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Managing land for biodiversity: 25 yearsof Australian Wildlife
Conservancyin the rangelands
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Institute, Murdoch University
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Abstract

Conserving biodiversity across Australia's range
multiple | and tenures, and in | andscapes where t
on 25 years of <conserevaatliyon/ menddgeme rhte ca carroesss, w
Wildlife Conservancy's approach to rangeland con
Our experience demonstrates that no singes inte
the sustained and adaptive integration of speci:
and ecological monitoring, i mpl emented at ecol
essenti al for species urdllter o whr beshiEeenwecg hngr
transl ocations are testing pathways to recovery
predator suppression. At |l andscape scal es, i nt e
conditidatiaod prghlight the need to manage t hr ea
i solation. Delivering such progr ams across t he
partnerships with First Nati ons roirsgeasni sVet iaorngsu,e ¢
next phase of rangel and conservation must mo v e
integratendyr eroesservation systems capable of ad

Introduction

The scale of Australia's biodiversity challenge Heasen 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
respons, private land conservation has expanded rapidly through conservation covenants, Indigenous
Protected Areas, philanthropic conservation organisations, and privately protected areas managed
specifically for biodiversity outcomes. N@overnmental organisans 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 hdeen 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 (AWQ)egan with the vision of its founder, Martin Copley AM, to
prevent the ext i n daunadfterrapidexpanson in thd early B0S0s, AAT mow e
manages or cmanages 32 properties or management areas, encompassing nearly 7 million hectares of
land, 99% of whickby aredoccur s i n the rangel ands-yearhistorys pape.l
in managing land for conservation in the rangelands, describing our conservation model, key successes,
challenges and opportunities.

AWCOGs 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 ecosyst&aerdingly, management focuses on mitigating the
principal drivers of biodiversity declingrimarily introduced predators and herbivorelsanged fire
regimesandweeds.In somelocations, AWCconducs reintrodutions of locally-extinctmammals, in
conjunction withferal predatorexclusion oreffective contrd. These actions are underpinnedanyin-

hous scienceprogramand a commitment tevidene-basedmanagement. Lonterm 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 engnted at scale through partnerships wither
landholdes, 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 exper i enmaeimamnia extimaioglwithdpsedation byh e s t r
feral cats and foxes remaining a primary driver of ongoing declines. Safe havens, including fenced areas
and predatefree islands, are now an essential conservation tool for threatened mammals vulnerable to
introduced predatora WC manages Australiabs | argest Lt errest
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 extinctiotserdtened mammadsdfacilitating

their rantroductin to pats of their formerranges however, the benefits extend beyond the
reintroduced species themselvieeedator exclusion can also benefit resident native fauna, with higher
occupancy or abundance of small native mammadssome bids within predatoffree areas relative

to adjacent unfenced landscapes, although responses vary among taxa and more complex outcomes
have been reported for reptil@oshieret al 202Q Smithet al. 2020).Reintroductions can also restore
ecological processes following mammal declirflse return of digging mammals, such as bilbies and
bettongs, has reintroduced important ecosystem engineering functions that influence soil processes,
nutrient cycling and vegetation dynam{gsson 2018)Similarly, restoringnammalian granivores to

arid landscapes may generate landseaade changes in vegetation structure, including reduced shrub
encroachmen(iMills et al 2018).

Fenced areas requisgbsiantial upfront and ongoing investment in infrastructared maintenance
althoughover tre longterm, costs may élower thanlands@pescde baiting or similar programs
Corstruction canbe particularlychallenging in rugged and high rainfall areAkey lesson from the

past 25 years is that safe havens are an effective tool for preventing extinctions and rebuilding
populations of threatened specibat are highly vulnerable to feral cats and fo¥es some species,

the level of vulnerability to introduced predators is such that preffemrsafe havens are likely to

remain essential to their lorigrm conservation. For others, achieving recoverylatgerscale will

require the restoration of sdlfistaining populations beyond fenced areas, astggh by sustained
reductions in predator i mpacts and i-thegreommcement s
transl ocations represent a new phase in AWCGHs
challenges and opportunities for learning (Bowz24).

Threat managemenand monitoring

Acr oss Au st r anultipte bheeateniagppeessaseratisto drive declines in biodiversity.
Altered fire regimesand introduced herbivorefiave compounding impacts whiclegrade habitat
guality andmake native faunanore vulnerable tintroduced predatord_eggeet al 2019. Climate
change adds further complexity by modifying the frequency and intensity of extreme ex@untng
the resilience of already strained ecosystéreggeet al 2023).

Fire managemeris a majorcomponent of AWC's conservation prograerossthe rangelandslhe
primary objective is to restore fire regimes thaduce the occurrence of extensive late dry season
wildfires to promote habitat heterogene#dpdprotect fire sensitive ecosystems and speéiesoss 11
monitored management areascompassingnore than 5 million hectared WC 6 s2 management
programs have merthan haled the extent of late dry season wildfire relative to qpnanagement
baselinesThis has beeachieved by increasinipe proportion of country burnt by plannedrly dy
seasn fire, whichhas more thadoublal since AWC management commenc@derall, fire regimes

on AWC-managed properteinnorthern Australiehaveshiftedfrom a highfrequeng of high-intensity
wildfires towardsegimesdominated byessintense pachy, ealy dry seasoftiire.
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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 underminirg ltlenefits 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 Mornigton-Marion Downs(WA) Wildlife Sanctuaries. In the central Kimberley, small
mammal populations doubled following feral herbivore removal and concurrent improvements in fire
managemeni_eggeet al. 2011 Leggeet al 2019.

Broadscale 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 Leggeet al 2019 StobeWilson et al 2025).Weed management
presents similar challenges at landscape scales, requiring strategic prioritisationiofdaghweeds

that posdahe greatest threat to key conservation assath aduffel grass in arid regiorsndhigh-

biomass grasses such as gamba grass and smothering vines in northern AMistrdlimanagemeigt
supportedndirectly by maagingfire and minimising disturbance from introduced herbivpresher
reinfordng the importance of integrated threat management rather than addressing individual threats in
isolation.Howevet it is clear thateaps ininnovationarerequired to adequately manage the threat of
invasivepr edat ors and weeds across Australiabés range

Responding to climate change is now an increasingly important compomangefand conservatipn

not least because directeffects to wildlife andvegetation communitiebut also because tierisks

tostaff working in remote environmenfisprovidAg&dCob s CI |
framework for identifying climateelated risks and embedding adaptation istmnservation planning,
infrastructure design, emergency preparedness andéomgecological 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 improveawmasion outcome@<anowskiet 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 mngén 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
conservdbn 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 smpass fire management, threatened species
monitoring, feral animal control, cultural heritage protection and joint planning for-téong
management priorities.

Partnerships with government agencaesl pastoral enterprises have similarly expanded the scale,
reach and effectiveness of conservation progra@alaborative conservation management on
Commonwealth Defence lands.g. Yampi Sound Training Argaand partnerships with state and
territory governmentge.g. Mallee Cliffs National Park demonstrate the potential to deliver
conservatioron public land without transferring tenure to a conservation organis&nnerships

with pastoral enterprises, including NAPCo and Bullo River Station, are testing how biodiversity
conservation can be integrated within production landscapé®se collaborations priole
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, governantensgsaind 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 remairsc8mad
management of introduced predatansl weedsthe 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 mvestment in longerm monitoring provide opportunities to strengthen conservation
outcomes.Australia's rangelandgepresent one of the country's greatest opportunitiesdtivess
biodiversity decline at meaningful scales. Realising this opportunity will require conservation models
that combine rigorous science, letegm commitment and genuine collaboratlmetween rangeland
stakeholdersUltimately, 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 landscapalgldegradedh many areas bgveruse and

limited knowledge by both government and the industry of the art and science of rangeland
managementPastoral industries in these regioagperiencedreduced productivity and sought
solutions. A truly daunting uritaking by our forebearers and the over 350 men and women who
followed them.

From thestatwe pur sued the i deal that Ol ooking after
all our work in ecological research, landscape description, landscape rehabilitation and animal
production was focused on this, few pastoralists embraced, or everetldgtiecand for the most part

there wasnadequatevidence 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 Agricultuesl mi extensionrather

than regulationto change management behavimuhe pastoral land¥Vith some exceptions, this was
generally ineffectiveln latter years, & 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
recommendethanagement conditions were addressed. Consequently, we had little or no impact either
on lease scale management or on the overall administration of the pastorallestatovers 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 whereecaai$ve 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 seffection, 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 8f the 19
century and the early part of the'2€entury, although the 1960s saw new stations on the Nullarbor
Plain. Today, the (approx.) 435 stations make up about 860,0800knmearly 40% of Western
Australia. South of the Kimberley, livestock numbers peaked in the early 1930s, (Moetias&p25)

before crashing due to drought and overgrazing. Numbers never recovered to those levels despite the
increased nutver 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 tHemegatoved 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, broadacieutigre in the souttwest 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 1880
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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, asrtegan Morrisseyet 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 Wildvlaekatharra area (1958). As an example of how little was known

about the art anccience of range management at the time, of the three references cited in Wilcox and
Speckbs chapter on the pastures of the region, o
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 (Morrisset 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 resoundgstoit depended.

The book also mvided 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 operad 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,
understading the dynamics of grasses and shrubs in the mulga zone and some first steps towards
monitoring.

Over ti me, RMB came to focus more on 6l ooking af
exclosure studies, resource inventory and condition surveys, research into vegetation dynamics,
monitoring methods, station management planning, water c@isgr, fencing and water point
distribution, land rehabilitation and, by the rii@i80s, pastoral lease inspections on behalf of the WA

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

While both theSoil Conservation Adtl945] and theLand 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. CGatdiment
degradation in the Gascoyribe 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 meanschymanagers

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 1988, 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 fmanagement through peterpeer learning, encoagement

and (at times) peer group pressure.

RMB pursued the belief thé& mo r e w fewdrs hf er gpniore beef from fewer cattle) was the
foundation to protecting and managing the rangelands. We documented the experiences of successful
pastoralists who practiced conservative managemi
collected financiatlata and started ca#low 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 epectation 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 $&itd sell and the industry at

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

At one point i n t he -thBd odits cebolirees \eresbeiny puyt toveald® ratge o n e
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-popttioto
based system for pastoralists themselves to take ownenstiipnother being a governméotused
system with fewer sites but more quantitative information (WARMS, see HaM1&87 and Watson

et al. 2007). On the whole, the industry did not adopt monitoring when it was their own time and
resources being invest 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 discussiaut ultimately it led to some deep sedfilection.

The authors were fortunate in being able to loo&klat careers which began in some cases 60
yearsago, 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 i 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 witlestry
behavioural change by landholders, and regulation was generalgppli¢d 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 O6reading the rangel andsé
as we moved around the bush (Burnsttial 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 ttest in a research setting.

2. Where pastoralisnwvasprofitable at sustainable stocking rates andld adjust to inevitable
dry times, itwasa legitimate use of our natural resources. Conversely, Wenesubstantial
areas where thiwasnot the case and where pastoraligasnot a legitimate use of resources.
Government, the industry amdirselvesnever accepted thiand we nevemade 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 (Paynet 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
statebs ran¢eglPaynedal 98B our ces

5. Land degradation identified in these reports was often not addressed. Early (1970s) reports from
the GascoyndWilcox and McKinnon 1974and west KimberleyPayneet 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 cqgnbitions
insubstantial protocols were in place to ensure these conditions were addBessrdment
really only stepped in to recognise, and sometimes act, on lpnd 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
exampleAt 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
groundbased rangeland monitoring systems in the world. Unlike in many jurisdictions we
completed the installation task (about 1,600 sites), we collected mehiics 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 samphas 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 implertesh 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. 6OWearing two hatsdé proved an insurmountabl e
to help improve their viability through wise use of the natural resource while increasingly
being at the same time the fidddsed arm of the regulators from thelye&d®80s. 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 (Morrestsaly2025) 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 dsourselves 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 monitorirgsourced 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 ciliarisL.) first arrived in Australia in camel saddles and hay, probably in the
1860s. Camelgaversedangeland Australia, carrying goods to pastoral properties, mining settlements,
ports and telegraph statiohdostherbarium records of buffel gragpto 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
pastoralistsAfter World War | the WA Department of Agriculturssoundertook distributionf seed,
bothwithin the state and interstate. As well, the casmelrced buffel grass occurred across Australia,
along cartage routes and {Bhian towns' where cameleerssteffed saddles. This characteristically
small,dark-headedrariety, though widespread, was @aot 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 patlenéed riskbut the vast majority welcomed

these more robust cultivars.

Introduction ofthesecultivars to pastoral properties continued for decades, sometimes, as in the NT, in
a 'shot gun' mix of up to five cultivars plus local cammeginated varieties. High rainfalls in central
Australia in the 197Qsand subsequentlgaused buffel grass populations to expand rapidly and the
invasive potentialo become increasingly apparent by the 1990s

Later, genetic analysis of buffel grass populations in central Australia and the equivalent commercially
available cultivarshoweda complex pattern of genetic variation that eviddrugdoridisation 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 Rik@ssing of thédall's Creeko Wyndhamtrack
(NUL-14, State Records Office of AY; 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 WAourced 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 20ZIl)e 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 2015DCCEEW 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 viehmes¢ape

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

By examining the history of buffel grass in Australia, | 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 adaptatad, likely occupation of new environments.
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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 @lamtluding buffel grass. The grass was
reported over time from '‘Ghan towns', travel routes and riverbanks, where worn saddlesstugfede

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 thihougort 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 @leiton, 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 distributiolocal pastoral properties (Don Burnside,

pers. comm. 2016). When the grass established well, further distribution followed, both formally and
informally. After World War |, the WA Government sent seed to more pastoral properties and to
interstate agernes for trialling. This eventually became the cultivar 'West Australian’ that is still
available today, although it may no longer be identical to the original smathdaded variety, as
suggested below on the basis of central Australian research ahdldservations.

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. TheRegister of AustraliaierbagePlant Cultivars (Anonymous 2026) recognises nine
cultivars: 'West Australian' (see above), Gayndah (from Kenya, 1930), Biloela (Tanzania, 1937),
Nunbank (Uganda, 1949J,arewinnabanKenya, 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 Introductigsrogram introduced altogether 525 accessions of buffel grass
between 1930 and 199&arry Cook pers. comm. 2026}t 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 lave 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. Frioenl970s numbers increased, probably attributable

to continued planting, favourable seasons and increased collecting activity. In the decad8,2010
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. Thegyvess used in NT parks for revegetation and
erosion control until the mid970s, when its capacity to dominate native vegetation and enhance fire
risk became apparent, and planting ceggddrecht and Pittsl997) A few observers voiced their
concern (e.gGriffin 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 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 Il (Christiaet 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, 1986 The Northern Territory Administration's Agriculture Branch establishéd
pasture intoduction sites on the Barkly Tablelands and 53 sites across the Alice Springdbedgieen

1961 and 197.1Fve cultivars of buffel grass were introduces part of a 'shot gun mix'". &gt
Australian Gayndah, Biloela, USA and Molopo, plus several locally collected var{élimecht 1984,

1989. These latter varieties had arrived with the cameleers, and were smalhedadd plants that

grew in only localised patches (Des Nelson, pers. comm. 2005). Other agencies and land holders also
planted multiplecultivars 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 aimost 100 years prior ta#7@s 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 tied footent
hybridisation. While it is generally understood that buffel grass is apomictic, thereby excluding the
potential for hybridisation, rare examples of sexual reproduction occur (Maeshhl2012).

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 andrgoeatheld seed lots of the same
cultivars (npublishedlata cited with permission)/NVaycott 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,-tiedded 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 afterourareas we overtaken by a strong tussock form of the
grass, from the 1970¢n the 1960s small quantities of Gayndah, Molopo, Biloela, Nunbank and
Tarwinnebar had been used in the Ord Regeneration pgdjaatPayne pers. comm. 2026), along with

kapok bush, locabuffel and Birdwood grass. LatBayneet al.(2004),reportingon carrying capacity

in the Ashburton River catchment, sai@hére are several strains of buffel grass in Western Australia

and that sainsother than WAhad larger strawcoloured heads and somewhat more robust tussocks
Given the central Australian experiendanay behattoday's WA cultivar differs genetically from Joe
Moore's variety, due to hybridisatipand that other cultivars may likewise have formed hybrids

Buffel grass has the ability to adapt to new environments through hybridisatias. @hmetabolism

so iswell suitedto aridandsubtropical climates but it has also spread into parts of WA and SA with

a sizable proportion of winter rainfall. ik drought tolerantperennial andesponds quickly to rain. It
recovers rapidly after fire due to deep rootsaecumulation of carbohydrates in its stem bas®l the
capacity to commandegppstfire phosphorusto the disadvantage of native vegetations k ipolific
seederand isgrazing toleran{Miller et al. 2010, Marshallet 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 suktropical Australia; modelling by Lawsat 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 likelyaio rem

a feature of large parts of rangeland Australia, whether desirable aVeetl managment 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, faxeméred and systentmsed
approaches Maratha et al. 2025Vidyawati et al. 2025. While these approaches emphasise
relationships, céearning 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 Schon's concept of the reflective practitioner, we argue that effective extension is shaped
not only by models and methods, but by how practit®imegrate 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, filased practice, knowledge exchange

and navigating systemic tensions. Using structurdéatéon and facilitated dialogue, practitioners
make their implicit "theonin-use” more visible and intentional. The approach integrates two
complementary perspectives: an insalg¢ focus on selawareness and reflective practice, and an
outsidein 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 reletvand sustainable change.

Introduction

Agricultural extension has evolved from a predominantly technology transfer model towards
participatory, systembased and farmerentred approaches that emphasise collaboratidleacning,

local knowledge and adaptive decisimaking Maratha et al. 2025/idyawati 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 sitagi Reflective practice is recognised as a key
mechanism for developing this capability (Schon 1988yris 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, participateomd 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 seliwareness and reflective practice. However, it does not explicitly address how
practitioners integrate these elements into their own coherent approach to practice.
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Drawing on practitioner inquiry, action learning, reflective practice and insights from community
development (Cavaye 200ife 2016 WestobyandIngamells 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
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 inquirngrikshop 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 frons tfeview informed the design of a professional
development workshop for regional natural resource management (NRM) extension practitioners.

Workshop activities encouraged participants to exploreasedireness (using the DiISC assessment),
personal values, beliefs about change, relationship building and knowledge exchange. Structured
reflective questions, action learning and peer coaching (RRel@82) 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 wittthielders?" 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 Schon'sati9o83)
Argyri sb6and cBrmdpfoithe sefleCtitePp@ditjoner, 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, expanendealy's

(2022) work on freneworks for practicereflective 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 differerjagement approaches, these
reflections were largely informal and had not been systematically articulated.

To explore this further, 1%f the experienced extension practitioners (3 to more than 30 years'
experiencefyespondedvhenasked 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 pésticamhn
undertaken leadership programs, mentoring, personality profiling, skills audits or training in the
Queensland Extension Mod#lPractice, 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 refée@wareness and explicit articulation.
Practitioners described regularly reflecting on their work, particularly following significant or
challenging interactions, bitad notnecessarilftranslated these insights into a coherent framework
that could be ragited, refined and intentionally applied.

16
Draft Proceedings of th23“ Biennial Australian Rangeland Society Confereridarwin, 2026



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), et (context and grounding). These domains
informed the Personal Practice Framework presented in Fighréollow-up workshop demonstrated

that participants were able to refine and personalise their frameworks through structured reflection, peer
dialogue and shared learning.

Personal Practice Framework
for Extension Officers

REFLECTION
How do | learn from experience?

HEART
Values & Beliefs
Why do | do this work?
L)

? 2.
xS + What are my core professional values? o

+ What do | believe about change
RELATIONSHIPS in agriculture? UNDERSTANDING

i CHANGE
How do | build :
thict and + What is my definition of a How do | think

influence? successful outcome? change happens?

HEAD 7 HANDS

Knowledge & Theory < Skills & Methods

What informs my How do | work

understanding? with people?
A * Which theories guide my . « What are my primary modes

| interactions? My PraCt|ce of engagement?
+ What is my understanding of the as an Extension

agricultural innovation system? Officer

<

« How do | manage the
supporting relationship?

* How do | integrate technical Reflect » Adapt * Grow « How do | handle conflict
knowledge with local and or resistance?
traditional knowledge?

FEET

¥ Context & Grounding O("/

rtext shope my proct |

&,
LA
KNOWLEDGE o et % -
EXCHANGE at is the specific context of my community? PURPOSE

+ How do organisat | or policy requi Why do | do
align with my practice? this work?

How do | facilitate
learning?
* How do | maintain my own professional
sustainability?

A REFLECTION
What am | learning about myself
as a practitioner?

¥

This framework supports extension officers to be reflective, intentional and adaptive practitioners,
X integrating knowledge, skills, values and context to support locally relevant and sustainable change.

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 dPaisPractice Framework may assist
extension practitioners to integrate their values, knowledge, skills, relationships and contextual
understanding into a coherentd revisitableapproach 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 aspégbractice 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 whatétfe extension practice should look like.

