
 

 

Pastoral land condition standards:  
Conceptual basis and West Kimberley region 
case study 
 
Draft October 2022 

 





 

 

 

Pastoral land condition standards:  
Conceptual basis and West Kimberley region 
case study 

Draft October 2022 

Rick Fletcher, Robert Sudmeyer, Kathryn Ryan, Matthew Fletcher, 
Karen Holmes, Philip Thomas, David Barker, Wayne Fletcher, 
Pouria Ramzi and Nathan Penny 
  



 

© State of Western Australia (Department of Primary Industries and Regional 
Development) 2022 

 
Unless otherwise indicated, ‘Pastoral land condition standards: Conceptual basis and 
West Kimberley region case study. Draft October 2022’ the Department of Primary 
Industries and Regional Development is licensed under a Creative Commons Attribution 
4.0 International Licence. This report is available at dpird.wa.gov.au. 

The Creative Commons licence does not apply to the State Crest or logos of 
organisations. 

Recommended reference 
Fletcher R, Sudmeyer R, Ryan K, Fletcher M, Holmes K, Thomas P, Barker D, 
Fletcher W, Ramzi P and Penny N (2022) Pastoral land condition standards: 
Conceptual basis and West Kimberley region case study – Draft October 2022, 
Department of Primary Industries and Regional Development, Western Australian 
Government. 

Acknowledgements 
The authors wish to thank David Bicknell for editorial advice and assistance, Dr Paul 
Novelly and Professor Mark Westoby for technical review, and Phil Goulding for the 
maps and charts. 
 
Disclaimer 
The Chief Executive Officer of the Department of Primary Industries and Regional 
Development, and the State of Western Australia accept no liability whatsoever by 
reason of negligence or otherwise arising from the use or release of this information or 
any part of it. 

Copies of this document are available in alternative formats upon request. 

Department of Primary Industries and Regional Development  
3 Baron-Hay Court, South Perth WA 6151 
Telephone: +61 (0)8 9368 3333 
Email: enquiries@dpird.wa.gov.au 
Website: dpird.wa.gov.au 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.dpird.wa.gov.au/
mailto:enquiries@dpird.wa.gov.au
http://www.dpird.wa.gov.au/
https://creativecommons.org/licenses/by/4.0/


 

iii 

Contents 
1 Introduction ....................................................................................................... 1 

2 Conceptual basis .............................................................................................. 2 

2.1 Pastoral land management reform in Western Australia ............................. 2 

2.2 Pastoral land condition and degradation ..................................................... 3 

2.3 Risk-based pastoral land management and conceptual standards............. 3 

2.4 Turning conceptual standards into practical management settings ............ 7 

2.5 Key pastures and monitoring and assessment units ................................... 9 

2.6 Selecting key pastures and developing operational standards ................. 12 

2.7 Measuring land condition .......................................................................... 13 

3 West Kimberley Region case study ............................................................... 16 

3.1 The West Kimberley regional geography .................................................. 16 

3.2 Determining the MAUs and key pastures for the West Kimberley ............ 21 

3.3 Alluvial MAU standards ............................................................................. 25 

3.4 Coastal MAU Standards ........................................................................... 36 

3.5 Frontage MAU Standards ......................................................................... 39 

3.6 Hummock grass plains MAU Standards ................................................... 46 

3.7 Tussock grass plains MAU Standards ...................................................... 55 

Appendixes .............................................................................................................. 63 

Appendix A Conceptual standards for assessing land condition for the WA 
pastoral industry ..................................................................................................... 64 

Appendix B Kimberley WARMS grass pasture sites, condition change and 
possible drivers of change ..................................................................................... 67 

Appendix C Validation exercises for the West Kimberley standards ................. 72 

Appendix D Relationship between terms describing landscapes and vegetation78 

Appendix E Monitoring and assessment units for the West Kimberley ............. 80 

Appendix F List of plant species ............................................................................ 83 

Appendix G Production characteristics of key pastures in good condition ...... 85 

List of terms ............................................................................................................. 86 

References ............................................................................................................... 90 

 





1 Introduction 

1 

1 Introduction 
This report outlines the conceptual basis and the first case study based on these 
principles to develop regional-level, quantitative land condition standards that explicitly 
define acceptable pastoral land management outcomes that meet the regulatory 
requirements of both the Land Administration Act 1997 (LA Act) and the Soil and Land 
Conservation Act 1945 (SLC Act). 

The development of regional-level land condition standards for Western Australia (WA) 
is a critical component for implementing the Framework for sustainable pastoral 
management (the Framework; Fletcher 2022a) which was designed to address the 
Office of the Auditor General’s report recommendations to improve the management of 
pastoral lands in WA (OAG 2017). 

The next section of this report (Section 2) provides an outline of the Framework’s risk-
based approach plus the scientific basis for each of the conceptual principles that will be 
used to develop the land condition standards and assessment methods for all pastoral 
regions in WA. 

Following the description of the conceptual basis, Section 3 of the report presents a 
case study of how these principles have been applied to the West Kimberley region 
from which the first set of quantitative land condition standards for WA have been 
developed. 

The conceptual principles outlined in Section 2 and the learnings from the West 
Kimberley case study presented in Section 3 are being applied by DPIRD for the 
development of land condition standards for each of the other pastoral regions of WA. 
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2 Conceptual basis 
2.1 Pastoral land management reform in Western Australia 
Pastoral leases and stations in WA 
The standards in this report and the Framework apply to the management of all pastoral 
leases in WA. Pastoral leases are made over Crown land under Part 7 of the LA Act 
which are granted for the lessee to use the leased land for pastoral purposes, which 
mostly involves the grazing of authorised livestock on the natural vegetation. 

The term ‘pastoral station’ refers to the name applied to one or more pastoral leases 
that are managed in a collective manner. 

Pastoral lands reform 
In 2018, the WA Government initiated a pastoral lands reform (PLR) process to improve 
the management of pastoral lands and address the recommendations made by the 
Office of the Auditor General (OAG) which were designed ‘to improve the sustainable 
outcomes for the pastoral industry and the communities it supports’ (OAG 2017). 

A major initiative for the PLR was the development of the Framework for sustainable 
pastoral management (Fletcher 2020, 2022a) which was designed to achieve the 
government’s reform objectives of improving pastoral lands management, land condition 
and regional economic opportunities by meeting the OAG’s recommendations of 
formally adopting the principles of ecologically sustainable development (ESD; see 
glossary for definition). 

The Framework, which was developed by DPIRD with input from an Interagency 
Working Group and an Industry Reference Group, is a contemporary, risk-based 
management approach based on internationally accepted best practice principles 
(ISO 2019; Standards Australia 2018; Standards Australia 2013; FAO 2014). It covers 
all relevant Western Australian legislation (LA Act, SLC Act, Biosecurity and Agriculture 
Management Act 2006, Animal Welfare Act 2002) and other agency requirements 
directly related to managing the pastoral estate. 

The Framework has been formally noted by the WA State Cabinet as being a vital 
component for progressing the pastoral land reform process. Given the specific 
emphasis of the recommendations within the OAG report, the initial focus for its 
implementation has been to address land condition and degradation issues. Therefore, 
a shorter ‘land condition version’ of the Framework has been developed to assist lease 
holders begin to apply these principles (Fletcher 2022b). 

