-construction monitoring, post-flood assessment and remedial works. 

Orthomosaics, digital terrain models, repeat ground photography and aerial videography provided a 

consistent visual record of landscape change and rehabilitation performance throughout project 

delivery.  

Results 

Significant flow events during the 2025ï26 wet season provided the first opportunity to evaluate the 

rehabilitation works under natural hydraulic conditions. The KilcumminïDiamond Downs Road stream 

gauge, located approximately 20 km upstream of the rehabilitation sites, recorded a peak water level of 

5.7 m on 12 January 2026 following widespread rainfall of approximately 100ï200 mm across the upper 

catchment. A secondary peak of 3.2 m was recorded on 17 January 2026. Although water levels at the 

rehabilitation sites were not measured, the gauge provides context for the flood conditions experienced 

throughout the Logan Creek catchment during the monitoring period. 

Post-flood inspections identified variable treatment performance across the five rehabilitation sites. Site 

4 experienced the least flood damage, where minor lower batter erosion resulted in the loss of aquatic 

vegetation seedings, while more substantial damage was observed at Sites 5, 6, 7 and 8. Field 
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observations indicated that reaches where floodwaters dispersed across the adjacent floodplain 

generally experienced less erosion than reaches where high flows remained confined within the creek 

channel. At Site 5, concentrated overland flow established a new erosion gully through the rehabilitated 

area. Site 7 experienced localised scour along the downstream toe of the reconstructed batter, while Site 

8 sustained extensive lower batter erosion where high flows remained confined within the creek 

channel. Flood damage to exclusion fencing at Sites 5 and 8 also allowed cattle to re-enter rehabilitated 

areas before vegetation had fully established, resulting in significant grazing of the cover crop. The rock 

chute constructed at Site 6 was destroyed during the flood event. While the hydraulic conditions 

experienced at the structure were not quantified, post-flood observations confirmed that the treatment 

did not withstand the flow conditions encountered during the event. 

Post-flood inspections also documented the performance of the large woody habitat structures installed 

at Sites 7 and 8. These structures were incorporated to improve aquatic habitat rather than provide 

streambank stabilisation. Localised eddy currents and scour were observed adjacent to several 

structures. Separately, the reconstructed channel geometry resulted in improved channel definition, 

allowing several previously persistent standing pools to drain. This altered the extent of permanent 

aquatic habitat at those locations. 

Post-construction monitoring informed the development of a targeted remedial works program, 

completed in June 2026, to address identified performance issues and improve the long-term resilience 

of the rehabilitation works. 

Discussion 

The performance of the rehabilitation works following the 2025ï26 wet season highlights the 

importance of distinguishing between treatment adjustment and treatment failure. While erosion 

occurred at four of the five rehabilitation sites, much of this was confined to sacrificial batter zones 

incorporated into the engineering design to accommodate geomorphic adjustment during high-flow 

events. These areas were intended to absorb hydraulic energy while protecting the long-term stability 

of the reconstructed streambanks. In contrast, the destruction of the rock chute represented a genuine 

engineering failure, demonstrating that not all treatments responded equally to the hydraulic conditions 

experienced during the flood. Assessing rehabilitation performance against design intent, rather than 

the expectation that reconstructed streambanks remain unchanged, provides a more realistic basis for 

evaluating stream restoration works. 

The conflicts encountered during project delivery were seldom centred on the intended rehabilitation 

outcomes. Instead, they reflected competing perceptions of risk held by project partners. During 

construction, previously unidentified cultural heritage values required refinement of the approved 

works, including redesign of one batter to avoid disturbance of a culturally significant axe tree identified 

by Jangga Ops. Rather than removing the tree, the construction methodology was modified, with 

excavators operating from either side of the exclusion zone to achieve the required batter geometry 

while leaving the tree undisturbed. Similarly, field verification identified that part of the approved 

design at Site 8 targeted a natural anabranch rather than an actively eroding streambank. The 

rehabilitation design was subsequently refined to treat the opposite bank, maintaining the intended 

rehabilitation extent while responding to site conditions that were not evident during desktop design. 

Balancing cultural heritage protection with project constraints required similar negotiation. While 

Jangga Ops initially sought continuous on-site cultural heritage monitoring during construction, project 

budget could not support this level of oversight. An agreed monitoring schedule, supported by a formal 

stop-work procedure should previously unidentified cultural heritage values be encountered, enabled 

construction to proceed while ensuring Traditional Owners retained an active role throughout project 

delivery. Although the stop-work procedure was never invoked, the agreed process provided confidence 

to all parties before construction commenced. 

Not all conflicts arose from engineering or cultural considerations. Construction at Site 7 was suspended 

following unauthorised cattle access to stored hay mulch prior to completion of exclusion fencing. The 

landholder raised concerns that ingestion of plastic bale wrap had placed valuable stud cattle at risk and 

withdrew permission for site access until an acceptable resolution could be negotiated between the 
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project partners, contractor and landholder. As construction could not proceed without access to the 

property, project delivery was temporarily placed at risk while an agreement was reached. Construction 

subsequently resumed and no livestock illness or losses were recorded, however the incident 

highlighted the importance of maintaining landholder confidence throughout project delivery. 

Post-construction monitoring reinforced that practical completion should not represent the end of 

project delivery. The first significant wet season provided an objective assessment of treatment 

performance under natural hydraulic conditions, identifying both successful treatments and areas 

requiring refinement. These observations informed the development of a targeted remedial works 

program, with ongoing monitoring following future wet seasons required to evaluate the effectiveness 

of the interventions and guide any further refinements. 

Several observations also highlighted the complexity of ecological responses following rehabilitation. 

Improved channel definition reduced the persistence of standing pools at several locations, altering the 

extent of permanent aquatic habitat while improving channel function and reducing localised instability. 

Likewise, limited cattle access at Site 5, where only a small number of animals grazed the cover crop, 

appeared to accelerate native vegetation establishment by reducing competition from the sorghum and 

trampling it into a mulch layer. In contrast, more extensive cattle access at Sites 6, 7 and 8 resulted in 

the cover crop being almost entirely removed and was associated with poorer vegetation establishment. 

Although anecdotal, these contrasting observations suggest that grazing intensity may influence early 

vegetation establishment in ways that warrant further investigation. 

Although completion of the works corresponded to an estimated sediment reduction of approximately 

869 t/year under the Paddock to Reef modelling framework, this metric represents only one component 

of project success. The enduring measure of success for the Logan Creek Streambank Rehabilitation 

Project will be whether the works continue to stabilise disaster-induced erosion and improve the 

resilience of the stream system under future flood events. Delivering those outcomes required more 

than sound engineering; it depended equally on the ability to negotiate cultural heritage, landholder 

expectations, operational constraints and adaptive management without compromising the intended 

rehabilitation objectives. 
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Abstract 

Indigenous land managers remain under-represented in research, extension, policy and industry strategy 

processes across the Australian cattle industry. Opportunities for two-way flows of information are 

limited. The Northern Beef Breeding Business (NB2) strategic partnership is a Meat and Livestock 

Australia (MLA) project driven by north Australian beef producers. As part of the NB2 initiative, an 

Indigenous component of the project has been established. The NB2 Indigenous Peer to Peer learning 

group has developed VR and AI enabled tools to support oral business planning, storytelling, project 

evaluation and knowledge sharing.  Campfire chat combines Indigenous approaches to story-telling and 

knowledge sharing with innovative technology to develop a tool used in face to face meetings, to enable 

remote participation and to act as an accessible extension tool. Learning on Country is a means of 

recording and making accessible, information on Indigenous land management including cultural 

practices and adaptations to a contemporary economic system and to a changing climate. 

Campfire Chat and Learning on Country are unique tools, taking advantage of opportunities offered by 

innovative technology and the involvement of engaged Indigenous participants while reducing 

requirements for reading and writing. This project and the tools developed have enabled Indigenous 

participants to re-engage with the industry on many levels to the benefit of the industry and the 

Indigenous participants. Oral knowledge recording, story-telling and information distribution are key 

to engagement and this project and these tools facilitate a level of interaction that incorporates 

Indigenous ways of doing and being.  

Introduction  

The NB2 strategic partnership addresses long-term viability and sustainability challenges in the 

northern beef industry. Within this initiative, an Indigenous component of the project has been 

developed through a process tailored to suit Indigenous property managers and communities. The group 

has developed Virtual Reality (VR) and Artificial Intelligence (AI) tools to enable and facilitate story-

telling and project evaluation, to support the development of oral Business Plans and to act as a live 

knowledge repository and source of information.  Campfire Chat combines Indigenous approaches to 

story-telling and knowledge sharing with innovative technology to develop a tool used in face to face 

meetings, to enable remote participation and to act as an accessible extension tool. Learning on Country 

is a means of recording and making accessible information on Indigenous land management including 

cultural practices and adaptations to a changing climate. 

Methods 

The project is currently working with twelve to fifteen Indigenous businesses throughout northern and 

western Queensland. These businesses manage over 4 million hectares, run around 150,000 head of 

cattle and employ more than 70 Indigenous people. All land holdings represented in the group are either 

owned by Indigenous Corporations, the Indigenous Land and Sea Corporation (ILSC) or are privately 

owned. Most but not all staff are Indigenous people from the local communities and there are a number 

of non-Indigenous specialists involved with most enterprises in a range of positions. Land ownership 

has resulted from private purchase and or divestment through the ILSC. Details are presented in the 

table below. 

Data is collected through a combination of discussion with financial managers, oral recording and 

through the intensive mentoring processes. Project feedback and evaluation information is collected 

through an interview process with oral recording. 

mailto:ian@lpmqld.com.au


   

83 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

Table 1: Participating Indigenous land management and cattle enterprises. 

Property name Enterprise Location Ownership 

Delta Downs Cattle breeding Normanton Indigenous corporation 

Calton Hills Cattle breeding Mt Isa Indigenous corporation 

Malbon Vale Cattle breeding Mt Isa Private 

Badjabulla Cattle breeding/agistment Mt Garnett ILSC 

Mungalla Cattle breeding/agistment Ingham Indigenous corporation 

Bulimba Cattle breeding Chillagoe Indigenous corporation 

Crocodile/Welcome Cattle breeding Laura ILSC 

Thargomindah Cattle breeding/Carbon Thargomindah Indigenous corporation 

Mithaka Ranger 

programme/Contract  

Betoota Indigenous corporation 

Mt Tabor Cattle breeding/agistment Charleville Indigenous corporation 

Merepah Cattle breeding/Carbon Coen ILSC 

Kondaparinga Cattle breeding/agistment Mareeba ILSC 

Mapoon Feral Cattle Weipa Indigenous corporation 

Normanby Cattle breeding/Tourism Laura Indigenous corporation 

 

The project was initiated through personal contact and on-property visits with Indigenous communities 

and corporations managing land and operating cattle enterprises.  Engagement with elders has been an 

important aspect of the project from the beginning and has been crucial to ongoing engagement. Most 

of the Indigenous enterprises involved in the project are managed by community owned Indigenous 

corporations. These corporations each have a board of community members which is responsible for 

strategic decision making. Project group membership is diverse and includes board members, station 

managers, station staff and agricultural advisors. The group takes an open approach to membership and 

participants who operate cattle enterprises and demonstrate interest are invited to join. 

The Indigenous component of the project uses facilitation, communication and training processes 

tailored to suit Indigenous property managers, communities and pastoral workers. These processes have 

been developed by the group as an integral part of a co-design approach. Activities are based around 

ñon countryò residential style workshops, peer to peer learning and exchange, specialist input, 

individual property work and ongoing mentoring. There is a strong focus on member participation, 

ownership and engagement. The focus is set by group members and the process follows directions 

established through participatory group input. Three to four workshops are conducted each year, based 

on land operated by group members and involve land and livestock-based activities as well as structured 

workshop sessions.  

As the project has developed, a concentration on oral delivery of information followed by active, 

participatory discussion has emerged, an example of evolving co-design. A strong culture of sharing 

information and data, an inclusive approach and strong levels of social capital ensure that these 

discussions are useful and appreciated by all group members. Participants are accommodated together 

and share meals and informal time, so there is time for stories and yarning, getting to know each other 

and exchanging ideas and knowledge. 

Group members and VR specialists co-created VR learning tools during the first phase of the NB2 

project to support remote technical learning experiences. The project developed an Emergency Animal 

Disease Identification tool and other biosecurity learning tools and initiated the development of the 

Campfire Chat VR tool. The Campfire Chat VR tool has been further developed as an activity 
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combining oral story-telling with innovative technology and high-level technical support and will be 

combined with a second program ñLearning on Countryò to document and make accessible indigenous 

land management knowledge. 

VR and AI are integrated across the project to support oral participation in business planning, case study 

development, story-telling and feedback and evaluation through interviews and oral recording. AI is 

used to support knowledge recording, transcription and retrieval while enabling oral development of 

business planning. 

Results  

The project has prioritised engagement and has successfully involved a diverse range of Indigenous 

organisations and enterprises.  This success can be attributed to five key features: 

¶ Use of Indigenous principles in project design e.g. focus on informal time together, group 

planning and discussion 

¶ Engagement with recognised elders ï initial contact is generally through a recognised elder 

¶ Allowing trust and social capital to grow ï time together has allowed social capital to grow 

¶ Engagement with broader industry ï the presence of broader industry representatives at 

meetings, presentations and discussions has brought participants into direct and meaningful 

contact with a broad representation of the cattle industry  

¶ Use of innovative technology ï technology is being used to ensure that information delivery 

and collection is oral as much as possible 

Engagement with the process, other group members and industry personnel has been a strength of the 

project. Indigenous pastoral workers, land owners and managers have demonstrated a hunger for 

information and for engagement with the wider cattle industry. Group members have been operating 

businesses for some time and have been aware of other Indigenous cattle enterprises but often have not 

made contact or worked together and have largely not engaged with the broader industry.  These 

meetings and workshops have provided welcome opportunities for people separated by large distances 

to meet, yarn and share experiences, knowledge and information.  

Group meetings and workshops are designed to encourage a cross-flow of information, experience and 

knowledge, which is contributing to practice change. A number of strategic and operational 

management interventions have been implemented by group members.  These include improving 

reproductive efficiency, changing turnoff strategies, infrastructure improvements, an increased focus 

on supplementation, and management for environmental outcomes and extend to management of 

governance issues and relationships outside the cattle enterprise. Membership is highly diverse in terms 

of expertise, experience, knowledge and aspirations. The businesses range from large scale beef 

breeding enterprises to smaller beef businesses, enterprises with a focus on managing for environmental 

outcomes such as carbon sequestration and savannah burning, cultural tourism and Indigenous ranger 

programmes. The open, participatory nature of meetings means that all members are able to contribute 

to discussions and there is always something to learn. 

A number of the Elders in the group (4 or 5) have moved towards mentoring roles, and this is actively 

supported through the project structure. In addition to the group workshops and meetings group 

members conduct property visits, knowledge exchange and management support covering a variety of 

topics. The group has a natural focus on bringing all members along and the structure of the project 

enables this. 

Participants have engaged with the development of VR training and educational tools including the 

Campfire Chat VR tool. The tool incorporates a virtual meeting place, shared knowledge repository and 

information and data management tool. As group interaction progresses Campfire Chat VR, which is 

being developed as the project proceeds, will be integrated across all aspects of group activities. One of 

the strengths of the group to date has been the willingness to share and openness to learn from each 

other. VR Campfire Chat will build on these strengths and will build a unique management tool, taking 

advantage of opportunities offered by innovative technology and involvement of engaged Indigenous 
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participants. This will utilise Indigenous story-telling interest, ability and experience to achieve 

outcomes which combine non-Indigenous ways of presenting and utilising information with Indigenous 

ways of being and doing. The development and use of oral-based learning, data and information 

presentation and recording of storytelling has been a significant aspect of group activities and has 

potential to be used across the industry and across the country. 

As the project progresses, group members aim to broaden the focus to include land management, 

cultural knowledge and multi-functional approaches that support environmental, cultural and social 

outcomes. This will open opportunities for two-way information flow and co-design and will provide 

opportunities for employment, training and income diversification. 

Discussion 

Indigenous people have been involved in the Australian cattle industry for over 100 years and while 

Indigenous enterprises manage over 300,000 head of cattle throughout Australia, across 10 million ha, 

Indigenous people are poorly integrated into the broader Australian cattle industry (Barnett 2022). 

Indigenous land managers are largely not engaged with research and extension, policy and industry 

strategy development or producer level activities. The project activities described in this paper address 

issues of engagement and participation in the broader industry, while opening avenues for two-way 

information flow and integration of cultural and traditional knowledge into  land management 

strategies. 

One of the strengths of the group to date has been the willingness to share and openness to learn from 

each other.  The Campfire Chat builds on those strengths and is building a unique tool, taking advantage 

of opportunities offered by innovative technology and the involvement of engaged Indigenous 

participants.  This project and the Campfire Chat VR Tool have enabled Indigenous participants to re-

engage with the industry on many levels to the benefit of the industry and the Indigenous participants. 

Oral knowledge recording, story-telling and information distribution are key to engagement and this 

project and these tools facilitate a level of interaction that incorporates Indigenous ways of doing and 

being. The project demonstrates how technology can be adapted to support oral knowledge systems, 

peer learning and culturally grounded engagement. 
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Abstract 

Overgrazing in rangelands reduces ground cover and accelerates erosion causing land degradation and 

increased runoff. To avoid overgrazing, graziers in northern Australia adjust their stocking rates to suit 

expected pasture growth over the wet season and/or estimated pasture on-offer remaining at the end of 

the dry season. However, predicting pasture growth can be difficult due to uncertainty in seasonal 

climate forecasts. Reducing stock numbers in the expectation of a poor season and poor pasture growth 

can result in lost income if pasture growth is good. Insurance that can mitigate the risks associated with 

uncertain climate and pasture production may incentivise more adaptive and sustainable grazing 

practices. Index insurance is an innovative risk management tool for dealing with weather-related risks. 

This form of insurance uses an easily measured weather parameter, such as rainfall, in place of actual 

on-farm outcomes which is more costly to assess. Products are available that will payout when rainfall 

is below or above a specified threshold. While these products have been used in crop lands, there is 

little understanding about their application in rangeland grazing pastures. As an initial step to develop 

that understanding, we investigate whether rainfall would be an effective surrogate for pasture growth 

in a novel application of this insurance through quantifying the strength of correlations between pasture 

growth and rainfall across sub-IBRA (Interim Biogeographical Regionalisation of Australia) regions in 

northern Australia. 

Introduction  

Graziers in northern Australia operate in a highly uncertain environment, facing challenges including 

market uncertainty, climate variability, and, importantly, a need to maintain land condition. When 

pasture demand exceeds supply, the risk of overgrazing increases. Overgrazing deteriorates land 

condition by removing protective vegetation thereby increasing wind and water erosion and soil 

compaction by livestock (Ash et al. 2011; Donovan and Monaghan 2021; Thorburn and Wilkinson 

2013) resulting in reduced soil health. This in turn leads to poorer pasture production and quality, 

declines in livestock growth and general and reproductive health, and increased export of agricultural 

pollutants into the environment (Slayi et al. 2024; Collier et al. 2024).  