It offers a practical process for integrating technical expertise, reflective practice, professional
judgement and pladeased 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, andtedmine whether they enhance extension
effectiveness and support the adoption of changed management practices.
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Managing for Biodiversity: Culture, Country and Critters
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Caring for Country together in the Dry Tropics

Vidler, K*; Lenoy, 3; Hoolihan, R; Smallwood, B, Georgetown, T
INQ Dry Tropics, Townsville, QueenslarfdGudjuda Reference Group Aboriginal
Corporation, Homehill, Queensland

Key Words: Traditional Owner engagement; Indigenous leadership; cultural knowledge

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@rBpjcs Reconciliation Action Plan

vi sion of ACaring for Country togethero reflect
relationships with Traditional Owners and community as a collective. The cultural fire management
project started four yesiago 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 tdefieeoy 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 TOMGdesign and inclusion of scalable

and tailored opportunities for the different Traditional Owner groups and Ranger programs based on
their individual aspirations and capacity. Respectful reitimgn 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, irluding 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 ToaaitiOwners, 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, healtld, 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 resograsiional Owners as
custodians of Country and shows that meaningf ul
Effective engagement requires support and resourcing from partner organisations such as NQ Dry
Tropics. For the TOMG, this tailored supportidaadequate resourcing has resulted in a working
relationship over two decades due to an approach that has addressed power sharing, equity and social
justice (NurseyBray et al 2009; Woodwaret al. 2020).

iThe out comes -led densisiormakidg maudimgua description of successful
engagements or successful outcomes are rarely g
Burns, 2023). This paper reflects on the positive outcomes aberebts which can be achieved as a

result of Indigenou¢ed decisioAamaking being integrated into the regional natural resource
management space. The Burdekin Dry Tropics Traditional Owner Management Group legacy has
resulted in numerous successful achiesets 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 decisitaking processes and status. N D

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 purpés$keeogroup is to provide a starting point

for direction and advice to NQ Dry Tropics abou
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 maagiffonal 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 oportunities 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 reiferates

is critical that Traditional Owners knowledge is recognised and that we have leadership responsibilities
and management rol es f or -gBveranmentang gogernmeént nnasagemert a |l t
agencies actively support Traditional Ownersdreating real, meaningful management roles and
opportunitestomeetou cust omary responsibilities to Countr

Some funding bodies now mandate targets for #Aln
requirements can overlook the complexity of Tr
custodians of Country. This focus can undermine-k@m 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
specifically the role of Traditional Owners. The importancemjaging Traditional Owners not as
stakeholders butas decisioma k er s i s refl ected in the Scientifi

is required at all levels of environmental decisinaking including research, planning, policy,
implementation, assesment and overall governance; and establishing relationships that are founded on
respect, trustand mutualcapadityu i | di ng i s critical o (Espinoza &

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' ReconciliationoAcRlan 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 matcheaworent 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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The cul tur al fire management project started
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 lea @hyage 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 proprty 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 youngeraten 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 gabouring 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 raledifidnal 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
naturebased 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 managemdntmip heals landscapes but delivers multiple
co-benefits, including rebuilding and strengthening cultural knowledge through intergenerational
knowledge sharing, reconnecting Traditional Owners with Country. THeeefits which appeal to
stakeholders aremproved 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 @gigdnious Ranger
employment opportunities. The reflective value and extent diecefits is one of our ongoing
challenges to measure the ripple effects from investing in proactive relationships with Traditional
Owners, and particularly the cultural fireopects. Cebenefits 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 @nd land management
capacity, health, and the list goes diis 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.

22
Draft Proceedings of th23“ Biennial Australian Rangeland Society Confereridarwin, 2026



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 Catmntry.
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 throusign and provide for
scalable and tailored opportunities for the different Traditional Owner groups and Ranger programs
based on their individual aspirations and capacity. Listed 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-leesditso
build resilient regional communities.
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Abstract

Australia'srangelandsoccupy almost 70% of the Australian continent,yet biodiversity monitoring
acrossthese extensivgrazingsystemsremainsconstrainedoy landscapescale,climatic variability,
remotenesand limited ecological baselines. Effective monitoring must therefore be scientifically
robust while remaining practical, affordable and directly relevant to adaptive land management.

This paperexaminedour currently progressingorojectsfrom LandcareAgriculture'sBiodiversity in
Action (BiA) programthat representcomplementaryapproachedo biodiversity monitoring across
Australia'sworking rangelands. These include Indigentats monitoring undertaken throudBulf
Regional Economic AboriginaHoldings Ltd and MLA's Northern Beef 2 Indigenous network,
landscapeonditionassessment using the Rangelands Monitoring Tool througBakeoyne Pilbara
Rangelands Initiativeenvironmental DNA (eDNA) monitoring byRegenWA and produceled
biodiversity monitoring within th®awsonCatchment.

This paperexaminedour currently progressingorojectsfrom LandcareAgriculture'sBiodiversity in
Action (BiA) programthat representcomplementaryapproachedo biodiversity monitoring across
Australia'sworking rangelands. These include Indigentats monitoring undertaken throudBulf
Regional Economic AboriginaHoldings Ltd and MLA's Northern Beef 2 Indigenous network,
landscapeonditionassessment using the Rangelands Monitoring Tool througBakeoyne Pilbara
Rangelands Initiativeenvironmental DNA (eDNA) monitoring byRegenWA and produceled
biodiversity monitoring within th®awsonCatchment.

Theseprojectdandicatethatbiodiversitymonitoringshouldbeconsideredmanagemertbol ratherthan
solely anecologicalassessmenprocess.The findings also inform ongoing Industry PhD research
examininghowrural andemotepastoralist&ngagewith biodiversitystewardshimndemergingnatural
capitalopportunitiesFuture biodiversity programs should invest equally in monitoring technologies,
producer capability and the trusted relationships that enablgdomgadoption.

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, rabttapital 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 dzientifically robust while remaining cest
effective, repeatable and directly relevant to grazing management and enterprise -deaidign
Consistent with the principles of adaptimegnagementmnonitoring should provide feedbackthat
supportsnmanagemetrdecisionginderchanging 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
implementatiordependsot only on monitoringtechnologiedut alsoon trustedrelationships|ocally
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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 aestern Australia. As implementation
continuesmonitoringmethods, producemgagemerndmanagement responsa&beingadaptively

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

Rather than comparing monitoring methods alone, this paper examines the implementation of
biodiversity monitoringvithin workingrangelanddlt present@mergingobservationgrom anadaptive
learning procesgo identify principles that may support future biodiversity stewardship and natural
capital initiatives. These observatiargalsocontributingto Hammond'ngoingindustryPhDatthe
University of Melbourne, which is investigating howrural and remote pastoralistsincluding
Indigenous and nemdigenous enterprisesan be supported to engage confidently with biodiversity
stewardship and emerging natural capital opportunities.

Methods

Study design

This paper adopts a qualitative multqgase study approackiYin, 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 managemerdaaes are being progressively refined through
adaptive learning.

Four casestudiesfrom LandcareAgriculture's BiA programwere selectedbecausehey 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, &&§A, and the Dawson Catchment Coordinating
Association. These projects form part of a broader national BiA program comprising 11 pieducer
projects across five Australiateges.

Monitoring implementationand datacollection

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 DRNA(e 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
speciesor communitylevel data.

Data were synthesised from project monitoring plans, MEL documentation, field observations,
workshop records and producer engagement undertaken during 2025 and continuing +2@t8nid
Particular attention is given to implementation processes, incluodhdgsign, producer participation,
knowledge exchange and integration of biodiversity monitoring with adaptive land management.

Observationdrom the 2026 MareebaBiodiversityin Action workshop,involving memberof MLA's
Northern Beef ZNB2) Indigenous network and technical partners from Landcare Ag, Accounting for
Nature, BirdLife Australia, BushAgri, CSIRO amepartment of Agriculture, Fisheries and Forestry
(DAFF) wereincorporatedas anexample of collaborative learning supporting thedeoelopment and
ongoing implementation of biodiversity monitoring approaches.

Results

Monitoring approacheseflectedlandscap@ndmanagementontext: Emergingobservationsndicate

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, Indigenousled monitoring integrates
Traditional Ecological Knowledge with contemporary ecological assessment across more than 3.7
million hectares of pastor@ountry.Monitoring currentlyfocuseson vegetatiorncondition,wetlands,
culturally significantspecies, fire and invasive species management, with indicators continuing to
evolve through producer feedback, peer learning and ethiggsign.

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 isiévaglenvironmental DNA (eDNA)

as a direct biodiversity assessment technique for extensive pastoral landscapes. The Dawson Catchment
project combines producéed vegetation and lancbndition assessment with BioCondition and
remotesensing approaches, WhiGulf Regional is calesigning 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 emergiotg-semsing,

drone, soil, moisture and biomass technologies.

Current MEL data show that the broader program is combining direct biotic measnochsding

botanical species richness, eDNA, bird observations and pest and bemnesmtalmonitoring with
vegetation composition and condition, ground cover, sotemay 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 respores (Landcare Agriculture, 2026). Early observations suggest that producers engage
most readily with monitoring approaches that generate information directly relevant to grazing
management and enterprise decigioaking. Across the case studies, monitorimethods 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 aedriong
trusted relationships. In particular, lotgym facilitation through Meat & Livestock Australia's

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

peer learning and respectful-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 impaéiore within Australia's working
rangelands depends on the integration of ecological science, adaptive management, trusted partnerships
and locally relevant producer suppofollectively, the case studies indicate that biodiversity
monitoring is most aable when it is embedded within enterprise decisiaking and evolves

through adaptive learning rather than being implemented as aatareecological assessment.

A consistenbbservatioracrosghe casestudieds thatproducersengagemostreadily with monitoring
whenit generatesnformationthatdirectly informsland managementiecisions Monitoring activities
linkedto grazing managememnggetatiorcondition fire managementyetlandprotectiorandenterprise
planningweregenerally 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 resdarobnstratinghatmonitoring is most

likely to be adoptedwhenit contributesto practicalmanagement 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 Indigenowkesigned assessment, vegetatiod landscapeondition 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-terong
facilitation through MLA's NB2 Indigenous network, together with Landcare Ag's collaboration with
producers and regional partners, has established relationgt@psenable respectful aesign,
knowledge exchange and peer learning. The 2026 Mareeba workshop illustrated how Indigenous and
nortindigenous pastoralists, researchers and technical specialists can refine monitoring under
Indigenous governance and cu#tbauthority. These observations are consistent with research showing
that social learning, trusted advisory networks and knowledgeramction are critical to
environmental management and agricultural innovation (Ens et al., 2015; Kuehne et al., e 9; R
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 rangelasdaech has linked vegetatipatch 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 direet species
and communitylevel 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 capitataiphs.

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 pasttaliscluding 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 @ence for biodiversity monitoring across diverse rangeland landscapes.

Conclusions

The Biodiversity in Action program highlights the value of an adaptive,implementatioffocused
approacho 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 relevapplication, Indigenous
leadership, trusted partnerships and strong collaboration between producers, researchers and industry.

Across these projects, biodiversity monitoring is evolving from ecological assessment towards practical
decisionsupport tools that support adaptive grazing management, landscape stewardship and enterprise
resilience. The diversity of monitoring approaclesrently being trialled including Indigenous
designed monitorindgandscapeonditionassessmergnvironmentaDNA andproducefledmonitoring

- reinforcesthat no single methodology is appropriate across Australia's diverse rangeland
environments. Istead, monitoring frameworlahouldremainflexible, placebasedandresponsivao
ecologicalculturalandproductioncontexts.

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 wodesisgthat 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 learningd.ogether, 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 stewamsthipatural

capital opportunities.
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Synthesising expert knowledge of ecosystem states and transitions to
support nature repair: a Cape York savanna case study
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Abstract
The Australian Government6s Nature Repair Marke
investment in repairing and protecting Australi e

scheme, CSIRO and the Commonwealth Department of ClimategéhEnergy, 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 peetion and/or enhancement. We describe a method for collating
and synthesising regionatale information on restoration actions and their effectiveness in preventing
or reversing loss of ecosystem condition in savanna woodlands of Cape York Peninsutaetibd

uses expertlicited stateandtransition models (STMs) developed using natiestale templates to
ensure consistency and comparability in the description of mo@leés.method aims to provide
equitable access to trusted and authoritative reaginrknowledge that builds on existing information,
models and tools, and can be updated with new knowledge. The STM for sewem@ndson 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 restoratkmowledge synthesis and discuss options to (1) quantify expert
uncertainty in restoration actiorasd (2) explore dmate 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 eddRBE$ 2019)

Halting and reversing this trend will require substantial innovadiwh funding ofature restoration.

The Australian Government 6s Nature Repair Marke
investment nt o repairing and pr o Tesugportringplerdentationrofithei a 6 s ¢
Market an EKS has beerstablisked with an aim to ban accessible, transparent and authoritative

source of information and biodiversity assessment capafilityphy 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 appely.part of the EKS

is the elicitation of regionadcale restoration knowledge and synthesis within STMEMs are

conceptual tools that descrideetstate of a particular ecosystem, and the drivers or agents that cause
transitions between stat@ad/estoby et al. 19895 TMs are useth 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
nationalscale templates have been produced to guide the selection of ecosystem states, formalise rules
for adding transitions and assigning ecosystem conditinges to a state (Prober et al. 202&)e,
ecosystem condition refers to the quality of an ecosystem, assessed through its abiotic and biotic
characteristicselativeto an appropriate referenstate (United Nations, 202dhd it isexpressed on a
scalefrom 0 to 1, where tepresentthe highest integrityreference statélhe templates have been
combined with a guide to the elicitation of expert knowledge (Richards et al. 2026) to form a method
for developing STMdor the EKS.Objectives of this study were to:

30
Draft Proceedings of th23“ Biennial Australian Rangeland Society Confereridarwin, 2026


mailto:Anna.Richards@csiro.au

1. Testtools 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 foraase study regionithin Cape York Peninsula that encompassed\bia

Plateau, CoetYambo Inlier, Northern Holroyd Plain and Laura Lowlandserim Biogeographic
Regionalisation of Australia (IBRA) subregionehe STM was developed through expert elicitation
using methods described in Richards et al. (2026) at adefeee workshop in Cairns on th&" and

14" of October 2025Briefly, experts were asked to consider terrestrial ecosystems in the region that
would relate to tB Wetdry tropical eucalypt forests and woodlangsher ei n t er med 0O
wo o d | amchdtgpé inoddrom the AusEcoModel&ramework (Prober et al. 2026, Richards et al.
2020).Expertsused thearchetype modeb describestructual, functioral and compositioal attributes

for a high integrityreference ecosystem staihe 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.

Expertsthenused &orests and woodlands ecosyststates templatéProber et al. 2026) to identify

and describe modified states that occursavannawoodland of the study regionThe template
distinguistes the tree layefrom shruband groundayers recognising that these layers datiow
independent modification or recovepathways. The template also includes intensive land use states
(Prober et al. 2026Fach state in the template is assigned a condition range based on departure from
the high intgrity reference state. Experts identified plausible transitions between states and assigned
drivers and preonditions to these. Workshop outputs w&ysthesisd by theEKS team reviewedby
facilitators and circulated to participants for comment, to achieve an agreed model.

Results

Experts describeti7 ecosystem states for savanna woodlands in the Cape York case study region. Two
ecosystem states represented intensive | and uses
6Artificial surfaces and i nf r aented variablas level® pf and
modification of attributes related to structure, function and composition in the tree and shrub/ground
layers (Figure 1Table 1).

Discussion

Experts identified livestock grazing, weed invasion, kighnsity fires and erosion as drivers of
degradation in understorey condition of savanna woodlands in Cape York. In contrast, selective
thinning, highintensity fire and clearing or overstorey-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 statedth 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 landscegmale biodiversity persistence through the Nwldiodiversity
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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Table 1.Description of eosystem layers for each level of modificatiohsavannavoodlandsin 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 MODIFIED HIGHLY MODIFIED/ABSENT COLLAPSED/TRANSFORMER

(0.751.0) (0.250.75) (0.050.25) (0-0.05)

Tree layer The close to reference tree layer The modified tree layes characterised b The highly modified/ absent tree layer has The collapsed tree layer has mature
description largely intact, with mixeeage altered composition of canopy species amost no mature tree specigesnaining. tree speciesr seedbank remaining due
Eucalyptusand other species in the compared to reference, such as altered There isno or minimal recruitmenalthough modification of the geomorphological
canopy. stem densitye.g. higher densitydr a fewseedlingésuckeramay persist. and hydrological properties of the soil
presence ofion-local native species (e.qg. (often resulting from bauxite mining).
resulting from rehabilitation ahines).
Shrub/ The close to reference shrub/grour In the modifiedshrub/ground layethere In the highly modified/absent shrub/groun: There are two variants of the shrub/
ground layer layer has intact structure, function is a reduction in palatable perennial gras layer annual grasses dominate afidost no ground layer in this category: The
description and compositionSomeminor and forbspeciesichness and abundance palatable perennigrasses remain. Exotic collapsedshrub/ ground layer has very

changes to composition of forbs ~ compared to referencAnnual grasses  species are common (up to 75% relative little vegetation. The soil is scalded or
grassesind shrubs may be observe may form a greater proportion of total ~ cover), includingHyparrhenia rufa(thatch  eroded into gullies with extensive

and afew exoticplantspecie®.g. grass species richness and abundance grass)Chamaecrista rotundifoligwynn compacted bare ground.ldw cover of
Hyptissp, Stylosanthesp. (stylo)  Invasive speciepreseninclude grader cassiy, grader grassilyptissp, annual grassasay be present.
Themeda quadrivalviggrader grassHyptissp, Sida spp Urena lobata Megathyrsus maximus var. maxin{gsinea

grass) Stachytarphetanutabilis stylo. Feral animals such as piggcur. gras3, Senna obtusifoligsicklepod)

(snake weedinay occurat very low Themidstoreymay be dense with specie: Andropogon gayanugamba gragsAreas Thetransformer shrub/ ground layer

consists of a high cover ofafer grass
and few to no native grassesariual
forbs can ocauand some native
mammals may persist that are tolerant
high grass biomass.

abundance. such asMelaleucaandAcaciasp, but of compacted soil and bare grouse
somepalatable midstorey shrulse no presentNo granivore®r leaf litter/ soil
longer presentSoil compactionmay be dwelling reptilesare present and few
evidentand erosion channeteuld result mediumweight range mammals observed
in increased run off. Pigs, horses, feral caasd cane toads occu
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Abstract

The bookPlants of Western New South Wdtes 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 &ssédly rev
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
taxonomicrevisions 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 1981Rlants of Western New South Wal€sinningham et al. 1981) has been the

seminal field guide to the flora of the arid and samid 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 revise or updated. Unsurprisingly, our knowledge of the western NSW flora has greatly evolved
during this ti me, and consequently the book 1is
extensive usey ecologists, pastoralistbotanists, taxonomists and many otherglémtify plants and

check information on their ecology, uses, and stock palatgkilityipdate will provide an invaluable
resource.

We are producing a comprehensive, fully revised fdants of Western New South Walasth
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 Souiléa/ or a digital voucher (photographic
record) uploaded to the biodiversity citizen science platform iNaturafistv(inaturalist.ory. 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.

Resultsand 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 Raokderris
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andromedifoliaA.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 spegiegngham et al.

(1981) included the speciesitants of Western New SouthWalesdes cr i bi ng it as occ¢c
the region to the Cocoparra Range near Griffith, where it occurs on the upper slopes on and in the
vicinityof MtBi nga. 0 However, sever alP.andromedifgisirce 19&l: have |
the Cocoparra population was described in 1990 as a new nRamg® endemicPomaderris
cocoparranaN.G.Walsh(Walsh 1990; Figure 1). This change required a directtommsme swap from

P. andromedifoliao P. cocoparranawith the former no longer considered to occur in western NSW.

Figure 1.Pomaderris cocoparranaphotographed on the northwestern slopes of Mount Caley in
Cocoparra National Park. PhotographGigran ErnsRussel] 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 spdibissus trionuni., 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. (201&yognised three Australian species in the complex
resurrecting two naes and newly describing omepeci es b becauo in westerrwNMSWce h
Accordingly, Hibiscus trionumsens. strictno longer occurs in western NSW (or Australia more
broadly), requiring us to replace it in the updated book Hiltiscus tridactylited.indl. (Figure 2) and
Hibiscus verdcourtiCraven, 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, aBrachyscomavas collected in sendrid shrubland along the WilcanrAfdanaaring Road in
Paroo Darling National Park. Although only known from two plants, and with similarity to
Brachyscome ciliarigLabill.) Less.(and also tdCalotis cuneifoliaR.Br.), it is clearly a new species
(Gavin Phillips, pers. comm. 2026) and has been assigned the formal phrasBraehyscomesp.