Future programs undertaken by DPIRD, the Pastoral Lands Board (PLB) and other 
government agencies will address the other legislative and policy components covered 
in the broader Framework, including animal welfare, biodiversity, industry development 
and their coordinated management. 
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2.2 Pastoral land condition and degradation 
There is a long history, documented within many scientific studies that demonstrates 
Australian rangelands ‘are inherently prone to degradation through management 
mistakes’ (Stafford Smith et al. 2000). Excessive grazing, often combined with climate 
variability, can cause episodes of widespread loss of perennial species across 
Australia’s rangelands, and sometimes these changes are irreversible (Wilcox 1963; 
Wilcox and McKinnon 1972; Buxton and Stafford Smith 1996; McKeon et al. 2004). 

Given the history of pastoralism in the rangelands, the national Principles for 
sustainable resource management in the rangelands (NRMMC 2010) state that the 
‘ESD of natural resources should be the underlying principle for sustainable resource 
management in the rangelands.’ This principle is reflected within the Framework 
whereby the primary environmental objective is to ‘maintain or improve overall land 
condition (including pastoral vegetation, soils and other attributes) at levels that ensure 
longer-term pastoral industry productivity and ecosystem function’. The delivery of good 
pastoral land condition through ‘ESD-based’ management is already a clear legal 
requirement under the LA Act, the SLC Act and the Environmental Protection Act 1986 
and should not be seen as an aspirational goal ‘that may or may not be achieved based 
on seasons or markets’ (Novelly and Warburton 2012). 

Maintaining or achieving good pasture condition is critical to achieving ESD and 
minimising future episodes of land and broader ecological degradation. In this context, 
the livestock (cattle/sheep) are not the primary ‘resource/stock’ on pastoral leases; 
instead, these livestock provide the mechanism for the lessee to use the productivity 
generated by the ‘resource/stock’ of native pastures. In addition, having good pasture 
condition is also a prerequisite for ensuring acceptable animal welfare outcomes and 
sustainable long-term economic returns (O’Reagain et al. 2018; McLean et al. 2020). 

The Framework incorporates other critical principles outlined in NRMMC (2010), such 
as the need to build resilience to manage the inherent climatic and economic 
uncertainties associated with managing the pastoral estate, and the principle that 
‘prevention of resource degradation is more effective than rehabilitation’. To avoid the 
loss of future opportunities, the adoption of the precautionary principle – ‘lack of full 
scientific certainty should not be used as a reason for postponing measures to prevent 
environmental degradation’ – will be used for the setting of land condition standards and 
for management decision-making. 

2.3 Risk-based pastoral land management and conceptual standards 
The essential components of the Framework largely refine the risk-based governance 
approaches that have been successfully developed and used in other complex natural 
resource management systems. For example, adopting an ESD-based approach for 
fisheries management within WA (Fletcher 2002; Fletcher et al. 2010) facilitated a 
successful shift to achieving high levels of fish stock and broader ecological 
sustainability outcomes, which have been confirmed through extensive third-party 
certification processes (Bellchambers et al. 2016). This approach has also been 
adopted by the UN-FAO for its ecosystem approach to fisheries (EAF) that is now 
assisting developing countries improve their overall performance (Fletcher and Bianchi 
2014). 
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Pastoral management has many elements in common with fisheries management. The 
most productive pastures on a lease are equivalent to targeted fish stocks, with the 
number of livestock grazing these pastures equivalent to the number of fishers/vessels 
that are harvesting a fish stock. They also have common management goals of avoiding 
overexploitation (overgrazing/overfishing) and degradation of the underlying natural 
resources (productive perennial vegetation/target fish stocks/ecosystems) by keeping 
annual rates of grazing/catching at levels appropriate to their current status and 
seasonal conditions, plus in the longer term, climatic shifts. By adapting the existing and 
tested governance approaches used in fisheries for use in pastoral land management, 
this should increase the likelihood of successful development and reduce the time 
needed for effective implementation. 

A crucial component of the risk-based approach within the Framework is the setting of 
explicit standards (targets, thresholds and limits) to assess the land condition of a lease 
based on the quantitative status of indicator species, vegetation cover and soil stability. 
Having explicit standards enable a more robust and consistent way of assessing a 
lease’s land condition, productivity and ecosystem status and therefore determine the 
effectiveness of current land management practices. 

The adoption of explicit quantitative standards by fisheries managers over the past 30 
years has been instrumental in reducing the level of overfishing and the number of 
overfished stocks around the world (Hilborn et al. 2020). This approach has also been 
fundamental to the successful adoption and public acceptance of third-party 
certification, eco-labelling schemes for fisheries (for example the Marine Stewardship 
Council’s ecotick) because it enables objective and consistent independent 
performance audits and reviews. 

2.3.1 Adoption and use of conceptual standards for land condition 
A significant part of the risk-based decision-making for land condition outcomes within 
the Framework was to develop conceptual standards that explicitly define the types of 
impacts that separate acceptable from unacceptable performance. To determine these 
conceptual standards, it was recognised that the assessment of pastoral land condition 
must clearly accommodate the intersections and overlaps between the land condition 
objectives and legislative requirements contained within the LA Act and the SLC Act: 

• Under the LA Act, the lessee must ‘manage and work the land to its best 
advantage as a pastoral property; use methods of best pastoral and 
environmental management practice; maintain the indigenous pasture and other 
vegetation’. Similarly, under the LA Act, the PLB must ‘ensure that leases are 
managed on an ecologically sustainable basis’. 

• Under the SLC Act, the lessee must prevent and mitigate land degradation that is 
detrimental to the present or future use of the land, in the pastoral rangelands 
this means maintaining pastoral land condition, composition and ecosystem 
function. 

From these a consolidated environmental objective was developed which is to ‘Maintain 
or improve overall land condition, including pastoral vegetation, soils and other 
attributes at levels that ensure longer-term pastoral industry productivity and ecosystem 
function’ was developed. 
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Given the overlaps in legislative requirements, a 3-category system of conceptual 
standards was developed which separates land condition into acceptable, suboptimal 
and unacceptable status (Figure 1). This system clearly identifies when the primary 
responsibility for management decisions regarding land condition status lies with the 
lessee, the PLB (under the LA Act), or the Commissioner of Soil and Land Conservation 
(the Commissioner, under the SLC Act). This approach assists with the completion of 
lease level risk assessments by ensuring the consistent and objective determination of 
when and what type of management responses are required. 

 
Note: Pristine refers to the land condition that could be expected in a pre-pastoral state. 
Figure 1: Descript ion of the conceptual standards including the target region 
(which is 90–100% potential carrying capacity),  threshold and l imit  for land 
condit ion and the decision-making responsibi l i ty for current lease management  

2.3.2 Descriptions of conceptual land condition attributes 
The conceptual standards within the Framework provide broad descriptions of the 
attributes associated with acceptable, suboptimal and unacceptable land condition 
status. This ensures that there is a consistent approach to development of suitable 
targets, thresholds and limits for each region (see Appendix A for full description). 
These attributes will be used as the basis for determining regional standards that will 
reflect the specific landscapes, pastures, climate and other regional factors. A summary 
of the attributes and conceptual standards for each condition status in the WA pastoral 
estate are presented below (Table 1). 
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Table 1: Summary of attr ibutes in the conceptual standards for land 
condition 

Acceptable (Land condition above threshold – Compliant with LA Act and SLC Act) 

• Most of land and key pastures are in good condition with a small percentage in 
poor condition and minimal evidence of accelerated erosion. 