Graziers have several strategies to cope with this variability such as stocking at conservative levels or 

a more variable adaptive stocking strategy that matches changes in pasture availability (O'Reagain and 

Scanlan 2013). Maintaining conservative stocking rates is environmentally sustainable but results in 

lower productivity during years with high pasture growth. Variable stocking strategies are ideal for 

optimising land condition and profitability. However, this strategy is hampered by the dependence of 

pasture growth on climate, especially rainfall, driving spatial and temporal variability in growth patterns 

(Brown et al. 2019; Cobon et al. 2019). Accurately forecasting seasonal rainfall remains challenging. 

If a grazier was to respond to a low seasonal rainfall forecast and resultant lower pasture growth by 

reducing stock numbers, they risk lower animal production and profitability should average or above-

average rainfall eventuate. When faced with this situation in the future, graziers may decide to maintain 

stock numbers despite low rainfall forecasts, thereby risking overgrazing and pasture degradation if low 

rainfall does eventuate. Graziers may adopt adaptive and sustainable stocking rate strategies if there 

was a way to manage the risks associated with this uncertainty.  

Agricultural insurance is used to protect livestock, pastures, and farm infrastructure from events such 

as bushfires, drought, floods, theft, and disease (Roberts et al. 2023). There are many products available, 

but one that is relatively new is rainfall index (or parametric) insurance. This insurance uses 

mailto:hieu.ly@my.jcu.edu.au
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measurements made by the Bureau of Meteorology (BOM) and structures compensation based on pre-

defined rainfall outcomes as opposed to actual losses (Roberts et al. 2023). An advantage of this 

approach is that it provides a simple, measurable, reliable, and independent metric that cannot be 

manipulated by either the insured or insurer and thus reduces overhead costs (Hazell and Hess 2017). 

This insurance can provide coverage for losses arising from low or excessive rainfall. For example, a 

policy could provide a specified payout for each millimetre of rainfall above or below a defined 

threshold. While these products have been used in crop lands, they not yet been applied to grazing 

enterprises to cover the opportunity cost arising from destocking decisions resulting from rainfall 

forecasts. Key to the feasibility of this insurance is the strength of the correlation between the index, 

rainfall, and the agricultural risk, pasture growth (Hazell and Hess 2017). 

A recent study found that peak simulated pasture growth over a 3 month window was strongly correlated 

with rainfall over a 4 month window in three sub-IBRA (Interim Biogeographical Regionalisation of 

Australia) regions of northern Australia (Ly et al. 2025): Cape-Campaspe Plains (QLD), Sandover in 

the Northern Territory (NT), McLarty in Western Australia (WA). These results indicate that rainfall 

index insurance could be applied to grazing enterprises in these regions. To determine whether this 

insurance is more widely applicable, we extended this analysis to all sub-IBRA regions in northern 

Australia. We aimed to (i) identify the 3 month window with peak simulated pasture growth in each 

sub-IBRA, (ii) determine the 4 month rainfall window most strongly associated with that peak growth 

window, and (iii) assess the strength of the rainfall-pasture growth relationships to identify regions 

where rainfall may serve as a suitable surrogate for pasture growth. The establishment of peak growth 

windows and associated rainfall windows where correlations are strongest will help facilitate novel 

applications of rainfall index insurance to help graziers manage financial risks arising from undertaking 

sustainable adaptive grazing practices. The potential outcome is support of graziersô livelihoods while 

reducing the environmental impacts of agricultural grazing activities.   

Methods 

AussieGRASS is a spatial simulation system (Carter et al. 2000) that integrates SILO (Scientific 

Information for Land Owners) climate data (Jeffrey et al. 2001), such as rainfall, maximum and 

minimum temperature and humidity, with tree cover, soil, pasture, and stocking rate data to produce 

outputs such as simulated pasture growth and soil moisture (DSITI 2015). The investigation used 

monthly rainfall (mm) and monthly simulated pasture growth (kg ha-1) and was accessed via the Long 

Paddock website (Stone et al. 2019) for the period January 1960ïMarch 2026. The study period was 

restricted from 1960 to 2026 because interpolated rainfall estimates prior to 1957 were considered less 

reliable due to the relatively lower density of the rainfall station network DSITI (2015). 

Sub-IBRA regions in northern Australia were defined as regions that were above or intersected the 

Tropic of Capricorn. The peak 3 month growth window was determined by summing pasture growth 

across all 3 month windows (JanïMar, FebïApré, DecïFeb) across the year and identifying the 

window with the highest median growth in all sub-IBRA regions. Spearmanôs correlation coefficients 

(ɟ) were calculated between the peak 3 month pasture growth window and five candidate 4 month 

rainfall windows. The first rainfall window started one month prior to the peak 3 month growth window 

and preceding rainfall windows progressively shifted by one month. For example, for a peak pasture 

growth window of JanïMar, the five candidate 4 month rainfall windows were DecïMar, NovïFeb, 

OctïJan, SepïDec, and AugïNov. We performed this analysis using 67 years of data for all 155 sub-

IBRA regions in northern Australian. Analyses were conducted using R version 4.6.0 (R Core Team 

2026).  

Results 

Peak Growth Windows and Most Strongly Correlated Rainfall Windows 

Simulated pasture growth was highest in JanïFebïMar in 109 of the 155 regions (Figure 1A). Sub-

IBRA regions closer to the northern coastline in NT and QLD tend to have slightly early peak growth 

windows (DecïJanïFeb and NovïDecïJan) while parts of WA exhibit much later peak growth 

windows, occurring during FebïMarïMay, MarïAprïMay, MayïJunïJul, or JunïJulïAug. The Dec-

Mar rainfall window had the strongest correlation with peak pasture growth in 102 of the 155 sub-IBRA 

regions (Figure 1B). For 43 regions, correlations were strongest with earlier rainfall windows (Novï
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Feb, OctïJan, SepïDec, AugïNov) and for 10 regions, correlations were strongest with later rainfall 

windows (JanïApr, FebïMay, ApriïJul, MayïAug). Typically, 4 month rainfall windows contained all 

three months of the 3 months peak pasture growth window. For example, a peak growth window of 

JanïMar was generally most strongly correlated with the rainfall window DecïMar. These pasture 

growth and rainfall windows align with established patterns in northern Australia, where pasture growth 

and rainfall occur typically from November to March (Brown et al. 2019). 

Figure 1. (A) Peak 3 month simulated pasture growth windows and (B) the corresponding 4 month 

rainfall windows exhibiting the strongest correlation with peak growth for each sub-IBRA region in 

northern Australia 

Correlation Coefficients in Different Sub-IBRA Regions 

Correlations between simulated pasture growth and rainfall were greater than 0.8 in 77 of 155 sub-

IBRA regions (Figure 2). Most of these regions were in the southern half of the study region.  There 

were 23 sub-IBRA regions that exhibited very weak or even negative correlations (-0.2 < ɟ < 0.4) that 

were distributed in northern coastal regions in NT and QLD (Figure 2). Thus, the strength of the 

correlations between rainfall and simulated pasture growth exhibited a clear spatial gradient, with the 

highest correlations occurring in southern sub-IBRA regions and progressively lower correlations 

towards the northern and eastern coastlines.  
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Figure 2. Spearmanôs correlation coefficients between total simulated pasture growth in peak 3 month 

growth windows and corresponding 4 month rainfall windows for northern Australian sub-IBRA 

regions 

Discussion  

Application of rainfall index insurance for northern Australian graziers could help graziers manage 

financial risks arising from undertaking sustainable adaptive grazing practices. For rainfall index 

insurance to be effective, adequate correlations between rainfall and pasture growth must exist. We 

have shown that for much of northern Australia, 4 month rainfall windows can be a surrogate for pasture 

growth. In 77 of 155 sub-IBRA regions, correlations exceeded 0.8. For 55 sub-IBRA regions, 

correlations ranged between 0.4 to 0.8. In the remaining 23 sub-IBRA regions, the correlations ranged 

between -0.2 to 0.4. indicating the relationship between rainfall and simulated pasture growth was weak, 

suggesting that rainfall alone would not provide a reliable basis for a rainfall index insurance product. 

However, these low correlations were found in north-east NT, such as Arnhem Land, and eastern Cape 

York in QLD, which are not significant grazing areas (ABARES 2024).  

Ultimately, the goal of using rainfall index insurance is to provide risk management for graziers who 

adopt sustainable adaptive stocking strategies to improve environmental outcomes. For example, if 

below-average rainfall was forecast for the DecemberïMarch wet season, a grazier may lower stock 

numbers to match the anticipated low pasture supply. If rainfall subsequently turns out to be average, 

or above, their grazing enterprise suffers an opportunity cost due to this reduction in stock numbers. In 

this situation, a suitably specified rainfall index insurance product would be triggered to compensate 

the grazier. Access to this insurance provides graziers with the confidence to implement adaptive 

grazing strategies while reducing the risk of overstocking and, consequently, overgrazing if dry 

conditions occur.  

While strong correlations between simulated pasture growth and rainfall suggest rainfall index 

insurance could be used in many sub-IBRA regions, more work is required to develop and fully 

understand the practical application of this insurance. Areas of future research include incorporating 

climate forecasting indices into the index insurance framework and quantifying the loss associated with 

adaptive grazing. Additionally, for sub-IBRA regions with weak or no rainfall-pasture growth 

correlation, alternative indices, such as NDVI (Normalised Difference Vegetation Index) (Turvey and 

Mclaurin 2012), or more complex multi-variable indices may be required to achieve the same potential 

outcomes as rainfall index-based methods.  
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Abstract 

Effective rangeland research delivers maximum value when it is understood, trusted, and adopted by 

the people managing country. Within the AridGraze and Rain Ready Rangelands projects, a producer 

component has been deliberately designed to translate robust rangeland science into practical, confident 

grazing decisions through relationship-driven extension.  

Central to this is a óPaddock Challengeô concept, which compares a óbusiness-as-usualô paddock with 

a óchallengeô paddock stocked according to the research-derived long-term carrying capacity. Since 

2023, the approach has been applied at Mount Denison and Mulga Park Stations, through the Rain 

Ready Rangelands project, and continued from 2025 in the AridGraze project. While challenging at 

times, for both producers and researchers, the process proved highly informative and rewarding.  

Building on this work, a new producer-led Paddock Challenge commenced in March 2026 at the Old 

Man Plains Research Station. While the broader research station is managed according to its long-term 

carrying capacity, stocking rate and grazing decisions for one paddock will be determined by a group 

of Central Australian producers, who have a wide range of management experience.  

The Paddock Challenge design positions producers as co-designers of the process, enabling peer-to-

peer learning, evidence-informed decision-making, and reflection on outcomes over time. Targeted 

input from researchers and technical specialists support practical learning of the interactions between 

land type, rainfall, pasture growth, stocking rate, cattle performance and enterprise economics ï relevant 

to real-life management decisions. 

By shifting extension away from one-way information delivery toward shared, decision-focused 

learning, this work aims to improve confidence, strengthen uptake of research, and support better 

grazing decisions, while generating practical insights into more effective extension design. 

Introduction  

Rangeland research underpins grazing management, yet the value is only realised when it informs 

practical decision-making on properties. Despite a valuable body of knowledge being available, 

adoption of recommended practices remains variable (Bell and Sangster 2023).  

The Paddock Challenge projects are designed to achieve greater adoption. Rather than focusing on 

delivering information to producers, activities have focussed on working with producers to gather on-

station data to compare a óbusiness-as-usualô paddock with a óchallengeô paddock stocked according to 

the long-term carrying capacity.  

The project began in 2022 with two commercial stations: Mulga Park (located approximately 400km 

south-west of Alice Springs) and Mt Denison (320km north-west of Alice Springs). These stations had 

both recently experienced difficult seasonal conditions, had developed trusted relationships with the 

researchers, and were keen to investigate management practices that might ameliorate future droughts.  

In 2025, we added a third Paddock Challenge; an industry-managed paddock on the Department of 

Agriculture and Fisheries owned Old Man Plains Research Station (OMP), 20km south-west of Alice 

Springs. A producer group, formed through a public call for interested representatives, has been tasked 

with developing a stocking rate strategy in Mulga Dam paddock on OMP to see how their strategy 

compares with the other grazing strategies being implemented on the research station. 

mailto:Caleb.Schwartz@nt.gov.au
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Methods 

The Paddock Challenge was developed as a framework to support practical and shared learning 

(Materne et al. 2025). This side-by-side comparison enables the observation of differences in pasture 

condition, utilisation, and cattle performance, providing a basis for discussion and reflection over time.   

An important feature of the Paddock Challenge approach has been the development of relationships 

between researchers, extension providers and producers.  

On the commercial stations, regular communication, station visits, collecting cattle data together, 

discussing pasture research results, investigating economic scenarios and frank discussions have led to 

changes in management approaches (NT DAF in prep a & b). 

In 2025, an invitation to join the OMP Producer Paddock Challenge group was extended to all Central 

Australian producers, with seven individuals nominating. They were tasked with learning about the 

grazing strategy research that had been conducted on the research station between 2010 and 2025 

(Materne et al. 2021), viewing Mulga Dam paddock (a 30km2 paddock chosen to host the challenge on 

OMP), assessing the Droughtmaster breeder cows and indicator steers to be run in the paddock, and 

determining a stocking rate and grazing strategy for the paddock. The group was asked to commit to 

two in-person workshops and to be available to assess pasture monitoring results and herd performance 

data as required. It was conveyed that the project would continue for approximately five years initially.  

Formal facilitation and communication strategies were used to hear from the group members. As 

outlined below, some of these were very successful and the rest were important learning opportunities!    

Results 

Mt Denison  

The Martin family were initially motivated to participate in the Paddock Challenge project by the 

devastating impacts of the 2018-2020 drought and a desire to mitigate the effects of future dry periods. 

Involvement in the project has encouraged the three Martin brothers, Allan, Terry, and Robert, in 

conjunction with researchers and project economists, to continuously review economic and herd 

management data relating to their business.  

Identifying the need for change is one thing, implementing change can feel like a risk. With multiple 

families to support, a consistent income becomes a non-negotiable and doing what is known makes 

sense. For Mt Denison, the ability to make changes became possible, not in a single lightbulb moment, 

but through regular conversations, data sharing, and development of trust over several years. This 

process resulted in a gradual change in thinking around stocking rates, herd performance and production 

goals. 

Mt Denison now has a forward plan of property development that will allow for greater herd control. 

This work has begun with two new watering points being installed recently.     

Mulga Park  

The Nicolle family of Mulga Park station, and rangeland researchers, have created strong, trusted 

relationships which allow for open conversation and ultimately greater research outcomes and adoption. 

This collaboration is the first time pasture growth has been modelled on some of the mulga land types 

of the southern Alice Springs region. While the model accurately predicted the amount of pasture 

growth (The GRASP Modelling Team 2010), it did not account for quality, and the Nicolleôs experience 

suggested that the modelled recommended carrying capacity was too high (NT DAF in prep b).  

Being closely involved with research and economic analyses has prompted the Nicolleôs to challenge 

themselves. óOur business has gotten a bit bigger, so it feels busier all the time, but are we getting 

enough bang for our buck?ô  Since participating in the project, they have changed from writing 

mustering data on paper to using hand-held data readers to record herd parameters. The goal is to 

accurately define the financial status of the business in terms of important metrics such as kilograms of 

beef per hectare.  



   

93 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

Old Man Plains Research Station 

The Producer Paddock Challenge was designed to develop a relationship with local producers, ensuring 

that research on OMP is both relevant and accessible to industry members.  

Prior to coming together as a group, conversations were held with each participant to understand 

motivations, experience, and needs, of being involved. During the workshops, we continued to actively 

facilitate for everyone to contribute. We used the circle process (Autrey & Ho n.d., Pranis 2005) 

allowing for voices to be equally heard, with a forced pause between individual contributions.  

We also paid attention to room layout using a design where every team member could see each other, 

minimal external distractions and audience-facing presenters (Seeds for Change 2021, Reed 2008). It 

was noted by participants that it created an engaging dynamic. 

The biggest challenge came in defining and gaining agreement on the primary goal for the group. It is 

likely that we would have been more time efficient, and therefore achieved more thorough results, if 

we had more clearly articulated our ówhyô in the planning process. 

The relatively small group size allowed for in-depth discussion. Diversity of experience, location, and 

attitude all provided valuable perspectives. It was noted that the ability for people to challenge their 

own, and others thinking was valuable. Furthermore, each producer was strongly focussed on 

representing both themselves, and the broader industry.  

From a research and farm management perspective, we underestimated how much information we 

would need to provide to, and ask of, group members. This led to some confusion after the second 

workshop as to achievability and confirmation of the grazing strategy. Communication and decision-

making became much harder after the second workshop (being confined to email and WhatsApp). In 

addition, producers were fully occupied with mustering commitments which further curtailed 

communications. 

Discussion 

The Paddock Challenge concept demonstrates that effective extension relies less on the transfer of 

knowledge, and more on the creation of environments where producersô needs are heard and met, and 

trust and relationships built. 

Facilitation emerged as a critical capability. Effective facilitation enabled productive conversations to 

be had and stakeholders to be and feel heard.  

The approach requires significant upfront investment in time and effort, and outcomes are less 

controlled than traditional extension models. Where purpose and process were not clearly defined, 

inefficiencies emerged. However, these initial costs appear to be offset by greater relevance, stronger 

relationships, and more durable learning over time. 

The work also challenges the distinction between producers and researchers. By focusing on individuals 

rather than roles, the process supported shared problem-solving, grounded in both scientific evidence 

and practical experience. 

Conclusion 

By placing producers at the centre of the process, and creating opportunities for comparison, 

participation, and discussion, the Paddock Challenge approach demonstrates a shift from delivering 

information to capacity building. 

Relationships are fundamental to this process, and they take a considerable amount of time, planning 

and expertise to be effective. This step should be included in all project design. Building trust, 

maintaining clarity of purpose, and developing facilitation capability are critical to achieving 

meaningful outcomes. 
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Abstract 

The Southern Rangelands Revitalisation Program (SRRP) was established in 2021 to support 

pastoralists to design and implement long-term solutions to improve rangeland condition and livestock 

profitability. Integral to SRRP is the support for participating pastoralists through collaborative learning 

that encourages knowledge sharing and applies a systems-based approach to rangeland revitalisation. 

The Resilience Adaptation Pathways and Transformation Approach (RAPTA) was used to guide 

elements of the program. RAPTA is a flexible planning framework for designing, implementing and 

evaluating activities that pursue sustainability goals in uncertain and rapidly changing environments 

(OôConnell et al. 2019). SRRP applied RAPTA to guide producer group discussions and analyse 

producer demonstration projects. 

Pastoralists demonstrated strong inherent systems thinking, with RAPTA most effective as a framework 

to structure and deepen discussions. The flexibility of RAPTA enabled easy integration part way 

through the SRR program. Earlier integration of RAPTA may strengthen project design, monitoring 

and evaluation by explicitly linking interventions to resilience, adaptation and transformation outcomes.  