Paroo Darling NP (G.P.Hlips 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 tridactylitesphotographed along a road verge near the town of Hillston. Photograph
by Nick Lambert, CC BYNC-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 theeskeing knowledge of our

flora and will continue to be invaluable into the future. ldger, 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 herbam 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 spesiesnd townships and other builp 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 theRiants of Western New South Walleanks to citizen

science contributors to iNaturalist. Among many such examples are indhaddwhia variegata..,
seltseeded aroundewey Reservoin Cobar and in several empty lots in Broken Hillyrtillocactus
geometrizangMart. ex Pfeiff.) Consolgyet another naturalised cactus found at Lightning Ridge; and,
Cyperus involucratuRottb, found growing as a ruderal weed around Wilcannia. Some of these new
additions tdPlants of Western New South Wdlasge also been important discoveries from adxarity
perspective. In April 2025, citizen scientist Bruce Wilson uploaded photographs of an unusual
Drosanthemunin 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, antected 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 Bsosanthemum barkerdeBolus, 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 B barkera®d s nati ve range in the South
pers. comm. 2026) already increasing its invasiveness heaad 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 relativelydt, and thus its detection before spreading any further was important for control
efforts.
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Figure 3.Drosanthemum barkera@hotographed 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 Wattarker photographedRtilotusin 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 lik&lotus helipteroidegF.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 seanid 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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Fracking in the Beetaloo subbasin of theNorthern Territory : long-term
environmental monitoring
AndersenAN?

! Researchnstitute for the Environment and Livelihoods, Charles Darwin University,
Darwin, NT,alan.andersen@cdu.edu.au

Key words: shale gas; stakeholder engagement; Strategic Regional Environmental and Baseline
Assessment; water values

Abstract

The Beetaloo subasin of central NT has very extensive deposits chgasing shale, and exploratory

drilling has shown these deposits to be highly prospective. The shale occurs deep (tygidaity 3

below the land surface and the gas contained withigextracted through the process of hydraulic
fracturing, commonly known as fracking. Due to public concern over environmental impa2@46

the NT Government imposed a moratorium on fracking development and established an independent
Inquiry (the P@per Inquiry)to examine the environmental risks and their potentidbation. The
Pepperinquiry concluded that the risks were acceptable so long as all its recommendations were
implemented. The NT Government accepted all recommendations and subsequently lifted the
mor atori um. One of the I nquiryoés r egoRegomaldati on
Environmental and Baseline Assessment (SREBA) be undertaken before any production approvals are
granted. This assessment has since been completédefdeetaloaregion and it called for the
implementation of dongterm monitoring program for assessing any regiestle 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 toeclimgtenn
monitoring of the Beetal oods biophysical -enviro
related values. The project will include the development and implementatiosteffective protocols

based on new technologies such as environmental, @bBustic recordingnd the use of dronethis
papermrovidesan overview ofhe(1) thefracking process, (2) the Pepper Inquiry and Beetaloo SREBA,
and@CDUGs Beetal oo monitoring project.

Introduction

The Northern Territory (NT) has very extensive deposits obgasing shale, and the most prospective
of these for gas extraction are in the Beetalostmagdin of central NT (Figure 1). The shale occurs deep
(typically 3-4 km) below the land surface amgtgas 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. Digectmpeli

over environmentadnd socialmpacts,jn 2016the NT Government imposed a moratorium on fracking
development and establisht#tk independenPeppernquiry to examine the risks and their potential
mitigation. The Inquiry concluded that the risks were acceptable so longl&s itscommendations
were implemented. The NT Government accepted all recommendations and subsequently lifted the
moratorium.

A key recommendatiorof the PepperInquiry 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 Beetpdwp and it called for the
implementation of an extensive monitoring program for assessing any regoaf@impacts of shale

gas development, complementing tbeal monitoring that must be undertaken bystiore petroleum

companies on and around their dsites Charles Darwin University (CDU) hasbsequently been

contracted teestablish sucimoni t ori ng of the Beetal oods biophys
focus on water and wateelated valuesThe5-yr project addresses monitoring of the broader Beetaloo

region, including areas downstream of the Beetaloebsisinitself (Figure 1).
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Figure 1. Map of the Beetaloo sbhsin and the SREBA biophysical study area.

This paper provides an overview of (1) the fracking procesghé®epper Inquiryand subsequent
Beetaloo SREBA,an8) CDUb6s regi onal 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 g@Sgure 2) The extraction of shalgas is very different to that of the more
familiar coatseam gas in that (1) the shale typically occufiskn belowground rather than closer to
the surface and often near aquifers, (2) noveeering is required before extractiand (3) multiple
wells can be drilled per well pad, including horizontal wells extending laterally for kilometres

underground.

The fracking of each horizontal well requird81 30 megalitresdquivalent t&6 7 10 Olympicsized
swimming pools) of wateiSands added to thevaterto prevent the fractures in the rock from closing,

andit remains in the fractures holding them opAarrange of chemicals are also added for suspending

the sand in the water, improving fluid low, and controlling bacterial growtbllsare lined with

multiple layers of cementesteel casingé o ensur e that gas or fluids
aquifers.  Further details of the fracking process can be foundht
https://frackinginquiry.nt.gov.au/inquitgeports/backgroundndissuespaper
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Figure 2. Schematic diagram of shgkes extraction (froninttps:/frackinginguiry.nt.gov.au/inquiry
reports/backgroundndissuespapej.

The Pepper Inquiry and Beetaloo SREBA

The independent Inquiry established in 2016 to examine the environmental and social risks associated
with a potential shalgas industry in the NT was headed by Justice Rachel Pepper from the New South
Wales Land and Environment Court, and it includednacth experts from throughout Australia. The

I nquiryds terms of reference wer omtracking eheteer mi ne t
these risks can be mitigated to an acceptable level and if so how, and if the existing regulatory
framewok was adequate for doing so. The Inquiry involved very extensive public consultation,
including forums held throughout the NT. Its 2018 report identifiednaprehensivset of riskdo the
biophysical environmenespeciallyrelaing to water and waterelated values, including the quantity

and quality of both underground and surface water, spills of wastewater, aquatic biodiversity, and water
dependent vegetatiofinttps://frackinginquiry.nt.gov.au/inquisieports/finairepor). 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

t hat , in the Panel s opinion, iprovided all of t
implemented in their entirety, not only should thé&siassociated with an onshore shale gas industry
be mi ni mi sed to an acceptabl e |l evel , i n s ome

recommendations were accepted by the NT Government and the fracking moratorium was lifted.

A key recommendatiomvas that a comprehensive Strategic Regional Environmental and Baseline
Assessment (SREBA) be undertaken in prospestiadegasregions before any production approvals

are grantedTheSREB A0 s iptao address lemowledge gaps and estallpgiropriate baselines

against which the potential impacts of proposed gas activities magseesedd SREBA has since

been completed for the Beetaloo region and its repwras released in 2022
(https://hydraulicfracturing.nt.gov.au/srgbdhe biophysical components of the Beetaloo SREBA
were water quality and quantity, aquatic ecosystems, terrestrial ecosystems, and methane and other
greenhouse gases. The report calledtlierimplementation of dbong-term monitoring program for
assessing any regiorstale impacts of shalgas development, complementing the local monitoring
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required by industry. BU has subsequently been contracte@dtablishsuch a longerm regional
monitoring program.

The CDU monitoring project
The projectcommenced in 2025 and aims develop and implement cesffective protocolsfor
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 nepermanent waterbodies

The vegetation and bird communities of wadependent terrestrial ecosystems
Landscape fire regimes

Vegetation clearing and fragmentation

Methane emissions.

=4 =4 =8 =8 -4 -4 A

The project includes the developmentnafw technologies such as environmental DNA for aquatic
biodiversity, acoustic recorders and drdrased 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 workplama@mitbrs 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 exchga 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 resiitte. project has a Data
ManagemenPlanthat 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 Bbvernment

In conducting the project, CDU is committed to full consultation with landowners and to extensive
Indigenous participatioriThe 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, paymetidta and intellectual
property, and the provision of feedback on project results.
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Abstract

Australiabs rangel ands span vast and -m@rimver se
monitoring to inform sustainable management and natiscale decisioomaking. The Terrestrial
Ecosystem Research Network (TERN) delivers a standardised, contidenesearch infrastructure

that integrates field observations, drone imagery, and curated plant and soil collections.

This paper highlights the role of permanently archived plantherspecimens and soil samples in
supporting longerm ecological understandinglantvoucherspecimens provide verifiable records of
species occurrence and enable future taxonomic, genetic ariobgaid analyses, while soil samples
support assessments of carbon, nutrients and broader ecosystem function. These collections are
complemented by stdardised measurements of vegetation composition and structure collected from
over 100Qpermanent-ha (100 x 200mmonitoring plots distributed across Australia.

Recent advances in drebased monitoring provide higiesolution spatial data that extend ghaised
observations to broader landscape scales and enable more frequent monitoring than is practical through
field surveys aloneDrone 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

T E RN O s -accepsedata 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 tedhgies 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 rebprigeerm monitoring programs
capable of detecting ecological change across large spatial and temporal scales.

Historically, monitoring efforts have often been fragment®darrow et al2014) using differing
methodologies and producing datasets that are difficult to compare between ({Bggtimset al. 2009

To address these limitations, TERN established the Ecosystem Surveillance piodz@t®, to
implement standardised monitoring protocols across a national network of perrhd@e(it00 x
100m) monitoring plots. The program provisleonsistent measurements of ecosystem composition,
structure and functigrand a variety of soil attributeshile creating a longerm environmental record
capable of supporting research, managemnedtistryand policy development.

A distinctive feature of TER8I Ecosystem Surveillangarogramis the integration of physical sample
collections, field observations addone imagery, all provided as an o@tess data infrastructutiee
support longterm monitoring of Australdds maj or bi omes

Study Area and Field Data Collection
Since 2010TERN has established reetwork ofover 1,000permanenti-ha (100 x 100m)monitoring
plots distributed across Australia's major biomes and environmental gradests400 plots have
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been resampled to detect change in vegetation composition and structure, soil properties and
environmental condition (Figure 1).
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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 alTB820).
protocols provide a repeatable framework for quantifying vegetation composition, structure and
condition across Australia's diverse ecosystems, supportingtdomgecological monitoring and
enabling comparisons among sites and survey periods.

Vegetation composition and structure are assessed using temtt@@sects arranged at intervals across

the plot (Figure 2) Vegetation cover is quantified using a systematic gabercept method,
complemented by a complete floristic inventory to document all vascular plant species present within
the plot.

These repeat measumgpport 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 richalirig 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 anthrepaydisturbance. Land surface characteristics,
geomorphology, soil profile morphology and substrate are described using the methods outlined in the
Australian Soil and Land Survey Field Handbgdlational Committee on Soil and Terrain22Z).

These standdrsed 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 otteostia 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, includimgautomated stitching tE&ndscape 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.

TERN Plot Layout
j Corner Posts (star pickets) N

K Tent pegs with flagging tape
7"5 Point intercept transects (starting at tape measure)

i) Basal sweep points (360°)

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 Collectiohe 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 ensems long
preservatiorand reuse.

Plant voucher specimens provide verifiable records of species occurrence, while associated plant tissue
samples support taxonomic, phylogenetic, genomic andb@aigd research. The herbarium is
registered under the Index Herbariorum code TERN. Soil sngblaracterise physical, chemical and
biological properties, supporting studies of soil carbon, nutrients, microbial diversity and ecosystem
processes. Repeat sampling enables-teng 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 acquisitiontocols produce consistent, analysisady
datasets, including higlesolution orthomosaics, multispectral imagery and tdieensional
vegetation modeldontesHerrera 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 sdtsilted
products. Together with TERN's standardised monitoring prot@maisoperaccess data systems,
drone data strengthen lotgrm 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, compositiofuettbn. This integrated
approach extends the value of letegm monitoring plots by linking field observations with biological
collections and complementary environmental datasets, supporting applications including biodiversity
conservation, sustainabland management, ecosystem restoration, climate change research, soil
studies, and remote sensing calibration and validation.
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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 ebdsede
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 throughrtieN Data Discovery Portavith 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, includingcoPlots Ecolmagesand theausplotsRpackage, enable users to
discover, visualise and download linked vegetation, soil, imagery and specimen data. Drone products
are published as clouthtive STAC assets, providing a comprehensive, interoperable resource for
research, longerm monitoring ad evidencebased management (Morntidsrrera et al. 2025d).
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Late dry-seasonife determines vegetation structure in a pindan habitat
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Abstract

We classified savanna vegetation on Gumaranganyjal, Yawuru Country, near Broome, Western
Australia, into four height classdsased on National Forestry Inventory threshdlds collected tbne

lidar data to providgroundreference height data. &sedata trained machinlearning classifiers on

radar and optical satellite imagery to produce a-tealiall 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 bund to have strong effect on vegetation structure, but only for latesdgson fires. Increasing
late-season fire frequency caused a steep declitreécover with a corresponding increaseshort,

grassy coverEarly dryseason firdhad no detectable effect megetationstructureat any frequency

tested These results show that frequent earlyglgson burning is well tolerated by pindan vegetation,
and that shifting fire regimes toward the early dry season may help managers retaoothl
vegdation

Introduction

Fire is a major driver othe structureand composition ofropical savanna vegetatigGanghaet al

2021) In northern Australianost country burns on a cycle of a few ye&@®scribed burning practices

are used to shift fire patterns, meaniagd managers decide when, not whether, fire oq@esnger

et al 2015) Managers therefore need to know what a given fire regime does to woody structure, because
structureprovidesshade, fodder, habitat, and standing carbon.

Higgins et al (2007) found tree populations resilient to four decades of fire manipulation, although
sizeclass distributions changed. Ribeib al (2019) found no marked effect of fire frequency on
woody height, density, or phytomass in Mozambican miombo, and concluded that geology controls
vegetatiorstructure. Smiet al. (2010) found the opposite in Kruger National Park, where woody cover
decreased with fire intensity, frequency, andslegson timing. Singét al (2023) found fire season to

be moremportant than frequency in drier savannas. In Australia, Mueplay. (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. Lehmaenal. (2014) showed that savanna fivegetation relationships

differ between continents, and recommended regionally calibrated models. Results from wetter,
eucalyptdominated savanna cannot be transferred to -aechi Acaciadominated 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 biomassior severity, not vegetation structure. Recent work shows

that satellite radar, combined with drone lidar training data, can map vegetation height classes over
whole properties (Shennat al 2026 under reviey, making it possible to ask the fire question at the

scale at which burning is plannd@indan has been proposed as an eligible fuel type under Australia's
savanna burning emissions abatement methodology (Lgheth 2018) which rewardsecological

benefits associated with controlledrly dryseasoriires.

This study uses a fownlass vegetation structure map of Yawuru country, near Broome, Western
Australia(Shennaret al 2026, under review), amaverlaid on ten years of firgcar history across
pindanhabitatto:

9 characterise the broad vegetation structure
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1 measure how vegetation structure changes as fire frequency increases, with climate and terrain
held constant;
1 compare the effect of early dgeason fire with the effect of late esgason fire

Methods

Study region

The study regioniGumaranganyjalis southeast of Broome, Western AustraliBhe dominant land
system is pindan: Acacidominated low woodland and shrubland on deep red sandy soils, carrying
spinifex and annual grassd@sis pindan igyrazed, burnt for culturahndconservatiorpurposes, and

burnt by wildfire.The study area is the intersection of mapped pindan with the station boundary, and is
2,354 kmz2, The climate is hot and seanid (Koppen BSh), with approximately 650 mm of rain each
year, almost &lbof it between December and March. The terrain is flat and carries no permanent water.

Vegetation structure map

Production of theegetatiorstructuremap isdescribed irBhennaret al.(2026 under reviey, 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 modeteatede

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 $peaifppy cover
atthresholdheighs, 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 %acbwer The classes are therefore:

low vegetation (< 0.2 m), neforest (0.21.22 m), low forest (1.22 . 35 m) , annm). forest |

These classes were used as training laoesoduce a satellitbased (combining optical and SAR)
vegetation structure map, usiag extreme gradient boosting classifier.

Statistical modelling

The vegetation map was aggregated onto thdrguency grid. Each fire cell records the proportion

of each vegetation class it contains. Cells were clipped to the study arear tiigjuencies were
truncated 5+ fires for all seasons, 4+ for early dry season, and 3+ for late dry season. Mean annual
rainfall, mean annual temperatumed elevation were attached to each cell as controls.

Vegetation class was then modelled by multinomial logistic regression, with forest geptdrelent
variableBConfidence intervals were calculatesing aspatial block bootstrap. Model fit was measured

using McFadden's pseudg?, and the contribution of fire frequenaginga likelihoodr at i o G| t e
Time since burnt was tested and rejected because within a fixgddewindow it cannot be separated

from fire frequencyThe early and late dry season models were fitted separately, on the same cells and

with the same contral&andcompared by their explanatory contribution.

Results

Vegetation structure

The classification identified 1,088 kmj of t al |
(2i 5 m) across the 2,392 kmz2 study areigrel). Together, these two classes account for 80 % of the
pindan, all meeting th&ANFIdef i ni ti on of forest (O 20 % crown
forest extent exceedsel2023 ANFI estimate for the same region by more than an order of magnitude
(Shennaret al.2026 under revie.

Fire Frequency

Tall forest declined steeply with increasing fire freque(téigure2) 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 felllbm 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, meattjusted tall forest cover was 72.9 %
(62.384.0at95 % ClI) at zero fires and 29.0 % (1644.6) at five or more fires. These confidence
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Figurel - Fourclass vegetation structure map of the Dampier Peninsula. Classes: Bare/low < 0.2 m;
Nonforest 0.21.22 m; Low forest1.22 . 35 m ( meets the ANFI 2 m fore
m (meets the FAO 5 m forest threshold). Height ranges refee tod¢ian 98tipercentile canopy height

within each 24 m pixel.
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Figure2 - Modeladjusted 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, withaltatemperature and elevation
held at the studwrea average. Ribbons show 95 % confidence intervals on the tall forest fraction,
derived from a spatial block bootstrap. Fire data: NAFI, 22085.

Discussion

High fire frequency drives the loss of tall forest in Gumarangapiialan and this loss is attributable
primarily to late dryseason fires. Repeated higitensity fire can cause significant tree 1¢Smit et

al., 2016) and in Australian savannasanopy cover and biomass are lowest under biennial late dry
season burnin@Levick et al 2019) The analysis is observational, not experimental, so unmeasured
covariates may contribute to the patterns describedvever, theresults have implications beyond
structural conservation. Shifting the fire regime toward EDS burning offers greenhouse gas abatement
(Aboriginal Carbon Foundation, 2026; Edwards et al., 20Ritdan has been proposed as an eligible

fuel type under Australia's savanna burning methodolagych et al., 2018)the present results
provide landscapsecalemonitoring approachdsr the national carbon and biodiversity markets.
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Long-term impacts of onfarm research and extension on land condition
and productivity in western Queensland
Walkington D2 Jones, P(decd.)
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Key words: land condition; producer engagement; grazing management; practice change; western
Queensland

Abstract

Land conditiondecline 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 favourables.sBaspite 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 6éDevelToeprimmgCalrornygi ng Capacity (LTCC) Model s f
(2003 2005) aimed to address land degradation by establishing safe LTCC guittalitresthirteen

DU land types through mod#ly and grazier experiences. Nine properties were selected as calibration

sites to verify the modellegstimates of LTCCHost landholders participated in a pé@peer learning

group, supported by ongoing engagement with the project leaden€B 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 propasinfgncelines, 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 document@asitive impacts on land condition and productivity were observed.

This case study demonstrates the lamgn benefits of oflarm research and extension in improving
land condition and productivity. It underscores the critical role of sustained relationships between
agencies and producers in achieving enduring practiaggeh

Introduction

Land condition decline is reported in many regions of the Australian Rangelands. Decades of research
highlights thatland condition is improved through grazing management practices such as matching
stocking rates to available forage and wet season spelling. Despite extensive extension effonts, on
adoption of these practices is below the levels expected by industry moédssThis case study
presents how ofarm research, coupled with extension and ongoing relationship building with
producers has ten 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 accurateseptation 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 throughgerpeer 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 revisaptute

practice change and assess changes in land condition using LCAT (Hasset et. allt20p@dject

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 THe&C&umber

of paddocks and watering poirttad increased significantly which improved grazing distribution and
access to previously underutilised parts of paddo®&s result, carrying capacity had increased from
700 adult equivalents (AEs) in 2004 to 1,000 AEs in 2023. Land conditiortlevéast 19ears had
improved athirteenout of the 24monitoring sitesvith some goindrom C (poor) to B and from B to

A condition(Figure 1) asindicatedby an increase in the presence of key perennial pasture species such
as desert blue gra@Bothriochloa ewartiana)This improvement occurred despite the overall increase

in property stocking ratetand condition was maintained at four sites and declined at the remaining
SiX.

Figurel. 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 involvenierihe original LTCC projecprovidedthem with
the knowledge and resources to implement,nenygroved managemenptactices, positively impacting
both land condition ananimalproductiuty. Ongoingengagemenwith theoriginal project leader over
the last twenty years and more recently their successor \(Zalkingtor) has helpedsupport and
validate changes being observé&tiese resultsighlightthe longterm impact of offarm research and
extension and thiemportance of strongenduringrelationships between agencies and producers.
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Producer priorities for research and development to improve range
condition in the southern rangelandsof Western Australia
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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, Gdkifiend 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:

9 Strong support (83%) for regional research demonstration sites across all regions

1 Regional priorities vary, reflecting local environmental conditions and management challenges

1 Major challenges were soil degradation (54%), climate variability (51%), and water scarcity (49%)

1 Topresearch priorities included improved grazing management (52%), soil regeneration techniques
(48%), and restoration of native vegetation (43%)

1 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 Progrsupports pastoralists to investigate, design

and implement longerm solutions to improve rangeland condition and livestock profitalbNisurvey

was conducted to identifgouthern rangeland pastoralfgtorities 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 thmes, and delivery approaches aligned with producer néddeher goal was to find and

engage pastoralists with a strong interest and the capability to host and managethigetime of the

survey norelevantpublished informatioron prioritiesderived 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 provigiedhtitative (predefined responseghd
gualitative(free text)responsesa copy of the survey questionnaire is available from the author upon
requestDistribution 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 aerwksthison, 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 descriptely 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 grgweips.
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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 theoirrance 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, walienited system, high seasonal variabiyAFWA 2017).