• Current carrying capacity (CCC) is greater than 70% of the potential carrying 
capacity (PCC) but this value can vary according to region or pasture type. 

• Any declines in land condition or key pastures from the target range (Figure 1) 
are minor and temporary, and easy to restore with conservative stock 
management, or targeted spelling and favourable seasons. 

• In this state, key pastures should provide sufficient fodder without being over-
utilised through at least one poor season in high-rainfall regions and at least 2 
seasons in low/variable rainfall regions if stocked according to the CCC and 
infrastructure. 

Suboptimal (Land condition between the threshold and limit – in breach of the LA Act 
s108 but not in breach of SLC Act s32) 

• The percentage of key pastures in poor condition is still relatively low but the 
percentage of key pastures in good condition has declined. 

• Bare ground and accelerated erosion are present but still minor. 
• CCC is 50–70% of the PCC but this value can vary according to region or 

pasture type. 
• Declines in land condition or key pastures below the threshold are not 

expected to be permanent, and therefore possible to restore with conservative 
management (for instance, by spelling/conservative stocking), but full recovery 
may still take many years and favourable seasons. 

• Specific problem areas may need complete destocking and/or mechanical 
intervention to restore or arrest further declines. 

Unacceptable (Land condition below limit – In breach of SLC Act s32 and LA Act 
s108) 

• Extensive areas of land in poor condition: with relatively large areas of key 
pastures in poor condition and/or limited amount in good condition, with bare 
ground and accelerated erosion often evident. 

• High probability of permanent transition of key pastures to an altered (generally 
less productive) state if not addressed. 

• CCC is less than 50% of the PCC but this value can vary according to region 
or pasture type. 

• Restoration may only be possible with complete destocking of large areas for 
extended periods combined with multiple favourable seasons, and possibly 
major mechanical or other direct interventions. The timeframe for recovery to 
an acceptable condition may be decades, if at all. 

The assessment of current condition status may use any combination of these land 
condition attributes. Under the SLC Act, vegetation and soil are likely to be the primary 
attributes whereas under the LA Act, productivity would also be a primary attribute. 
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2.4 Turning conceptual standards into practical management settings 

2.4.1 Regional-level standards 
A vital step in turning the conceptual standards into practice is to explicitly determine the 
specific land condition performance levels (the thresholds and limits) based on the key 
landscape and vegetation characteristics (% good and poor pasture condition and % 
erosion at the lease or pasture type level) that will be used to separate acceptable, 
suboptimal and unacceptable land condition for each region. 

In determining the acceptable levels of impact on land condition, it is recognised that 
rangelands do not have uniform resilience or ability to recover from perturbation. As 
these characteristics vary across regions, landscapes and pasture types, a set of 
standards needs to be developed for each region. 

2.4.2 Determining standards – Succession and transition models of change 
When establishing appropriate standards for each region, it is broadly accepted that it is 
much harder for pastures to return to an acceptable condition from a highly degraded 
(unacceptable) state than from a suboptimal state, especially where there has been 
significant soil loss (Figure 2a). An important assumption of this equilibrium model was 
that all changes in condition were reversible given sufficient time. 

a) b)  
Note: The thickness of the arrows in Figure 2a reflect the relative ease of movement. 
Sources: Derived from Briske et al. (2005); MLA (2018) and Westoby et al. (1989) 
Figure 2: a) Rol l ing bal l equi l ibr ium model; and b) nonequi l ibr ium model of 
pastoral condit ion 

It is now clear the many pastures do not follow the traditional succession pathway 
expected under an equilibrium model whereby reduced grazing pressure or changing 
other condition drivers (fire, drought, climate change) will enable a return to the initial 
‘climax’ pasture state. Instead, many pastures have been observed to follow a 
nonequilibrium or transition model whereby when the original pastorally desirable 
perennial species are lost, they may be replaced by other (often less desirable) 
perennial or annual species or other flora (such as shrubs), which can form a new 
stable state (Figure 2b; Westoby et al. 1989; McKeon et al. 2004). 
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The change from one state to another is referred to as a ‘transition’. These new states 
can be resistant to change, creating essentially permanently altered communities with 
lower grazing value than the original pasture. For example, Watson and Novelly (2012) 
identified the transition of ribbon grass (Chrysopogon fallax) pasture to the less 
productive arid short grass pasture in the Kimberley. Conversely, some transitions can 
lead to an increase in grazing potential, such as when a degraded pasture is invaded by 
the introduced buffel grass (Cenchrus ciliaris), but this can be associated with a decline 
in other ecological, biodiversity and heritage values. 

The transition from a stable degraded state back to the previous (original) state often 
requires a combination of specific circumstances such as reduced grazing, a run of 
high-rainfall years, fire in some cases, or other forms of intervention. In some 
circumstances, a recovery to an improved state will not be back to the original, but to a 
third stable state. 

2.4.3 Identifying transition points 
Minimising the risk of transition to less resilient states is very important and can be 
achieved by maintaining pasture condition at levels that have the greatest resilience and 
productivity. 

The detection of precisely what level of change is required for these transitions to occur 
(commonly referred to as ‘thresholds’) has been the subject of numerous rangeland 
studies across the world (Friedel 1991) including the Kimberley (Watson and Novelly 
2012). The reviews completed of these threshold studies have noted the difficulties 
identifying a single point or predicting precisely when a transition to an unacceptable or 
altered state will occur (Briske et al. 2005; Vetter 2005; Bestelmeyer 2006), or even the 
scale of change that represents a different state (Watson and Novelly 2012). While 
identifying indicators of an impending transition may allow time for land management to 
prevent transition to an undesirable ecosystem state few such indicators exist for the 
complex ecosystems found in nature (Biggs et al. 2009; Scheffer et al. 2012). 

In addition to the determination of a precise transition point being problematic, it is also 
not the most practical question to ask from a management perspective. To accurately 
determine a transition point at a lease or even paddock level will generally require going 
past the point of transition into a new state before they become apparent. This is clearly 
an undesirable outcome at the local level. It is also of only marginal management value 
at the broader level because the precise point of transition (e.g. the pasture composition 
and density or the amount and type of soil erosion) for a given pasture type will vary 
among locations, landscape positions or even among years at the same location 
because it will be driven by a combination of interacting factors. That is, the learning 
from one transition cannot be precisely applied to another situation. We therefore need 
to set the standards well above the levels where a transition is likely to happen. 

The more useful management approach is to assume that transitions can occur across 
a gradient of specific pasture condition levels, but the probability of a transition 
occurring increases as condition declines with this probability also affected by other 
external factors. Consequently, management should be based on identifying the 
reference standards for each pasture/landscape system that describe the ‘lowest point’ 
(i.e. highest % poor and/or lowest % good) at which there is reasonable-to-high 
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confidence that transition to an unacceptably degraded (Figure 2a) or even a new state 
(Figure 2b) is unlikely to occur. This precautionary approach also deals with the time lag 
between when condition assessments are completed and when actual management 
responses (e.g. changing livestock numbers by musters) can realistically be 
implemented or imposed and seasonal conditions occur that are favourable for 
recovery. 