Introduction  

The Southern Rangelands of Western Australia covers around 815,000km² divided into four regions ï 

Gascoyne, Murchison, Goldfields and Nullarbor. The rangelands ecosystem is adapted to extreme 

weather, however historical overgrazing and degradation has transformed some areas into less resilient 

systems (Mitchell & Wilcox 2025, Hacker & McDonald 2021). It is predicted that the region will 

become increasingly hotter, drier and rainfall more unpredictable (Sudmeyer et al. 2016, CSIRO 2024). 

With the changes to climates occurring globally and locally, systems will need to 

be resilient, adaptive and transformative to support industries into the future.  

The Southern Rangelands Revitalisation Program (SRRP) was developed following an industry forum 

in 2021, where 40 representatives (pastoralists, industry, academics, government and grower groups) 

came together to discuss what was needed to support revitalisation of the Southern Rangelands. 

Subsequently, SRRP was designed to support pastoralists in investigating, designing and implementing 

long-term solutions to improve rangeland condition and livestock profitability. A systems-based 

approach to rangeland revitalisation was fundamental, focusing on four interconnected elements: 

regeneration of palatable, perennial vegetation; restoration of landscape function; management of total 

grazing pressure; and improved livestock management. Integral to SRRP is the support for participating 

pastoralists through collaborative learning and knowledge sharing. Sixteen pastoral businesses joined 

and were provided support for training, professional services and peer group interactions followed by a 

grant opportunity to implement station-specific priority projects designed to improve drought resilience. 

The Resilience Adaptation Pathways and Transformation Approach (RAPTA) was applied in the SRRP 

when seven of the participating pastoral businesses were successful in receiving grants to implement 

on-station demonstration projects.  

RAPTA is designed to support a consistent approach to resilience, adaptation and transformation, while 

also being flexible and adaptive to changing environments (OôConnell et.al. 2019).  The underlying 

properties of RAPTA are: systems perspective, focus on key drivers, risks and thresholds, adaptive 

mailto:fiona.brayshaw@dpird.wa.gov.au


   

96 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

management, stakeholder participation in planning and implementation. Table 1 explains the RAPTA 

definitions and how they can relate to pastoral station revitalisation.  

Table 1: Resilience, adaptation and transformation examples on pastoral stations.   

Term RAPTA definition *  and examples 

Resilience Maintain & improve current station e.g. destock short term, reduce grazing 

pressure 

Adaptation Shift in management but maintain identity e.g. fencing and trapyards to improve 

management 

Transformation Change to a new system & identity e.g. change from continuous to rotational 

grazing 

*OôConnell et al. 2016 

Methods 

RAPTA Module 2 - systems analysis, Module 3 - options and pathways to action, and the continuous 

processes - active learning and adaptive governance were mainly used for two elements of SRRP: 1. 

Guide producer group discussions using pre-planned questions; 2. Evaluate demonstration projects to 

determine if they align with the RAPTA principles. Because RAPTA was introduced after program 

commencement, not all modules could be applied consistently across the project. Consequently, the 

assessment focused on identifying alignment with RAPTA principles rather than measuring changes in 

resilience, adaptation or transformation outcomes. 

Nine group meetings occurred over 16 months, 4 of which were station visits. Every group meeting had 

specialist speakers aligned to themes around the stations visited and their projects, or implementations 

that multiple pastoralists were pursuing (e.g. trap yard design, rehydration using a grader, optimising 

cattle production and genetics and livestock grazing management). Questions were designed aligning 

with the RAPTA modules and asked during group discussions to guide conversations. 

There were 35 demonstration sites across the seven pastoral stations with pastoralists implementing 

multiple sites across their stations. The solutions demonstrated were divided by the SRRP objectives 

with the proviso that some solutions are applicable to multiple objectives (Table 2). Each station project 

was assessed qualitatively against RAPTA definitions of resilience, adaptation and transformation 

based on project objectives, key drivers in the station business and land systems on which project sites 

were implemented, expected system changes and anticipated long-term outcomes. Evaluation surveys 

were conducted when pastoralists began implementing their projects and again at completion.  

 

Table 2: Revitalisation solutions implemented on seven stations participating in the SRRP.  

SRRP Objective Revitalisation solution 

Regeneration of palatable, 

productive, perennial vegetation   

Native seedbank or in situ nursery, native perennial seed spreading, 

grazing exclusion cells 

Landscape function & hydration 

restoration  

Whoa-boys , grader banks, gullies and rills flattened, óChalla scallopsô, 

scrub packing, hessian sand-bag boys, portable biodiversity monitoring 

Total grazing pressure control Total grazing management (TGM) self-mustering trap yards, linear  

goat trap, monitoring cameras on fences and at watering points 

Livestock management Self-herding with lick feeders, self-herding with TGM yards at watering 

points, strategic watering point locations and control, creating paddocks 

to enable rest periods (fencing) 
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Results and Discussion 

RAPTA was introduced part way through the SRRP, limiting opportunities for full application across 

all modules. Elements of the framework, however, were implicitly present in earlier program design, 

particularly elements of Module 1 ï imagining change, scoping and goal setting.  

Field day discussions using RAPTA supported systems-based thinking by highlighting the 

interconnected nature of station management and land system interventions, acknowledging that 

changes in one area can influence broader landscapes. It also assisted in considering how on-ground 

projects could enhance resilience, enable adaptation, and drive long-term transformation at the station 

scale. A notable insight from applying RAPTA was that formal systems-thinking tools were less 

important than anticipated. In many instances producer discussions naturally explored feedbacks, 

drivers and long-term consequences without formal prompts, suggesting that experienced pastoralists 

already possess strong systems-thinking capabilities. RAPTA's value was primarily in providing a 

common language and structure for deeper discussions. 

Sudmeyer et al. (2016) determined that incremental change is unlikely to be sufficient for Western 

Australia's pastoral industry to cope with future climate challenges, and that more transformative 

responses will be required. Bastin et al. (2014) similarly concluded that both gradual and 

transformational adaptation will be necessary for Australian rangelands to prepare for and respond to 

climate change impacts. Retrospective application of RAPTA suggested that all demonstration projects 

were primarily focused on building resilience and adaptive capacity, while evidence of transformational 

change was less apparent within the project timeframe. For example installation of self-herding 

infrastructure in Figure 1 was considered an adaptive solution because it altered grazing and livestock 

management practices while maintaining the existing pastoral enterprise. Figure 1 also illustrates the 

scale of infrastructure investment required to implement revitalisation projects on large pastoral 

stations. The actions and intended outcomes associated with these projects are similarly consistent with 

the adaptation pathways proposed by Bastin et al. (2014).  

 

Figure 1: On station project leading to short term resilience (R), adaptation (A) and long-term 

transformation (T). 

 

Assessing transformational change proved more challenging than assessing resilience or adaptation. 

While adaptive actions and intended pathways could be identified, determining whether they ultimately 

result in transformation requires observation of long-term changes in both land condition and business 

systems. The example shown in Figure 1 demonstrates a pastoral business progressively transitioning 
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from a typical continuous grazing system towards a self-herding approach; however, the extent to which 

this represents transformation will only become evident over time. More broadly, participating 

pastoralists implemented projects intended to improve landscape function, increase palatable perennial 

vegetation and support more resilient production systems. Baseline monitoring was established at each 

site, but evaluation of longer-term outcomes will largely rely on ongoing monitoring by the participating 

pastoralists. Despite this uncertainty, all stations reported being confident or very confident that their 

projects would improve drought resilience, land condition and profitability over the medium to long 

term. 

Conclusions 

RAPTA provided a useful framework for supporting structured discussion, reflection and systems-

based thinking within SRRP, and its flexible design allowed it to be integrated partway through the 

program. A notable insight was that participating pastoralists already demonstrated strong systems-

thinking capabilities, with discussions naturally exploring drivers, feedback and long-term 

consequences of management decisions. In this context, RAPTA's primary value was not in introducing 

systems-thinking concepts, but in providing a common language and structure to support knowledge 

sharing. While most demonstration projects aligned strongly with resilience and adaptation objectives, 

assessing transformational change will require longer-term monitoring of both landscape and business 

outcomes. Earlier integration of RAPTA into future pastoral development programs may strengthen 

project design, monitoring and evaluation, while helping producers identify pathways towards more 

resilient and sustainable rangeland systems. 
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Abstract 
Increasing drought frequency across southern Australia is driving the need for more flexible livestock 

management strategies in extensive grazing systems. Virtual fencing (VF) technology uses GPS-

enabled collars that emit an audio cue followed by a mild electrical stimulus when livestock approach 

a virtual boundary, allowing livestock movement to be controlled without additional internal physical 

fencing. 

This research forms part of the Future Drought Fund Long-Term Trials program investigating whether 

VF can support drought preparedness by enabling more responsive grazing management. VF has been 

implemented across five commercial beef enterprises in South Australia (Minnipa, Mount Jagged, 

Karoonda, Struan and Kangaroo Island), where cattle were fitted with VF technology and managed 

using virtual paddock boundaries. 

Across sites, cattle responded well to the training process, with animals increasingly responding to the 

audio cue before reaching the virtual boundary, resulting in fewer electrical stimuli as training 

progressed. Producers have reported improved grazing control, increased pasture rest opportunities and 

the ability to exclude livestock from sensitive areas including sand hills, native vegetation and riparian 

zones. The GPS capability of the technology has also enabled producers to monitor livestock 

distribution across paddocks, supporting more informed grazing management decisions.  

Challenges associated with digital connectivity and water point placement influenced boundary design 

in some locations; however, early observations suggest VF can enable more flexible and responsive 

grazing management. 

These findings have relevance for rangeland environments where infrastructure limitations restrict 

grazing control. Trials are currently being established in northern South Australian rangelands to further 

evaluate the role of VF in supporting drought-resilient grazing systems and improving landscape 

utilisation.   

Introduction  

Increasing climate variability, including more frequent droughts across southern Australia, is driving 

the need for more flexible grazing management strategies. Maintaining groundcover, protecting 

environmentally sensitive areas and responding to seasonal changes remain ongoing challenges in 

extensive grazing systems. Virtual fencing (VF) provides producers with the ability to influence 

livestock movement without constructing physical fences and has emerged as a promising tool for 

adaptive grazing management. While the technology has been widely evaluated in cattle, information 

describing its practical application across commercial grazing enterprises remains limited.  

This paper summarises early observations from the Australian Government Future Drought Fund Long-

Term Trials program, investigating how VF is being implemented across commercial beef enterprises 

in South Australia to support adaptive grazing management and drought preparedness.  
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Methods 

VF has been implemented across five commercial beef enterprises representing a range of production 

systems, including mixed farming, high-rainfall grazing and extensive pastoral environments. 

Participating sites include Minnipa, Mount Jagged, Karoonda, Struan and Kangaroo Island.  

Each enterprise implemented virtual paddocks designed to address site-specific management objectives, 

including improving pasture utilisation, protecting environmentally sensitive areas, excluding livestock 

from riparian zones and increasing grazing flexibility during seasonal variability. Producer experiences, 

perceived benefits and implementation challenges were documented through regular semi-structured 

discussions with participating producers. These observations were considered alongside livestock 

management and GPS data generated by the VF system.  

Results 

Across all participating enterprises, cattle adapted well to the VF system, consistently learning to 

respond to audio cues before receiving electrical stimulus. Early producer feedback identified improved 

control of livestock distribution, increased opportunities for pasture rest and greater flexibility in 

managing grazing pressure as key perceived benefits of VF. Virtual fencing also enabled exclusion of 

cattle from sensitive areas including sand hills, native vegetation and riparian zones.  

GPS data provided additional insight into livestock movement and paddock utilisation, supporting more 

informed grazing management decisions. Practical considerations influencing implementation included 

mobile connectivity, water point location and virtual boundary design, particularly within more 

complex landscapes.  

Table 1. Summary of participating producer sites and primary grazing management objectives. 

Site Area managed 

by VF (ha) 

Production systems Primary management objective 

Minnipa 66 Cropping and commercial 

beef enterprise 

Adaptive grazing and stubble grazing 

for better feed utilisation 

Mount Jagged 3,945 High rainfall beef 

enterprise 

Riparian and grapevine protection. 

Cell grazing system. 

Karoonda 298 Lucerne pastures and 

commercial beef enterprise 

Cell/strip grazing of lucerne paddocks 

with no hot-wires. 

Kangaroo Island 1,462 Commercial beef 

enterprise 

Landscape utilisation and recovery 

after KI fires. 

Struan Research 

Centre 

5 Research demonstration on 

commercial beef enterprise 

Calving and cow-calf dynamics when 

using VF technology until weaning. 

Discussion 

These early findings demonstrate that VF can provide producers with greater flexibility to respond to 

seasonal variability while improving livestock distribution across diverse production environments. 

Rather than functioning solely as an alternative to physical fencing, virtual fencing enables adaptive 

grazing management by allowing producers to rapidly adjust grazing areas in response to feed 

availability, environmental constraints and management priorities.  

The diversity of applications across participating enterprises highlights the potential for VF to support 

landscape management outcomes especially in extensive/rangeland grazing systems. Continued 
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evaluation through the Long-Term Trials program will further quantify production, environmental and 

producer adoption outcomes under commercial grazing conditions.  
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Abstract 

The selective grazing behaviours of cattle often lead to degradation of preferred areas, reducing land 

condition and productivity.  Virtual fencing (VF) is being tested to control cattle grazing distributions 

in extensively managed herds in northern Australia.  By redistributing grazing pressure, VF could 

enable increased rest in overgrazed areas and increased utilisation of less preferred areas that would 

otherwise have limited productive value and be a fire risk. 

Baseline location results indicate that cattle preferred flat plains over all other topographies.  Baseline 

pasture results indicate that the lowest proportion of 3P (perennial, palatable, and productive) pastures 

occur in the flat plains, which is likely associated with historical overgrazing.  Preliminary findings 

suggest that VF can successfully alter grazing patterns, reducing pressure on flat plains and thus 

potentially promote recovery in these areas.  This outcome is promising for land condition management, 

as it addresses the tendency of cattle to overgraze preferred areas. 

The study highlights the potential of VF to improve land condition and drought resilience outcomes in 

northern rangelands.  However, challenges remain in managing the complex mosaic nature of 

topography.  Continued implementation of VF in the experiment is expected to improve land condition, 

carrying capacity, and drought resilience.  VF could become a valuable tool for managing grazing 

impacts, improving year-to-year production, and achieving environmental and economic goals in the 

extensive grazing systems of northern Australia. 

Introduction  

Cattle are highly selective grazers at the patch and landscape scales (e.g., Mott 1987; Senft et al. 1987), 

preferring specific areas, especially those close to water and on flatlands, while under-utilising other, 

less preferred areas within a paddock (Andrew 1988). Uneven grazing distribution can degrade land 

condition, reduce productivity, and limit the sustainability of rangeland systems (Hunt et al. 2014). 

Addressing this challenge requires innovative management strategies to redistribute grazing pressure 

and promote recovery in overgrazed areas and to protect riparian areas. 

Virtual fencing (VF) technology offers a promising solution by enabling remote control of cattle 

movement without the need for physical barriers.  VF has the potential to improve grazing management 

by redistributing grazing pressure over time within physical paddocks.  This approach aims for 

increased rest in degraded areas by excluding cattle from specific areas over time, and better utilisation 

of typically undergrazed areas by containing cattle in these areas for periods of time.  While VF has 

been tested in various contexts, its effectiveness in north Australian rangelands, characterised by diverse 

topography and extensive management systems, is poorly understood. 

This study evaluates the effectiveness of VF in altering cattle grazing patterns across different 

topography classes in a north Australian rangeland. Specifically, it examines whether VF can reduce 

grazing pressure on flat plains and improve land condition outcomes, while increasing utilisation and 

thus productive value on the rugged and typically under-grazed topography classes. This study aims to 

inform sustainable grazing practices by elucidating how VF intervention affects pasture and cattle 

outcomes in extensive production systems. 

mailto:jarud.muller@dpi.qld.gov.au
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Methods 

The study was conducted at the Department of Primary Industries Spyglass Beef Research Facility, 

located 110 km north of Charters Towers, Queensland (19°29'24.6"S, 145°41'30.3"E).  The site has an 

average annual rainfall of approximately 610 mm and features diverse topography, including flat plains, 

open slopes, and highlands. 

GPS data were collected at 10-minute intervals using eShepherd® VF collars (Gallagher Ltd) fitted on 

all study cattle.  This study consists of two experiments:  The baseline experiment (August 2024) and 

the VF experiment, which is ongoing, with data presented herein for June 2025 to January 2026.   In 

the baseline experiment, Droughtmaster heifers (n=227) grazed a 1,300-hectare paddock to assess their 

topography preferences.  The VF experiment compared two treatments within each of two replicates: 

1) VF treatment: cattle were moved around the landscape using VF collars to incorporate rest for 

preferred areas and increase utilisation of less preferred areas, and 2) Control treatment: cattle with 

deactivated collars were allowed unrestricted access across their physical paddock.  The paddocks for 

VF and Control herds were matched for total area, watering points, soil types, and topography and 

ranged in total area from 389 to 799 hectares.  Stocking rates were adjusted annually based on forage 

availability, and cattle movement planning was conducted in consultation with a producer advisory 

group.   

Cattle preference levels for topography types were quantified using Ivlevôs electivity index (Ivlev, 

1961), which expresses the time that cattle spent grazing in each topography type relative to its 

availability.  Index values range from -1 (land class never used) to 1 (land class exclusively used), with 

0 indicating neutral use relative to availability.  Topography was classified using Weissôs Topographical 

Position Class (TPC, Weiss, 2001), which considers elevation differences and local slopes.  Land 

condition was assessed using the ABCD framework (Hunt et al., 2014), which evaluates pasture and 

soil condition.  The proportion of 3P species was also assessed along with Indian couch grass 

(Bothriochloa pertusa) occurrence as a proxy for disturbance (Spiegel 2023).  Measurements were 

taken at evenly spaced grid points at 325-metre intervals across the four VF experiment paddocks.   

Results 

Preliminary findings for the baseline experiment demonstrated that flat plains was the only TPC with a 

positive Ivlevôs index value, and more rugged TPCs had negative Ivlevôs values (Table 1).  The flat 

plains also exhibited the lowest proportion of 3P species, while highlands had the greatest.  Land 

condition ratings ranged from B (fair) for open slopes and highlands to C (poor) for flat plains and 

lowlands.  Indian couch grass was found across all TPCs, with the greatest overall occurrences observed 

on the flat plains (medium frequency), and to a lesser extent on open slopes and highlands (both low to 

medium frequency) and lowlands (low frequency). 

Table 1. Preliminary baseline results for cattle preference, mean land condition (ABCD), and the estimated 

contribution of 3P (perennial, palatable, productive) pasture species to yield according to topographical position 

class for experimental paddocks at Spyglass Beef Research Facility. 