Murchison
Soil degradation (70%) and overgrazing (48%) are dominant concerns. Vegetation management (74%)
and grazing management (70%) e 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 degrad@&BlVA 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; howevershrub populations have generally declined acrossstighern
rangelands and climate remains a major driver of chEDgeWA 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; Nullarligire Highway showed increased cover.
Relative to the other regiongosion levelsaregenerally low despite fire and climatic risks. However
water remains a limiting resource and the system is vulnerable to climatic ex{frasA 2017).

Discussion

An earlier survey of pastoralist priorities could not be found to compare with this survey. Halever,
issues identified by producers in 2025 generally align with the biophysical trends reported in 2017
(DAFWA 2017).

Post survey, followup one on one conversations with respondents added insights. In the Nullarbor some
pastoralists included the total grazing pressure impacts etlomestic native grazers with invasive
species. Concern regarding the contribution nagregers make to total grazing pressure is reflected in
Atkinson et al. (2020)s survey of southern rangeland pastoralists across all states that taind t
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 prodfocesed 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 gnagiand 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, fielbed trials, incorporate economic analysis, and
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be coedesigned 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 2026d @it Neilsen et al. 2020).

Engaging stakeholders from the outset builds trust andtlmg 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 whad wie it (Nielsen et al. 2020yhis 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 fsoposa
successfully obtaining funding from separate external funding programs.
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Comparison of approaches to assess grazing management impacts on
ground cover
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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 rervggasing basedgaroaches (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 grazingptal grazing pressure control and management for atpawend

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 thadaagnit

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 ywositiange of 0.79% per year (~8% increase

over 10 years), and the Regional Comparison ameatral, norsignificant trend of ~0.01% per year.
Results highlight the significant influence of method selection on reported outcomes, and importance
of contextin interpretation of outcomes.

Introduction

Accurate, reliable and efficient methods to monitor change and attitiibotemanagemerdreessential

to build evidence to support management change and provide confidence for emerging environmental
markes. In particular, in the serrid and arid Australian rangelands, these methods need to account
for episodic or climat@riven vegetation changes, innate spatial variability within rangeland
landscapes, relatively small changes over long timeframes (Westtalhyl 989, Watsomt al. 1996),

and the increasing proportion of théandscapeundergoing similar management changgultiple
methods exist to separate management from climate effects, most commaoinperison of a target

area with comparative reference or regional benchmarks, or with predicted benchAwmrks
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 outcorfresthermorealack of consensus regarding the effect

of grazing management on ground cover and other indicators of land comdAiesiralian rangelands

may in part reflect the use different analytical techniquescross studiege.g. Bartleyet al. 2023,
Bastinet al.2024 McDonaldet 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 coverattagement in the context of environmental project
areas in Australian rangelands.

Methods

A 43,000 ha commercial pastoral property in the Muéyals bioregion of NSW was selected for
demonstration. The climate is searid (mean annual rainfall 255 mm), with predominantly native
vegetation encompassing a diverse mix of grassland, woodlangtedlashd communities across soil
types ranging from sandy to heavy clay. The property transitioned frosioséing to rotational
grazing with total grazing pressure control (boundary fencing and-paitgrcontrol) and management
for aboveground carbomisequestration 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 resolutidor the periodl990 to 2025For all analyses, the photosynthetic
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vegetation and nephotosynthetic vegetation bandlues weresummed to generatevalue of total
ground cover (TGC)Threebenchmarkingnethodsvere compared:

Regional Buffer Comparison

A 10 kmbuffer was delineated around the property, excluding areas under similar management change.
Both the property and its buffer were stratified by vegetation dtom (NSW DCCEEW 2020and

mean TGCfor the whole-property and wholéduffer mean valuetcomparing likefor-like vegetation
forms)were compared over tim&he slope of the trend of difference in Property and Buffer cover was
assessed with a Praiginsten model.

Dynamic Reference Cover Method

Following Bastinet al. (2012) the DRCMwas adaptedor Landsatderived TGC. Comparable dry

years before and after the management change (2014 and 2025) were identified24simprih
Standardised Precipitation Environmental Index (SPEI) data. Reference pixels were identified within a
500x500 pixel neighourhood around each focal pixEbr each year, meafGC across the reference

pixels was calculated for every focal pixel, and the difference betfeeahand reference cover was

cal cul at ed ganentagdGQi.s tMadnac hange was esti mated as t
for two dr yakachaage i thé gpapaCover deficit

Residual Trend Analysis

The Restrend analysis broadly followed the approach desdnbétesselst al. (2007 and Evans and
Geerken (2004), adapted for the seasonal TGC Hataach pixel, a climate (rainfall and tempergture
Queensland Government 2025) ar@C relationship was developed using data from 18®1b. The
resulting predictin model was used to predict posanagement change TGC and the residual trend
between observed and predicted TGC was assessed using\&ipsien model.

Comparison of approaches

At pixel scale, DRCM and Restrend outputs were compared usingre differences (differenced >

zscorehi ghl i ghted) and directional agreement. At opr
Regional Comparison time series were compared

Results

Both theRestrend and DRCM methods effectively represented spatial pattegmaiimdcover change,
highlighting areas of improvement decline andeflecing landscapdeatureqe.g.,drainageines or
vegetationpattern$ and managemeroundariege.g., feneline effecty (Figure 1a, b)However,
pixel-scale agreement between the two methods was lesco® comparisons indieat that the
magnitude and direction of withiproperty change differed substantially at many locat{Bitgure 1c)
andwith directional agreement in TGC change (improvement, stability or decline) of onlyf5gate

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), ad the Regional Comparison a neautral, norsignificant trend of ~0.01% per year. The
Restrend produced moderatedimilar 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 properand assess change at any tilfe strength of the climaiground cover
relationship varied spatiallyyith lower coefficient of determinaticgalong drainage lines and in areas

of higher woody coversuggesting reduced reliability these landscape positions

The DRCM quantified the change in ground cover L
an indicator of how cover during droudlthen the landscape is most vulnerable to degragatias

shifted and an indicén of change in lanstaperesilience.Paddock and landscape position effects

were clearly apparent in the pixel scale outpHizwever, 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 conditltsutility was limitedto the land

type or property scaléd practical challenge in this context was also identified, wH& of the
surrounding buffer was identified as being managed under siHtliRprojects and excluded from
analyss, reducing confidence in the assumptions of climatic and management equivalence between
property and bifier.

Results highlight thesubstantial influence of analytical method choice on outcoifies DRCM
approactdetected 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 neameutral trend 0f0.012% per yeaf hisdivergence and additional sensitivitydarameter choices

within the methods (data not showhjghlights the importance of carefaiethodselectionand the

context ofinterpretation This variability may also account for some of thimconsistenceseported
acrosrevious grazing management studigsderstanding the differences and subjectivities between
approaches is important. Results highlight the need for transparent, eappecpriate and climate

adjusted monitoring frameworlkgrossAust r al i adés grazed rangel ands.
a) b)
DRCM (AAGC) Residual trend
I20
15

10

d)

Directional agreement

c)
2Z-score Agreement
Disagree

- DRCM stronger .
Negative

Similar

Neutral
. Restrend stronger 4

Positive

Figure 1. ajp @C (20142025) pixel results of the DRCM analysis; b) Restrend analysis (% change in
TGC per year) of pixels; ¢) comparison os@ores between Restrend and DRCM, blue/red = z
scorelarger (score difference >1) under DRCM or Restrend, respectively, grsiynilar zscore

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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Difference (%)

Rainfall (mm)

1990 2000 2010 2020

1990 2000 2010 2020
Date

Figure 2. Timeseries of propersgale DRCM ¢GC; green), Regional Comparison (Property minus
Buffer; Blue), and Restrend (Observed minus Predicted; Red) outputs fror2Q290Prais/Ninsten

trend lines are shown before and after the management change date as dashed lines for Restrend and
Regional Caparison. 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 vettaatted line. 12month rolling rainfall totals are shown below.
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Abstract

Maintaining productive native pastures is fundamental to the sustainability of northern Australian
grazing systems. dDpersnnialapbotiuetive faBdPpalataple spatidses the
foundation of resilient rangeland pastures, supporting livesfwokluctivity 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 syst&othichloa pertusgindian

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 napecies. Consequently, the relative contributioB.qgfertusa

within native pastures can strongly influence overall land condition assessments across northern
Australian rangelands.

This study examined pasture composition over-get 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 noftbefrproduction 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, higligtihe 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 incorporatingseason spelling recorded the highest basal cover, while
heavy stocking recorded the lowest. No signiitadifferences were detected between treatments in the
basal area oB. pertusa suggesting this species can persist and spread within native pastures
irrespective of grazing management. These findings highlight the potential pertusao influence

pasture composition through reduced dominance of desirable native grasses.
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The value of South Australian pastoral photopoins for long-term
rangeland monitoring

Cantor, E; Humphrey, M.
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Abstract

South Australiads Past or aiconstitatngdrere than ¥08orof tha Ptates land i ma t ¢
area. A longerm monitoring program using standardised photopoints continues to monitor changes in land
condition under a grazing regime.

Pastoral photos have been taken since the 19506s b
of land. Objective monitoring of South Australian pastoral lands began with the installation of photopoints in 1970,
capturing visual data atset 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
longterm record of changes ioraition. 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 19906s alongside the image collected, da
grazing impacts and soil stability has been captured at photopoints. The integration of visual and quantitative
vegetation data enhancée tinterpretative potential of photopoints, developing the ability to capture seasonal
variability, ecological change and lotagm responses to grazing. In addition to the-teng continuity of these

records, this data makes them valuable for informaiginal 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-aiediddal 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 foudation for monitoring South Australia's rangeland health, and theitdongecord continues to

inform management decisions and guide future monitoring approaches.

Introduction

South Australia’s pastoral leases covers approximately 410,000 kmz, 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 productidiffective 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 leAgalsotopoint 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 areiplagpasentative areas of a paddock to
monitor changes in vegetation, soil condition, andirggampact, providing an objective record of land condition

and longterm trends in landscape health.

These sites provide a lotgrm 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 unigd&taset that documents ecological change over multiple decades and supports
evidencebased 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 establishmhef a formal network of photopoints across pastoral Izsgand 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
communitiesBy repeatedly photographing the same location, land managers could visually assess changes in
vegetation cover, species dominance, soil condition and landscape stability.

The introduction of th@astoral Land Management and Conservation Act 1@8%r 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 inclugding plan
density, species composition, palatability, grazing impacts and soil stability. This integration of vegetation data
transformed photopoints from a photographic record into conmaiebescientific monitoring sites.

Visual evidence of landscape change

The most immediate value of photopoints lies in their ability to provide visual evidence-tefriarigndscape

change. Repeat photographs allow direct comparison of the same location over years or even decades, revealing
changes that may otherwise go Uineal.

Photopoints can provide clear visual records of:
9 Changes in vegetation composition and density
9 Shifts in dominant plant species
1 Soail surface condition and stability
9 Erosion or landscape recovery
1 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 conditie 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 fatetailed ecological analysis.

Vegetation data collected at photopoints can be used to:
9 Monitor species composition and diversity
9 Track changes in perennial vegetation cover
1 Identify increaser and decreaser species
9 Detect changes in vegetation structure
9 Assess responses to rainfall variability
1 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 bégirslsaésonal responses and
longterm 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.

Longterm records can reveal:
1 Areas experiencing excessive grazing pressure
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1 Recovery following reduced stock numbers
1 Changes in palatable perennial species
9 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 leasnditions 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. Longerm records allow assessment of {icstregeneration, 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:

9 Shrub encroachment
1 Recovery following prolonged drought

1 Changes in soil surface condition

1 Longterm fluctuations in vegetation communities
9 Responses to climate variability

9 Fooding events

Many of these changes are difficult to detect through-tgmantmonitoring programs but become clearly evident
when observations extend across decades.

Supporting research and decisiemaking

The consistency and longevity of South Australia's photopoint network make it a valuable resource beyond routine
pastoral assessmentsatidition to informing land condition assessments, the network providesterformgcord

of environmental change across the rangelands, enabling trends in vegetation, soil condition and landscape stability
to be tracked over multiple decades.

Photopoint records support:
1 Regional land condition assessments
1 Ecological research
9 Climate change studies
1 Remote sensing validation and calibration
1 Policy development
1 Sustainable land management planning
The longterm 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 valuéaalengironmental monitoring

tools. Their strength lies in the combination of repeatable photographic records and guantitative vegetation data,
providing both visual arstientific 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
decisionmakers in understandingigeland condition and responding to emerging management challenges.
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As pressure from climate variability, changing land use and environmental change continues to grovetine long
photopoint record remains a critical foundation for monitoring rangeland health, informing sustainable management
practices, and guiding fusiapproaches to landscape monitoring across South Australia's pastoral regions.
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Abstract

The Leakiness Index (LI) describéee potential for landscapes to lose. leak) water, litter, plant
nutrients and their seedsdnil sedimentsis areas become dysfunctional through inappropriate grazing
practicesWe used field and remotelensed data to show how a formerly leaky savanna woodland at
the Victoria River Research Station (NT) recovered over a twgrdy period (from 1973) to reach a
resourceconserving state. Vegetation change associated witlettogery has continued to the present
day but ground cover since the riil90s has been sufficiently high and uniformly distributed to
provide LI values that align with a functional landscape. This retrospective anallgsis at thesmall

scale of research paddesc o c ument s anot her exampl e of-amdangel ar
tropics, Datasets are now available that allow this type of analysis to be applied in other rangeland
regions

Introduction

The Leakiness Index (L.Ludwig et al 2007 derives from landscape function principles and provides
a simple quantitative method to monitor the extent to which arid andas@imiangelands retain their
capacity to conserve rainwater and soil nutri@mtsitu 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 fraemotelysensedjyround cover and 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 waterpointghwesultant extensive erosion (Forster and Laity

1972, Foraret 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
soilst e deemed in 6poord condition. Five years aft
was similar to that on an area judged in good condition (Ferah 1985). Twentyplus 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;biomass of perennial grasgeminly

black spear gras#ieteropogon contortuand curly bluegrassPichanthium fecundujnconsistently
increased andhe density of native tree specibhad substantialljncreasedBastinet 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 grassé(zapfelet al 2025).

Here, we document changes in landscape leakiness oveyemberiod for those areas surrounding
(and including) the exclosures on VRRS. We use grdas®d and remotelsensed 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 grotbabsed and remotelyensed sources. €mound,
herbage biomass data collected at various times in permanent transects within and adjacent to exclosures
(Fig. 1a) was used to estimate ground cover. This waslb@sea linear transformation between
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estimated ground cover and herbage biomass data collected at the nearby Shruburn sitee{@bwley
2014).
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Figure 1. Locations of: (a) exclosures and adjacent grazed areas of calcareous red loam in Conkerberry
paddock used for plegcale 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/gld/fractional_cover_v3/landsat/fractional_cover/seaspnadititessed

August 202% 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 fel{dRSRP 2022). The photosynthetic

vegetation (PV) and nephotosynthetic vegetation (NPV) bands were summed to provide percentage
ground cover. We used the Septeniblro ve mber (6springd) composites f
ground cover was likelyot be at its | owest at that time of vy
unsuitable (e.g. excessive cloud), we reverted to the precedingdunegust ( 6wi nterd) cao

The hydrologically enforced-4econd (~30 m) DEM for Australia (Gallagttal 2011) was subset and
transformed to the same image properties of the remséglyed ground cover.

The O6peaitensmns @ad k g r avasusestd estimateplottandpaddocklevel leakiness
from ground cover(see Ludwiget al 2007 for further detail). For pldevel assessment, LI was
calculated in a spreadsheet while the LI Calculator (Lieeto#fl. 2024) was used for remotedgnsed

ground cover at paddock scale.
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Results

Site 1 (6poord6 condition) was initially quite
much more conserving of resources as its biomass (Ftrah 1985) and estimated ground cover
substantially increased. There was minimal evidence of leakiness across all treatments from 1989
onwards (all LI <0.1).
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Figure 2. Leakiness at exclosed and grazed Sites 1 and 2, Conkerberry paddock. Leakiness was

calculated from ground cover wusi ng functien. phatossa met er

at a fixed point within Site 1 illustrate vegetation change over time (see Bastir2003 for further
information).

Annual LI values, based on remotelgnsed 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 endt#bilised to b&.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 wetason rainfall from the mitl990s onward.

Discussion

The rapid regeneration of herbage biomass and
exclosure (Site 1, Fig. 2) meant that LI values initially fluctuated (until 1979) but then stabilised to
provide almost complete conservation of resources tlmatldvsupport 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-pegiod growing seasons was impeding landscape
recovery. The herbagedmass data reported elsewhere (Faizal. 1985 and Bastiat al. 2003) show

that the initial improvement in landscape function was due to recové&mnyngfapogormspecies and then
recruitment and continued increase in perennial grasses (mHiedgropogon contortusand
Dichanthium fecundujm

Within Conkerberry paddock and based on remetelysed ground cover, leakiness values fluctuated
between 1990 and 1993 and then stabilised to be n@s{2 from 2003 onwards. This is consistent

with the effective retention esite 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
recod shows no recent fire that would reduce ground cover. Because LI is sensitive tershort
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changes in ground cover, its value as a proxy for monitoring landscape function should be based on
longerterm change, as used here.
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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 (Mqrémber
rainfall recorded at VRRS.

There is potential to upcale this analysis with nationally consistent remeselysed ground cover
available since 1990. However, the ability of the Leakiness Index to monitor managetatut
grazing effects decreases where lateglrgison ground corvexceeds ~40% over continuous areas. In
these situations, multiple other indicators including pasture composition and-feyedylynamics are
probably more relevant for monitoring sustained long term pastoral production
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Abstract

TheNorthernTer ri t or yd6s wunique approach to | and resour
soil and vegetation mapping across its rangelands for decades. Known as land unit mapping, this method
utilises the strong relationships between geology;landscaps and vegetation to deliver a broader

range of outputsin comparison toandependenthderived soil or vegetation mapping. Some of the
demonstratetdenefits of thisholisticapproach include: an understandinginflerlying soillandscape

factors that inflencepoor rangelandcondition; quantifying pastoral carrying capacities through the
establishment ohew pastoral mappingnits 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 broadcale survey and mapping programs in the Kathddguevin (Christian and Stewart
1953),Barkly (Christiaretal. 1954), AliceSprings (Perry 19623nd OrdVictoria (Stewartetal. 1970)

regions The methods established during the surveys involved a-distiplinary team of scientists
including geologists, geomorphologists, soil scientists, and botanists. This integrated approach
produced inbrmation and datasets that are valuable resources and remain in use.

In contrast to other Australian states and territories, this integrated,-disaiplinary approach
continues in the NT today, whereby land resource survey and mapping projects are undertaken by a
team of soil scientists/geomorphologists and vegetatiotogists working in closeollaboration
Integrated landform, soil and vegetation mappimgs advantages ovendependenthderived
vegetation or soil mappinghis approach results in products embedded with more information and
greater versatility, enalnl§j a greater capacity to deliver a broader range of outputs.

Examples demonstrating how this integrated mapping approach can support rangeland management are
discussedOther examples includerosion risk and pasture rating mdlspier and Hill 2012Napier

etal. 2018) andthe potential formapping and monitoring individual soil attribut@sg. soil organic

carbon available phosphorlis

Methods

Theland resource mappingogram has been running for several decades and continues to be guided

by national standardsCurrent standards includéhe blue boo& |, survey guidelines
(McKenzieet al.2008) 6 t yellowbooldo , fi el d handbbb& (d&€SHoB8RE4L4)t he
Soil Classification (Isbell and NCST 2028ndé t green boo& , soi l chemical me t h
(Rayment and Lyons 2011). In general, land resource mapping invioévese of field and laboratory
observational methods combinatiorwith spatial and nospatial soil inferencenethods.

Field work is undertaken by applied science prof
on the land surface that best characterise the surrounding landBespecludesdetailed landform,

soil and vegetation descriptions at recommersitediensitiessupplementedith 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 importantssaiscape propertiassich as carbon,

salinity and erodibilityThe dataarethen interrogatedithin a landscape framework to extrapoltite
informationacross the study areand to develop polygebased (vector) land unit mapping.

Spatial mapping wasdditionally based solely othe interpretation oferial photograph$iowever it

is now integrated with a range of availatdenotdy deriveddatasets. This includea range of satellite
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imagery, digital elevation models amdher remotelysensed data, e.gadiometrics Importantly,
depending on regionajeologies and landscapes has been demonstrated thating varying
combinations of datasets, rather than a single datsetprovide greater insights and improves the
delineation of landscapes.