2.4.4 Regional-level land condition standards 
Practical regional standards will be derived from the conceptual standards by identifying 
the specific levels of land condition (percentage in good or poor condition and 
percentage eroded) that define acceptable, suboptimal and unacceptable land condition 
for each region, based on its geographic location, key pasture characteristics and 
condition history. 

The thresholds and limits for each key pasture type will be set using available biological, 
and monitoring information on the pastures to estimate the lowest acceptable 
percentage pasture remaining in good condition and the highest acceptable percentage 
in poor condition that avoids the likelihood of a transition (at the paddock or lease level) 
to unacceptably degraded (Figure 2a) or new state (Figure 2b). Also, if the time for 
recovery to good condition, even with best practice grazing management, is likely to 
take 10 or more years. This approach recognises that leases are likely to have at least 
some areas in fair and poor condition, but that as the % poor increases for a specific 
pasture type, the probability of a widespread, ongoing transition also increases. 

Consistent with the adoption of the precautionary principle, the set of standards 
established for each region will be based on the best available information on each key 
pasture type. Importantly, the greater the uncertainty, the more precautionary these 
levels will need to be set. 

Each of the individual pasture standards can be refined if the quantitative data on 
recovery probabilities and timeframes becomes available through time to support such a 
review. 

2.5 Key pastures and monitoring and assessment units 

2.5.1 Key pastures 
The adoption of using key pastures and their associated indicator species as the basis 
for monitoring and assessment of land condition is the final conceptual element outlined 
in the Framework for establishing a robust and practical risk-based approach. Livestock 
production in pastoral situations usually depends on relatively small areas of higher-
productivity pastures on a lease, with most of the land area on a lease having only 
moderate or low livestock carrying capacities (Novelly and Warburton 2012). 

Key pastures are therefore defined as the most pastorally important (palatable and 
productive) pastures within a particular region. Their high palatability means that they 
are likely to experience the most intensive grazing pressure and therefore show the first 
signs of reduced plant vigour and loss of pasture condition by grazing and indicate the 
level of land management effectiveness – ‘the canary in the coalmine’ approach. 
Similarly, if all these key pastures are in an acceptable condition, it is highly likely the 
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overall land condition and ecosystem function for the rest of the lease will also be at 
acceptable levels. 

Focusing on these productive and preferentially grazed pastures gives early warning of 
potential transition to a degraded state and is a cost-effective way of assessing overall 
lease condition. This key pasture approach is consistent with the ‘indicator species’ 
approach that has been used to successfully manage a number of multispecies 
fisheries (Newman et al. 2018). 

By restricting the assessments to the highest productivity areas, the key pasture 
approach avoids considering all pasture types as being equal. Where there are low 
productivity pastures occurring within leases with high productivity pastures, these are 
less likely to be utilised by livestock and therefore more likely to remain in acceptable 
condition regardless of stocking levels. If the condition of low productivity pastures is 
included in the overall assessment of lease condition, this may mask any significant 
condition declines in the more productive pastures. 

A further advantage of adopting the key pasture approach is improved efficiency for 
monitoring and assessment. By focusing assessments within the smaller, more 
productive areas of each lease, and only on the most important (key) indicator species 
present within these pastures, this enables more detailed quantitative data to be 
collected to determine pasture condition. Measures such as the density, size, structure, 
plant health status (vigour), and patchiness of indicator species can be recorded at 
more sites within a key pasture, rather than measuring all pastures across the lease or 
measuring all possible variables that may only indirectly reflect changes in overall 
condition. 

A conceptual representation of how the density of desirable and undesirable indicator 
species and vegetative cover might change as the condition of a key pasture declines 
from good to poor condition (Figure 3). 

2.5.2 Monitoring and assessment units 
As various terms have been used to describe landscapes and vegetation within the 
rangelands over the years, a clear and connected hierarchy will now be used (see 
Figure 11). 

In this hierarchy, each of the key pastures for a region will be grouped, where possible, 
into a series of monitoring and assessment units (MAUs) which are equivalent to the 
‘ecological sites’ proposed as the basis for rangeland condition assessment by Smith et 
al. (1995). Each MAU will therefore contain the set of pastures that are ecologically 
similar and occur in similar landscape elements. These MAUs may be mapped, 
monitored and subsequently managed as discrete units in addition to the key pastures 
where this is appropriate or more efficient. 
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Note: solid line = density of key indicator species; dashed line = density of other desirable and 

intermediate perennial plants; dot–dash line = percentage of bare ground or undesirable 
species. 

Figure 3: Conceptual diagram descr ibing general ised changes as pasture 
condit ion decl ines from good to poor condit ion 

For each of the key pastures, 2 or 3 indicator species will be identified and form the 
basis for detailed monitoring. These indicator species for a pasture are those whose 
presence (density, vigour and distribution) or absence is considered to best reflect the 
condition of the pasture. 

 
Figure 4: Hierarchy outl in ing the relat ionships between monitoring and 
assessment units (MAUs), key pastures and indicator species 

Region

MAU 1

Key Pasture 
1

Indicator 
Species 1

Indicator 
Species 2  

Key Pasture 
2 etc

MAU 2 etc
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2.6 Selecting key pastures and developing operational standards 
2.6.1 Selecting key pastures 
The efficient and cost-effective assessment of land condition requires identifying the 
most pastorally important landscapes and associated vegetation within each rangeland 
geographic region. Key pastures will be chosen based on their relative productivity, 
resilience and distribution across leases within each region. Key pastures will be 
selected to contribute at least 80% of the lease (or station) PCC, which usually means 
there are at least 2 key pastures per lease. Where the key pastures contribute less than 
80% of a lease (station) PCC, non-key pastures will be included to ensure that at least 
80% of the carrying capacity is assessed. 

2.6.2 Data and criteria used to develop key pasture standards 
For each of the key pastures in a region, a quantitative threshold (the value that 
separates acceptable from suboptimal condition) and limit (the value that defines 
unacceptable condition) will be determined. These sets of values will be established 
based on expert consideration of published scientific information plus the use of historic 
assessment and monitoring data in order to identify the pasture condition levels (% 
good, % poor and erosion levels) that are most consistent with the conceptual 
standards for each key pasture type. 

These evaluations will include consideration of relevant empirical and observational 
information generated from the resource surveys, rangeland condition assessments 
(RCAs) and the Western Australian rangeland monitoring system (WARMS) completed 
in the region plus information and scientific studies completed on these and similar 
pasture types both locally and in other locations. 

The main criteria that will be used for determining the threshold and limit standards for 
each key pasture are the quantitative or qualitative understanding of its demographic 
characteristics (e.g. germination, recruitment, growth rates, longevity), relative resilience 
to transitioning to another state and its relative ability to recover from being in poor 
condition. For each key pasture, the higher its transition susceptibility and lower its 
recovery potential, the more conservatively the threshold and limit levels will need to be 
set. In general, therefore, the greater the rate of change in the density of indicator 
species between pasture condition levels (reflected in the slope in Figure 3) the lower 
the allowable proportion of poor condition. 

In practice, the principal information that will be used to develop the initial set of 
standards will be the data collected on the condition of the key pastures during RCAs 
and surveys in the region plus an understanding of how condition and management 
have interacted to determine medium-term changes in pasture and soil condition 
trajectory. 