Topographical position class Ivlevôs index value Mean land condition 

(ABCD) 

Mean 3P% (Mean 3P yield, kg 

DM/ha) 

Flat plains 0.13 C 46% (933) 

Lowlands -0.29 C 56% (817) 

Open Slopes -0.33 B 54% (982) 

Highlands -0.44 B 63% (1,060) 

 

Preliminary analysis of the VF experiment shows Ivlevôs values for relative use of flat plains was lower 

for the VF treatment compared to the Control (Figure 1).  Conversely, the Ivlevôs values for relative 

use of open slopes was higher for the VF treatment compared to the Control (Figure 1).  For context on 

the cattle preference results, the total areas of virtual paddocks and the percentage of the component 

TPCs within the virtual paddocks are shown in Figures 2a and 2b, with pasture biomass decline for each 

treatment paddock shown in figures 2c and 2d.  The VF areas that cattle were confined to were primarily 

comprised of flat plains and open slopes, regardless of month or the size of the virtually fenced area 
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(Figures 2a and 2b). The large and abrupt increase and then decrease in the virtual fence sizes is 

associated with opening up to an extended ófront fenceô, and subsequent óback fenceô to allow cattle to 

naturally move to the new area.  Change in pasture biomass at the paddock level was similar between 

the VF and Control treatments (Figures 2c and 2d). 

 
Figure 1.  Preliminary VF experiment results for cattle preference for Topographical Position Class in 

experimental paddocks at Spyglass Research Facility, quantified using the Ivlevôs index. 

 

 
Figure 2.  The virtual paddock size (blackline) and percentage of each Topographical Position Class within virtual 

fencing treatment paddocks (2a and 2b) and pasture biomass of treatment paddocks as determined by CIBO labs 

in the virtual fencing treatment and control paddocks from June 2025 to January 2026.   

Discussion  

This study demonstrates the potential of VF to redistribute grazing pressure across the variable 

topographical classes present within paddocks of the north Australian rangelands.  Results confirmed 

that cattle naturally exhibit a preference for flat plains, which are often overgrazed, while open slopes 

and highlands remain underutilised.  This uneven grazing pattern over time contributes to land 

degradation, particularly in areas with low proportions of 3P species and poor land condition ratings.  

Preliminary findings suggest that VF can enable redistribution of grazing pressure from overgrazed 

areas to undergrazed areas, in this case from the flat plains to the open slopes.  This redistribution of 

cattle grazing pressure could allow overgrazed areas to recover and enable increased utilisation of 

undergrazed areas.  Seasonal (month) interaction effects on grazing preferences require further 

investigation in this study. 

The combination of stocking rates aligned with feed availability, and the strategic resting periods for 

specific areas enabled by VF, will ensure that pasture utilisation is managed at both spatial and temporal 

scales to support improved land condition and pasture productivity outcomes.  Importantly, VF should 

be regarded as a management tool, with its success in achieving land condition and production goals 
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dependent on best practice management, particularly in preventing unintentional localised overgrazing 

or increased patch level grazing.  While these results are promising, the often complex mosaic nature 

of the landscape presents challenges for consistently confining cattle to specific TPCs at a time and 

overcoming selective grazing at the finer spatial scales.  Additionally, the presence of other herbivores 

on the landscape, including chital deer, rabbits and marsupials, will  also impact the recovery of rested 

areas. 

Notwithstanding some of the potential challenges highlighted, the implications of these findings are 

significant for sustainable rangeland management.  VF offers a practical tool for improving cattle 

grazing distributions while reducing costs associated with the installation of physical fencing and 

mustering cattle.  This research is ongoing to assess the biological and economic implications of VF, 

including its impact on land condition, pasture recovery, and cattle annual live weight production, on 

which the drought resilience of a production system depends. Building on the preliminary results 

presented, planned statistical analyses will  investigate the seasonal and temporal variations in cattle 

grazing patterns and pasture outcomes. 

Conclusion 

Preliminary findings demonstrate success in redistributing cattle grazing pressure from a preferred 

topographical class (flat plains) to a less preferred class (open slopes), promoting rest in the flat plains 

and utilisation in the open slopes.   This was achieved despite the challenges associated with the 

complex ómosaicô nature of a landscape attribute such as topography.  Whether the VF treatment 

ultimately results in positive outcomes for land condition, drought resilience, production and business 

success in a northern commercial production systems context is yet to be determined by this ongoing 

study.  
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Abstract 

Increasing climate variability and more frequent droughts are intensifying pressure on northern 

Australian grazing systems. At the same time, advances in precision livestock management 

technologies are creating new opportunities to improve grazing control and pasture utilisation across 

vast and highly variable rangeland landscapes. Virtual fencing is an emerging technology that enables 

livestock to be remotely guided and contained without physical infrastructure, offering the potential to 

support more responsive and adaptive grazing management. While virtual fencing has been trialed in 

more intensive production systems, its application in northern Australiaôs extensive rangelands remains 

largely untested. The scale of paddocks, remoteness of enterprises and limited connectivity present 

significant challenges for the adoption of emerging livestock technologies. 

The Virtually Fencing Free (VFF) project is investigating how virtual fencing can be applied within 

northern Australiaôs extensively grazed rangeland systems to support drought-resilient grazing 

management. Delivered through a partnership between NQ Dry Tropics and the Queensland 

Department of Primary Industries, the project is testing the application of eShepherd virtual fencing 

collars and evaluating connectivity solutions required to support agtech adoption in remote 

environments. 

A central feature of the project is its strong co-design framework. A Producer Advisory Panel, made up 

of local graziers, works alongside a Research Advisory Panel of multidisciplinary scientists to guide 

project design, implementation and interpretation. The project integrates virtual fencing technology 

with pasture monitoring, livestock performance data and climate information to explore how cattle can 

be adaptively managed at finer spatial scales across large paddocks. 

By bringing together producer knowledge, applied science and emerging technology, the VFF project 

aims to test the practical application of virtual fencing in northern rangeland systems and build producer 

confidence in its use. The project demonstrates how genuine collaboration between producers, 

researchers and regional organisations can accelerate innovation and support more drought-resilient 

grazing systems across northern Australia. 
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Abstract 

Virtual fencing (VF) offers potential to improve productivity and grazing land management in 

rangeland environments of northern Australia. Previous research in intensive systems has shown the 

technology could effectively contain and move animals across landscapes, however, this has not been 

well established on a whole property scale in extensive environments such as northern Australia. This 

study aimed to implement VF on Victoria River Research Station, in the Victoria River Region of the 

Northern Territory. The property is 31,400 ha and has a herd size of approximately 850 cattle. In May 

2026, all animals over 200 kg were fitted with a Gallagher eShepherd VF neckband. Animals were 

trained in small paddocks for around one week after fitment before being released into larger paddocks 

to learn the audio and pulse cues associated with the virtual boundary. Neckbands communicated 

directly with base stations on the property and recorded regular geolocation data which were used to 

monitor the location of animals in near real time. Animals and their fitted neckbands were monitored 

to assess the functionality of virtual fencing technology, its operation in extensive environments, timely 

geolocation updates, and its ability to move and hold animals across various landscapes over a period 

of months. Other aims of the research were to gain a better understanding of how animals use and 

interact with their environment by monitoring land type usage through time, and whether remote 

mustering can be achieved using VF. 

Introduction  

Cattle production systems in northern Australia operate under challenging conditions that differ from 

those in more intensive southern or temperate regions. Large property sizes, variable climate, limited 

access to skilled labour, and difficulty  associated with animal monitoring and maintaining fencing 

contribute to the challenges faced by producers in northern Australia. Emerging technologies provide 

an opportunity to limit some of these challenges, including by remote monitoring of animals and 

reduction of labour. 

Virtual fencing (VF) is one emerging technology that offers opportunity to improve the management 

and productivity of northern beef operations. VF systems use GPS-enabled neckbands (or collars) to 

deliver audio cues and mild electrical stimuli that guide animal movements without the need for 

physical fences. Research conducted in southern Australia and internationally has demonstrated that 

VF can reduce labour requirements, improve grazing distribution, and support a more flexible approach 

to cattle management (Anderson et al. 2014). However, most existing studies have been conducted in 

relatively small paddocks or environments with reliable mobile phone reception. The usefulness and 

performance of VF in extensive systems of northern Australia on a whole property scale are not well 

understood.  

This study aimed to investigate whether VF technology can be used on a whole-of-property scale, and 

to assess the viability and usefulness of the technology for both cattle and rangeland management and 

explore ways in which this technology makes management of large cattle properties more efficient. 

Methods 

The study was conducted at Victoria River Research Station (Kidman Springs), located in the Victoria 

River District of the Northern Territory, 220 km southwest of Katherine. The property runs 850 head 

of Brahman animals across 31,400 ha, with an annual average rainfall of 680 mm. A successful pilot 

trial was conducted in 2025, and in May 2026 the trial was expanded across the property with all animals 

mailto:christie.pearson@nt.gov.au
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heavier than 200 kg (N=703) fitted with Gallagher eShepherd neckbands. Animals were secured in a 

hydraulic crush before being fitted with a neckband, with their electronic identification and visual 

identification being recorded and added to their individual profile on the eShepherd web app.  

Once animals had been fitted with neckbands, they were placed in large training groups (between 150 

and 361 animals) in small paddocks ranging from 16-280 ha. Cattle remained in training paddocks until 

most had reached an audio ratio of 80%, which indicated that 80% of the time, cattle turned off an audio 

cue by moving further from the VF boundary, rather than proceeding towards the VF boundary and 

receiving an electrical pulse. Once training criteria were met, animals were released into larger 

paddocks (between 850 and 2,100 ha) for longer-term monitoring. Virtual boundaries were set for each 

paddock mob through drawing out the virtual paddock on the eShepherd web app and these boundaries 

could be adjusted as needed for each mob. Neckbands communicated with on-property base stations 

via LoRa (Long range, low power wireless data transmission) to record regular geolocation data and 

audio and pulse frequency, enabling assessment of VF compliance, movement patterns, and the VF 

system reliability over time. The trial is ongoing with successful technology performance since the pilot 

study began in May 2025.  

GPS locations from the eShepherd collars were combined with a paddock land type map to assess 

whether use of land types differed relative to availability. A resource selection function was developed 

using a generalised linear mixed model in R, comparing observed locations to randomly generated 

available locations within the paddock. Land type was included as a predictor, with individual animal 

accounted for as a random effect to account for repeated measures. 

Results 

Technology and animal training 

From a total of 703 collar fitments, between May 2025 to July 2026, 0.8% of neckbands fell off animals 

due to hardware failures (all from bulls). Two animals escaped from the VF boundary during the first 

month of the 2026 trial period, however, only one remained outside the designed paddock for longer 

than a few days. Both animals escaped from an area with only a virtual boundary. All neckband fitments 

were able to be successfully uploaded into the web app via a Gallagher HR5 handheld wand and 

matched with animal IDôs during each fitment session.  

Audio cues and pulse frequencies decreased from the training period to the trial period. The average 

number of pulses received per day per animal during the trial period was effectively zero (Error! 

Reference source not found.). This result indicates that the cattle rarely challenged the VF boundary 

once training had been completed, suggesting that they had developed an understanding of the virtual 

boundary and effective learning of the audio-pulse association. 

Table 1. The average number of audio cues and pulses received per animal per day across the training 

and trial periods at Kidman Springs. 

 Training period  Trial period  

Audio cues received 2.6 0.1 

Pulses received 0.7 0.0 

 

While the audio cue frequencies were also expected to decline following training, they were not 

anticipated to almost disappear during the trial period. Cattle will continue to use the audio cues as a 

reference for the virtual fence and may interact with the boundary as part of normal grazing behaviour. 

Consequently, the continued occurrence of audio cues during the trial period is considered an expected 

outcome. 

Grazing and land type preference 

Preliminary results show that the VF technology can be used to monitor land type preferences of animals 

in large paddocks, through time, and to direct where animals graze. During the pilot study in 2025, 43 

animals were grazed in Gutta Percha paddock (Figure 1), which has a scalded area in the centre of the 
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paddock that gets overgrazed in most years. In the pilot study this area was successfully excluded from 

the grazing range using VF. Land type influenced cattle habitat use, with cattle demonstrating a 

preferential use of Alluvial Plains compared with Plains (odds ratio = 3) despite the Alluvial Plains 

representing a smaller portion of the paddock (Table 2). This demonstrates that there are characteristics 

associated with the Alluvial Plains land type that provide preferred resources for cattle. 

Table 2. Land types and their percentage area within Gutta Percha paddock, the percentage time each 

were used by cattle and the odds ratio of cattle land type preference. 

 

Figure 1. Land type and geolocation data for 43 breeders between June and September 2025. Red outline 

shows extent of virtual paddock and inner red outline shows the virtual exclusion zone within the 

paddock. 

Discussion 

The preliminary findings from this study demonstrate that VF can operate reliably and effectively in 

extensive northern Australian rangeland environments. Animals maintained high compliance with 

virtual boundaries once released into larger paddocks, indicating that animals respect the VF and can 

adapt to changing virtual paddocks after learning the audio cues. The technology performed well, with 

all neckbands communicating successfully with base stations and providing regular geolocation 

 
Percentage time used by 

cattle 

Percentage area of 

paddock 
Odds ratio 

Alluvial Plains 29.4 12.0 3.00 

Drainage Systems 9.6 13.5 0.87 

Plains 61.0 74.4 1.00 
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updates. These results show that VF can be adopted across a large property and provide opportunities 

to move and manage animals remotely. In coming months, VF will be used to muster animals remotely, 

testing the viability of mustering in large paddocks without the use of a helicopter, which is common 

practise in the region. Results so far suggest that VF can improve animal management and flexibility, 

and support more efficient herd control, with more findings to follow. 

This study demonstrates that VF can generate meaningful insights into animal interactions with 

different land types over time. The geolocation data collected throughout the trial allowed managers to 

observe grazing distribution in real time and identify areas where preferential grazing takes place. The 

capacity to monitor land type usage and remotely guide where animals graze has significant 

implications for rangeland sustainability, as it enables more informed decisions about pasture 

utilisation, and subsequent grazing strategies (Chopra et al. 2025). VF also offers the potential to 

actively influence land type use by adjusting virtual boundaries to encourage or restrict access to 

specific areas, providing a level of management precision that would not be practical with conventional 

fencing. These findings indicate that VF is not only a functional tool for animal containment and 

movement but also valuable system for improving rangeland management. 
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Abstract 

Livestock distribution around water points is a key driver of grazing pressure and land condition in 

rangeland environments. Technologies that influence livestock movement provide opportunities to 

improve grazing distribution and landscape utilisation without additional fencing infrastructure. Virtual 

fencing (VF) uses GPS-enabled collars that deliver audio cues followed by electrical stimuli to guide 

livestock movement within defined virtual boundaries. While VF has been widely investigated in cattle 

systems, its application in sheep grazing systems remains limited, particularly in extensive rangeland 

environments.  

This study evaluated the use of VF to manage the movement and containment of sheep in South 

Australian rangelands. One hundred mature Dorper ewes were fitted with VF collars (Vence 

CattleRider V2.0) and trained to associate an audio cue with an electrical stimulus. Sheep were managed 

within a virtual inclusion zone surrounding a water point for 30-days. GPS data were used to assess 

sheep movement, boundary interactions and containment success.  

Sheep rapidly responded to the training protocol, with most animals responding to the audio cue within 

48-hours. Approximately 90% of the mob remained within the designated grazing area throughout the 

trial. Liveweight and body condition remained unchanged. These findings demonstrate that VF can 

successfully influence sheep distribution and support flexible grazing management in extensive pastoral 

systems.  

Introduction  

Livestock distribution around water points is a major driver of grazing pressure and land condition in 

Australiaôs rangelands (Landsberg et al. 2003). Conventional fencing is commonly used to influence 

grazing patters but is often impractical in extensive pastoral systems.  

Virtual fencing provides an alternative approach by using GPS-enabled collars to influence livestock 

movement without additional fencing infrastructure (Campbell et al. 2018; Lomax et al. 2019). While 

this technology has been successfully demonstrated in cattle, information describing its application in 

sheep grazing systems remains limited (Marini et al. 2022).  

The objective of this study was to evaluate the ability of VF to contain sheep within a defined grazing 

area surrounding a water point in an extensive south Australian pastoral system.  

Methods 

The study was conducted at Pernatty Station in the South Australian rangelands using 100 mature 

Dorper ewes fitted with modified Vence Cattlerider V2.0 collars. Following training, sheep were 

managed within a fixed virtual inclusion zone surrounding a northern water point for 30-days. The 

virtual boundary was positioned approximately 10km from the water point, providing an inclusion area 

of approximately 314km2.  

Collar-derived GPS data were used to assess sheep distribution, interactions with the virtual boundary 

and containment success. Liveweight and body condition score were recorded before and after the trial. 

Results 

Most sheep responded to the audio cue within 48 hours. Approximately 90% of the mob was 

successfully contained within the virtual inclusion zone during the 30-day period. Animals not reliably 

mailto:bianca.agenbag@sa.gov.au
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contained were primarily associated with collars that were lost or failed to connect correctly with the 

system. Sheep also responded when the boundary was progressively reduced, allowing the mob to be 

concentrated around the water point before mustering. Liveweight and body condition score remained 

unchanged throughout the trial. Limited mobile reception occasionally interrupted real-time GPS 

transmission. 

 

 

 

 

 

 

 

 

 

Figure 1. GPS heat map showing Dorper sheep distribution within approx. 314km2 virtual inclusion 

zone surrounding the water point at Pernatty Station. 

Discussion 

In extensive pastoral systems where the cost and logistics of conventional fencing can limit 

management options, virtual fencing offers a flexible approach to influence livestock distribution 

without altering permanent infrastructure. 

Virtual fencing maintained most sheep within a large, fixed inclusion zone under commercial rangeland 

conditions. As no non-virtual-fenced control was included, changes in natural ranging behaviour 

attributable to virtual fencing could not be quantified. However, containment within the defined 

boundary and the response to its subsequent repositioning demonstrate that sheep responded to the 

virtual fencing system. The findings support further development of sheep-specific virtual fencing as a 

flexible grazing management tool for extensive pastoral systems.  
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115 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

Improving land management in the Brigalow Belt bioregion by planting 

legumes or reducing grazing pressure did not increase soil organic carbon 

during a decade of climate extremes 

Thornton, CM1; Elledge, AE1. 
1 Department of the Environment, Tourism, Science and Innovation, Rockhampton Qld. 

Craig.Thornton@DETSI.qld.gov.au 

 
Key words: land use change; carbon sequestration; grazing management; legume ley pasture 

Abstract 

Land clearing and land use change have altered nutrient cycling over millions of hectares of the 

Brigalow Belt bioregion in the eastern Australian rangelands. While the literature shows a sound 

understanding of soil organic carbon (SOC) decline in northern Australia due to land clearing and land 

use change, substantially less is known about the success of land management in restoring SOC in these 

degraded soils. Over a decade of land management interventions to improve SOC were monitored at 

the Brigalow Catchment Study in central Queensland. Declining SOC due to dryland grain farming was 

intended to be halted or reversed by the planting of legume ley pastures. Aged buffel grass pasture, 

suffering classic symptoms of rundown, was intended to be regenerated by destocking, woody weed 

management, wet season spelling, and restocking with variable rather than set stocking rates. 