Semiautomated processgenown as digital soil mapping (DSM)ave been trialled and compatted
conventional mapping in recent yedfmdrewset al. 2021a; Andrewst al. 2021b; Wright 2018
Outputs of DSM are pixdbased (raster) and often produce maps limited to presenting an individual
soil attribute per map sheet, e.g. pH. Howevectorbased mappingontinues tprodue integrated,
costefficientandaccurate resultsand is often more uséiendly from a land management perspective.

Land condition

Grazing regimes significantly impactrid conditiorand soil properties overgrazing can lead to soil
and land degradation, while wetlanaged grazing can improve soil health and productivity. However,
land conditioris not just a consequence of graziitgs also influenced by oftehidden soillandscape
factorsand processesuch as soil erodibilitand natural soil salinity Land resource mappingse
studies in the Victoria River District (VRD) and the Alice Springs region have idenitifiedent si-
landscapéactorsthat are significantontributors to land condition.

The case ofand degradation and erosion in the Ord River catchm&n(western VRD) and Western
Australia (WA), is welldocumented (Payretal. 2004). Here, displaced sedimémm uncontrolled
grazingposed a threat tthe newly constructetlake Argyle WA. Specific areas of land containing
highly erodible calcareous soils were identified cit@&0 (Stewaret al. 1970) and mapped in detail
circa1970(Robinson 1971)Other studies within the VRD have identified and characterised erodible
soils in theHumbert River area (Wooet al. 1979) and Auvergne arelddpieretal. 2018. However,

it wasnot until 2025 that soil materials within
Soil sampling and laboratory analyses enabled examination of soil particles, found to have a very high
proportion in the specific size rangefinfe sand and silt (0.002 to 0.@2m diameter). When compared

to soil datasets across the Territdhgse soils arpotentially themost erodible sbimaterials 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 202Roor pasture recovery over consecutive years, even following
notable rainfall events, was identified through thegosund and remote sensing warkrangeland
monitoring. Initially, past land management practices and grazing regimes were suspected to be the
main drivers, however it became increasingly clear thatlaoidscape factors in these fragile
landscapes warragd comprehensive investigatioh 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 sdéilndscape factors were influencing land conditions. The
investigationled 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 susceptibto further decline and erosion.

These cases highlight that some soils are less resilient than others, and underhangsilpe

factors, rather than grazing regimes alone, can have an unexpected influence on land condition.
Furthermore, while soil sampling and analysis can identify the contributintaadgcape factors at
discrete sites, when this information is combined with high quality land unit mapping0(02%®
1:100000 scale), the spatial extent of the fragilityresilience of whole landscapes can be more fully
ascertaird. Management can then be adjusted appropriately and applied at greater scale with greater
confidence.

Pastoral carrying capacity

Highgual ity |l and resource mapping -@dddiasgd sagmhi dba
The existence of comprehensiandl resource mappirgt a consistent scale (1:1000 across the

VRD (Napier and Hill 2012Napier etal. 2018) has enabled tldevelopment andompilation of

Grazing Land ManagemenB&LM) mapunits (Figure 1). This hadn turn, enabledhe bestpossible

positioning andestablishment of pastoral carrying capacity reseanchmonitoringsitesto represent
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each GLM unit The establishment of GLMased sites requideexpert input from both land resource

and rangeland scientistsombined with measurements of pasture growth and soil water holding
propertiesThe information produced at each representative research site was then applied back to the
respective GLM unit. As suckhe resultsvere able tde extrapolated across tM&D (78,744 k).

Figure 1. The existence of comprehensive land unit mapping in the VRD (left) has enabled the
development of a new datas@razing Land Management (GLM) un{tsght).

A similar approachvas appliedhcross the pastoral lands of $wmuthern NTregion While the extent

of uniform scaled coverage of land unit mapping across the VRD is not currently available for southern

NT, historical broadescale land systems mapping (1:Z8D; 1:1000000) is useful. Here, mew set

of high-quality land resourceeference sitesereestablishedo complement the existing setpstoral

carrying capacity research sit&ased on the land systems the sites each represent the maial pastor

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 establishpasteral

carrying capacity resear@nd monitoringsitesin the future. The new sites will also inform future
mapping projects such as NT6és Regional Ecosysten

Habitat mapping

Vegetation community mappiracross the VRPas a component of land unit mappihgs identified
several key habitats at risk of degradatibigure 2) The identification of these key habitasables
managemerdndprotecton of sensitive and significant environments.

Figure 2. Areas of sensitive (in green) and significant environments (in blue), identified during land
unit mapping acrosthe VRD.

74
Draft Proceedings of th23“ Biennial Australian Rangeland Society Confererdarwin, 2026



Sensitive habitats contain species that are especially sensitive to disturbances such as fire, feral animals
or stock, invasive plantand 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 tdegradation

Significant habitatgpossesshigh diversity valuesy containing flora or fauna species that have
conservatiorsignificance These map units aresed to identifythe potential and actual locations of
threatened speciagithin the NT and nationally. Areasmay haveconservation significance because

they support important wetlanealues, large wildlife populations, concentrations of threatened or
endemic species or are considepethnical hot spotsuch ainforests

Conclusion

Soil and &nd resource survieg and mappingan provide an essential link between underlying soil
landscape factors and the successful and sustainable management of rangeland grazing systems. The
Nort her n Ter rndresourcarampingprogramistégrates lardfarm, soil and vegetation
information into a multuse 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 pgproach can support rangeland management. An improved understanding of soil
landscape factors and processes, combined with versatile ity spatial datasets, provides a solid
foundation on which to manage anwild landscapeesilience 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 suppbie Logan Creek Streambank
Rehabilitation Project, delivered by NQ Dry Tropics under thisafier Recovery Funding
Arrangements (DRFA)demonstrates how these competing requirements were managed while
rehabilitating flooddamaged streambanks in Queensland'soSwWRiver catchmentThe 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 teddoring implementationcultural 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 intendditionally, one of the original cluster of landholders withdrew, necessitating

a design escopingRepeatable aerial monitoring using orthomosaics, digital terrain models and aerial
video documented project delivery from jr@nstruction to posmaintenance, 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, postonstruction monitoring also identified araaguiring 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, systenm@atmonitoring and the ability to respond to changing stakeholder requirements
while maintaining engineering integrity, regulatory compliance and -femg 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 heritagegalibns, 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-flostl streambank rehabilitation project in
central Queensland. Delivered by NQ Dry Tropics under DRRi& 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 stabilisationtraotisn of a rock chute to stabilise

an active erosion gully, revegetation using-sjpecific seed mixes, installation of exclusion fencing
and placement of large woody habitat structubesording to Paddock to Reef (P2R) modelling during
project desig, the completed works weestimatedo reducdine sediment delivery by approximately

869 t/year.
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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 environrheataomes. Rehabilitation treatments
included reprofiling eroded streambanks to stable batters, revegetating disturbed areasspitiiite

native seed mixes to provide lotgym root reinforcement, constructing a rock chute to stabilise an
active eraion 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 Hlglv events wihout 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, peoteint, 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, relambank 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 subseguent a
constructed certification.

Delivery of the rehabilitation works required negotiated agreements with participating landholders to
enable construction and lottgrm rehabilitation success. Memoranda of Understanding established
responsibilities for site access, construction activiied postconstruction 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 operabnal 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 rieed 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 wee 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, pesbnstruction monitoring, po$tood assessment and remedial works.
Orthomosaics, digital terrain models, repeat ground photograptiyaerial videography provided a
consistent visual record of landscape change and rehabilitation performance throughout project
delivery.

Results

Significant flow events during the 202256 wet season provided the first opportunity to evaluate the
rehabilitation works under natural hydraulic conditions. The Kilcuriibiamond Downs Road stream
gauge, located approximately 20 km upstream of the rétadibih sites, recorded a peak water level of

5.7 mon 12 January 2026 following widespread rainfall of approximatei2000nm across the upper
catchment. A secondary peak of 3.2 m was recorded on 17 January 2026. Although water levels at the
rehabilitaton sites were not measured, the gauge provides context for the flood conditions experienced
throughout the Logan Creek catchment during the monitoring period.

Postflood 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 substant@indge 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 establisimesveerosion 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. Fbod damage to exclusion fencing at Sites 5 and 8 also allowed catteniereehabilitated

areas before vegetation had fully established, resulting in significant grazing of the cover crop. The rock
chute constructed at Site 6 was destroyed durindfltioel event. While the hydraulic conditions
experienced at the structure were not quantified-f\@st observations confirmed that the treatment

did not withstand the flow conditions encountered during the event.

Postflood 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 secwlr were observed adjacent to several
structures. Separately, the reconstructed channel geomstrifed inimproved channel definition,
allowing several previously persistent standing pools to drain. This altered the extent of permanent
aguatic habitat those locations.

Postconstruction monitoring informed the development of a targeted remedial works program,
completed in June 2026, to address identified performance issues and improve-thenhaegilience
of the rehabilitation works.

Discussion

The performance of the rehabilitation works following the 2@ 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 veesimed to sacrificial batter zones
incorporated into the engineering design to accommodate geomorphic adjustment durfigwhigh
events. These areas were intended to absorb hydraulic energy while protecting-teentostgbility

of the reconstructedrsiambanks. 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 performancesagi@isign 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 heritagduea 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 perating 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 malyaeioding 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 continuoussite cultural heritage monitoring during construction, project
budgetcould not support this level of oversight. An agreed monitoring schedule, supported by a formal
stopwork procedure should previously unidentified cultural heritage values be encountered, enabled
construction to proceed while ensuring Traditional Ownetaimed an active role throughout project
delivery. Although the stopvork 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 afit 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 osekswvere recorded, however the incident
highlighted the importance of maintaining landholder confidence throughout project delivery.

Postconstruction 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, identifyimghbsuccessful 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 angluide 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 imjmg\.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 andghum
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 obatons 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 successeftwotian Creek Streambank Rehabilitation
Project will be whether the works continue to stabilise diséstieiced erosion and improve the
resilience of the stream system under future flood events. Delivering those outcomes required more
than sound engineaq; 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 unggaresented in research, extension, policy and industry strategy
processes across the Australian cattle industry. Opportunities fewawdlows of information are

limited. The Northern Beef Breeding Business (NB2atsigic 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 deeloped VR and Al enabled tools to support oral business planning, storytelling, project
evaluation and knowledge sharing. Campfire chat combines Indigenous approachegadiatpand
knowledge sharing with innovative technology to develop a toal insiace 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 adaptatiottsa 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 writinghis project and the tools developed have enabled Indigenous
participants to reengage with the industry on many levels to the benefit of the industry and the
Indigenous participants. Oral knowledge recording, stelting and information distribution ateey

to engagement and ishproject and these tools facilitate a level of interaction that incorporates
Indigenous ways of doing and being.

Introduction

The NB2 strategic partnership addresses -tengn 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 pyapartagers and communities. The group

has developed Virtual Reality (VR) and Atrtificial Intelligence (Al) tools to enable and facilitate story
telling and project evaluation, to support the development of oral Business Plans and to act as a live
knowledgerepository 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 aceessérision 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 fifteémdigenous businesses throughout northern and
western Queensland. These businesses manage over 4 million hectares, run around 150,000 head of
cattle and employ more than [filigenous people. All land holdings represented in the group are either
owned by Indigenous Corporations, theigenous Land and Sea CorporatitictSC) or are privately

owned. Most but not all staff atradigenous people from the local communities and there are a number

of nonIindigenous 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.
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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/Welcomg Cattle breeding Laura ILSC

Thargomindah

Cattle breeding/Carbon

Thargomindah

Indigenous corporation

Mithaka Ranger Betoota Indigenous corporation
programme/Contract

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 argroperty visits withndigenous 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 bwiigeehous

corporations. These corporations each have a board of community members which is responsible for
strategic decisin making. Project group membership is diverse and includes board members, station
managers, station staff and agricultural advisbing. 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 projectesfacilitation, communication and training processes

tailored to suitndigenous property managers, communities and pastoral workers. These processes have

been developed by the group as an integral part ofdesign approach. Activities are based around
st yl e hanger dpecihlist gnput,

i on

countryo

resi

denti al

peer

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 granput. Three to four workshops are conducted each year, based

on land operated by group members and involve land and livelsésgd activities as well aguctured

workshopsessions.

As the project has developed, a concentration on oral delivery of information followed by active,

participatory discussion has emerged, an example of evolvigggign. Astrong 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 timedaestand yarning, getting to know each other

and exchangig ideas and knowledge.

Group members and VR specialistsateated 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 learnowist 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 stontelling with innovative technology and hidével technical support and will be
combined with a second program fiLearning on Coun
land management knowledge.

VR and Al are integrated across the project to support oral participation in business planning, case study
development, stortelling and feedback and evaluation through interviews and oral recording. Al is
used to support knowledge recording, transcnipaad retrieval while enabling oral development of
business planning.

Results
The project haprioritised engagement and has successfirllyolved a diverse range dhdigenous
organisations and enterprises. This success can be attribfitexlkey features:
1 Use ofIndigenous principles iprojectdesigne.g. focus on informal time together, group
planning and discussion
1 Engagement with recognised eldeiigitial contact is generally through a recognised elder
Allowing trust and social capital to groimime together has allowed social capital to grow
1 Engagement with broader industiythe 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
1 Use of innovative technology 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 petsmbekn 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 ofi nthigenous cattle enterprises but often have not
made contact or worked together and have largely not engaged with the broader industry. These
meetings and workshopave 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-lmnossinformation, 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 sipplementation, and management for environmental outcomes and extend to management of
governance issues and relationshipsidatthe 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 managingriorearair
outcomes such as carbon sequestration and savannah burning, cultural toutisdigemdus ranger
programmes. The open, participatory nature of meetings means that all members are able to contribute
to discussions and there is always somethingaon.

A number of theElders inthe group(4 or 5)havemovedtowards mentoring roleand this is actively
supported through the project structuhe 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
erables this.

Participants have engaged with the development of VR training and educationah¢balgg the

Campfire Chat VR tool. The tool incorporatesirtual meeting place, shared knowledge repository and
information and data management tool. As group interaction progresses Campfire ChdtidfRs

being developed as the project proceedl$ pe 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 managenietaking
advantage of opportunities offered by innovative technology and involvement of engdiggmhous
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participants. This will utiliselndigenous storelling interest, ability and experience to achieve
outcomes which combine ndndigenous ways of presenting and utilising information withgenous

ways of being and doing. The development and use ofbassdd 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 formgdutte land management,
cultural knowledge and mulfunctional approachethat supporenvironmental, cultural and social
outcomes. This will open opportunities for tmay information flow and caesign 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 lepadistralian cattle industrgBarnett 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 broadeistry, while opening avenues for tway
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 technojognd 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 krowledge recording, stostelling 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 baemtdapsupport 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
increasedunoff. To avoid overgrazing, graziers in northern Australia adjust their stocking rates to suit
expected pasture growth over the wet season and/or estimated pasifiex temaining at the end of

the dry season. However, predicting pasture growth eadifficult due to uncertainty iseasonal

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
practicesindexinsurance is an innovativisk management toébr dealing with weatherelated 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 assBssducts are available that will payout when rainfall

is below or above specified threshold. While these products have been used in crop lands, there is
little understanding about their applicationréimgeland grazing pasturéss 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 raifall acrosssubIBRA (Interim Biogeographical Regionalisation of Australiegiors 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 overgrdmtrgases. Overgrazing deteriorates land
condition by removing protective vegetation thereby increasing wind and water erosion and soil
compaction by livestockAsh 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 environme(layi et al.2024; Collieret 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 avéddRéigain 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 strategiiampered by the dependence of
pasture growth on climate, especially rainfall, driving spatial and temporal variability in growth patterns
(Brown et al.2019; Coboret 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 aweralyeve

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. Grazieraynadopt 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 dis¢Bebertset al.2023) There are many products available,
but one that is relatively new is rainfall index (or parametric) insurance. This insurance uses
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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 lofiRebertset 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 overhegtHamstsand Hess 2017)

This insurance can provide coverage for losses arisinglfvanor excessive rainfall. For example, a
policy could provide a specified payout for each millimetre of rainfall almvbelow 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 stheofythe correlation between the index,
rainfdl, and the agricultural risk, pasture growthazell 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 slBRA (Interim Biogeographical Regionalisation of
Australia) regions of northern Australjay et al. 2025} CapeCampaspe Plains (QLD), Sandover in

the Northern Territory (NT), McLarty in Western Australia (WA). These results indicate that rainfall
index insurance could bapplied to grazing enterpris@s these regions. To determine whether this
insurance is more widely applicable, we extended this analysis to dBB4bregions in northern
Australia. We aimed to (i) identify the 3 month window with peak simulated pasture growth in each
subIBRA, (ii) determine the 4 month rainfall window most strongly aisged with that peak growth
window, and (iii) assess the strength of the rairgaiture growth relationships to identify regions
where rainfall may serve as a suitable surrogate for pasture growth. The establishment of peak growth
windows and associatadinfall 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 sodportgr azi er s 6 | i vel i
reducing the environmental impacts of agricultural grazing activities.

Methods

AussieGRASS is a spatial simulation systé@arteret al. 2000) that integrates SILO (Scientific
Information for Land Owners) climate dafdeffrey 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 moidh8é€rl 2015) The investigation used
monthly rainfall (mm) and monthly simulated pasture growth (k§ had was accessed via the Long
Paddock websit€éStoneet al. 2019)for the period January 196Blarch 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 net®@&K | (2015)

SubIBRA regions in northern Australia wedefinedas 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 window@ari Mar, Feb A p r € , i Fébpacross the year and identifying the
window with the highest median growthinallsuBRA r egi ons. Spearmands co
(1) were calculated between the peak 3 month pasture growth window and five candidate 4 month
rainfall windows. The first rainfallvindow 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 JaiMar, the five candidate 4 month rainfall windows wBmed Mar, Nov Feb,

Octi Jan, SepDec, and AugNov. We performed this analysis using 67 years of data for all 155 sub
IBRA regions in northern Australian. Analyses were conducted using R versiorn(R.66re Team

2026)

Results

Peak Growth Windows and Most Strongly Correlated Rainfall Windows

Simulated pasture growth was highest ini §aati Mar 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 (Ded Jari Feb and NowDed Jan) while parts of WA exhibit much later peak growth
windows, occurring duringreld Mari May, Man Apri May, Mayi Juri Jul, or JuitJuli Aug. The Dee

Mar rainfall window had the strongest correlation with peak pasture growth in 102 of the 18R#ub
regions (Figure 1B). For 43 regions radations were strongest with earlier rainfall windoweyi
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Feb, OctJan, SepDec Augi Nov) and for 10 regions, correlations were strongest with later rainfall
windows (JanApr, Feld May, Aprii Jul, Mayi Aug). Typically, 4 month rainfall windows contained all
three months of the 3 months peak pasture growth window. For example, a peak growth window of
Jari Mar was generally most strongly correlated with the rainfall windowi Blec. These pasture
growth and rainfall windows align witstablished pattestin northern Australia, where pasture growth
andrainfall occur tyically from November to Marc{Brown et al. 2019)

A
10°S Peak Growth Period
Sep-Oct-Nov
Nov-Dec-Jan
15°S 4
Dec-Jan-Feb
Jan-Feb-Mar
20°S -
Feb-Mar-Apr
Mar-Apr-Ma
25°S+ p y
May-Jun-Jul
Jun-Jul-Aug
120°E 130°E 140°E 150°E
B Rainfall Window
10551 £ Aug-Nov
Sep-Dec
15°8- Oct-Jan
Nov-Feb
20°S - Dec-Mar
Jan-Apr
25°S - Feb-May

Apr-Jul

May-Aug

12(I)°E 13(I)°E 14(I)°E 15(I)°E

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 eachB&# region in
northern Australia

Correlation Coefficients in Different SUUBRA 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 sulBRA regions that exhibited very weak or eveggative correlations0 . 2 < that < 0.

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 corelations occurring in southern stBRA regions and progressively lower correlations
towards the northern and eastern coastlines.
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Figure 2. Spearmano6s correlation coefficients
growth windows and corresponding 4 month rainfall windows for northern AustraliaiBR4b
regions

Discussion

Application of rainfall index insurance for northern Australian graziers could dreliers manage
financial risks arising from undertaking sustainable adaptive grazing pradfcegainfall index
insurance to be effective, adequate correlations between rainfall and pasture growth musteexist.
have shown thdbr much of northern Australia, 4 month rainfall windows can be a surrogate for pasture
growth. In 77 of 155 sulBRA regions, correlations exceeded 0.8. For 55-I8RA regions,
correlations rangd betweer®.4to 0.8. In the remaining 23 sUBRA regions, the correlations ranged
between0.2 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 rantfel insurance product.
However, these low correlations wdoeindin north-east NT, such as Arnhelband,and eastern Cape
York in QLD, which are not significant grazing arédABARES 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
belowaverage rainfall was forecast ftire DecembérMarch 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 gtuation, asuitably specifiedainfall index insurance product would be triggetedompensate

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 4BRA regions, more work is required to develop and fully
understand the practical application of this insurance. Areaswkfuesearch include incorporating
climate forecasting indices into the index insurance framework and quantifying the loss associated with
adaptive grazing. Additionally, for stiBRA regions with weak or no rainfaflasture growth
correlation, alternativendices, such asiDVI (Normalised Difference Vegetation Indefdjurvey and
Mclaurin 2012) or more complex muhlvariable indices may be required to achieve the same potential
outcomes as rainfall indebased 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 rahgstand science into practical, confident
grazing decisions through relationstigven extension.