As outlined above, the standards for good condition are likely to reflect that recovery of 
pasture condition from fair to good is easier than recovery from poor to fair. Also, the 
consequences of pastures being in poor condition, which include continued and 
expanding soil loss, low chance of recovery in a reasonable timeframe, and much 
reduced productivity, are much more serious than for pastures in fair condition. A 
common observation from RCAs is that if the lease is currently managed to get an 
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improvement in poor condition areas, then the good condition areas will generally take 
care of themselves. 

Other criteria to be considered in developing the standards will be the use of the 
precautionary principle as outlined in the Framework; accuracy of condition estimation; 
any information relating to pasture ecology in WA; ease of comprehension; and 
defensibility. The thresholds and limits will therefore reflect the best current 
understanding of the minimum percentage of a pasture that can be in good condition or 
the maximum percentage in poor condition for the pasture to still meet the conceptual 
criteria set out in the Framework (Appendix A). 

2.6.3 Validating proposed pasture standards 
To provide a practical level of validation for each proposed set of standards, the 
compliance implications of the specific quantitative key pasture thresholds and limits 
developed for each region will be compared to actual compliance recommendations 
from RCAs undertaken in that region over the past 20 years. 

Similarly, sensitivity testing of the proposed levels will be undertaken to determine what 
level of change in standards would be required to materially affect the compliance 
implications. 

2.6.4 Refining the standards 
As more data is collected from monitoring key pastures, the thresholds and limits will be 
refined to better reflect the demographic characteristics (for example, germination, 
recruitment, growth rates, and longevity), relative resilience to transitioning to another 
state, and the relative ability of each key pasture to recover from being in poor 
condition. 

Standards for remotely sensed indicators of erosion risk are also being developed, but 
an indicative threshold value (50% vegetative cover) has been taken from the national 
guidelines (Leys et al. 2020) and other studies (Silburn et al. 2011). 

2.7 Measuring land condition 
2.7.1 Pasture condition assessment 
Pasture condition describes the current status of each pasture type relative to its 
pristine level within that area (see Figure 1). Pristine condition is usually defined as the 
pasture type in its natural state without any effects from pastoral or other grazing 
activities or human generated impacts and would be considered excellent. The 
condition at the top of the target range (Figure 1) would result in productivity equal to 
the PCC and is classed as ‘very good’ condition. 

Historically, rangeland pasture condition in Australia has been based mainly on 
qualitative assessments of the relative density and vigour of pastorally ‘desirable’ (the 
3 Ps – palatable, perennial and productive), ‘intermediate’ and ‘undesirable’ plant 
species in a specific pasture. Desirable plants are usually perennials favoured by 
livestock as food sources, and undesirables are those species in a pasture that are 
generally unpalatable – these species tend to increase under prolonged heavy grazing, 
and, in large numbers, are an indication of poor pasture condition. 
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There are some pastures in WA, such as arid short grass pastures or buffel grass 
pastures, where an alternative stable state has already been reached. In these cases, 
pasture condition is assessed based on the new pasture in its most productive 
condition, but the altered state will be formally noted. 

2.7.2 Current monitoring methods 
While the use of quantitative values for the measurements of land condition has 
previously been proposed by Christie (1984), WA currently still uses qualitative based 
assessments using the pasture condition guides that have been developed for each 
pastoral region (e.g. Ryan et al. 2013). This qualitative approach is consistent with that 
used in other Australian rangelands regions which also have similar qualitative guides 
and share many pasture types and pasture ratings (e.g. Partridge, 1995; Phelps, 2012). 

The formal RCA currently completed in WA consider both land condition and the extent 
and severity of erosion. The RCA procedure for monitoring individual pastoral 
leases/stations in WA involves on-ground surveys that make qualitative assessments of 
pasture and erosion condition at multiple (>100) assessment sites across the 
lease/station. While each site is rated as excellent, good, fair, poor or very poor 
depending on how close the current condition is to the optimal (excellent) condition, 
when reported the ratings are usually condensed to 3 levels: good, fair and poor. These 
assessments can be made and reported at the lease, land system, pasture type or 
paddock level. 

Remote sensing is a complementary technology that is increasingly being used to 
overcome the logistical constraints of on-ground surveys as it can provide full spatial 
coverage of an area of interest in a quantifiable and repeatable way across large areas 
and over time (Bastin et al. 1998; Wallace and Thomas 1998; Booth and Tueller 2003; 
Furby et al. 2009). Since 1995, a coarse-resolution MODIS (Moderate Resolution 
Imaging Spectroradiometer; 250 m pixel resolution) remote sensing imagery has been 
used in WA for regional summaries of vegetation cover trends and seasonal greenness 
to identify likely areas of significant environmental degradation in the rangelands. 

Until recently, these regional summaries were unable to supply sufficient detail on land 
condition at the individual station level to help with on-ground assessments, decision-
making or compliance. However, recent advances in remote sensing and imagery 
availability and processing in Australia now offer potential for linking remote sensed 
measures to station-level land condition over large spatial extents at frequent repeat 
intervals. 

2.7.3 Future Monitoring initiatives 
To meet the enhanced monitoring and assessment requirements of the Framework, a 
series of complementary quantitative measures of pasture condition are being 
developed. These include: 

• increased use of satellite-derived measures of fractional cover (percentage of 
bare ground and evenness of vegetation cover), vegetation indices and tree 
canopy cover (see Holmes and Ramzi 2022) 

• collection of on-ground data to calibrate and validate fractional cover data to 
increase the accuracy and use of remote data for estimating land condition 
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• shifting to the use of robust, on-ground quantitative measurements of pasture 
condition based on the density, population demography and vigour of indicator 
species within each key pasture. Once calibrated and tested, these quantitative 
measures should ultimately replace the current qualitative assessments that 
determine good, fair and poor condition reported in RCAs. 

Each of these monitoring enhancements are the subject of separate studies, which, 
when completed, will allow increased use of quantitative measurements of site-level 
pasture condition to assess the status of each key pasture. Until these studies are 
completed, qualitative condition assessment methods will continue to be applied. 
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3 West Kimberley Region case study 
Using the concepts in Section 2, we developed a set of pastoral land condition 
standards for the West Kimberley. This set of standards will be refined as more 
quantitative data becomes available and the thresholds and limits are tested through 
usage. It is unlikely, however, that the threshold and limit values will change 
significantly. 

3.1 The West Kimberley regional geography 

3.1.1 Physical setting 
The diverse geology and strong climate gradients determine the broadscale patterns in 
landforms, soils and native vegetation found across the West Kimberley. Human 
interactions with these landscapes (for example, fire frequency, grazing patterns and 
intensity, and more intensive economic development activities) have also modified the 
natural landscape. 

For this report, the West Kimberley is defined as encompassing the lands and pastures 
described by Speck et al. (1964; Figure 5). This region is bounded by the Wunaamin 
Miliwundi Ranges (formerly King Leopold Ranges) to the north, the Great Sandy Desert 
to the south, and most of the headwaters of the Fitzroy River catchment to the east. 

 
Figure 5: West Kimberley region showing pastoral stat ions within the area 
covered by this report 



West Kimberley case study 

17 

Most of the region lies within the Fitzroy River Basin, with numerous smaller river 
systems draining into King Sound, north of Derby. Tille (2006) has described the 
physiographic provinces, botanical districts and soil provinces (and their subunits). 

The coastal area south of Broome, bounded by the Great Sandy Desert to the east and 
the Pilbara to the south, is in the case study area because it shares several pasture 
types with the broader West Kimberley. 