The climate sequence experienced during the period of improved management captured the extremes 

of the 135-year historical rainfall record. The consecutive run of above average rainfall years followed 

by below average rainfall years had a return interval of 104 years. There was no statistically significant 

change in SOC in any 0.1 m interval from 0 to 0.4 m under the legume ley pasture, under buffel grass 

pasture following woody weed management, spelling and improved grazing management, or under 

adjacent virgin brigalow scrub which was indicative of the landscape in its pre-European condition. It 

is hypothesised that the likely gain in SOC in response to the second wettest period in European history 

from 2010 to 2014 halted, but did not reverse, in the subsequent record dryest period in European history 

from 2015 to 2021. Without long-term, multidisciplinary studies these environmental responses to 

climatic extremes cannot be understood. 

Introduction  

More than three decades of research at the Brigalow Catchment Study in central Queensland has shown 

that clearing virgin brigalow woodland for cropping or grazing beef cattle on improved pastures has 

altered soil carbon dynamics. Land clearing for cropping resulted in a 46% decline in Walkley and 

Black SOC from the surface 0.1 m of the soil profile over 32 years (Thornton and Shrestha 2021). Initial 

decline was attributed to land clearing and burning, while ongoing decline was attributed to removal of 

carbon in harvested grain with smaller losses from erosion and soil microbial activity. This decline was 

reflected in the particulate, mineral associated and resistant SOC fractions (Dalal et al. 2021b). A 38% 

decline in SOC was noted in the top 0.3 m of the soil profile, but no significant change was seen from 

0.3 m to 0.4 m (Dalal et al. 2021b). Natural abundance 13C studies indicated that SOC cycling occurred 

to 0.2 m, evidenced by the presence of SOC from a C4 source, in contrast to the original C3 SOC derived 

from the native vegetation (Dalal et al. 2021a; Dalal et al. 2021b). 

Land clearing for pasture resulted in a 28% decline in Walkley and Black SOC from the surface 0.1 m 

of the soil profile soon after clearing  (Thornton and Shrestha 2021). Following this initial loss, there 

were no significant changes in SOC over 32 years in both the  surface 0.1 m or the top 0.3 m of the soil 

profile (Dalal et al. 2021b). The particulate, mineral associated and resistant SOC fractions in the top 

0.1 m of the soil profile also showed no change over 32 years (Dalal et al. 2021b). Natural abundance 
13C studies indicated significant decline in the original C3 SOC derived from the native vegetation, 

compensated for by inputs of C4 SOC from the improved buffel grass pasture, with cycling occurring 

to 0.2 m (Dalal et al. 2021a; Dalal et al. 2021b).  

While the literature shows a sound understanding of SOC decline due to land clearing and land use 

change in northern Australia, substantially less is known about the success of land management in 
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restoring SOC to what are now degraded soils (Forrester et al. 2025; Henry et al. 2024). Implementing 

land management to restore SOC was a core tenet of Stage IV, the adaptive land management phase, of 

the Brigalow Catchment Study when it commenced in 2010. Declining SOC as a result of dryland grain 

farming was intended to be halted or reversed by the sowing of legume ley pastures, while aged buffel 

grass pastures, now suffering classic symptoms of rundown, were intended to be regenerated by 

destocking, wet season spelling, and restocking with variable rather than set stocking rates. These 

management strategies, implemented over a decade ago, were revisited to determine their success, 

which was measured against over three decades of soil carbon trend data.  

Methods 

The Brigalow Catchment Study is a long-term, paired, calibrated catchment study located in central 

Queensland, Australia. It commenced in 1965, primarily driven by the scientific, planning and policy 

need to understand the effects of land clearing and land use change across 4.5 Mha of the central 

Queensland Brigalow Belt bioregion that was cleared under the Brigalow Land Development Fitzroy 

Basin Scheme. The site is considered representative of the broader 36.7 Mha Brigalow Belt bioregion 

of Queensland and New South Wales. The experimental design and rationale are given in Cowie et al. 

(2007). Annual average (1966 to 2024) rainfall was 644 mm. Historical rainfall records from 1889 to 

1965 were obtained from SILO (Jeffrey et al. 2001). All references to annual rainfall refer to a 

hydrological year (October to September) with the year designated by the calendar year in which it 

ends. 

In this study Catchment 2 and Catchment 3 were actively managed with the intent to restore soil fertility, 

including soil organic carbon. Catchment 2, formerly used for unfertilised dryland grain farming, was 

planted to the ley legume butterfly pea (Clitoria ternatea cv. óMilgarraô) from 2010 to 2017 followed 

by a buffel grass (Cenchrus ciliaris cv. óBiloelaô) and desmanthus (Desmanthus spp. cv. óProgardesô) 

pasture from 2018. Catchment 3, previously almost continuously grazed with annual set stocking rates, 

was destocked in 2011, treated for woody weed regrowth using tebuthiuron, and then spelled until 2013. 

Grazing recommenced with conservative stocking rates adjusted in response to pasture availability with 

destocking and wet season spelling. Throughout this period Catchment 1 was retained as virgin 

brigalow scrub to provide a control treatment. Soil sampling was conducted in 2008, 2014, 2018, 2023 

and 2024 at three 20 m by 20 m permanent monitoring sites within each catchment. Samples were 

analysed for total SOC using Dumas high-temperature combustion following pre-treatment to remove 

carbonates where necessary. Significance in SOC trend over time was determined using linear 

regression. 

Results 

The climate sequence during this study commenced with the second longest sequence of above average 

rainfall years in the 135-year SILO record (2010 to 2014) and was followed by the longest sequence of 

below average rainfall years (2015 to 2021). The wet period included the wettest year on record (2011), 

totalling 1009 mm, while the dry period included the driest year on record (2017), totalling only 272 

mm. This rapid change from a period of extreme wet to extreme dry is not unprecedented in the 

historical record. One hundred and four years earlier was the longest sequence of above average rainfall 

years (1890 to 1896) followed by the second longest sequence of below average rainfall years (1899 to 

1905).  

The first three decades of SOC trend under brigalow scrub were described by Dalal et al. (2021a), while 

trends under cropping and pasture were described by Dalal et al. (2021b). Briefly, SOC under brigalow 

scrub increased significantly in both the surface and 0.1 to 0.3 m layer. Under cropping, SOC from both 

the surface and 0 to 0.3 m layer decreased with land clearing and land use change. Four years of legume 

ley pasture following cropping (25.82 to 31.66 years since burning) showed an increase in SOC from 0 

to 0.4 m. Under pasture there was an initial loss of surface SOC associated with land clearing and land 

use change, but no significant change over the following 31 years. There was also no significant change 

in profile SOC in any layer from 0.1 to 0.4 m.  

A further decade of monitoring during this study saw no significant linear or exponential trend in surface 

SOC under brigalow scrub (P = 0.57 and P = 0.779, respectively). Over the entire 42 years, SOC 
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averaged 2.45% (Figure 1A). However, SOC from 0.1 to 0.2 m increased exponentially over 42 years 

(P <0.001, R2 = 0.78) to 113% of its starting concentration. A linear increase to 113% was seen from 

0.2 to 0.3 m (P = 0.037, R2 = 0.26), while a slight linear increase to 104% was seen from 0.3 to 0.4 m 

(P = 0.04, R2 = 0.27). In Catchment 2, the initial increase in SOC under ley pasture reported by Dalal 

et al. (2021b) did not continue in the following decade. The entire 14 years of legume ley pasture gave 

no change in SOC in any layer from 0 to 0.4 m (P >0.12) (Figure 1B). Similarly, a further decade of 

monitoring under pasture in Catchment 3 showed no significant trend in any layer from 0 to 0.4 m (P 

>0.63) (Figure 1C). Across the entire 42-year period of pasture, surface SOC showed a significant 

decline immediately after clearing but no significant change in the following 40 years (P = 0.61). The 

entire 42-year study showed no change in SOC in any layer from 0.1 to 0.4 m (P >0.17) (Figure 1C). 

 

 

Figure 1. Total SOC under A) virgin brigalow scrub in Catchment 1, B) cropping (solid lines) followed 

by legume ley pasture (dashed lines) in Catchment 2, and C) grazed pasture in Catchment 3, over 42 

years. 

 

Discussion 

It is difficult to separate the effects of management from the effects of climate on soil carbon dynamics. 

Opportunities to sequester SOC via management in the grazed landscapes of northern Australia are 
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typically limited and highly uncertain given that soil carbon storage is largely governed by the climate 

drivers of rainfall and temperature (Henry et al. 2024). While grazing exclusion tended to result in 

higher carbon stock in sites with more than 300 mm of annual rainfall, multiple sites across northern 

Australia showed no effect of grazing on carbon stock across decadal timescales, again possibly due to 

the greater influence of climate drivers (Forrester et al. 2025). In contrast, long-term desmanthus 

pastures in Queensland have sequestered substantial stocks of SOC in soils with a high clay content but 

lower total SOC stock than soils at the Brigalow Catchment Study (Rowlings et al. 2026). 

The initial four years under a legume ley pasture in this study suggested that SOC sequestration occurred 

during the extremely wet period, but no further gains occurred during the subsequent dry period. 

Concurrently, no change in SOC occurred under pasture. The capacity of the soil to store carbon likely 

contributes to these observations. The ley pasture was planted into a catchment that had already lost 

nearly half its SOC in a long-term exponential decline, whereas the pasture catchment had maintained 

SOC over decades of grazing, potentially with little capacity to sequester more (Thornton and Shrestha 

2021). While neither catchment increased SOC throughout both the wet and dry period, neither appears 

to have lost soil organic carbon. However, neither catchment showed the increase in SOC that was 

found under virgin brigalow scrub over a multidecadal time scale.  

Conclusion 

SOC trends observed at the Brigalow Catchment Study support observations of limited carbon 

sequestration across northern Australia and do not reflect the substantial increases shown at some sites 

planted to desmanthus on similar soils with high sequestration potential but lower total SOC stock. The 

data confirms that SOC trends need to be considered on a multidecadal timescale. 

Acknowledgements 

Funded by the Australian and Queensland Governments Paddock to Reef Integrated Monitoring, 

Modelling and Reporting program. Approval to use animals for scientific purposes was granted by the 

Queensland Department of Primary Industries Animal Ethics Committee (SA 2024/12/969). 

References  
Cowie BA, Thornton CM, Radford BJ (2007) The Brigalow Catchment Study: I. Overview of a 40-year study 

of the effects of land clearing in the brigalow bioregion of Australia. Australian Journal of Soil Research 

45, 479-495. 

Dalal RC, Thornton CM, Allen DE, Kopittke PM (2021a) A study over 33 years shows that carbon and nitrogen 

stocks in a subtropical soil are increasing under native vegetation in a changing climate. Science of The 

Total Environment 772, 145019. 

Dalal RC, Thornton CM, Allen DE, Owens JS, Kopittke PM (2021b) Long-term land use change in Australia 

from native forest decreases all fractions of soil organic carbon, including resistant organic carbon, for 

cropping but not sown pasture. Agriculture, Ecosystems & Environment 311, 107326. 

Forrester DI, England JR, Ng EL, Piper M, Hodgkinson KC, Bray SG, Roxburgh SH, Paul KI (2025) Does 

grazing exclusion in Australiaôs rangelands affect biomass and debris carbon stocks? The Rangeland 

Journal 47, 1-18 

Henry B, Allen D, Badgery W, Bray S, Carter J, Dalal RC, Hall W, Harrison MT, McDonald SE, McMillan H 

(2024) Soil carbon sequestration in rangelands: a critical review of the impacts of major management 

strategies. The Rangeland Journal 46, 1-27. 

Jeffrey SJ, Carter JO, Moodie KB, Beswick AR (2001) Using spatial interpolation to construct a comprehensive 

archive of Australian climate data. Environmental Modelling & Software 16, 309-330. 

Rowlings DW, Mitchell E, Bonner M, Gardiner C, Mirsafi Z, Takeda N, McEwan S, Grace P (2026) Soil 

carbon sequestration under the tropical perennial legume Desmanthus in northern Australian grasslands. 

Soil Research 64. 

Thornton CM, Shrestha K (2021) The Brigalow Catchment Study: V. Clearing and burning brigalow (Acacia 

harpophylla) in Queensland, Australia, temporarily increases surface soil fertility prior to nutrient decline 

under cropping or grazing. Soil Research 59, 146-169.  

  



   

119 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

Effect of sampling density on soil carbon measurement uncertainty in 

homogeneous rangelands stratified by digital soil mapping 

Crossley, RW1; Guerschman, J2 
1 CarbonLink, rcrossley@carbonlink.com.au; 2 CiboLabs 

 
Key words: [Carbon credits; Sequestration Measurement; Sampling] 

Abstract 

A field trial was conducted to quantitatively evaluate the impact of soil sampling density on the 

measurement variance and resulting creditable change for soil organic carbon (SOC) stock estimation. 

The study was done on an extensive area of Mitchell open downs country in the Barkly Tablelands, 

Northern Australia (mean rainfall of 440 mm/yr). 

The trial used a stratified, nested random sampling design conforming to the Australian Soil Carbon 

Farming Methodology (CER 2021), across three distinct sampling intensities: 15, 50, and 500 hectares 

per core.  The results indicated consistency in both (a) the mean weighted SOC stock for the project 

Equivalent Soil Mass (40.2 and 41.3 tC/ha), and (b) the Minimum Creditable Change (MCC) (0.30 

tC/ha to 0.33 tC/ha, or 0.002% SOC) across the entire density range. MCC is the calculated Probability 

of Exceedance discount that any measured SOC stock change must exceed before ACCUs can be issued 

in CER (2021). 

These findings demonstrate that with a sufficient number of cores overall, sampling density did not 

significantly impact measurement performance in this homogeneous landscape, and suggests that in 

such consistent environments, significantly lower sampling densities, specifically 500 hectares per core, 

were sufficient to provide reliable carbon stock estimates of an area of over 34,000 hectares in this 

environment. 

Introduction  

Soil organic carbon (SOC) sequestration is a recognised natural climate solution that can reduce 

atmospheric greenhouse gases while improving soil health and agricultural resilience. This has driven 

regulatory markets for verified carbon sequestration, including Australiaôs Australian Carbon Credit 

Unit (ACCU) Scheme (formerly known as the Emissions Reduction Fund). 

This study used the methods in the Carbon Farming Methodology (CER 2021) to quantify SOC stock 

change from a baseline measurement. Credits are awarded to a project based on the measured change 

in SOC stock from the baseline measurement, but the measured change is discounted for sampling 

variance, the temporary first-crediting deduction, emissions, permanence and reversal risk. 

Sampling variance is often high in rangeland environments (e.g. Henry et al. 2024), raising concern that 

sequestration rates may be too low to exceed the sampling discount or that the sampling intensity needed 

for precision may make projects uneconomic. 

This paper reports a field trial on an Australian Agricultural Company property in northern Australia 

that tested how sampling density affects variance. The trial formed part of a three-year research project 

coordinated by the Food Agility CRC and involving eight academic and commercial partners. 

Methods 

Study area 

The study covered approximately 34,000 ha of Mitchell open downs (Figure 1), comprising level plains 

with scattered stony ridges. Dominant soils were cracking Brown Clays (Vertisols) on the plains and 

non-cracking Brown Clays (Kandosols) on the ridges, with minor Brown Earths (Kandosols) on low 

rises near creek lines.  The soils were mapped as land units 4.1, 4.3 and 4.4 (plus the stony phases of 

these units) in Edgoose and Kennedy (1996) formed on Quaternary alluvium. 

Areas unsuitable for carbon farming were excluded, including most drainage lines (Figure 1), forested 

areas and watercourses. 

mailto:rcrossley@carbonlink.com.au
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Landscape stratification using Digital Soil Mapping (DSM) 

Effective stratification is needed to reduce within-strata variance and uncertainty under CER (2021). 

Existing 1:100,000 soils mapping was too coarse because it combined stony ridges and plains into 

undifferentiated complexes. 

To improve spatial resolution, the study used the relatively homogeneous Landscape Response Units 

(LRUs) produced by CiboLabs using principal component analysis and segmentation after Shepard et 

al. (2019). 

LRUs were then grouped into four ñLand Typesò by agglomerative clustering, with clusters selected by 

expert review and consistency with existing land systems mapping and photo interpretation. These Land 

Types formed the primary strata and better distinguished subtle features, especially stony ridges from 

plains, than traditional mapping (Figure 1). 

Experimental design: stratified nested sampling program 

The sampling design followed stratified random sampling under CER (2021) and tested three target 

intensities: 15, 50 and 500 ha per core. 

Each target density was treated as a separate Carbon Estimation Areas (CEAs), with the same number 

of cores taken in each CEA, over sufficient areas to achieve the target sampling density.  The CEAs 

associated with the 50 and 500 ha per core included the higher-density areas, requiring subsets of cores 

to be used to achieve the required density. This nested design provided the statistical power needed to 

compare variance across densities within the project budget.  

Several candidate CEAs were defined and evaluated, with the chosen configuration based on 

maintaining a consistent distribution of the four Land Types across all density trials, so each trial 

reflected the siteôs overall heterogeneity. 

Figure 1 Map showing the nested Carbon Estimation Areas within the study area corresponding to 

sampling densities 15, 50 and 500 ha per core (dark grey to light grey). White outlines represent strata 

(different land types). White and black dots represent core locations (178 cores).  Black dots represent 

the cores used for the analysis of the fourth iteration of the analysis for the density of 500 hectares per 

core (68 cores).   

Soil core allocation and nested core sub-setting 

The 178 core locations were generated randomly within each stratum using an algorithm that also 

ensured the spatial distribution of locations across the whole landscape, with 66-70 cores allocated to 

each sampling density.  Since the CEAs were nested, cores collected in the denser areas (15 ha/core) 

could be included in the statistical analysis for the lower density trials (50 ha/core and 500 ha/core) to 

achieve a consistent number of cores for each sampling density. 
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To ensure that the variance statistics were not artifacts resulting from a single, potentially biased random 

selection of cores for the nested areas, the calculation of total carbon stock and variance was repeated 

for 10 iterations of different randomly selected subsets of cores.  

Laboratory measurement and carbon stock calculation 

Field collection, laboratory analysis and reporting followed CER (2021). Bulk density and soil carbon 

were predicted at 5 cm intervals down each core using the SCANS soil spectrometry system developed 

by CSIRO and commercialised by CarbonLink (Viscarra Rossel et al. 2017).  

Carbon stock was expressed at an Equivalent Soil Mass (ESM) of 15,099 t soil/ha, derived from the 

10th percentile soil mass of all cores to 1.2 m depth. 