Centr al to this is a 6Paddock Chasusd wealgé 6p adodoccekp t
a O0challenged paddock s-daiwedlendterrm cacymg chpaocityg. Since t h e
2023, the approach has been applied at Mount DenisoMatgh 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 productyd Paddock Challenge commenced in March 2026 at the Old
Man Plains Research Station. While the broader research station is managed according tt@its long
carrying capacity, stocking rate and grazing decisionsrierpaddock will be determined by a group
of Central Australian producers, who have a wide range of management experience.

The Paddock Challenge design positions producers-degsigners of the process, enabling geer
peer learning, evidendaformed decisiormaking, and reflection on outcomes over time. Targeted
input from researchers and technical specialists suppotigaldearning of the interactions between
land type, rainfall, pasture growth, stocking rate, cattle performance and enterprise econelevesit

to reatlife management decisions.

By shifting extension away from omeay information delivery toward shared, decisfooused
learning, this work aims to improve confidence, strengthen uptake of research, and support better
grazing decisions, while generating practical insights into reffeetive extension design.

Introduction

Rangeland research underpins grazing management, yet the value is only realised when it informs
practical decisiommaking on properties. Despite a valuable body of knowledge being available,
adoption of recommended practices remains variable (Bell andt®a2§23).

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 dat a t @sucsounap ar e aad dbabdules liinetrsige 6 paddock st
the longterm carrying capacity.

The project began in 2022 with two commercial stations: Mulga Park (located approximately 400km
southwest of Alice Springs) and Mt Denison (320km nentést 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 indosdnpaged paddock on the Department of
Agriculture and Fisheries owned Old Man Plains Research Station (OMP), 20krssaitbf Alice
Springs. A producer groyformed through a public call for interested representgtheessbeen 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.
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Methods

The Paddock Challenge was developed as a framework to support practical and shared learning
(Materneet al. 2025). This sidéy-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 thBaddockChallenge 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 D¥ffep a & D.

In 2025, an invitation to join the OMProducerPaddockChallengegroup was extended to all Central
Australian producerswith seven individual®iominating They were tasked with learning about the
grazing strategy research that had been conducted on the research station between 2010 and 2025
(Materneet al.2021), viewing Mulga Dam paddock (a 30kpaddock chosen to host the challenge on
OMP), assessing the Droughtmaster breeder cows and indicator steers to be run in the paddock, and
determining a stockingate 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 wasnveyedhat 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 tRaddockChallenge project by the
devastating impacts of the 202820 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 researchem@nd 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 anagntiable and doing what is known makes
sense. For Mt Denison, the ability to make changes bepassible, 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 poiméing installed recently

Mulga Park

The Nicolle family of Mulga Park station, and rangeland researchers, have created strong, trusted
relationships which allow for open conversatiomd 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 di d not account for qualii"
suggestedhat the modelled recommended carrying capacity was todNiGIDAF in prep b)

Being closely involved with research and economi
t h e ms eOunbasmess has gotten a bit bigger, so it feels busier all the time, but are we getting
enough bang for our buck? Since participating in the proje

mustering data on paper to using hdwedd data readers to record herd parameters. The goal is to
accurately define the financial status of the business in terms of important metnies silograms of
beef per hetare.
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Old Man Plains Research Station
TheProducerPaddockChallenge 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 tirele 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 audietfaeing presenters (Seeds for Change 26&%d 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 amihgpoeessat ed our 6édwhyd in the

The relatively small group size allowed fordepth 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. Furthemm 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 syatégmmunication and decision
making became much harder after the second work@i@pg confined to email and WhatsApmn

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
knowl edge, and more on the creation of environme

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 appdae tiffset 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 praalemg, 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 faciltat capability are critical to achieving
meaningful outcomes.
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Insights on the use of the decisiesupport framework (RAPTA) to guide
resilience adaptation and transformationfor pastoral stations in the
Southern Rangelands of Western Australia
Brayshaw F*; Falconey K?2.
! Department of Primary Industries and Regional Development

fiona.brayshaw@dpird.wa.gov ;zADepartment of Primary Industries and Regional
Development
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Abstract

The Southern Rangelands Revitalisation Program (SRR®) established in 2021 to support
pastoralistso design and implement lortgrm solutions to improve rangeland condition and livestock
profitability. Integral to SRRP is the support for participating pastoralists through collaborative learning
that encourages knowledge sharamglapplies a systerdsased approach to rangeland revitalisation

The Resilience Adaptation Pathways and Transformation Approach (RAR@#&)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
( O6 Co atale2010). SRRP appliedRAPTA to guide producer group discussions and aealys
producerdemonstration projects.

Pastoralists demonstrated strong inherent systems thinking, with RAPTA most effective as a framework
to structure and deepen discussiofihe flexibility of RAPTA enabled easy integration part way
through the SRR prograriarlier 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 81520di0ktad into four region$
Gascoyne, Murchison, Goldfields and Nullarbbne rangelands ecosystésradaptedo extreme
weather, howevdristorical overgrazing andegradation hagsansformedomeareas intdessresilient
systems (Mitchell & Wilcox 2025, Hacker & McDonald 202lt)is predictedthat the region will
become increasingly hotter, drier and rainfall more unpredictable (Sudeteye2016, CSIRO 2024).
With the change to climates occurring globally and locallysystems will need to
beresilient,adaptiveand transformativéo support industries into the future.

The Southern Rangelands Revitalisation Program (SRRP)eveloped following an industry forum

in 2021,where40 representative@astoralists, industry, academics, government and grower groups)
came together to discusghat was needed to support revitalisationtlod Southern Rangelands
Subsequently, SRRP was designesiupport pastoralists in investigating, designing and implementing
long-term solutions to improve rangeland condition and livestock profitabiitysystemsbased
approach to rangeland revitalisatisras fundamentalfocusing on four interconnected elements:
regeneration of palatable, perennial vegetation; restoration of landscape function; management of total
grazing pressure; and improved livestock managertrgagral to SRRP is the support for participating
pastoralists through collaborative learnangl 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 statigpecific priority projects designed to improve droughtiersie.
TheResilience Adaptation Pathways and Transformation Appr@@&8RTA) was applied in the SRRP

when seven of the participating pastoral businesses were successful in receiving grants to implement
on-station demonstration projects.

RAPTAIs designedo supporta consistent approach to resilienadaptatiorand transformation, while
also being flexible and adaptite changing environmen{s O 6 C o et.al.€019). The underlying
properties of RAPTA are: systerpsrspectivefocus on key drivergjsksand thresholdsadaptive
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managementtakeholder participation in planning and implementafi@ile 1 explains theRAPTA
definitions and how they can relate to pastoral station revitalisation.

Tablel: Resilience adaptatiorand transformatioexamplesn pastoraktatiors.

Term RAPTA definition * and examples

Resilience Maintain & improve current station e.g. destock short term, reduce gr
pressure

Adaptation Shift in management but maintain identity e.g. fencing and trapyards to im
management

Transformation | Change to a new system & identity e.g. change from continuous to rotg
grazing

* O6 Co atal.2016

Methods

RAPTA Module2 - systems analysis, Module-2ptions and pathways to action, and the continuous
processes active learning and adaptive governamee mainly used for two elements of SRRP: 1.

Guide producer group discussioasing preplanned questions; Evaluate demonstration projects to
determine if they align with the RAPTA principld8ecause RAPTA was introduced after program
commencement, not all modules could be applied consistently across the project. Consequently, the
assessment focused on identifyinggafnent with RAPTA principles rather than measuring changes in
resilience, adaptation or transformation outcomes.

Nine group meetings occurred over 16 months, 4 of which were stationkigity.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 andenetics and livestock grazing managemeéptiestions were designed aligning

with the RAPTA modules and asked during group discussions to guide conversations.

There were 35 demonstration sites across the seven pastoral sidtiopastoralists implementing
multiple sites across their statiorhe solutions demonstrated were divided by the SRRP objectives
with the proviso that some solutions are applicable to multiple objectives jaBkech station ject

was assessed qualitatively against RAPTA definitions of resilience, adaptation and transformation
based on project objectivdsy drivers in the station business and land systems on which project sites
were implemented, expectsgistem changes and anticipated lbeign outcomesEvaluation surveys

were conducted when pastoralists begaplémenting their projects and again at completion.

Table2: Revitalisation solutions implemented on seven stations participating in the SRRP.

SRRP Objective Revitalisation solution

Regeneration of palatabl{ Native seedbanérin situnursery, native perennial seed spread
productive, perennial vegetation | grazing exclusion cells

Landscape function & hydratio] Whoaboys, grader banks, gullies and rills flattened 6 Ch a | |
restoration scrub packing, hessian sahdgboys portablebiodiversity monitoring

Total grazing pressure control Total grazing management (TGM) sefiustering trap yards, lined
goattrap, monitoring cameras on fences and at watering points

Livestock management Self-herding with lick feeders, selferding with TGM yards at waterin
points, strategic watering point locations and control, creating pad(
to enable rest periods (fencing)
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Resultsand 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 Moduleilimagining change, sping and goal setting.

Field day discussions using RAPTAupported systerdsased thinking by highlighting the
interconnected nature of station management and land system interventions, acknowledging that
changes in one area can influence broader landscapes. #isalsted in consideringow orrground

projects could enhance resilience, enable adaptation, and driveetomgransformation dahe station

scale.A notable insight from applying RAPTA was that formal systehmsking tools were less
important than anticipatedn many instances producediscussions naturally explored feedbacks,
drivers and longerm consequenceasgithout formalprompts suggesting that experienced pastoralists
already possess strong systdimaking capabilities. RAPTA's value was primarily in providing a
common language and structure de¥eper discussions.

Sudmeyetret al. (2016) determinedthat 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. Bastigt 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 therhonstration projects

were primarily focusd on building resilience and adaptive capacity, while evidence of transformational
change was less apparent within the project timefrafoe. example ristallation of sebherding
infrastructurein Figure 1was considered an adaptiselutionbecause it altered grazing and livestock
management practices while maintaining the existing pastatatprise. Figure 1 alstustrates 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 proposedagtinet al. (2014).

Shortterm R&A
goals

Longterm R, A &
T goals

Project

Current state

* Minimal * Fencing to * Implement self e Add more
watering point create new herding paddocks and
trap yards 17,000 ha management TGM yards

* Minimal paddock using the new around
internal fencing « Construction of TGMyards & watering points

« Continuous eight TGM yards paddocks * Scale out self
grazing & aerial around existing * Reduce soil herding across
mustering watering points water runoff the station

» Aim to match * Mechanical along creek line « Continue
stocking rate rehydration of a * Build a third mechanical
with carrying damaged creek paddock (40 rehydration of
capacity but line kilometres of damaged areas
little control of fencing) * Build exclusion
cattle breeding cages to
times monitor grazing

and pasture
growth
~_ @@ @ ~ @@ ~ -

Figure 1:On station project leading to short term resilience (R), adaptation (A) anetdiong
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 lkbergn changes in both land condition and business
systems. The example shownFigure 1 demonstratespastoral business progressively transitioning
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from a ypicalcontinuous grazing system towards a-belfding 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 fymoti@ase palatable perennial
vegetation and support more resilient production systems. Baseline monitoring was established at each
site, but evaluation of longeéerm outcomes will largely rely on ongoing monitoring by the participating
pagoralists. 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 SRRRndits 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 andtdong
conseguences of management decisions. In this context, RAPTA's primagyveal not in introducing
systemshinking conceptsbut in providing a common languagad structure tasupport knowledge
sharing.While most demonstration projects aligned strongly with resilience and adaptation objectives,
assessing transformational change will require lotgen monitoring of both landscape and business
outcomes. Earlier integration of RAPTA into future pastoi@telopment programmay strengthen
project design, monitoring and evaluation, while helping producers identify pathways towards more
resilient and sustainable rangeland systems.
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Vast & Virtual: The Future of Fencingin the Rangelands
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Virtual fencing as a tool for adaptive grazing management in
South Australia

Agenbag, B; Willis, M 12
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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 médtetal stimulus when livestock approach

a virtual boundary, allowing livestock movement to be controlled witadditional internaphysical
fencing.

This research forms part of the Future Drought Fund tToergn 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 Saustralia (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 anmmadasinglyresponéhg to the

audio cuebefore reaching the virtual boundary, resulting in fewer electrical stimuli as training
progressedProducers 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 alsbleshgproducers 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 drougéslient 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 seasbaafes 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 managenteWhile 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 managemerdrandht preparedness.
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Methods
VF has been implemented across five commercial beef enterprises representing a range of production

systems, including mixed farming, higainfall grazing and extensive pastoral environments.
Participating sites include Minnipa, Mount Jagged, Karoondaa®&tand Kangaroo Island.

Each enterprise implemented virtual paddocks designed to addregsesitic management objectives,
including improving pasture utilisation, protecting environmentally sensitive areas, excluding livestock
from riparian zones and increasing grazing fléxybduring seasonal variability. Producer experiences,
perceived benefits and implementation challenges were documented through regukirusduoned
discussions with participating producers. These observations were considered alongside livestock
managment 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 oppmities 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 virtuabundary design, particularly within more
complex landscapes.

Table 1 Summary of participating producer sites and primary grazing management objectives.

Site Area managed Production systems | Primary management objective
by VF (ha)

Minnipa 66 Cropping and commercig Adaptive grazing and stubble grazi
beef enterprise for better feed utilisation

Mount Jagged 3,945 High rainfall beef| Riparian and grapevine protectio
enterprise Cell grazing system.

Karoonda 298 Lucerne pastures an Cell/strip grazing of lucerne paddoc
commercial beef enterpris| with no hotwires.

Kangaroo Island 1,462 Commercial beel Landscape utilisation and recove
enterprise after Kl fires.

Struan Researc 5 Research demonstration ¢ Calving and cowcalf dynamics wher

Centre commercial beef enterpris| 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 tgsjgal 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 Lorgerm Trials program will further quantify production, environmental and
producer adoption outcomes under commercial grazing conditions.
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The effectiveness of virtual fencing to redistribute grazing pressure across
topography classes in a north Australian rangeland for land condition and
drought resilience outcomes
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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 Austral®y redistributing grazing pressure, VF could
enableincreased rest in overgrazed areas and increased utilisation of less preferred areas that would
otherwise have limited productive valard be a fire risk

Baselindlocationresults indicatéhat cattlepreferredflat plains overall othertopographies 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 overgrazitrgliminary findings

suggest that VF can successfully alter grazing patterns, reducing pressure on flat pldamssand
potentiallypromotrecovery in these areashis 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 condigiod drought resilienceutcomes in
northern rangelands.However, challenges remain in managing ttwmplex mosaic nature of
topography.Continuedmplementatiorof VF in the experimenis expected to improve land condition,
carrying capacity, and drought resilienc¥F could become a valuable tool for managing grazing
impacts,improving yearto-year production, and achieving environmensad economigoals inthe
extensive grazing systerngnorthern Australia.

Introduction

Cattle are highly selective grazers at the patch and landscape(eaal®ott 1987;Senftet al. 1987),
preferring specifi@areas especially those close to water and on flatlands, while wntdising other

less preferred areas within a paddock (Andrew 1988%ven grazing distribution can degrade land
condition, reduce productivity, and limit the sustainability of rangeland sydtdorg et al. 2014).
Addressing this challenge requires innovative management strategies to redistribute grazing pressure
and promote recovery in overgrazed am@as to protect riparian areas

Virtual fencing (VF) technology offers a promising solution by enabling remote control of cattle
movement without the need for physical barriarg. has the potential to improve grazimgnagement

by redistributing grazing pressure over time within physical paddocks. This approach aims for
increased rest in degraded arbg®xcluding cattlérom specific areas over timand better utilisation

of typically undergrazedreasby containing cattle in these areas for periods of .tivhile VF has
beentestal in various contexts, its effectiveness in north Australian rangelands, characterised by diverse
topography and extensive management systsmpsorly understoad

This study evaluates the effectiveness of VF in altering cattle grazing patterns across different
topographyclassesn a north Australian rangeland. Specifically, it examines whether VF can reduce
grazing pressure on flat plains and improve land condition outcamindle increasing utilisation and

thus productive value on the rugged and typically wgglazed topography classé@is studyaimsto

inform sustainable grazing practicby elucidatinghow VF intervention affects pasture and cattle
outcomesn extensive production systems.
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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 featliverse topography, including flat plains,

open slopes, and highlands.

GPS data were collected at-fifinute intervals using eShepherd® VF collars (Gallagher Ltd) fitted on

all study cattle. This study consists of two experimetse 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 alk@@de paddock to assess their
topography predfrences. 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, @odti2) treatmentcattle with
deactivated collars were allowed unrestricted access across their physical padumgaddocks for

VF and @ntrol herds were matched for total area, watering points, soil types, and topography and
ranged in total area fro®B9 to 799 hectaresStocking rates were adjusted annually based on forage
availability, and cattle movement planning was conducted in consultation with a producer advisory
group.

Cattle preferencéevelsf or t opography types were quantified
1961), whichexpresseghe timethat cattle spent grazing in each topography typkative to its
availability. Index values range frori (land class never used) to 1 (land class exclusively used), with

O indicatingneutraluserelativeto availability. Topogr aphy was c¢ | amgraphidaled usi
Position Class (TPC, Weiss, 2001), which considers elevation differences and local sldpesd
condition was assessed ugithe ABCD framework (Hunt et al., 2014), which evaluates pasture and
soil condition. The proportion of 3P speciasas also assessed along witldian couch grass
(Bothriochloa pertuspoccurrence as a proxy for disturbance (Spiegel 2028asurements were

taken at evenly spaced grid poiat825metre intervals acrosbe fourVF experimenpaddocks.

Results

Preliminary findings for the baseline experiment demonstithtdlat plains was the onliPCwith a
positive |1 vlevds i ndRCgh avda lnueeg,ata nvde nhovrl eEherbasg gvead u e
plains also exhibited the lowest proportion of 3P species, while highlands hgdedest. Land

condition ratings ranged from B (fair) for open slopes and highlands to C (poor) for flat plains and
lowlands.Indian couch graswas found across allPCs with thegreatesbverall occurrences observed

on the flat plains (medium frequency), and to a lesser extent on open slopes and highlands {both low
medium frequency) and lowlands (low frequency).

Tabl Brel.iminary fharsetanhe!l e epuétsesrence, mean | and con
cont r i b u(pereonial paatablep@ductive)pasture species to yield according to topogicgiiposition
classfor experimental paddocks at Spyglass Beef Research Facility.

Topogr ppbictlaak | vl evds il Mean | and|Mean (M&aP63P yield, kg
( AL DM/ha)
Fl at pl ains 0.13 C 4 6 ¥B833)
Lowl ands -0.29 C 56% (817)
Open Sl opes -0. 33 B 54% (982)
Hi ghl ands 0. 44 B 6 3 %,060)
Preliminary analysisaf he VF experi ment shows | vlevdés values
for the VF treatment compared to the Contfoli(gur e 1) . Conversely, t he

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 ofdhentomp
TPCs within the virtual paddocks are shown in Figures 2a and 2b, with pasture biomass decline for each
treatment paddock skwn 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

t o

an

extended

6front

naturally move to the new area. Change in pastu@dnss at the paddock level was similar between

the VF and Control treatments (Figures 2c and 2d).
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Discussion

This study demonstrates the potential of VF to redistribute grazing pressure #wogariable
topographical classes present within paddocks ohtinth Australian rangelandskesults confirmed
that cattlenaturallyexhibit a preference for flat plains, which are often overgrazed, whdaslopes
and highlandsremain underutilised. This uneven grazing patterover time contributes to land
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degradation, particularly in areas with low proportions of 3P species and poor land condition ratings.
Preliminay findings suggest that VF camable redistribution of grazing pressure from overgrazed

areas to undergrazed areas, in this case from the flat plains to the open Slapeedistribution of

cattle grazing pressure could allow overgrazed areas to reandeenable increased utilisation of

undergrazed areas.
investigation in this study.

The combination oétocking ratesligned withfeed availability and thestrategic restg periods for

Seasonal (month) interaction effects on grazing preferences require further

specific areas enabled by k]l ensurethatpasture utilisation is managed at both spatial and temporal

scalego supporimproved land condition and pasture productivity outcontegortantly, VF should

be regarded asmanagementool, with its success in achieving land condition and production goals
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dependenbn best practice management, particularly in preventing unintentimadisedovergrazing
or increased patch level grazing/hile these results are promising, tféen complexmnosaic nature
of the landscape presents challenges for consistently confining cattle to spe€Bat a timeand

overcoming selective grazingtaefiner spatial scalesAdditionally, hepresence of othdrerbivores
on the landscapéncludingchital deer, rabbitandmarsupialswill also impactherecovery of rested
areas.

Notwithstanding some of the potential challenges highlighted, the implications of these findings are
significant for sustainable rangeland managemerit offers a practical tool for improving cattle
grazing distributios 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 recovangcattle annual live weight productipon

which the drought resilience of a production system depeBd#gding on the preliminary results
presentedplannedstatistical analysewill investigate the seasonal and temporal variatioresaitie
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 veahieved despite the challenges associated with the

compl ex Omosaicdé nature of a |l andscape attribut

ultimately results in positive outcomes for land condition, drought resilience, production and business
succeas in a northern commercial production systems context is yet to be determined by this ongoing
study.
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Paper in review.