The West Kimberley has an arid to semi-arid monsoonal climate, characterised by a hot 
and wet summer (wet season is November–April) and warm and dry winter (dry season 
is May–October; Figure 6). Average annual temperatures are generally lower along the 
west coast and in the upland areas north of the West Kimberley compared to the inland 
areas of the Fitzroy River Basin (Figure 11a). At Fitzroy Crossing, the average 
maximum temperatures for October, November and December are above 39°C. The 
average minimum temperature for June, July and August is 11–13 °C (Figure 6). 

 
Source: Patched Point Data (Open Data Portal 2022) 
Figure 6: Average monthly temperature and rainfal l at Fitzroy  
Crossing, 1900–2019 

Although rainfall occurs during the dry season, this occurrence is considered unreliable, 
with the median rainfall from June to September being zero in most locations. Rainfall 
typically occurs from November to March with annual averages ranging from around 
400 mm in the south (the desert fringe) to more than 900 mm on the Dampier Peninsula 
and close to Derby (Figure 7b). 

Across the Kimberley there has been a trend for wetter-than-average years since 1995 
(Figure 8a) and warmer conditions since 1988 (Figure 8b). It is not clear how climate 
change will influence rainfall, although the intensity of monsoonal storms and cyclones 
is forecast to increase. Temperatures are forecast to increase under global warming 
and mean annual temperature is projected to increase by 0.6–1.3 °C by 2030 under 
intermediate and high carbon emission scenarios. 
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a)  

b)  
Figure 7: a) Temperature isotherms, and b) average annual rainfal l isohyets 
across the Kimberley, 1910–2019 
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Source: Patched Point Dataset (Open Data Portal 2022) 
Figure 8: a) Annual deviat ion of rainfall ,  and b) temperature (T) from the long-
term average for the Kimber ley, 1900–2019 

3.1.2 Distribution of land resources and pastures 
The department has conducted land resource surveys and mapping programs in the 
Kimberley since the late 1940s. The most recent land system survey covered the 
3 pastorally productive areas – North Kimberley, Ord–Victoria and West Kimberley 
(Payne and Schoknecht 2011; Figure 11). In their report, Payne and Schoknecht (2011) 
consolidated descriptions of landscapes, soils and vegetation from multiple surveys, 
several of which were unpublished or out of print, edge matched polygons between 
surveys, and brought the mapping into the state mapping hierarchy (Schoknecht et al. 
2004). 

The state mapping hierarchy has 6 nested levels of mapping, where each level is a 
subdivision of the preceding one. The mapped units become smaller and more 
internally homogeneous at finer scales. At the coarsest levels (regions and provinces), 
climate and geology determine major divisions between units and form the physical 
framework of the landscape, controlling topographic expression, soil formation and 
vegetation distribution. Zones are delineated on the above features, plus 
geomorphology or broad landform patterns. The next (more detailed) level is land 
systems, which is the most common term used in DPIRD’s rangeland survey 
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information. A land system is an area with recurring patterns of landforms, soils and 
vegetation. The Kimberley includes 111 land systems and 40 distinct pasture types, 
which describe vegetation associations important for determining pastoral productivity. 
The land system polygons are associated with a list of descriptors, which includes the 
most common pasture types. However, these pasture types are not explicitly mapped. 

 
Source: Payne and Schoknecht (2011) 
Figure 9: Land systems in the Kimber ley 

The more productive pastures of the Kimberley are based on perennial tussock or 
hummock grasses. These perennial grasses are essential for rangeland sustainability 
and provide the bulk of stock feed and soil stability. Degraded rangeland with just 
annual pasture species provides only short-term stock feed and by midyear, grazing 
capacity is often exhausted, and the soil can be exposed and susceptible to wind and 
water erosion (Payne et al. 1974). 

3.1.3 Summary of pastoral history 
The West Kimberley has 48 pastoral stations comprised of 64 leases covering 
103,071 km2. The first Kimberley leases were allocated in 1881 and 1882, and 
pastoralists with sheep and cattle settled along the Fitzroy River in 1883 (Ash et al. 
1997). Stock grazed on native pastures and relied on natural waters, primarily along the 
main rivers. Stock grazed freely across the rangelands, until the brucellosis and 
tuberculosis eradication campaign, which started in the 1980s and ended in the early 
1990s. This eradication campaign required better control of stock movements and 
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resulted in a dramatic increase in fencing and the installation of additional water points 
across the Kimberley. 

Sheep numbers in the Kimberley peaked in 1941 at 300,000. These numbers 
decreased gradually to effectively zero by the late 1970s as sheep were replaced by 
beef cattle, which are better suited to the Kimberley environment. The cattle population 
was more than 400,000 in 1917 but had decreased to 153,000 by 1954 because of a 
progressive deterioration in pasture condition (Payne et al. 1974, Payne et al. 1979). 
Since then, improved pastoral infrastructure and more favourable climatic conditions 
(i.e. higher rainfall) have been associated with cattle numbers increasing to about 
720,000 in 2020. The increases in stock numbers were mostly due to the development 
of previously unused country by providing artificial water sources and increased rainfall. 

Land degradation has been an issue over the history of pastoral activities in the West 
Kimberley. Continuous heavy grazing on river frontage country led to obvious land 
degradation during poor seasons in 1905 and 1908–1909. After more than a century of 
grazing, the more productive pastures along the river frontages and many areas of 
alluvial flats in this region have been overgrazed and degraded and have not recovered 
to any great extent. 

The main management drivers of pasture condition for pastoral stations throughout the 
rangelands are grazing pressure (livestock, feral and native herbivores) and to a lesser 
extent managed fire. The main external drivers of pasture condition are seasonal 
rainfall, wildfire and, increasingly, climate change. Clearing is a very minor driver in the 
West Kimberley. 

Conditions for recovery and regeneration in degraded pastures include long-term 
reductions in grazing pressure combined with wet-season spelling, above-average 
seasonal rainfall, improved fire management with post-fire spelling, and floods. Payne et 
al. (2004) reported that the recovery of severely degraded areas in the Ord River 
catchment in the East Kimberley took 40 years and involved extensive fencing and the 
complete removal of cattle and feral herbivores. 

3.2 Determining the MAUs and key pastures for the West Kimberley 
The set of terms that will be used and defined for assessing land condition in this part of 
the report as outlined in Section 2 will be ‘Monitoring and Assessment units’ (MAUs) 
plus the key pastures and their associated ‘indicator species’ within the MAUs. 

The 5 most pastorally important MAUs in the West Kimberley are: alluvial plain 
(including the black soil group), coastal, frontage (along major river systems), plains 
hummock grass (spinifex dominated), and plains tussock grass (Table 2). 

From these MAUs, we selected 10 key pastures based on their pastoral productivity, 
management characteristics and erosion hazard – to serve as the focal areas for 
monitoring, using remote sensing and on-ground data collection (Table 2). 