Statistical analysis and performance metric (MCC) 

Sampling performance was assessed using Minimum Creditable Change (MCC) (Crossley and 

Karunaratne 2024), which is the Probability of Exceedance (POE) discount in Equation 69 of CER 

(2021).  It assumes the same sample variance in both measurement rounds. 

POE was calculated at two confidence levels: 60% (used by the CER, meaning remeasurement would 

be expected to equal or exceed the measured change in 6 of 10 cases) and 95% (to indicate the change 

needed for high certainty, or 19 of 20 cases). 

Results 

Consistency of baseline soil carbon stock 

The results showed highly consistent baseline carbon stock estimates across the three experimental 

sampling densities. The mean weighted carbon stock of the 3 CEAs associated with each sampling 

density ranged tightly between 40.2 and 41.3 tC/ha for the Equivalent Soil Mass (ESM) of 15099 t 

soil/ha (Table 1).  

Differences in measured soil carbon stock were noted between the four stratified land types within these 

CEAs, with Land Type A and D (Mitchell Downs country) generally exhibiting lower mean stock 

compared to Land Types B and C (mainly stony rises with sparse shrub cover) and was consistent across 

all sampling densities (Table 1). 

Table 1. Mean measured carbon stocks (tC/ha @ ESM = 15099 t soil/ha) and 95% margin of error 

across stratified land types and sampling densities. 

Sampling 

Density 

(ha/core) 

Mean Stock for 

Land Type A 

(tC/ha) 

Mean Stock for 

Land Type B 

(tC/ha) 

Mean Stock for 

Land Type C 

(tC/ha) 

Mean Stock for 

Land Type D 

(tC/ha) 

Mean Weighted 

Stock (tC/ha) 

15 39.1 ± 2.8   44.8 ± 5.1  45.0 ± 4.7   40.4 ± 3.2 40.2 ± 1.8 
50 39.3 ± 2.5   47.5 ± 6.1   45.0 ± 4.4   43.0 ± 3.1 41.3 ± 1.7 
500 40.8 ± 2.8   43.6 ± 4.2   43.9 ± 4.8   40.5 ± 1.5 40.9 ± 1.6 

 

Sampling variance - MCC at Standard (60%) and 95% Confidence Level  

The Minimum Creditable Change (MCC) calculated at the regulatory mandated 60% confidence level 

was low across all 3 sampling densities, ranging from 0.30 tC/ha for the lowest density (500 ha/core) 

to 0.33 tC/ha for the highest density (15 ha/core). This finding signifies that the statistical uncertainty 

associated with a density of 500 ha/core is practically identical to that of 15 ha/core (Table 2). 

Table 2, Impact of Sampling Density on Sampling Performance Metrics (Minimum Creditable Change) 

{ŀƳǇƭƛƴƎ 
5Ŝƴǎƛǘȅ 
όƘŀκŎƻǊŜύ 

aŜŀƴ {h/ 
{ǘƻŎƪ 
όǘ/κƘŀύ 

aŜŀƴ a// Ϫ 
сл҈ /ƻƴŬŘŜƴŎŜ 
όǘ/κƘŀύ 

wŜǉǳƛǊŜŘ {h/҈ 
/ƘŀƴƎŜ ŦƻǊ a// 
Ϫ сл҈ 

aŜŀƴ a// Ϫ 
фр҈ /ƻƴŬŘŜƴŎŜ 
όǘ/κƘŀύ 

wŜǉǳƛǊŜŘ {h/҈ 
/ƘŀƴƎŜ ŦƻǊ a// 
Ϫ фр҈ 

15 40.2 0.33 0.002 2.15 0.014 

50 41.3 0.31 0.002 2.01 0.013 

500 40.9 0.30 0.002 1.96 0.013 
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When the confidence level used in the variance calculation was elevated to 95%, the MCC values 

increased reflecting the higher statistical certainty required, yet the overall relationship remained 

insensitive to changes in sampling density.   

The 95% confidence MCC ranged from 1.96 tC/ha (500 ha/core) to 2.15 tC/ha (15 ha/core). An MCC 

of approximately 2 tC/ha means that a measured change of this magnitude would be required to expect 

a positive change to be shown upon re-measurement in 19 out of 20 cases. This change is equivalent to 

an SOC% change of only 0.013% to 0.014% (Table 2). 

Discussion  

The consistent result of the mean measured carbon stock across the 3 areas sampled at different 

sampling densities from 1,013 hectares to over 34,000 hectares suggests that the overall landscape had 

consistent patterns of soil carbon distribution.   

These results confirm that the digital soil mapping stratification successfully segregated areas with 

distinct soil carbon pools. This validates the use of DSM techniques for defining strata in subtly variable 

rangelands as a way of minimising sampling variance. 

The MCC (Probability of Exceedance (POE) at 60% before ACCUs are issued) was consistent across 

all sampling densities, suggesting that quite low sampling intensities of 500 ha per core can be used to 

quantify soil carbon stock in homogeneous environments such as the Mitchel Grass Downs. The 

primary financial implication is the statistical justification for decoupling high sampling cost from 

measurement integrity in homogeneous rangeland settings. The move from the 15 ha/core intensity 

(high cost) to the 500 ha/core intensity (low cost) represents a reduction in core intensity by a factor of 

over 30. However, further testing in more environmentally diverse landscapes is needed to validate 

these findings more broadly.   

This consistently low MCC also suggests that only modest changes in SOC stock are required for a 

project to be eligible for ACCU credits using the CER (2021) methodology.  Even when a higher 

confidence level is used such as 95%, the required SOC percentage change over the ESM was very low. 

Conclusions 

The stratified nested sampling program successfully provided a statistically robust framework to 

compare the impact of sampling density on measurement uncertainty in Australian rangelands. The 

economic feasibility of large-scale soil carbon sequestration projects operating under Australiaôs 

Australian Carbon Credit Unit (ACCU) Scheme have an increased likelihood of success by validating 

a strategy that significantly minimises sampling costs without compromising regulatory precision.. 
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Abstract 

Runoff from grazed landscapes is a major source of fine sediment delivered to the Great Barrier Reef 

(GBR). In the Fitzroy Basin, where grazing is the dominant land use, management practices that reduce 

runoff and sediment loss are a high priority. Over time, cattle movement forms compacted trail networks 

that reduce infiltration and concentrate overland flow, potentially increasing hydrological connectivity 

and downslope export. This study investigated the influence of cattle trails on paddock-scale hydrology. 

Rainfall simulation experiments and high-resolution aerial Light Detection and Ranging (LiDAR) were 

combined to develop validated two-dimensional (2D) Rain-on-Grid (RoG) models in Hydraulic 

Engineering Centre River Analysis System (HEC-RAS). Initial model outputs indicate that cattle trails 

function as preferential flow paths, increasing peak discharge and hydrological connectivity to 

downslope export points while exerting little influence on total runoff export. This study provides a 

validated assessment of cattle trail hydrology and improves understanding of how trails influence 

hydrological connectivity and downstream water quality.  

Introduction  

Runoff from grazed landscapes is a major source of fine sediment delivered to the GBR and has been 

associated with the degradation of inshore reef ecosystems (De'ath and Fabricius 2010). The Fitzroy 

Basin is the largest catchment draining into the GBR lagoon, and it is one of the highest contributors of 

total fine sediment (Prosser and Wilkinson 2024). Grazing is the dominant land use within the basin 

(Thornton et al. 2012, McCloskey et al. 2021) and consequently, management practices that reduce 

runoff and sediment export from grazed paddocks are of high priority for improving water quality 

downstream (Prosser and Wilkinson 2024). Livestock impact vegetation cover and soil structure 

through two main mechanisms: grazing (driven by herd management) and trampling (physical impact), 

which result in increased soil compaction and reduced infiltration (Filazzola et al. 2020, Wu et al. 

2025). Repeat livestock movement concentrates these impacts into incised trail networks that 

temporarily function as drainage pathways that rapidly deliver runoff downslope and potentially 

increase hydrological connectivity (Miller  et al. 2017). Recent research has improved our understanding 

of cattle influence on hydrology at small scales (Abrahams et al. 1986, Smith et al. 2010, Miller et al. 

2017); however, the influence of interconnected cattle trail networks on paddock-scale runoff timing, 

runoff export, and hydrological connectivity remains poorly quantified (Bracken et al. 2013, Koci et al. 

2020). Advances in high-resolution terrain mapping and 2D hydraulic modelling provide an opportunity 

to address this knowledge gap (Hwang et al. 2012, Bracken et al. 2013).  

In this study, rainfall simulation experiments conducted on cattle trail and vegetated hillslope plots were 

used to derive representative hydraulic and infiltration parameters, while high-resolution LiDAR terrain 

data enabled explicit representation of cattle trail networks within a paddock-scale terrain model. 

Combining these datasets, we developed and calibrated a 2D HEC-RAS RoG model to simulate 

paddock-scale runoff routing in a grazed paddock and determine if livestock trails alter hydrological 

connectivity. 

Methods 

Rainfall simulation experiments were conducted at the Brigalow Catchment Study (BCS) within the 

Dawson sub-catchment of the Fitzroy Basin, Queensland, Australia. The study is well described in 

Cowie et al. (2007) and Thornton and Yu (2023). Experiments targeted a rainfall intensity of 80 mm 

h-1 across eleven 1.5 m2 plots with two treatments (five cattle trails, and six adjacent vegetated 

hillslopes) to quantify hydrological metrics and discharge hydrographs used to calibrate 2D RoG 

mailto:rory.wellham@detsi.qld.gov.au
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models within HEC-RAS (version 6.6). Model calibration was performed individually for each plot by 

adjusting infiltration losses including Curve Number (CN), initial abstraction ratio (Ia), minimum 

infiltration rate, and surface roughness (Manningôs n) until model discharge hydrographs replicated 

results from our rainfall simulation experiments. The median calibration values for each treatment were 

used to parameterise paddock-scale simulations. 

A digital elevation model (DEM) was generated from high-resolution aerial LiDAR and processed in 

ArcGIS Pro (version 3.1.2) before being imported into HEC-RAS (version 6.6). The DEM was 

smoothed to a radius of approximately 2.2 m to reduce terrain noise and preserve hillslope topography. 

Another DEM incising livestock trails was also developed utilising terrain modification features 

informed by LiDAR and pin profilometer measurements. These DEMs enabled two paddock-scale 

scenarios to be conducted where one scenario applied hillslope parameters uniformly across the 

paddock, and the second included mapped trails which made up 2% of the total land area. Hereafter 

referred to as the óhillslope onlyô and ótrails includedô scenarios. 

Results 

Calibration and validation 

The RoG models successfully reproduced the observed hydrographs from rainfall simulation 

experiments on cattle trail and vegetated hillslope plots. Calibration identified median cattle trail 

(Manning's n = 0.05, CN = 96, and Ia = 0.18) and hillslope (Manningôs n = 0.075, CN = 95, Ia = 0.35) 

parameter sets, with no minimum infiltration threshold required for either treatment. Validation 

reproduced runoff timing, peak discharge and hydrograph shape, achieving a median Kling-Gupta 

Efficiency (KGE) value of 0.918. 

Paddock-scale runoff response 

For both scenarios, rainfall was applied at 80 mm hr ĭ for 30 minutes over the 21-ha paddock, 

commencing at minute zero within an eight-hour simulation. Runoff commenced 83% earlier in the 

trails included scenario when compared to the hillslope only scenario (2 minutes and 12 minutes, 

respectively) (Figure 1). In contrast, the timing of peak discharge differed by two minutes, with the 

scenario including trails reaching a peak rate of 0.363 mį s ĭ at 56 minutes (26 minutes after the 

cessation of rainfall), and the hillslope only scenario reaching 0.328 mį s ĭ of discharge at 58 minutes. 

These peak timing and max discharge results equate to differences of 3% and 11%, respectively. The 

total amount of runoff exported over the 8-hour simulation window differed by 3.4%. Hydrograph tails 

also differed slightly, with discharge decreasing more slowly in the hillslope model. 

 

Figure 1. Simulated discharge hydrograph for Rain-on-Grid models comparing heavily grazed land with 

and without cattle trail representation. 
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Spatial distribution of runoff 

Depth maps indicated contrasting runoff pathways between the two scenarios. At peak discharge, runoff 

in the trails-included scenario was concentrated within the central trail and associated tributaries, 

producing a connected network of preferential flow paths that converged towards the contour bank and 

outlet. In contrast, runoff in the hillslope only scenario was distributed more diffusely across the 

hillslope. Following the cessation of rainfall, runoff receded progressively in both simulations. By hour 

eight of the simulation window, most of the paddock surface had drained and remaining water was 

mostly restricted to local topographic depressions. 

Water balance 

Water balance calculations after eight hours of simulation indicated similar cumulative responses 

between scenarios. The trails included scenario produced a rainfall excess of 2.551 × 10³ m³, of which 

75% was exported. Similarly, the hillslope only scenario produced a rainfall excess of 2.558 × 10³ m³ 

and exported 74%. The mass balance errors were below 1% for both simulations. 

Discussion 

The most notable finding was that cattle trails substantially increased peak discharge while having little 

influence on total runoff export. Cattle trails resulted in reduced time to runoff by 83% and increased 

peak discharge by 11%, indicating that trails primarily altered runoff routing rather than the overall 

event water balance. Depth maps showed that trails concentrated runoff into connected preferential flow 

paths, whereas runoff in the hillslope only scenario remained more diffuse. This supports the concept 

that hydrological connectivity is a key control on runoff transfer through landscapes (Bracken et al. 

2013). 

The calibrated parameter sets also support this interpretation. Compared with cattle trails, hillslopes had 

higher Ia and Manning's n values, indicating greater rainfall storage and flow resistance. Although the 

hillslope CN was lower than that of the trails, the difference was only one unit, suggesting that both 

surfaces had similarly high runoff potential. This likely reflects the heavily grazed condition of the 

study site and explains why cattle trails increased runoff intensity without substantially changing total 

runoff export. Greenwood and McKenzie (2001) reported similar effects of livestock trampling on 

infiltration and runoff generation. 

Similarly to Srinivasan and McDowell (2009), our findings reveal that cattle trails function as 

ephemeral drainage pathways, increasing paddock-scale hydrological connectivity and accelerating 

runoff delivery to the outlet, underpinning the field observations described in Meijles et al. (2015). 

While total runoff volumes changed little, the increased peak discharge may have important 

implications for erosion and sediment transport because higher peak flows have greater capacity to 

mobilise and transport sediment. Future studies should investigate whether the observed increases in 

hydrological connectivity translate to greater sediment export under different grazing intensities, 

rainfall conditions, antecedent soil moisture condition and terrains. 
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Abstract 

Restoring native Mitchell grasslands requires rebuilding ecological processes rather than simply 

replacing vegetation. By combining hydrological restoration, native grass establishment and emerging 

biocrust research, this project demonstrates an integrated approach capable of improving both landscape 

resilience and long-term grazing productivity. 

To date, our project has rehabilitated more than 6,000 ha of degraded Mitchell grassland using 

integrated restoration methods including earthworks, reseeding, and monitoring. Key principles and 

outcomes include: 

ǒ Brickwork earthworks restore surface hydrology, slowing overland flow, reducing erosion, and 

improving soil moisture retention. 

ǒ Biological soil crusts act as early ecosystem engineers, stabilising soils and contributing carbon 

and biologically fixed nitrogen. 

ǒ Biocrust seed priming shows potential to improve Mitchell grass germination and 

establishment. 

ǒ Landholderïresearch partnerships enable large-scale monitoring and applied restoration 

research. 

In collaboration with Desert Channels Queensland restoration specialists and local landholders, a 

coordinated effort is underway to rehabilitate degraded landscapes, reintroduce perennial grasses, and 

restore bare areas affected by prolonged drought, monsoon flooding, invasive weeds and overgrazing. 

Approximately 47 million hectares of Mitchell grasslands (Astrebla spp.) form some of Australiaôs most 

valuable grazing lands, yet climatic extremes continue to impact productivity and compromise farm 

economics and long-term sustainability (DCCEEW 2023). 

To date, more than 6,000 hectares have been actively rehabilitated while generating new insights into 

Mitchell grass establishment. Preliminary work suggests that priming seeds with locally sourced 

biocrust inoculum may improve germination outcomes, providing a promising tool for large-scale 

dryland restoration. This project is conducted with researchers from the University of Queensland and 

supports student research and industry placements. Landscape-scale monitoring uses UAV surveys, 

ground-based assessments, and remote sensing. 

Introduction  

Native Mitchell grasslands cover approximately 47 million hectares across Australia, forming one of 

the nation's most extensive and valuable grazing ecosystems (DCCEEW 2023). These grasslands 

support the northern pastoral industry while also providing significant ecological value. However, many 

areas have experienced degradation due to prolonged droughts, monsoonal flooding, invasive weed 

incursions, and sustained overgrazing (Hall et al.2020). Consequently, declines in perennial grass cover, 

soil function, and soil stability have reduced the resilience and productivity of these ecosystems (Mosier 

et al.2021; Teague & Kreuter 2020). 

Restoring degraded Mitchell grasslands requires rebuilding ecosystem processes rather than simply 

reseeding. Shallow brickwork earthworks restore surface hydrology by slowing and spreading overland 

flow, increasing infiltration and reducing erosion, and creating favourable conditions for native 

perennial grasses to establish (Tongway & Ludwig 2011). Reseeding with locally appropriate native 

grasses then accelerates vegetation recovery across degraded areas. Over thousands of hectares, this 

transforms bare, degraded areas into productive, stable pasture.  

mailto:matilda.paesler@dcq.org.au
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Increasing attention is also being given to biological soil crusts (biocrusts), which form a living cover 

between tussock grasses and are increasingly recognised as early ecosystem engineers. Globally, 

biocrusts are estimated to prevent the dispersal of approximately 700 million tonnes of dust annually 

(Rodríguez-Caballero et al. 2022). In northern Australian savannas, cyanobacteria-dominated biocrusts 

have been estimated to contribute approximately 5 kg N ha ĭ during a wet season, representing a 

substantial natural source of nitrogen enrichment for nutrient-poor savanna soils (Williams et al. 2018). 

This project aims to restore degraded Mitchell grasslands through integrated landscape rehabilitation 

involving hydrological restoration, native grass reseeding, and investigation of biological soil crusts, 

while developing practical knowledge through partnerships between landholders, Desert Channels 

Queensland and university researchers.  

Methods 

Site Identification 

Desert Channels Queensland is rehabilitating degraded native grasslands across Central West 

Queensland in partnership with local landholders. Persistently bare areas are identified using local 

knowledge supported by satellite ground cover imagery. Regional ecosystems are then assessed to 

determine the suitability of restoration, with projects typically targeting degraded claypans and alluvial 

flats that have low perennial grass cover and fall below regional ecosystem condition benchmarks. 

Brickwork 

Following site selection, the project area is surveyed using a dumpy level to ensure the shallow 

earthworks are designed to suit the landscape topography, soil type and hydrology. The site is then 

pegged and graded to create small-scale, shallow furrows into the land following natural contours, 

resembling courses of bricks to slow and spread overland flow while maintaining natural drainage (Figs. 