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 camuopasture 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 respeive and adaptive grazing management. While virtual fencing has been trialed in
more intensive production systems, its applicati
largely untested. The scale of paddocks, remoteness of enterprisimitet 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 Australiads extensively -gesiliet grdzingr ang el
management. Delivered through a partnership between NQ Dopictr 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 strongdasign 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 interpretatibhe 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 kgewuine collaboration between producers,
researchers and regional organisations can accelerate innovation and support moreregitiaght
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,rthisbeas

well established on a whole property scale in extensive environsigtisas northern Australi@his

study ainedto implementVF on Victoria River Research Station, in the Victoria River Region of the
Northern Territory The property is 31,400a and has a herd size of approximately &sfle In May

2026, all animals over 20Ky were fitted with a Gallagher eSheph&fE neckband. Animals were

trained in small paddocks for around one week after fitinefarebeing released into larger paddocks

to learn the audio and pulse cues associated with the virtual boundary. Neckbands conumunicate
directly with base stations on the property and remtrdgular geolocation data whietereused to
monitorthe location ofanimals innear real time. Animals arttieir fitted neckbandg/ere 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.Otheraims of the researclwereto 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 usiBg.

Introduction

Cattle production systems in northern Australia operate urftdtengingconditions that differ from

those in more intensive southern or temperate regions. Large propertyaitgsde climag, limited

access to skilled labour, amfifficulty associated witlanimal 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 operation4: systems use GP&abled neckbandsr collars)to

deliver audio cues and mild electrical stimuli that gu@hémal movemens 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 seppan flexibleapproach

to cattlemanagerant (Andersonet al. 2014) However, most existing studies have been conducted in
relatively small paddocks or environments with reliailebile phone receptiormheusefulness and
performanceof 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 aofrpobperty 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 managewnfdatge 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 annuahgeeainfall of 680 mm. A successful pilot

trial was conducted in 2025, and in May 2026 the trial was expanded across the propaitaniitials
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heavier than 20@g (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 fron286 ha. Cattle remained in training paddocks until

most had reached an audio ratio of 80%, which indilcdiat 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 puls€nce training criteria were met, animals were released into larger
paddockgbetween 850 and 2,100 hiy 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 migzkbands communicated with-pnoperty base stations

via LoRa(Long range, low power wireless data transmisstormecord regular geolocation datad

audio and pulse frequencgnabling assessment \6F compliance, movement patterns, ghd VF

system reliability over timeThe tial is ongoing with successful technology performance since the pilot
study began in May 2025.

GPS locations from theShepheraollars 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 randoenBtegen
available locations within the paddock. Land type was included as a predictor, with indandual
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 onmaied 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 wita n i ma | | D6s 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 effectivel\Emerd (
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 aufdidse 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 withiloundary 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 (Eijy 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 Pa{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.

Percentagetime used by  Percentage areaf

cattle 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
16.06°S -
16.07°S A
— Land type
B Aluvial Plains
l—‘ Drainage Systems
Plains
16.09°S A
16.10°S A
16.11°S | mr—mr—m 1000 m

130.86°E 130.87°E 130.88°E 130.89°E 130.90°E

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 preliminaryfindings from this study demonstrate thé can operate reliably and effectively in

extensive northern Australian rangeland environmehtsmals maintained high compliance with

virtual boundaries once released into larger paddocks, indicatingrtimadls respect the VF and can

adapt to changing virtual paddocks after learning the audio chiegedhnology performed welith

all neckbands communicating successfully withse stations and providing regular geolocation
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updates. These results show tii&tcan be adptedacross 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
pradise in the region. Results so far suggest thata&tfimproveanimalmanagemenrandflexibility,

and support more efficient herd coniraith more findings to follow.

This study demonstres$ that VF can generate meaningful insights irdaimal interactions with
different land types over time. The geolocation data collected throughout the trial allowed managers to
observe grazing distributidn real time and identify areas where preferential grazing takes pllaee.
capacity to monitor land type usagad remotely guide where animals grazas significant
implications for rangeland sustainability, as it enables more informed decisions about pasture
utilisation, andsubsguentgrazing strategie§Chopraet al. 2025) VF also offers the potential to
actively influence landype use by adjusting virtual boundaries to encourage or restrict access to
specific areas, providing a level of management precib&nwvould not be practical with oeentional
fencing. Thesdindings indicate tha/F is not only a functional tool foanimal containment and
movement but also valuable system for improviggeland 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 attadditional fencing infrastructure. Virtual
fencing (VF) uses GR&nabled 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 VV2.0) and trained to associate an audio cue with an elestiruallis. Sheep were managed
within a virtual inclusion zone surrounding a water point3ordays 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 unchanggtese 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
Austr al i aandshergay &.12@G0BCdrs/entional fencing is commonly used to influence
grazing patters but is often impractical in extensive pastoral systems.

Virtual fencing provides an alternative approach by using-&fbled collars to influence livestock
movement without additional fencing infrastruct¢@ampbell et al. 2018; Lomax et al. 2019}hile

this technology has been successfully demonstrated in cattle, information describing its application in
sheep grazing systems remains limifgtrini 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 eweditted with modified Vence Cattlerider V2.0 collars. Following training, sheep were
managed within dixed virtual inclusion zone surrounding a northern water point3@days The

virtual boundary was positioned approximately 10km from the water point, providing an inclusion area
of approximately 314k

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 thea3Qperiod. Animals not reliably
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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 musteringweight and body condition score remained
unchanged throughout the trial. Limited mobile reception occasionally interruptetintealGPS
transmission.

Figure 1 GPS heat maphowing Dorper sheep distribution within approx. 314kirtual 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 nowirtual-fenced control was included, changes in natural ranging behaviour
attributable to virtual fencing could not be quantifiecowéver, 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 sfpemific virtual fencing as a

flexible grazing management tool for extensive pastoral systems.
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Improving land management in theBrigalow Belt bioregion by planting
legumes or reducing grazing pressure did not increase soil organic carbon
during a decade of climate extremes

Thornton, CM; Elledge AE™.

! Department of the Environment, Tourism, Science and Innovation, Rockhampton QId.
Craig.Thornton@DETSI.qgld.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 carb@80OC)decline in northern Australia due to land clearing and land

use change, substantially less is known about the success of land management in3&@nitigese
degraded soils. Over a decade of land management interventions to irS@Gweere monitored at

the Brigalow Cathment Study in central Queensland. Declifd@Cdue 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 seasonlfipg, and restocking with variable rather than set stocking rates.

The climate sequence experienced during the period of improved management captured the extremes
of the 135year historical rainfall record. The consecutive run of above average rainfall years followed
by below average rainfall years had a return interizaDd years. There was no statistically significant
change irSOCin any 0.1 m interval from @ 0.4 m under the leguntey pastureunderbuffel grass

pasture following woody weed management, spelling and improved grazing managenugaieror
adjacent virgin brigalow scrub which was indicative of the landscape in #sysopean condition. It

is hypothesised that the likely gain$®Cin response to the second wettest period in European history
from 2010 to 2014 haltebdut did not reversén the subsequent record dryest period in European history
from 2015 to 2021. Without lontgrm, multidisciplinary studies these environmental respotse
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 croppesulted in a 46% decline in Walkley and
Black SOCfrom thesurfaced.1 m of the soil profile over 32 yedifhornton and Shrestha 202itial

decline was attributed to land clearing and burning, while ongoing decline was attributed to removal of
carbon in harvested grain with smaller lodsem erosion and soil microbial activity. This decline was
reflected in the particulate, mineral associated and resS@@tractions(Dalal et al.2021b) A 38%

decline inSOCwas noted in the top 0.3 m of the soil profile, but no significant change was seen from
0.3 m to 0.4 n{Dalal et al.2021b) Natural abundandéC studies indicated th&OCcycling occured

to 0.2 m, evidenced by the presenc80iCfrom a G source, in contrast to the original ®0Cderived

from the native vegetatigibalal et al.2021a; Dalakt al.2021b)

Land clearing for pasture resulted in a 28% decline in Walkley and Bl@€krom thesurface0.1 m

of the soil profilesoon after clearing Thornton and Shrestha 202Eollowing this initial loss, there
were no significant changes80OCover 32years in both the surface 0.1 m or the top 0.3 m of the soll
profile (Dalal et al. 2021b) The particulate, meral associated and resist&@Cfractions in the top

0.1 m of the soil profile also showed no change over 32 yBatal et al. 2021b) Natural abundance
13C studies indicated significant decline in the originalSDC derived from the native vegetation,
compensated for by inputs o SOCfrom the improved buffel grass pasture, with cycling occurring
to 0.2 m(Dalal et al.2021a; Dalakt al.2021b)

While the literature shows a sound understandin§@€ declinedue toland clearing and land use
change in northern Australia, substantially less is known about the success of land management in
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restoringSOCto what are now degraded sdiorrestelet al.2025; Henryet al.2024) Implementing

land management to rest@©®Cwas a core test of Stage 1V, the adaptive land management phase, of

the Brigalow Catchment Study when it commenced in 2010. Decl8@@as a result of dryland grain

farming was intended to be halted or reversed bgdléngof 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 letegm, paired, calibrated catchment study located in central
Queensland, Australia. It commenced in 1965, primarily driven bgdilemtific, 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 BrigalowDRerelopment Fitzroy
Basin SchemeThe site is considered representative of the broader 36.7 Mha Brigalow Belt bioregion
of Queensland andew South Wales. The experimental design and rationale are giGawie et al.

(2007) Annual average (1%6to 2024) rainfall was644 mm. Historical rainfall records from 1889 to
1965 were obtained from SILQleffrey et al. 2001) All references to annual rainfall refer to a
hydrological year(Octoberto Septemberith 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 pe&ai{oria ternateac v . 6 Mifrong2810 to2@L7 followed

by a buffel grassGenchrus ciliariscv. Biloelad )  @smdnthd¢éDesmanthuspp.cv. Progarded

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.
Grazingrecommenced withonservative stocking ratasgjusted 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 treatme®oil sampling vasconducted ire008, 2014, 2018023

and 202 at three 20 m by 20 m permanent monitoring sites within each catctBaamples were
analysed for tml SOC using Dumas higlemperature combustion following preatment 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 13§ear SILO record (2010 to 2014) and was followed by the longest sequence of
below average rainfall years (2015 to 2021). The webgéncluded 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
historicalrecord. 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 describeathlst al.(2021a) while

trends under cropping and pasture were describ&hlalet al.(2021b) Briefly, SOC under brigalow

scrub increased significantly both the surface and 0.1 to 0.3 m layer. Under cropf@g;from both

the surface and 0 to 0.3 m layer decreagéland 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 langl atehlémd

use change, but no significant change over the following 31 yeae WMas also no significant change

in profile SOC in any layer from 0.1 to 0.4 m.

A further decade ahonitoring during this study saw no significant linear or exponential trend in surface
SOC under brigalow scru®(= 0.57 andP = 0.779, respectively). Over the entire 42 years, SOC
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averaged 2.45% (Figure 1Ajowever,SOC from 0.1 to 0.2 m increased exponentialtgr 42 years

(P <0.001,R* = 0.78) to 113% of its starting concentration. A linear increase to 113% was seen from
0.2 to 0.3 mP = 0.037,R? = 0.26), while a slight linear increase to 104% was seen from 0.3 to 0.4 m
(P =0.04,R? = 0.27). In Catchment 2, the initial increase in SOC under ley pasture repoibedaby

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 0.4Rr>0.12) (Figure 1B). Similarly, a further decade of
monitoring under pasture in Catchment 3 showed no significant trend in any layer from 0 toP0.4 m (
>0.63) (FigurelC). Across the entire 4fear periodof pasture surfaceSOC showed a significant
decline immediately after clearing but no significant change in the following 40 year6.61). The

entire 42year study showed no changeS®Cin any layer from 0.1 to 0.4 nP(>0.17) (Figure C).

3.0 1 A) Virgin brigalow scrub
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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 temperatuelenry 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 geater influence of climate drive(§orresteret al. 2025) In contrast, longerm 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 S&dwlingset 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 pasttiecapacity 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 lorgerm exponential decline, whereas the pasture catchment had maintained
SOCover decades of grazing, potentially with little capacity to sequester(iffawenton 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 timeescal

Conclusion

SOC trends observed at the Brigalow Catchment Ssugyport observations of limitedarbon
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 needeacbnsidered on a multidecadal timescale.
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Effect of sampling density on soil carbon measurement uncertainty in
homogeneous rangelands stratified by digital soil mapping
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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 dpams 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 bgtthGamean 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/hato 0.33 tC/ha, or 0.002% SOC) across the entire density range. MCC is the calculated Probability
of Exceedancdiscount 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 samplamgsities, 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) sequestratiomisecognisedhatural climate solutiorthat can reduce
atmospheric greenhougasesvhile improving soil health and agricultural resiliencehis has driven
regulatory markets for verified carbon sequestr
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 measuredects discounted for sampling
variance, the temporary firstediting 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 -g¢laraesearch project
coordinated by the Food Agility CRC and involgieight academic and commercial partners.

Methods

Study area

Thestudy covered approximately 34,000 havtiichell open downs (Figure) lcomprisingevel plains

with scatteredstony ridgesDominant soils wereracking Brown Clays (Vertisols) on the plains and
non-cracking Brown Clays (Kandosolsh theridges with minor Brown Earths (Kandosol®n low

rises neacreek lines The soils were mapped as land units 4.1, 4.3 and 4.4 (plus the stony phases of
these units) ilcdgooseandKennedy(1996) formed on Quaternary alluvium.

Areasunsuitable for carbon farmingere excluded, includingost drainage lines={gure J, forested
areasand watercourses.
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Landscape stratification using Digital Soil Mapping (DSM)

Effective stratification imeededo reducewithin-strata variancanduncertainty under CER (20p1
Existing 1:100,000s0ils mappingvastoo coarse becausecombinedstony ridges and plainsito
undifferentiated complexes.

To improve spatial resolution, the studged 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 flusersslectghyeso by
expertreview andconsistency with existing land systems mapjgind photo interpretation. Thelsand

Typesformed theprimary strataand better distinguishezuibtle featuresgspeciallystony ridges from

plains than traditional mappinfFigure 1).

Experimental design: stratified nested sampling program
The sampling desigfollowed stratified random samplingnderCER (2021)and testedhree target
intensities: 15, 50 and 50®@per core.

Eachtargetdensity wagreated as separate Carbon Estimation Areas (CEAg}h 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 {fughsity areas, requiring subsets of cores

to be used to achieve thaytered density. This nested design provided the statistical power needed to
compare variance across densities within the project budget.

Several andidate CEAswere defined and evaluated, with the chosen configuration based on
maintaining aconsistent distribution of théour Land Typesacross all density trialso each trial
reflectedthes i t e 6 shetevogeneita | |

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 represerg tocations (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 sgbtting

The 178 core locations were generated randomly within each straging an algorithm that also
ensured the spatial distribution of locations across the whole landsddpé&6-70 cores allocated to

each sampling densitySince 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 t@/core)
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 iterationsof different randomly selected subsets of cores.

Laboratory measurement and carbon stock calculation

Field collection, laboratory analysis and reportiolpwed CER (2021) Bulk density and soil carbon
were predicted at 5 cm intervals down each core using the SCANS soil spectrometrydsystiemed
by CSIRO and commercialised by CarbonLink (Viscarra Rossel et al. 2017).

Carbon stock waexpressed ain Equivalent Soil MasgESM) of 15,099t soil/lha derivedfrom the
10th percentile soil mass all cores tadl.2 mdepth

Statistical analysis and performance metric (MCC)

Sampling performance was assessed using Minimum Creditable Change )(MZGssley and
Karunaratne2024), which is theProbability of Exceedance (POHBjscount 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 resultsshowedhighly consistent baseline carbon stock estimates across the three experimental
sampling densities. The mean weighted carbon stbcke 3 CEAs associated with each sampling
densityranged tightly betweer0.2 and 41.3 tC/hfor the Equivalent Soil Mass (ESM) of 15099 t
soil/ha(Table 1).

Differencedn measured soil carbon stock were ndietWeen the four stratified land typethin these
CEAs, withLand Type Aand D (Mitchell Downs countryyienerally exhibing lower mean stock
compared thand Types B and @nainly stony rises with sparse shrub cover) and was consistent across
all sampling densigés (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 | Mean Stock for | Mean Stock for | Mean Stock for | Mean Stock for | Mean Weighted
Density Land Type A Land Type B Land Type C Land Type D Stock (tC/ha)
(ha/core) | (tC/ha) (tC/ha) (tC/ha) (tC/ha)
15 39.1+2.8 448 +5.1 450+ 4.7 404 + 3.2 40.2+1.8
50 39.3+25 475+6.1 450+4.4 43.0+3.1 41.3+ 1.7
500 40.8+2.8 43.6 +4.2 43.9+4.8 405+15 409+1.6

Sampling variance MCC at Standard (60%) and 95% Confidence Level

The Minimum Creditable Change (MC@€alculated at the regulatory mandated 60% confidence level
was low across all 3 sampling densities, randiogn 0.30 tC/ha for the lowest density (500 ha/core)
to 0.33 tC/hdor the highest density (15 ha/core). This finding signifies that the statistical uncertainty
associated with a density of 500 ha/corprcticallyidentical to that of 15 ha/co(@able 2).

Table 2, Impact of Sampling Density on Sampling Performance Metrics (Minimum Creditable Change)
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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 frdn®6 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 upomreasurement in 19 out of 20 cases. This change is equit@le

an SOC% change of only 0.013% to 0.01@Pable 2).

Discussion

The consistent result of the mean measured carbon stock #teo8sareas sampled at different
sampling densitieBom 1,013 hectares to over 34,000 hectares suggests that the overall lahddgcape
consistent patterns abil carbordistribution.

These results confirm that tlekgital soil mapping stratification successfully segregated areas with
distinct soil carbon pools. Thislidateshe use of DSM techniques for defining strata in subtly variable
rangelandsis a way of minimising sampling variance.

The MCC (Probability of Exceedance (POE) at 6@#fore ACCUsareissued was consistent across

all sampling densities, suggesting that quite low sampling intensities of 500 ha per core can be used to
guantify soil carbon stock in homogeneous environments such as the Mitchel Grass Dosvns.
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 50Ba/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 MCQlsosuggests that only modest changes in SOC stock are required for a
project to be eligible for ACCU credits using the CER (2021) methodoldgen 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 randéiands.
economic feasibility of largecale soil carbon sequestration projects operating uaders t r al i a6 s
Australian Carbon Credit Unit (ACCU) Schernave an increased likelihood of success by validating

a strategy thatignificantly minimsessampling 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. Oveeti 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 paddtekydragy.

Rainfall simulation experiments and higisolution aerialight Detection and RangindliDAR) were
combined to develop validated twiimensional (2D) Rahon-Grid (RoG) models inHydraulic
Engineering Centre River Analysis SystddEC-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
validaed assessemt of cattle trail hydrology and improves understanding of brails 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 ecosygiee'sth and Fabricius 2010)he Fitzroy

Basin is the largest catchment draininp the GBR lagoon, and it is one of the highest contributors of
total fine sedimentProsser and Wilkinson 2024Frazing is the dominant land use within the basin
(Thorntonet al. 2012, McCloskeyet al. 2021)and consequently, management practices that reduce
runoff andsediment export from grazed paddocks are of high priority for improving water quality
downstream(Prosser and Wilkinson 2024)ivestock impact vegetation cover and soil structure
through two main mechanisms: grazing (driven by herd management) and trampling (physical impact),
which result inincreagd soil compaction and reded infiltration (Filazzolaet al. 2020, Wuet al.

2025) Repeat livestockmovement concentrates these impacts into incised trail networks that
temporarily function as drainage pathways that rapidly deliver runoff downslope and potentially
increase hydrological connectivifliller et al.2017) Recent research has improved our understanding

of cattle influence on hydrology at small scal@brahamset al. 1986, Smithet al. 2010, Milleret al.

2017) however, the influence of interconnected cattle trail networks on paddatd runoff timing,

runoff export, and hydrological connectivity remains poorly quant{isrdckenet al.2013, Kociet al.

2020) Advances in highiesolution terrain mapping and 2D hydraulic modelling provide an opportunity

to address this knowledge géfwanget al.2012, Brackeret 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, whiledsiglution LiDAR terrain

data enabled explicit representation oftleatrail networks within a paddoedcale terrain model.
Combining these datasets, we developed and calibrated a 2DRAECR0G model to simulate
paddockscale runoff routing in a grazed paddock and determine if livestock trails alter hydrological
connectvity.

Methods

Rainfall simulation experiments were conducted at the Brigalow Catchment Study (BCS) within the
Dawson sukcatchment of the Fitzroy Basin, Queensland, Australia. The study is well described in
Cowieet al. (2007)and Thornton and Yu (2023)Experiments targeted a rainfall intensity of 80 mm

h! across eleven 1.5 fmplots with two treatments (fiveattle trails, and six adjacenvegetated
hillslopes) to quantify hydrological metrics and discharge hydrographs used to calibrate 2D RoG
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models within HECGRAS (version 6.6)Model calibration was performed individually for each plot by
adjusting infiltration losses including Cunhdumber (CN), initial abstraction ratida), minimum
infiltration rate, and surface roughness (Manni
results from our rainfall simulation experiments. The median calibration values for each treatment were
used to parameterise paddestdale simulBons.