While the hill or hard spinifex MAU is also characteristic of this region, these areas have 
low to very low grazing potential and therefore are less affected by pastoral activities. 
Consequently, no key pastures for the assessment of land condition from pastoral 
activities were identified in this MAU. 
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Table 2: The 5 monitoring and assessment units, 10 key pastures and 
their indicator species for the West Kimberley region 

MAU Key pasture  Indicator species* 

Alluvial Plain Mitchell grass alluvial plain pastures  Astrebla elymoides, A. pectinata, 
Dichanthium fecundum  

Alluvial Plain Blue grass alluvial plain pastures  Chrysopogon fallax, Dichanthium 
fecundum  

Coastal Buffel grass pastures  Cenchrus ciliaris, C. setiger 

Frontage Frontage grass pastures  Chrysopogon fallax, Dichanthium 
fecundum  

Frontage  Buffel grass pastures  Cenchrus ciliaris, C. setiger 

Plains 
Hummock 

Pindan pastures  Chrysopogon fallax, Triodia bitextura  

Plains 
Hummock 

Curly spinifex pastures  Chrysopogon fallax, Triodia bitextura 

Plains 
Hummock 

Soft spinifex pastures  Chrysopogon fallax, Triodia pungens 

Plains 
Tussock 

Ribbon grass pastures  Chrysopogon fallax, Dichanthium 
fecundum 

Plains 
Tussock 

Arid short grass pastures  Chrysopogon fallax, Enneapogon 
polyphyllus  

MAU = monitoring and assessment unit 
* Although other productive species might be present in these pastures, the indicator species 

are those whose relative presence or absence best define the condition status. 
See Appendix F for a complete list of the scientific and common names of the plant 
species referred to in this report. 

3.2.1 Key pastures 
One to 8 of the key pastures are present on each station in the region and are the 
principal contributors to the overall pastoral potential of each station. The key pastures 
account for an average of 91% of the PCC of stations in the region (maximum 100%, 
minimum 53%) and cover an average of 79% of the station area (maximum 100%, 
minimum 31%). 

For 6 of the 48 stations, these key pastures account for less than 80% of the PCC of the 
station. On these stations, additional pastures will be assessed during an RCA to 
ensure that at least 80% of a station’s PCC is covered. Where the key pastures account 
for more than 80% of a station’s PCC, and one or more of these key pastures’ 
contribution is insignificant, they will not be included in the assessment. The most 
important key pastures (the average is 4) on each station will be intensively monitored. 

Intensive monitoring of key pastures will provide the data for developing quantitative 
measures of condition (based on indicator species’ density, vigour and distribution) and 
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for calibrating and reporting remotely sensed fractional cover, which can be used to 
estimate erosion risk. 

As outlined in Section 2, the use of key pastures as indicators of overall pastoral 
condition assumes that they are likely to experience the most intensive grazing pressure 
and therefore show the first signs of reduced vigour and condition resulting from 
overgrazing. That is, if the key pastures on a station are in acceptable condition, then it 
is highly likely that the overall land condition and ecosystem function for the rest of the 
station will also be at acceptable levels. This assumption is supported by a comparison 
of pasture condition data derived from RCAs, which show that for an individual station, 
more non-key pastures are in good condition compared to the key pastures, and fewer 
non-key pastures are in poor condition (Figure 10a and b, respectively). 

 
Figure 10: Comparison of average percentage of the key and non-key pastures 
in a) good condit ion,  or b) poor condit ion on indiv idual stat ions in the West 
Kimberley 

The distribution of key pastures within the West Kimberley was difficult to identify from 
existing maps of landforms, soils and vegetation. To overcome this problem, DPIRD 
modelled georeferenced observations of the key pastures recorded during RCAs to 
create detailed pasture maps that will be used for directing on-ground monitoring (this 
method is described in Holmes and Ramzi 2022). 
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Note: see Holmes and Ramzi (2022) for full details. 
Figure 11: Pasture types predicted using classif icat ion model l ing 

For each key pasture, 2 or 3 indicator species were identified (Table 2 has the listing of 
these species). These are the pasture species whose presence (density, vigour and 
distribution) or absence is considered to best indicate the condition of the pasture. This 
list may change as more data become available. Appendix F contains a list of the 
scientific and common names of the plant species referred to in this report. 

The current qualitative condition assessment method for each West Kimberley key 
pasture is described by Ryan et al. (2013) and Payne et al. (1974). These publications 
describe the key pastures and provide qualitative criteria (and some quantitative criteria) 
for assessing good, fair and poor pasture condition. In addition to these guides, limited 
quantitative information was obtained from other published Australian sources. 

Remotely sensed fractional cover products (maps and data) are being developed by 
DPIRD researchers to provide indicators of erosion risk (percentage of bare ground) 
and links to measures of pasture condition (vegetation cover, seasonal greenness and 
vegetation patchiness). 

For the 5 main MAUs, Sections 3.3 to 3.7 outline the specific threshold and limit values 
developed for each pasture type. The criteria used to develop these standards is 
outlined in Section 2 and will mostly use the historical condition levels collected during 
RCAs and rangeland surveys in this region plus any additional relevant scientific 
information. 
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The heading structure used is based on the template developed for the Framework and 
ensures the best use of the available data. The headings are: 

MAU 

• Key pastures and their distribution in the region 
• Information sources 

For each key pasture 

• Pasture description and soil type 
• Land systems 
• Indicator species 

o changes in density with condition – steepness of the slope 
o changes in vegetation cover with condition (erosion risk) 

• Other desirable species 
• Intermediate species 
• Undesirable species 
• Demography of indicator species 

o longevity 
o frequency of seedling recruitment 
o impacts of fire 

• Pastoral value of pasture 
o productive level – animal equivalents per square kilometre (AE/km2) 
o resilience to grazing 
o results of any grazing trials/experiments/remediations 

• Erosion risk 
• Transitions 
• Main drivers of condition decline 
• Condition standards.  

The evaluations completed under each of these headings is used to generate the limit 
and threshold standards for each key pasture. 

3.3 Alluvial MAU standards 
Key pastures and their distribution 
Mitchell grass alluvial plain pastures and blue grass alluvial plain pastures are the most 
productive of the native pastures in the Kimberley. 

The key pastures of the alluvial plain MAU cover about 8% of the West Kimberley 
leases, contributing about 21% of their potential carrying capacity. They are present on 
29 stations in the West Kimberley, with the greatest concentrations found on: Brooking 
Springs, Christmas Creek, Gogo, Fairfield, Fossil Downs, Kimberley Downs, Jubilee 
Downs, Napier Downs and Quanbun. 

Payne et al. (1974) treated 3 pasture types – Mitchell grass alluvial plains pastures, blue 
grass alluvial plains pastures and ribbon grass alluvial plains pastures – as one pasture 
type with variable proportions of Astrebla spp., Chrysopogon fallax (golden beard grass) 
and Dichanthium fecundum (blue grass; also known as bundle-bundle in WA), 
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depending on edaphic, climate and pasture conditions. McArthur et al. (1994) 
suggested that Mitchell grass pastures have various combinations of Astrebla spp. and 
Chrysopogon fallax (dominant or co-dominant) throughout their range. 

The 3 pasture types were formally separated when the land systems of the Kimberley 
were remapped during the 2000s. As more quantitative information is collected about 
the species composition and density, it should be possible to clarify whether these 
3 pasture types are related conditions of a single pasture type (state) or distinct pasture 
types (states). 

Qualitative observations from DPIRD exclosures suggests Astrebla spp. might have 
grown on a greater proportion of cracking clays (black soils) across the Kimberley but 
have been grazed out and replaced by C. fallax or less palatable grasses and forbs. 