1 and 2). This increases water infiltration, rehydrates the soil profile, reduces erosion and creates 

favourable conditions for native perennial grasses to establish (Tongway & Ludwig 2011). 

Seeding 

To accelerate rehabilitation, degraded areas are reseeded with native grass species appropriate to the 

regional ecosystem. In Central West Queensland, coated Mitchell grass (Astrebla spp.) seed is 

commonly used due to its natural dominance across the landscape. The protective coating improves 

seed handling and sowing efficiency while helping retain moisture around the seed and protecting it 

during the period before favourable rainfall triggers germination and establishment (Berto et al. 2024).  

Monitoring 

Land and vegetation condition are assessed prior to the commencement of restoration activities to 

establish a baseline, with ongoing monitoring undertaken annually to evaluate changes in vegetation 

composition, ground cover and overall land condition. Monitoring is conducted using either the 

Vegetation Condition Assessment Tool (VegCAT) (Scott & Burrows 2022) or the Land Condition 

Assessment Tool (LCAT) (State of Queensland (Department of Agriculture and Fisheries) 2020), 

depending on the requirements of the funding program. These rapid, standardised assessment methods 

provide repeatable measures of key indicators including perennial grass cover, ground cover, soil 

stability and erosion, allowing changes in ecosystem condition to be tracked throughout the project. 

Soil sampling is undertaken at selected sites to establish baseline soil condition and monitor changes 

throughout restoration. Standard soil analyses measure key indicators of soil health, including pH, 

electrical conductivity, organic carbon and major nutrients (nitrogen, phosphorus, potassium and 

sulfur), to inform restoration management (Pacific Community (SPC) et al.2021). The soil samples 

support research into the recovery of biological soil crust microbiome. 

Results 

Throughout this project 6,000 hectares of native Mitchell grasslands have been rehabilitated across 

multiple properties using bare ground restoration methods. Preliminary results indicate: 

¶ Reduced concentrated flows 

¶ Slower water movement across the landscape 
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¶ Improved water retention 

¶ Reduced erosion 

¶ Vegetation response following rainfall 

¶ Increased ground cover 

  
Figure 1. Brick-working on a Greening the Outback property.      Figure 2. Close-up of brickwork 

Throughout field observations, monitoring and sampling, the development of biocrust communities has 

been observed alongside improved soil stability and greater vegetation response. Full results will be 

reported on these projects once they reach maturity.  

Discussion 

These projects have shown promising results for rehabilitating native grasslands using shallow 

earthworks and reseeding techniques. Areas of persistent bare ground and degradation have shown large 

improvements in land and vegetation condition. Paired with wet season spelling, these project sites have 

become productive areas that can be used within grazing systems again. 

The multi-method approach of researching the area to ensure it will benefit from this kind of 

intervention, surveying to ensure the flow of water is not detrimental, shallow earthworks, native grass 

reseeding and the use of soil biology are complementary and have resulted in rehabilitated areas. 

Slowing the flow of water and increasing infiltration has improved hydrology which creates better 

conditions for vegetation establishment. This leads to increased ground cover, reduced erosion and 

improved land condition, allowing the site to become a productive ecosystem that can be integrated 

back into a grazing system.  

There have been promising preliminary results that show the benefits of biological crusts on 

germination, establishment and maintenance of reseeded areas. Field observations and sampling suggest 

that further work is required in collaboration with the University of Queensland to understand the role 

biological crusts play in rehabilitating native grasslands in Central Western Queensland. Preliminary 

observations indicate that seed priming using locally sourced biocrust inoculum may improve 

germination and early establishment of Mitchell grass under field conditions. Biological crusts have the 

ability to assist with stabilising the soil, nitrogen fixation, reducing dust and erosion, improving carbon 

inputs and nutrient cycling. These ecosystem engineers have the potential to help rehabilitate native 

grasslands across the rangelands.  

Restoring native Mitchell grasslands requires rebuilding ecological processes rather than simply 

replacing vegetation. By combining hydrological restoration, native grass establishment and emerging 

biocrust research, this project demonstrates an integrated approach capable of improving both landscape 

resilience and long-term grazing productivity. This project provides the foundation for ongoing 
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investigations into the role of biocrust microbial communities in accelerating dryland restoration 

through enhanced soil stability, nutrient cycling and native grass establishment.  
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Conflicts & Clashes: Can Weeds and Ferals be a Resource and 

Trade-offs in Developing the Rangelands 
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Abstract 

Feral goats (Capra hircus) have a significant impact on rangeland ecosystems through browsing, 

grazing and trampling which can limit native plant recruitment, alter vegetation composition, and 

reduce ground cover. These impacts are especially pronounced in post-disturbance landscapes where 

vegetation recovery underpins ecosystem health, pastoral productivity, and carbon sequestration 

(Harrington 1986; Tiver and Andrew 1997).  

Feral goats are largely sustained by artificial water points (AWP) which has enabled them and other 

herbivores to remain at high densities even during dry periods. The grazing impact of goats can be 

modified through AWP closure and exclusion fencing, but these actions can be costly to implement.  

To support strategic decision-making, a study modelled potential feral goat grazing patterns across a 

pastoral station in the Western Division of New South Wales. A GIS based cost surface approach 

adapted from Graz et al. (2012), was applied using the QGIS GRASS tool, r.cost (Awaida et al., n.d.). 

Inputs to this model included land system indices, carbon project stratification, existing and potential 

fencing, and mapped water points. Multiple management scenarios were tested, combining AWP 

closures and exclusion fencing to identify areas where interventions would most effectively reduce 

grazing pressure.  

Findings from this study are informing targeted priority feral goat management strategies for this station 

that enhance rangeland restoration, ecological health and carbon project outcomes.  

Introduction  

Rangeland systems across Australia support a mix of pastoral industries, biodiversity conservation and 

carbon sequestration initiatives. The pastoral production and ecological integrity of these systems are 

at risk through the proliferation of invasive herbivores, particularly feral goats (Capra hircus). Feral 

goats have established widespread populations since European settlement, particularly in the Western 

Division of New South Wales.  

Feral goats are generalist herbivores capable of impacting a wide range of vegetation types. Their 

foraging behaviour ï characterised by a combination of browsing and grazing ï enables them to impact 

both woody and herbaceous plant communities. In rangeland systems, high densities of feral goats have 

been associated with reduced vegetation cover, altered species composition, and limited regeneration 

of native plants (Harrington 1986; Tiver and Andrew 1997). These impacts are especially pronounced 

in post-disturbance landscapes where vegetation recovery underpins ecosystem health and long-term 

pastoral productivity. Grazing pressure from feral goats can compromise the success of carbon farming 

projects, where diverse vegetation establishment and persistence are essential for achieving 

sequestration outcomes.  

Feral goat populations in the rangelands are largely sustained by artificial water points (AWP). Prior to 

pastoralism, natural water sources were largely ephemeral, meaning herbivore presence fluctuated with 

seasonal conditions. The establishment of permanent AWPs has enabled feral goats and other 

herbivores to remain at high densities even during dry periods and AWP distribution strongly shapes 

grazing patterns. Feral goat populations and therefore grazing pressure can be manipulated through 

management actions such as AWP closure and exclusion fencing (Letnic et al. 2014; Russell et al. 

2011), but these interventions can be costly to implement.  

Spatial modelling provides an opportunity to better understand and predict patterns of grazing pressure 

under different management scenarios. This study applies a GIS-based cost surface approach to model 

mailto:alex.dillon@selectcarbon.com
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feral goat grazing pressure across a pastoral station in the Western Division of New South Wales, with 

the aim of informing targeted management strategies that support ecological and carbon project 

outcomes.  

Methods 

A spatial model of feral goat grazing likelihood was developed for a pastoral property in the western 

division of NSW using the r.cost cost-distance algorithm in GRASS GIS. Two habitat-preference 

frameworks were assessed independently: Plant Community Types (PCT) (NSW Government A, 2025) 

and Land Systems (LS) (NSW DCCEEW, 1991). For each framework, Select Carbon vegetation 

specialists assigned a relative habitat-preference ranking to every PCT and LS present on the property, 

based on the pastoral potential of the inherent species. The resulting rankings were converted to 

normalised preference raster layers (0ï1) and subsequently transformed into resistance surfaces. Highly 

preferred habitat was assigned lower resistance and less preferred habitat was assigned higher 

resistance. Publicly available NSW Government slope data (NSW Government B, 2025) was used to 

derive a terrain-resistance surface. The ephemeral creek located in the north of the property was treated 

as a movement corridor and therefore a creek corridor modifier was incorporated to produce composite 

movement-resistance layers.  

Scenario-specific cost surfaces were generated by combining the movement-resistance layers with 

water-distance multipliers and different fencing configurations. Water availability was represented by 

three scenarios: all AWPs available on the property and the neighbouring property (within a 6km 

buffer), selected AWPs in the south closure, and selected AWPs in the north closure. Fencing was 

represented by three different configurations: an existing eastern boundary fence only (current 

infrastructure), the addition of a southern boundary fence, and the addition of a northern boundary fence. 

These were combined into six management scenarios, each run separately for the PCT and LS 

preference frameworks, resulting in 12 model runs in total. Three scenarios were focused on for this 

paper: Scenario A; current infrastructure retained on the property (baseline scenario), Scenario B; 

infrastructure upgraded in the south of the property - southern exclusion fence and selected AWP 

closure, Scenario C; infrastructure upgraded in the north of the property - north exclusion fence and 

selected AWP closure.  

For each modelled scenario, cumulative cost distance from AWPs was modelled using r.cost. The 

outputs depict the relative accessibility of the property to feral goats under different combinations of 

habitat preference, water availability and fencing, and were used as a spatial prediction for likely 

grazing pressure and movement opportunity across the landscape.  

Results 

Figure 1A shows the spatial distribution of relative grazing likelihood of Carbon Estimation Areas 

(CEA) across the property when all AWPs are active and existing infrastructure retained (Scenario A). 

Grazing likelihood is highest around water points and appears to increase where AWP density is high. 

Grazing likelihood in CEAs was also impacted by neighbouring water points.   

Figure 1B reflects the grazing likelihood across CEAs with exclusion fencing installed along the 

southern boundary and closure of selected southern AWPs (Scenario B). There is a reduction in grazing 

likelihood in the south of the property. Grazing impact along the southern boundary is reduced through 

the installation of exclusion fencing removing access to neighbouring water points. Grazing impact 

remains high in the north. Figure 2 shows a 9% reduction in CEA area within the lowest cost class (0-

999) relative to the baseline scenario.  

Figure 1C reflects the grazing likelihood if an exclusion fence was installed along the northern boundary 

and four AWP were shut in the north (Scenario C). A large proportion of CEA is in the north and 

therefore grazing likelihood is significantly reduced because of these management changes. Figure 2 

shows a 46% reduction in CEA area within the lowest cost class (0-999) relative to the baseline. to the 

baseline scenario. The distribution of CEA is shifted toward higher cost classes, indicating reduced 

grazing pressure.  
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Figure 1. Grazing cost in CEA areas for each scenario. Low cost (stronger red) is most likely to be grazed. High 

cost (stronger green) is least likely to be grazed (5000-10,000 cost classes grouped). Non-CEA areas within the 

property boundaries are coloured white. 

 

Figure 2. Histogram of the area of CEA in each cost distribution class for each scenario. 

Discussion 

This study demonstrates how cost-distance modelling can act as a decision-support tool in the 

rangelands of western NSW. Through integrating vegetation preference, water availability, fencing 

infrastructure and landscape characteristics such as terrain and slope, the modelling tool can predict 

grazing likelihood for a determined area. These outputs can inform targeted management strategies to 

support pastoral productivity and carbon project objectives.  

AWP distribution and access in semi-arid rangeland environments has a strong influence on herbivore 

grazing pressure (Letnic et al. 2014; Russell et al. 2011). Model outputs from this study align with the 

literature. Across all scenarios, areas proximate to AWP consistently exhibited the lowest cumulative 

cost distances, indicating the highest likelihood of grazing pressure. The strategic manipulation of AWP 

access in semi-arid environments can act as an effective management strategy to reduce grazing 

likelihood and therefore pressure. Model outputs also demonstrate how exclusion fencing infrastructure 

could modify grazing likelihood. Modelling results indicated that exclusion fencing is most effective 

when used in areas where neighbouring water sources are close to the property boundary and in high-

preference areas. Exclusion fencing is capital-intensive and therefore this can limit its application. 

Modelled outputs can assist in spatial optimisation of exclusion fence installation.  
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The results also indicated that management strategy effectiveness is dependent on spatial alignment 

with identified priority areas, in this case, CEA. Scenario B (southern strategy) produced moderate 

reductions in grazing likelihood within CEAs, reflected by a 9% reduction in CEA area within the 

lowest cost class (highest grazing pressure). In contrast, Scenario C (northern strategy) produced 

significant reductions in grazing likelihood within CEAs, reflected by a 46% reduction in CEA area 

within the lowest cost class. Therefore, management interventions that are spatially targeted to priority 

areas may lead to disproportionally better outcomes. This reinforces the importance of spatial 

prioritisation in rangeland management, particularly where financial constraints can limit the extent of 

intervention.  

The model outputs are important from a carbon project perspective where reducing grazing pressure is 

essential for promoting vegetation regeneration. Persistent high grazing pressure will reduce vegetation 

regeneration and shift species composition. Through identifying areas of elevated grazing risk, the 

modelling approach enables landholders to mitigate grazing suppression through targeted management 

strategies and infrastructure investment.  

The model does have limitations. Feral goat population dynamics impacted through capture and 

removal are not incorporated. The model does not account for true direction of travel from any AWPs, 

it models dispersion in all cardinal directions. Feral goats may preference locations where AWP density 

is highest. Further work through on ground validation of feral goat populations, prior to and after 

management strategy implementation could be completed to monitor and verify feral goat population 

dynamics and response. Furthermore, the water channel running through the north of the property in 

high rainfall seasons may act as a consistent water source that would influence grazing likelihood across 

surrounding areas. In the modelled scenarios, the channel was set as an enabler instead of a water source. 

The accuracy of this setting will be season-dependent.  

In conclusion, this study demonstrates that GIS-based cost surface modelling can inform strategic 

management strategies for rangeland properties in the western division of NSW. By identifying areas 

of elevated grazing risk and identifying which interventions may have the greatest impact on reducing 

grazing pressure, landholders can allocate resource more effectively.  
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Abstract 

While camels are commonly seen as pests in the Australian rangelands, there is growing commercial 

interest in their use as woody weed suppressors, particularly for the weed of national significance ï 

Prickly Acacia.  This is primarily due to the preference of camels for foliage rather than pasture.  A 

multi-year trial undertaken south of Hughenden in Queensland within the Mitchell Grass bioregion has 

monitored the impact of high densities of domestic camels on both pest plants and pastures. The study 

monitored available feed from woody weeds, pastures and species diversity over time comparing results 

with traditionally grazed areas and control sites. The study concluded that high densities of camels can 

fast-track pasture recovery of degraded areas while actively supressing woody weed growth and 

consequential seed set. This appears to be due not only their forage preferences, with a grazing height 

to 3.5 m, but also the extreme mastication of forage including any seeds and the reduced compaction of 

soils when compared to cattle.  The grazing model developed offers the opportunity for landholders to 

incorporate an additional income source as camel condition was maintained throughout the trial as were 

normal calving cycles. The trial has developed a feed budget model for Prickly Acacia which will 

mature further as AI tools are better incorporated and coupled with higher resolution imagery. Given 

the extent of the weed within the bio-region and the limited impact of camels on the pasture species 

within the trial area, it is estimated that a regional herd of 56,000 camels could be sustained with no 

reduction in cattle numbers. This model therefore offers a means to better plan and budget for complex 

weed control programs while improving rangeland and watercourse resilience, regional incomes and 

employment opportunities.     

Introduction  

PBE Services and the Desert Channels NRM have been studying the positive impacts of high density 

camel grazing on the suppression of introduced woody weeds while also fast-tracking native pasture 

recovery in preparation for cattle co-grazing. 

Two years of detailed monitoring information has been collected from trial sites on a property 50 km 

south of Hughenden within the Mitchell Grass Bioregion. This property, a breeder block with an annual 

rainfall of 490 mm has pastures normally dominated by perennial Mitchell Grass (Astrebla sp.), but has 

seen a decline in Mitchell Grass dominance through drought, woody weed invasion and grazing. At the 

trial commencement, pastures in the trail area were dominated by Flinders Grass (Iseilema sp) and other 

undesirable grasses with a combined relatively low long-term carrying capacity.  

With increasing density of woody weeds in the Mitchell Grass Bioregion, desirable perennial pastures 

decline, replaced by less desirable species and annuals. Native pasture dry matter production in the 

Mitchell Grasslands can drop from over 2500 kg/ha to as low as 100 kg/ha. The available feed from 

woody weeds does not compensate for the loss of pasture dry matter and so increasing stress is placed 

on land condition. The increased use of Tebuthiuron based chemicals, while effective on woody weeds 

impacting the bioregion, slows down pasture recovery due to its residual effect.  The Mitchell grass 

bioregion has an estimated 21,000,000 ha affected by the invasive woody weed Prickly Acacia with 

6,000,000 Ha with a density high enough to impact native pasture production. The control of the weed 

is essential in maintaining farm business resilience; however, costs of control continue to increase.  

The longevity of the seed from woody weeds, particularly Prickly Acacia (Vachellia nilotica), means 

that weed control in the bio-region is a long-term activity requiring careful weed control and fiscal 

planning. Key to this planning is the sequential control of areas and planning for regrowth control. In 

the worst cases, regrowth control can be as costly as initial control and so focus has turned to reducing 

soil seed loads in advance of planned control activities. Where seed production control has been 

mailto:simon@pbeservices.com.au
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achieved, regrowth control cost reductions have been reduced by up to 90%. Camels in high densities 

offer a low cost seed control agent given their preference for flowers and seed, however concern was 

raised about potential to exacerbate land degradation and hence this trial.  

Methods 

Two study areas have been used as part of the trial, both located on the same property, with the same 

soil type with similar land condition at the commencement of the trial. Both areas were fenced, contain 

a dam and have dense stands of prickly acacia with large bare patches surrounded by heavily grazed 

native pastures with grazing impacts declining with distance from the water points.  The smaller 

paddock ï ñCamel Paddockò is 42 Ha with the larger paddock ï ñHouse Paddockò - 83 Ha. The bare 

ground in both paddocks accounted for roughly 50% of the area at the commencement of the trial. In 

the smaller paddock there are 7072 mature Prickly Acacia trees and in the larger paddock 21,567. 

Annual rainfall is normally 490 mm/yr. However, in the summer of 2024/5 the region experiencing 

extensive rainfall which contributed to strong pasture recovery. Transect lines were established within 

the fenced areas, in adjacent paddocks grazed by cattle and in a non-grazed control area. Transects were 

50 m in length. These transects were used to determine species composition, ground cover and, by 

enlarging the area and referencing photo standards ï dry matter was estimated. Transects were re-

measured at monthly intervals and at this stage high resolution drone imagery was also replicated to 

monitor grazing impacts on Prickly Acacia and grass incursion into bare areas.  