A digital elevation model (DEM) was generated from higholution aerial LIDAR and processed in
ArcGIS Pro (version 3.1.2) before being imported into HEAS (version 6.6). The DEM was
smoothed to a radius of approximatel@ & to reduce terrain noise and preserve hillslope topography.
Another DEM incising livestock trails was also developed utilisiegain modification features
informed by LIDAR and pin profilometer measurements. These DEMs enabled two patadek
scenarios to be conducted where @oenario applied hillslope parameters uniformly across the
paddock, and the second included mapped trdiish made up 2% of the total land arearéafter
referredtoasheé hi | bal gpeainmc loudeadd sscenari os.

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'sn=0.05,CN=9,and= 0. 18) and hill sl ope IgMa3Bni ngbs
parameter sets, with no minimum infiltration threshold required for either treatment. Validation
reproduced runoff timing, peak discharge and hydrograph shape, achieving a KlewjlaBupta

Efficiency (KGE) value of 0.98.

Paddockscale runoff response

For both scenari os, rainfal]l was a plmlpaddatk, at 80
commencing at minute zero within an eigiaur simulation. Runoff commenced 83% earlier in the

trails included scenario when compared to the hillslope only doe(faminutes 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
cessation of rainfallland the hillslopeo nl v scenari o reaching 0.328 mj
These peakiming and max discharge results equate to differences of 3% and 11%, respectively. The

total amount of runoff exported over thd8ur simulation window differed by 3.4%. Hydrograph tails

also differed slightly, with discharge decreasing more slowlyerhilislope model.

Paddock Type
=== Hillslope only scenario
0.31
== Trails included scenario
o
Iu'.l
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>
©
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Figurel. Simulated discharge hydrograph for RaimGrid 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 trailsincluded scenario was concentrated within the central trail and associated tributaries,
producing a connected network of preferential flathg that converged towards the contour bank and
outlet. In contrast, runoff in the hillslopenly 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 tsihcludedscenarigproduced a rainfall excess of 2.551 x 103 m3, of which
75% was exportedsimilarly, the hillslopeonly scenario produced a rainfall excess of 2.558 x 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 trgitsnarily 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 hillslopaly scenario remained more diffuse. This supportctmeept

that hydrological connectivity is a key control on runoff transfer through lands{Bpsckenet al.

2013)

The calibrated parameter sets also support this interpretation. Compared with cattle trails, hillslopes had
higherl, 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 likebflects the heavily grazed condition of the
study site and explains why cattle trails increased runoff intensity without substantialgyrch#otal

runoff export.Greenwood and McKenzie (200dgported similar effects of livestock trampling on
infiltration and runoff generation.

Similarly to Srinivasan and McDowell (2009pur findings reveal that cattle trails function as
ephemeral drainage pathways, increasing paddoale hydrological connectivity and accelerating
runoff delivery to the outlet, underpinning the field observations describbteijfes 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 inviestideether the observed increases
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 vegetatiorBy combining hydrological restoration, native grass establishment and emerging
biocrust research, this project demonstrates an integrated approach capable of improving both landscape
resilience and longerm grazing productivity.

To date, our project has rehabilitated more tBa000 ha of degraded Mitchell grassland using
integrated restoration methods including earthworks, reseeding, and monikengrinciples and
outcomes include:

0 Brickwork earthworks restore surface hydrology, slowing overland flow, reducing erosion, and
improving soil moisture retention.

0 Biological soil crusts act as early ecosystem engineers, stabilising soils and contributing carbon
and biologically fixed nitrogen.

0 Biocrust seed priming shows potential to improve Mitchell grass germination and
establishment.

0 Landholderresearch partnerships enable lasgale 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, morfkmoding, invasive weeds aasergrazing
Approximately 47 million hectares of Mitchell grasslandisteblas pp. ) f orm some of Au
valuable grazing lands, yet climatic extremes continue to impact productivity and compromise farm
economicsand longterm 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, piogica promising tool for largscale

dryland restorationThis project is conducted with researchers from the University of Queensland and
supports student research and industry placements. Landszpanonitoring uses UAV surveys,
groundbased assessmig, 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 ecosysR@GEEW 2023).These grasslands
support the northern pastoral industry while also providing significant ecological value. However, many
areas have experienced degradatiae toprolonged drouglst monsoonal flooding, invasive weed
incursions, and sustainedergrazing(Hall et al.2020) Consequently, declines in perennial grass cover,
soil function, and soil stability have reduced the resilience and productivity of these ecogykisiais

et al2021 Teague & Kreuter 2030

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 erosioand creating favourable conditions for native
perennial grasses to establish (Tongway & Ludwig 2011). Reseeding with locally appropriate native
grasses then accelerates vegetation recovery across degrade®weeedsousands of hectares, this
transforms barejegradedreasnto productive, stable pasture.
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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 eGtpbedys.

biocrusts are estimated to prevent the dispersal of approximately 700 million tonnes of dust annually
(RodriguezCaballercet al.2022). In northern Australian savannas, cyanobaetienainated biocrusts

have been estimated to contribute approximately
substantibnatural source of nitrogen enrichment for nutripabr savanna soils (Willianet 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 parships 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. Regamwaystems 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 createall-scale, shallow furrows into the land following natural contours,
resembling courses of brict@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
favourableconditions for native perennial grasses to estalisngway & Ludwig 2011)

Seeding

To accelerate rehabilitation, degraded areas are reseeded with native grass species appropriate to the
regional ecosystem. I&€entral WestQueensland, coated Mitchell grasAsifebla 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 rainfalfjtrers germination and establishm@B¢rtoet 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. Mwitig is conducted using either the
Vegetation Condition Assessment Tool (VegCABrott & Burrows 2022pr the Land Condition
Assessment Tool (LCAT]State of Queensland (Department of Agriculture and Fisheries) ,2020)
depending on the requirements of flanding program. These rapid, standardised assessment methods
provide repeatable measures of key indicators including perennial grass cover, ground cover, soll
stability and erosion, allowing changes in ecosystem condition to be tracked throughoaojettte pr

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 majorriemts (nitrogen, phosphorus, potassium and
sulfur), to inform restoration managemédRacific Community $PQ et al2021) The il 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:

1 Reduced concentrated flows
1 Slower water movement across the landscape
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Improved water retention

Reduced erosion

Vegetation response following rainfall
Increased ground cover

=A =4 =4 =4

Figure 1. Brickworking on a Greening the Outback propertyFigure 2. C|OS&J 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.

Discussim

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. Pairedwaétrseason spelling, these project sites have
become productive areas that can be used within grazing systems again.

The multimethod 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 complementadyhave 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 coritlon, 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 Umsity of Queensland to understand the role
biological crusts play in rehabilitating native grasslands in Central Western QueeRskimdinary
observations indicate that seed priming using locally sourced biocrust inoculum may improve
germination and eBrestablishment of Mitchell grass under field conditidislogical 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 acro$ise rangelands.

Restoring native Mitchell grasslands requires rebuilding ecological processes rather than simply
replacing vegetatiorBy combining hydrological restoration, native grass establishment and emerging
biocrust research, this project demonstrates an integrated approach capable of improving both landscape
resilience and longerm grazing productivityThis 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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Abstract

Feral goats Qapra hircu3 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-tigtodiance landspas 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, basé actions can be costly to implement.

To support strategic decisianaking, 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 @RISSS 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 exgsion 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 hemores, particularly feral goat€apra hircug. 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 characterised by a combination of browsing and graziewables them to impact

both woody and herbaceous plant communities. In rangsistems, 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 postdisturbance landscapes where vegetation recovery underpins ecosystem health-terchlong
pastoral productivity. Grazing pressure from feral goats can compromise the success of carbon farming
projects, where diverse vegetation establishment and persisteacessential 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 peemaMWPs 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 acns such as AWP closure and exclusion fencing (Lethial 2014; Russelét 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-BaSER cost surface approach to model
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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 spatialmodel offeral goatgrazinglikelihood wasdeveloped for gastoralproperty in thewvestern
division of NSW using the r.cost costistance algorithnin GRASSGIS. Two habitatpreference
frameworks were assessed independeRtgntCommunity Types (PCT) (NSW Government2825)

and Land Systems (LS) (NSW DCCEEWR9]). For each framework, Select Carbon vegetation
specialists assigned a relative habegference ranking to every PCT and LS present on the property,
based on thepastoral potential of the inherent speci&be resulting rankings were converted to
normalsed preference raster layer$ {9 and subsequently transformed into resistance surfdicgdy
preferred habitat was assigned lower resistance and less preferred Walsitaissigned higher
resistancePublicly available NSW Government slope data (NSW Government B, 2025) was used to
derive a terraifresistanceurface The ephemeralreeklocated in the north of thgropertywas treated

as a movemerntorridorand therefore areek corridor modifiewasincorporated to produce composite
movementresistance layers.

Scenariespecific cost surfaces wegenerated byombining the movemengsistance layers with
waterdistance multipliers and different fencing configurations. Water availability was represented by
three scenarios: all AWPs available on the property and the neighbouring prpéry a 6km

buffer), selectedAWPs in the south closure, and select®@Ps in the north closure-encingwas
represented by three different configurations: an existing eastern boundary fencéusrdyt
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 scemaie focused on for this
paper: Scenario A; current infrastructure retained on the property (baseline scenario), Scenario B;
infrastructure upgraded in the south of the propersputhern exclusion fence and selected AWP
closure, Scenario C; infrastruce upgraded in the north of the propertyorth 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 fireperty toferal goats under different combinations of
habitat preference, water availability and fencing, and were used as a spatial prediction for likely
grazing pressure amdovement opportunity across the landscape.

Results

Figure 1Ashows 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 appeansrease where AWP density is high.
Grazing likelihood in CEAs was also impacted by neighbouring water points.

Figure 1Breflects 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 alongthghern boundary is reduced through

the installation of exclusion fencingmoving access to neighbouring water points. Grazing impact
remains high in the nortfrigure 2shows a 9% reduction in CEA area within the lowest cost class (0
999) relaive to the baseline scenario.

Figure 1Qreflects 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 becatdigease management changEgyure 2

shows a 46% reduction in CEA area within the lowest cost cla@890relative 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 cosin CEA areador each scenario. Low co&tronger redjs most likely to be grazed. High
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Figure 2.Histogram of the area of CEA in each cost distribution class for each scenario.

Discussion

This study demonstrates how codsstance modelling can act as a decissapport tool in the
rangelands of western NSW. Through integrating vegetation preference, water availability, fencing
infrastructure and landscape characteristics such as terrasicga] the modelling tool can predict
grazing likelihood for a determined area. These outputs can inform targeted management strategies to
support pastoral productivity and carbon profggectives.

AWP distribution and access in searid rangeland environments has a strong influence on herbivore
grazing pressure (Letnat al. 2014; Russelkt 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 manipuffibh of
access in semarid 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 sourcetoaeeto the property boundary and in high
preference areas. Exclusion fencing is capitednsive 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, reflectbd 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 lowestost 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 financiatints 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. Thnodigntifying 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 goatg pneference 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 rg@nse. 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 wasiaatraabler instead of a water source.

The accuracy of this setting will be seastapendent.

In conclusion, this study demonstrates that-8&Sed 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 intervensionay have the greatest impact on reducing
grazing pressure, landholders can allocate resource mare effectively.
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Camelsi an unlikely conservation hero
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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 sigriificance
Prickly Acacia. This is primarily due to the prefererndecamels 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
monitared 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
fasttrack pasture recovery of degraded areas whilvedgtsupressing woody weed growth and
conseguential 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 whencompared 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 budgdel for Prickly Acacia which will

mature further as Al tools are better incorporated and coupled with higher resolution imagery. Given
the extent of the weed within the kiegion and the limited impact of camels on the pasture species
within the trial aea, 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 watercour$ienes, regional incomes and
employment opportunities.

Introduction

PBE Services and the Desert Channels NRM Heen studying the positive impacts of higgnsity
camel grazing on the suppression of introduced woody weeds while alb@afkatg native pasture
recovery in preparation for cattle-goazing.

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 breedemhifloecin annual
rainfall of 490 mm hapastures normally dominated by perennial Mitchell GrAssrébla sp, buthas

seen a decline in MitcheBrass dominance through drought, woody weed invasion and grazing. At the
trial commencement, pastures in the trail area were dominated by Flinderss&issnésp) and other
undesirable grasses withcambined relatively lolong-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/hastéosv 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
impactingthe 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 pastwtagtian. 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 Aqa@ahellia nilotica),means

that weed control in the bieegion is a longerm 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 beaatly 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
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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 degradatihence 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 acacialantfe bare patches surrounded by heavily grazed
native pastures with grazing impacts declining with distance from the water points. The smaller
paddocki i Ca me | Paddocko is 42ifMdouws @& hR&dMEkoThekbareger p a
ground in botlpaddocks 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 2024/5df®n experiencing
extensive rainfall which contributed to strong pasture recovery. Transect lines were established within
the fenced areas, in adjacent paddocks grazed by cattle and igemred control area. Transects were

50 m in length. These traaects were used to determine species composition, ground cover and, by
enlarging the area and referencing photo standamly matter was estimated. Transects were re
measured at monthly intervals and at this stage high resolution drone imagery wagplalated 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 witinitigd 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 withénttial 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 monitoremhthly 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 withErichloa 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 nhormal for this bioregion with
natural £nescence 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 pasturesyanl 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 passures targe
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 prickhacaa 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 fromoody 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 froprdatter from the wgrazed monitoring site was used

in the model to determine pasture demand. In the second wet season of the trial, the large amount of
standing urgrazed grass acted as a mulch allowing a rapid germination of forbes following rain and
mantained 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 ¢am#000 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 mutdbdb

more work is necessary to determine stocking rates with more accuracy depending on outcomes sought.

Native Pasture Dry Matter Estimate
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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 pastpeies 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
plamed 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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Ground Cover Estimates
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Figure 3 Ground Cover estimates between trial areas

Picture 1 Pasture Cover January 20R&€amel PaddocgkPicture 2: Pasture Cover March 2025
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
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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 doedder 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 drylaaoiHgrown) 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 norttest 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 haveaexied significantly across the region. The
total area in NW Queensland under cropping in 2025 was 52,103ha, comprising 42,648hawain

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 @iteed limitations of dryland grain production
and the challenges of-establishing pastures on previously cropped land.

Suitability T rain-grown grain production

Climate

Rainfall in northwest 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 Ricimd area by Webstet 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 nemginal for raingrown 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).
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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 sedimentar(ierandHughes 1983Queensland 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 (Tamaughes 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 (Petstxra@013 p40
Bartleyetal. 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 ooz#irfarming, 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 conservaticaspracti

as recommended for the Central Highlands of Central Qld (Banmd&uck 1993 Careyet 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 Al tool ChatGPT was used to calculate the soil erosion losses using the universal soil loss equation
(USLE) A=RxKxLxSxCxP (WischmeiandSmith 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 zertll cropping with no contour banks
3. Bare ground conventional tillage with single spaced contour banks on 100m spacings
4. Stubble retention zertll 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 Al 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 1.0 0.3% 1.0 0.3%
P | Support practice factor 1.0 1.0 0.21% 0.21%
A | Average annual soil loss (t/ha/yr) 50 17 11 4

1 Bare ground no coveF;25% stubble or crop covetNo contour banks? 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 theE)lSThe results in Table 1 clearly show that

by adopting stubble retention and zéitbfarming practices supported by singdpaced contour banks
(scenario 4), soil losses are reduced by 87% compared to thedoption of any soil conservation
practiceqscenario 1).

Re-establishment of pastures

Without regular seed set, the soil seedbank longevity of the perennial native Mitchell grass pastures
(Astreblaspecies) is exhausted by year four, with 80% of germination occurring in the first wet season
(Orr 1999). A longterm grazing trial by Orr and Phelps (2013) on Mitchell grass pastures in NW
Queensland recorded only one successful recruitment event thei2@year life of the trial. While

grain production may be successful during a run of good seasons, the probability of failed crops during
therun 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 capaatydomestic livestock.

Conclusions

The high probability of rakgrown crop failure due extreme rainfall variability, plus the added risks
from salinity, sodicity and soil erosion make rgiown grain production on much of the rolling
Mitchell grass downs a borderline land use option. A/ \mgh 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 riskbased 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 lgam 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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Evaluating ecosystem service tradeffs associated with irrigated
agricultural development in northern Australian rangelands: a case study
from the Gilbert River catchment
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Abstract

Pl anning irrigation development i n fewr Glbeetr n Aus
River catchment, NW Qld)equiresdecision frameworks thavaluae tradeoffs among ecosystem
servicesjncluding agricultural and livestock production, freshwater availability, habitat provasidn
cultural valuesEvaluating the potential impacts of irrigation developmisrahallenging andequires

an approach capable of integrating diverse evidence sofliteeature synthesis, regional datasets,
modeloutputs, policy documents and expert knowledgg)st accounting for uncertaintin this study

we present a Bayesian Network (BN) model which provides a structured, probabilistic approach for
assessing ecosystem service trafls, integrating a diverse range of evidence sources whilst making
transparent assumptionghe BN has been useaks avaluableillustrative tool to qualitatively explore
relative changes and potentiatosystem servic&radeoffs associated with irrigated agricultural
developmentn the Gilbert River catchmerand demonstrated its potential to supgettencebased

water resource planning in complex, dimaited contexts.

Introduction

Ecosystem services are the benefits that people derive from ecosyMéimsnium Ecosystem
Assessment 2005)n river systems, these benefits arise from the interactions among hydrological and
ecological processes, which regulate the generation, distribution and persistence of services across
landscapegBrown et al.2023) Because ecosystem services are inherently interconnected, changes to
land use or water extraction can influence multiple services simultaneously, creatingffisaite
resource development decisidRaudsepg-Hearneet 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 gr{®étheranet al. 2013) However,
development may alter hydrological flow regimes, creating tcdfdfeamong provisioning, regulating,
supporting and cultural ecosystem serviieaudsepgHearneet al. 2010) As a largely unregulated
seasonal wedry 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 ecologigroductivity, biodiversity and cultural values that depend on natural flow
variability remain poorly understood.

Assessing ecosystem service tradfiis is challenging because development impacts occur through
interacting pathways, including water extraction, land use change and water quality p(&sweas

et al.2023) producing nodinear responses, and spatially distributed and uncertain out¢Bier@sett

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 cagistibnships among componeftanduyt

et al. 2013) Despite their suitability, the existing implementation of BNs has focussed on select
environmental or economic outcom@sg., Crossman and Pollino 20¥8jher than comprehensively
evaluating catchmentide ecosystem service outcomes. This study develops a Bayesian Network to
evaluate ecosystem service trauffs under staged irrigation development in the Gilbert River
catchment. The key objectives are (b) 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.
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Methods

A BN (Figure 1) was developed using Netica 7(Bbrsys Software Corporation 202t) evaluate
ecosystem service traadfs based on a hypothetical schestale irrigation development case study

for the Gilbert River catchment, NW QIld. The case study was informed by the Flinders and Gilbert
Agricultural Resource Assessment (FGARA) reiPetheranet 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 coatnsction, 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
DriversPressuresStatelmpactResponse (DPSIR) structure to conceptually link human aesvio
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, Ingpaeptured the ecosystem service traffe, 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 cefined 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, spatiabdts, 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 @ctosystem service impacts.

Development stage DRIVER
p_ g Scheme-scale irrigation development
« Baseline

« Low :> « [rrigated area
» Vegetation clearing

: Eieg?]lum « Extraction volume
« Water source
« Water storage infrastructure

7/ \

PRESSURE

RESPONSE

Management and policy levers
« Environmental flow provisions
« Irrigation efficiency
« Nutrient and pesticide management

Environmental stress from irrigation
+ Flow regime change
« Terrestrial disturbance pressure
+ Water quality pressure

« Grazing pressure management
« Riparian zone management

« Cultural water and heritage management l

STATE
Ecological condition

::MPACT ice trade.offs « Aquatic connectivity
cn;iys-ute.n‘f service trade-o = Waterhole persistence
. vis'l?"::qu ki —  Riparian condition
- Avestock production » Terrestrial connectivity

Fisheries productivity
Freshwater availability
Crop production

* Regulating
Floodplain function
Flow regulation and flood attenuation
Water quality regulation
Erosion control and sediment regulation
Climate regulation and carbon storage

« Supporting
Habitat provision and connectivity
Biodiversity maintenance and resilience
Seil formation and nutrient cycling

« Cultural
Indigencus cultural values
Recreatien, tourism and sense of place

« Terrestrial condition
« Instream water quality

Figure 1. The Bayesian Network (BN) model structure examining the qualitative ecosystem service
tradeoffs 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 wHde rather than as precise quantitative
predictions. Across the four development stages, BN indicates a progressive shift from intact
ecological processes and strong regulating, supporting and cultural services to increasioffistrade
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 hydrolagiregulation, 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 bisiade system change, with gains in crop
production occurring at the expense of other ecosystem services.

Figure 2. A summary of the ecosystem service tatiedemonstrating 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.
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