In assessing grazing impacts detailed data was recorded on camel grazing preferences which were 

compared with grazing preference from 2003 (Dorges and Heucke 2003). Camels grazing in the trial 

area have shown a high grazing preference correlation with this initial work, despite the initial work 

being undertaken in the northern territory. This is obviously due to the overlap in many of the native 

pasture species between the two bioregions 

A 750 m transect through the prickly Acacia prior to the commencement of grazing measured canopy 

width and height of Prickly Acacia intersecting the transect line. These individuals were subsequently 

monitored with drone imagery to measure impacts within the trial area.   

In the camel areas, based on forage estimates from a forage model developed as part of the trial, two 

stocking rates were compared. 1 camel / 400 mature Prickly Acacia trees and 1 camel / 1000 mature 

Prickly Acacia trees.  Animal health was also monitored monthly with condition scores of individuals 

noted to ensure all animals remained healthy.  

Results 

On commencement of the trial in the summer of 2023 both the trial areas were heavily degraded and in 

land condition D. Despite this, low densities of 3 of the 4 Astrebla spp were recorded (Curley, Bull and 

Barley Mitchell) along with Erichloa creba (Cup Grass). As expected, with summer rains in 2023/4 

and 2024/5 additional species along with increases in pasture dry matter were recorded. The cyclic 

annual increase in both pasture dry matter and species composition is normal for this bioregion with 

natural senescence occurring over the winter dry season.  

In the small trial area, an area of 42 Ha, 17 mature camels were stocked for 2 years. While this initially 

would seem to be an extraordinarily high stocking rate, the camels have primarily targeted the Prickly 

Acacia with grazing of the native pastures only in late summer and early spring. Prickly Acacia leaves 

and flowers in February to June and seed pods from July to October are highly sought after by the 

camels, as are the leaves and stems to 2 cm in diameter. Grazing preferences of native pastures targets 

forbes and herbaceous plants in late summer and early spring, a short period in March / April targeting 

native millet, umbrella grass and new shoots of Astrebla sp. before a concentration in May / June on 

Flinders grass before a return to the prickly acacia once flowering commences. Camels do not 

preference Buffel Grass and it appears in this bioregion to be a last resort graze.  

The consequence of this type of grazing pattern, along with a lowest preferable grazing height of 10 cm 

means that emerging grasses are able to get well established if conditions are favourable before grazing 

occurs. It is only when feed availability from woody weeds declines sharply does grazing height, and 

grazing of less palatable species occur.  
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In the small trial area, despite the high density of camels, a rapid increase in ground cover was recorded, 

dry matter weights were higher than comparable conventionally grazed areas but species diversity was 

also higher. Comparisons with estimates from dry matter from the un-grazed monitoring site was used 

in the model to determine pasture demand. In the second wet season of the trial, the large amount of 

standing un-grazed grass acted as a mulch allowing a rapid germination of forbes following rain and 

maintained soil moisture. This acted to extend the growing season of pasture species and protect against 

wind and water erosion. 

In the small trial area, with its stocking rate of 1/400 trees, impact on the Prickly Acacia was very high 

with significant hedging of the trees, however relatively few plant deaths were noted. In the large trial 

area, stocking rates were reduced to 1 camel to 1000 trees. Results mirrored the results from the small 

trial area however impacts on trees was reduced significantly, and no significant grazing impact on 

pasture species could be measured in the transects suggesting that this stocking rate is too low but that 

more work is necessary to determine stocking rates with more accuracy depending on outcomes sought. 

 

 
Figure 1, Dry matter estimates between trial areas, 

 

 

Figure 2, Native species diversity between trial areas, 

Discussion 

The growing interest in camels within the bioregion cannot be ignored and the potential for camels to 

be integrated into established cattle grazing enterprises while acting as weed suppressors appears to 

have a foundation. Due to the soil type and pasture species within the bioregion camels do not cause 

the environmental issues seen in some other, more fragile bioregions and high densities of camels can 

act to supress seed set and woody weed growth while allowing pasture recovery. This means that, when 

planned as part of an integrated grazing operation, camels can fast track recovery while also allowing 

for staged woody weed control at more sustainable fiscal levels. 
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Figure 3. Ground Cover estimates between trial areas. 

 
 

 
 

Picture 1. Pasture Cover January 2023 ï Camel Paddock, Picture 2: Pasture Cover March 2025 ï 

Camel Paddock. 

 

The next stage of the project will focus on improving the forage model to better estimate carrying 

capacity for a range of outcomes and providing landholders with better advice about sequential grazing 

with cattle.   
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Will the rain follow the plough? *  Dryland cropping in the Southern Gulf 

rangelands of Queensland ï sustainability or degradation.  

Shepherd, RN1; Phelps, D2; McKellar, K3; Hunt, S4 
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*  The myth that "rainfall follows the plow" began in the late 1800s as new settlers pushed onto the 

Great Plains [of the Southern USA] (Wishart 2011) 

 

Key words: rain-grown cropping; rangelands; sustainability; pasture recovery; land degradation; soil 

conservation 

Abstract 

North-west Queensland has supported extensive livestock production on native pastures since the time 

of European settlement in the 1860s. Although small areas of forage cropping were attempted after 

WW2, dryland and irrigated cropping for grain, cotton and fodder production has expanded 

dramatically across this region since 2020.  

With the adoption of best practice irrigated farming techniques and the proximity to irrigation water 

and alluvial soils, irrigated cropping has a high probability of being an agriculturally sustainable land 

use change.  

Landform, soils and climatic conditions present higher risks for dryland crop production compared to 

irrigation. The risks must be objectively assessed before making such a dramatic land use change from 

grazing to cropping. This paper focuses on dryland (rain-grown) cropping and highlights the possible 

legacies of dryland farming, which may range from sustainable cropping to a severely degraded 

landscape with limited options of recovery for pastoral use. 

Introduction  

The native pastures of north-west Queensland have been grazed by domestic livestock since the 1860s. 

After WW2 small areas were cropped for fodder production. In recent decades, dryland and irrigated 

cropping for grain, cotton and fodder production have expanded significantly across the region. The 

total area in NW Queensland under cropping in 2025 was 52,103ha, comprising 42,643ha rain-grown 

and 9,460ha irrigated (Qld Globe 2025).  

The total catchment area of the Southern Gulf catchments is 21.5Mha (Southern Gulf NRM 2026) of 

which 4.6Mha has been identified as agricultural land classes A or B, 16.4Mha land class C and 0.5Mha 

land class D (Qld Globe 2026).  

This paper highlights the associated climatic and soils-based limitations of dryland grain production 

and the challenges of re-establishing pastures on previously cropped land. 

Suitability ï rain-grown grain production 

Climate 

Rainfall in north-west Queensland is highly variable as shown in Figure 1 and droughts are more intense 

than other agricultural areas of Australia (Petheram et.al. 2013 p53). An analysis using median rainfall 

and plant available water capacity for the Richmond area by Webster et al. (2013) concluded that fewer 

that 1 in 5 years may be suited to dryland cropping across a wide range of broadacre crops including 

cotton, rice, maize, wheat, sorghum, mung bean, soybean, chick pea, lablab and sugarcane. 

The work of Webster et. al. (2013) supports the earlier assessments by Slatyer (1964) of growing periods 

and reliability for dryland crop production in NW Queensland. From this early data, Lorraine Station, 

Cloncurry, Richmond and Hughenden areas are very marginal for rain-grown crops due to the short 

growing season of less than eight weeks. The probability of the growing period exceeding eight weeks 

is 33% or less in these four centres (Slatyer 1964).  

mailto:Bob.Shepherd@dpi.qld.gov.au


   

142 

Draft Proceedings of the 23rd Biennial Australian Rangeland Society Conference, Darwin, 2026 

 

Figure 1. Rainfall data for the locations in the Flinders River catchment showing the runs of low and 

high rainfall years as indicated by difference from the mean. 

Soils  

Most of the A & B land classes in NW Queensland are alluvial heavy cracking clay soils while most of 

the balance of the heavy clay soils are in agricultural land class C that are formed on cretaceous Allaru 

Mudstone which was originally marine sediments (Turner and Hughes 1983, Queensland Herbarium 

2024). These cracking clay soils are a feature of the rolling Mitchell grass downs which are noted for 

the high levels of salinity and moderate to high levels of sodicity (Turner and Hughes 1983). A feature 

of these soils is a salt bulge between 0.6 and 1.0m depth which restricts the effective rooting depth of 

plants; thereby, reducing the volume of soil water available for plant growth (Petheram et al. 2013 p40, 

Bartley et al. 2013).  

Soil erosion 

Most of the land south of the Flinders River between Hughenden and Julia Creek is undulating/rolling 

downs country. Slopes vary between 0.1 to 3.0 percent and the length of slope up to 3.0km. Under best 

practice cropping systems which include direct or zero-till farming, rotations of high residue crops and 

retention of crop residues as ground cover, runoff from heavy storms or prolonged wet seasons due to 

the remnants of tropical cyclones still causes severe soil erosion. Additional soil conservation practices 

as recommended for the Central Highlands of Central Qld (Bourne and Tuck 1993, Carey et al. 2015) 

are essential, including contour bank layouts on all slopes that exceed 0.5% and the retention of native 

pasture cover in all natural drainage lines.  

The AI tool ChatGPT was used to calculate the soil erosion losses using the universal soil loss equation 

(USLE) A = R x K x L x S x C x P (Wischmeier and Smith 1978), except for the rainfall erosivity factor 

(R) which was derived from Lu and Yu (2002).  
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Four scenarios were assessed with the results shown in Table 1: 

1. Bare ground conventional tillage with no contour banks 

2. Stubble retention zero-till cropping with no contour banks 

3. Bare ground conventional tillage with single spaced contour banks on 100m spacings 

4. Stubble retention zero-till cropping with single spaced contour banks on 100m spacings 

Table 1. Comparative soil erosion losses for 4 scenarios in NW Queensland using the Universal Soil 

Loss Equation via the AI tool ChatGPT 

USLE parameter Scenario & USLE parameter values 

    1 2 3 4 

R Rainfall erosivity factor 3750 3750 3750 3750 

K Soil erodibility factor (cracking clay soils) 0.03 0.03 0.03 0.03 

L Slope length factor for 1,000m 3.14 3.14 3.14 3.14 

S Slope steepness factor for 1.0% 0.14 0.14 0.14 0.14 

C Cover management factor 1.01 0.352 1.01 0.352 

P Support practice factor 1.03 1.03 0.2174 0.2174 

A Average annual soil loss (t/ha/yr) 50 17 11 4 

1 Bare ground no cover; 2 25% stubble or crop cover; 3 No contour banks; 4 Contour banks on 100m 

spacings 

Although the USLE produces estimates of soil loss, its use in these scenarios is more indicative, but 

still useful for comparative purposes. On any given area of land, grain growers can only vary the 

management control practices (C and P factors in the USLE). The results in Table 1 clearly show that 

by adopting stubble retention and zero-till farming practices supported by single-spaced contour banks 

(scenario 4), soil losses are reduced by 87% compared to the non-adoption of any soil conservation 

practices (scenario 1). 

Re-establishment of pastures 

Without regular seed set, the soil seedbank longevity of the perennial native Mitchell grass pastures 

(Astrebla species) is exhausted by year four, with 80% of germination occurring in the first wet season 

(Orr 1999). A long-term grazing trial by Orr and Phelps (2013) on Mitchell grass pastures in NW 

Queensland recorded only one successful recruitment event during the 26-year life of the trial. While 

grain production may be successful during a run of good seasons, the probability of failed crops during 

the run of lean seasons that invariably follow, is high. Failed crops where the soil seedbank of Mitchell 

grass species is exhausted, will result in weedy fallows of low ground cover which pose a high 

environmental risk from erosion and low carrying capacity for domestic livestock.  

Conclusions  

The high probability of rain-grown crop failure due extreme rainfall variability, plus the added risks 

from salinity, sodicity and soil erosion make rain-grown grain production on much of the rolling 

Mitchell grass downs a borderline land use option. A very high risk of poor recovery of Michell grass 

pastures exists after a single climatic cycle of good cropping years followed by a run of poor years. An 

objective risk-based approach is essential to ensure that only those areas that can be sustainably 

managed are used for dryland cropping in NW Queensland. The responsibility for reclamation of land 

degraded by unsustainable land use is often left with the taxpayer. There is an opportunity with the 

current expansion of dryland cropping in NW Queensland to learn from the mistakes of the past and 

ensure that only suitable land types are selected and appropriate farming practices are adopted which 

do not limit future uses. 
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Abstract 

Planning irrigation development in northern Australiaôs tropical savannah rangelands (e.g., Gilbert 

River catchment, NW Qld) requires decision frameworks that evaluate trade-offs among ecosystem 

services, including agricultural and livestock production, freshwater availability, habitat provision and 

cultural values. Evaluating the potential impacts of irrigation development is challenging and requires 

an approach capable of integrating diverse evidence sources (literature synthesis, regional datasets, 

model outputs, policy documents and expert knowledge) whilst accounting for uncertainty. In this study 

we present a Bayesian Network (BN) model which provides a structured, probabilistic approach for 

assessing ecosystem service trade-offs, integrating a diverse range of evidence sources whilst making 

transparent assumptions. The BN has been used as a valuable illustrative tool to qualitatively explore 

relative changes and potential ecosystem service trade-offs associated with irrigated agricultural 

development in the Gilbert River catchment, and demonstrated its potential to support evidence-based 

water resource planning in complex, data-limited contexts. 

Introduction  

Ecosystem services are the benefits that people derive from ecosystems (Millennium Ecosystem 

Assessment 2005). In river systems, these benefits arise from the interactions among hydrological and 

ecological processes, which regulate the generation, distribution and persistence of services across 

landscapes (Brown et al. 2023). Because ecosystem services are inherently interconnected, changes to 

land use or water extraction can influence multiple services simultaneously, creating trade-offs in 

resource development decisions (Raudsepp-Hearne et al. 2010). In northern Australia, there is growing 

interest in irrigated agricultural development on tropical savannah rangelands, offering opportunities 

for increased agricultural production and regional economic growth (Petheram et al. 2013). However, 

development may alter hydrological flow regimes, creating trade-offs among provisioning, regulating, 

supporting and cultural ecosystem services (Raudsepp-Hearne et al. 2010). As a largely unregulated 

seasonal wet-dry tropical river system, the Gilbert River catchment in NW Queensland exemplifies 

these challenges. Although irrigation potential has been identified within the catchment, the impacts of 

development on the ecological productivity, biodiversity and cultural values that depend on natural flow 

variability remain poorly understood.  

Assessing ecosystem service trade-offs is challenging because development impacts occur through 

interacting pathways, including water extraction, land use change and water quality pressures (Brown 

et al. 2023), producing non-linear responses, and spatially distributed and uncertain outcomes (Bennett 

et al. 2009). Bayesian Networks (BNs) present an adaptable, illustrative framework to address these 

challenges by integrating diverse evidence sources (e.g., quantitative data, expert knowledge), explicitly 

representing uncertainty and transparently depicting causal relationships among components (Landuyt 

et al. 2013). Despite their suitability, the existing implementation of BNs has focussed on select 

environmental or economic outcomes (e.g., Crossman and Pollino 2018) rather than comprehensively 

evaluating catchment-wide ecosystem service outcomes. This study develops a Bayesian Network to 

evaluate ecosystem service trade-offs under staged irrigation development in the Gilbert River 

catchment. The key objectives are to: (1) identify key causal pathways; (2) assess ecosystem service 

response to increasing development intensity; and (3) demonstrate the value of probabilistic decision-

support tools for water resource planning.  

mailto:emily.lazarus@jcu.edu.au
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Methods 

A BN (Figure 1) was developed using Netica 7.01 (Norsys Software Corporation 2025) to evaluate 

ecosystem service trade-offs based on a hypothetical scheme-scale irrigation development case study 

for the Gilbert River catchment, NW Qld. The case study was informed by the Flinders and Gilbert 

Agricultural Resource Assessment (FGARA) report (Petheram et al. 2013), which included a case study 

of a hypothetical large instream dam on the Gilbert River and expansion of irrigated cropping on 

suitable soils. Four development scenarios were examined: Baseline (current conditions; no irrigation 

development), Low (dam construction, 4,000 ha irrigated cropping), Moderate (dam, 12,000 ha 

irrigated cropping) and High (dam, 20,000 ha irrigated cropping). BN nodes were organised using the 

Drivers-Pressures-State-Impact-Response (DPSIR) structure to conceptually link human activities to 

environmental change and ecosystem service outcomes. The Driver nodes represented irrigation 

development activities, Pressures represented the environmental stressors generated by those activities, 

State nodes described ecological condition, Impacts captured the ecosystem service trade-offs, and 

Response nodes represented the policy, governance or land management interventions that can be used 

to mitigate the impacts of irrigation development on ecosystem service provision. Node relationships 

were defined through causal pathways linking development drivers to environmental pressures, 

ecological state variables and ecosystem service outcomes. The BN structure, node states and 

conditional probability tables (CPTs) were informed by literature, spatial datasets, regional assessments 

and expert judgement, integrating diverse evidence sources within a transparent, probabilistic 

framework. Node states were assigned as either low, moderate or high, reflecting the progressively 

increasing spatial footprint of ecosystem service impacts.  

 

Figure 1. The Bayesian Network (BN) model structure examining the qualitative ecosystem service 

trade-offs under different stages of irrigated agricultural development in the Gilbert River catchment.  

Results 

The results (Figure 2) illustrate how ecosystem service outcomes may respond to increasing levels of 

irrigated agricultural development in the Gilbert River catchment, within the bounds of the case study 
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presented. Given the limited data available, the results should be interpreted as indicative of relative 

system behaviour, interaction pathways and potential trade-offs, rather than as precise quantitative 

predictions. Across the four development stages, the BN indicates a progressive shift from intact 

ecological processes and strong regulating, supporting and cultural services to increasing trade-offs 

between provisioning and other ecosystem services (Figure 2). Baseline conditions support high levels 

of floodplain function, water quality regulation, habitat provision, biodiversity resilience, cultural 

values and livestock production since hydrological regulation and agricultural footprint are minimal. 

Introducing irrigation development increases hydrological regulation, vegetation clearing and water 

extraction, intensifying pressures on flow regimes, aquatic and terrestrial condition and connectivity, 

and water quality. As a result, most ecosystem service provisions gradually decline. At the highest level 

of irrigation development, cumulative pressures drive broad-scale system change, with gains in crop 

production occurring at the expense of other ecosystem services.  

 

Figure 2. A summary of the ecosystem service trade-offs demonstrating the changing high (or good) 

state endpoints that occur as a result of increasing irrigated agricultural development in the Gilbert River 

catchment as represented in the case study.  


























































































































































































































































































































































































































































































































