Information sources 
Sources include WARMS; pastoralist monitoring sites; exclosures and land condition 
ratings from RCAs on these pastures; published guides for qualitatively assessing the 
condition (good, fair, or poor) of Mitchell grass pastures and blue grass pastures (Ryan 
et al. 2013); published research on the biology, management and recovery of Mitchell 
grass pastures from Queensland, Northern Territory and New South Wales pastoral 
regions. 

3.3.1 Mitchell grass alluvial plain pastures (Alluvial MAU) 
Pasture description and soil type 
Mitchell grass alluvial plain pastures are tussock grasslands that occur on level alluvial 
and lacustrine plains with grey or brown cracking clay soils, which are commonly called 
black soils. The soil surface may have gilgai depressions caused by swelling and 
shrinking of the clay soils. There are sometimes small trees, such as Bauhinia 
cunninghamii (bauhinia), in these areas. 

Land systems 
Mitchell grass pastures are found on 11 land systems in the West Kimberley: Fossil, 
Djada, Alexander, Duffer, Neillabublica, Leopold, Gogo, Egan, Oscar and minor areas 
on 2 other land systems. Note: Fossil has largest area of this pasture (150,000 ha) and 
Oscar the smallest area (4,700 ha). 

Indicator species 
The indicator species for Mitchell grass alluvial plain pastures are Astrebla elymoides 
(hoop or weeping Mitchell grass), A. pectinata (barley Mitchell grass) and Dichanthium 
fecundum (Table 2). 

Mitchell grass pastures in very good to good condition are dominated by the desirable 
perennial Mitchell grasses – Astrebla elymoides and A. pectinata. Within the sward 
there is a high density of desirable plant species, young plants, with many large, healthy 
and vigorous plants that readily respond to rainfall or run-on water. 

Tussock spacing (or density) and distribution (patchiness) of perennial species are good 
indicators of pasture condition (Figure 12 a and b, respectively). The density of Mitchell 
grass tussocks rapidly decreases as condition levels drop (Figure 12a). There are 
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relatively few tussocks per square metre in fair condition pastures, and extremely low 
densities in poor condition pastures. Therefore, this pasture has a steep decline in 
condition. 

Vegetation cover is a good indicator of erosion risk but is not a reliable indicator of 
pasture condition. For example, an increased cover of undesirable species can reduce 
erosion risk, but it can also reduce pasture condition. 

a)  b)  
Note: Density data are from field measurements during 2020 and the quadrat data are from 

WARMS (bars show standard error). 
Figure 12: Relat ionship between the condit ion of Mitchell grass al luvial plain 
pastures and a) the density of indicator species (Ser ies 1), other desirable 
species (Series 2) and undesirable species (Ser ies 3); and b) the percentage of 
quadrats without perennial vegetat ion 

Other desirable species 
Other desirable tussock grasses common in these pastures are Chrysopogon fallax and 
Dichanthium fecundum. 

Intermediate species 
Intermediate species include Astrebla squarrosa (bull Mitchell grass) and other grass 
species – such as Eulalia aurea (silky browntop) and Iseilema vaginiflorum (red Flinders 
grass) – that may be present in the spaces between Astrebla spp. tussocks or in areas 
where there are few or no remaining Astrebla spp. 

Undesirable species 
As condition declines, the density of Aristida latifolia (feathertop) and shrubs may 
increase. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in Mitchell grass pastures. 

Demography 
Astrebla spp. are long-lived (>30 years) and resistant to drought and grazing (McArthur 
et al. 1994; Orr and Phelps 2008). The species has a dimorphic root system with 
shallow roots that can use smaller falls of rain and a deep (>2 m) root system that can 
access moisture in the subsoil (Orr 1975; Orr and Phelps 2008). 
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Under conservative stocking (≤30% utilisation), rainfall rather than grazing is considered 
the major factor influencing Astrebla spp. pasture biomass and population dynamics 
(Ford 1992). Fluctuations in species composition can occur over a relatively short time, 
particularly when summer rainfall is above average (Ford 1992). Seasonal rainfall is 
positively correlated with basal area, and drought will reduce both basal area and plant 
density. 

Heavy grazing (>40% utilisation or grazing below 10–15 cm height) will increase plant 
senescence during drought (Orr 1975; Ford 1992; Orr and Phelps 2013; Phelps and 
Houston 2014). 

Astrebla spp. seeds are relatively short-lived in the soil (about 2 years) and false starts 
to the season, overgrazing and competition from annuals can kill newly germinated 
seedlings and restrict tussock growth (McArthur et al. 1994). Therefore, recruitment can 
be intermittent, and this pasture type has a low recovery potential from a poor condition 
state. 

Where the conditions exist for seedling recruitment, it can take 1–2 years for 
established Astrebla spp. to replenish the soil seed bank and 2–3 years for the 
seedlings to develop sufficient tussock size to be resilient in dry seasons (Phelps and 
Houston 2014). 

Large recruitment events depend on the initial density of Astrebla spp. and require a 
good season and light or no grazing to produce a high number of seeds in the seed 
bank, followed by seasonal conditions and grazing that allows Mitchell grass to 
germinate and establish without competition from annual species (Campbell et al. 1996; 
Orr and Silcock 2010; Foulkes et al. 2014). 

The period between large recruitment events may exceed 40 years (Orr and Phelps 
2013), although it is often less than this (Campbell et al. 1996). To sustain these 
pastures, it is important to preserve established tussocks through drought years and 
maintain plants established during recruitment events. A 26-year study showed that only 
plants present at the start of the study or established during a single recruitment event 
were present at the end of the study (Foulkes et al. 2014). 

Tussocks can separate into smaller tussocks as the plant ages or after fire (Scanlan 
1983). Fire can increase the number of tillers and seed set regardless of seasonal 
conditions. However, biomass production will decline after burning in low-rainfall years 
and increase in high-rainfall years (Scanlan 1980). Dry matter production from burnt 
pastures will return to pre-burnt levels within 2 years (Scanlan 1983). 

Pastoral value 
Mitchell grass alluvial plain pastures in good condition have high pastoral value, are 
productive and resilient under grazing, and can support 9–15 animal equivalents per 
square kilometre (AE/km2) 

At the start of the wet season, perennial grasses provide the first green feed and 
Astrebla spp. and other perennials are attractive to stock. Their palatability declines 
when the more nutritious annual species such as Iseilema spp., leguminous forbs such 
as Neptunia spp. (sensitive plant), and other herbaceous species become available. At 
the end of the wet season, Iseilema spp. and Neptunia spp. become fibrous and 
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indigestible and Astrebla spp. and other perennial species again become attractive, 
though with reduced nutritive value, to stock (Holm and Elliot 1980). 

Mitchell grass alluvial plain pastures adjacent to water are heavily grazed because they 
are so palatable. However, during the wet season, cracking clay soils become boggy 
and are generally avoided by stock, giving these pastures a naturally enforced wet 
season spell (Hacker 1989). During below-average rainfall years, access to black soils 
is less restricted and heavy grazing over the wet season will occur. 

Conservative grazing is regarded as beneficial to Astrebla spp. pastures. Astrebla spp. 
are particularly vulnerable to heavy defoliation during the growing (wet) season (Orr and 
Phelps 2008). Forage use at the end of the dry season is also negatively correlated with 
the yield of Astrebla spp. at the end of the following wet season (Ford 1992). Most of the 
growth in wetter seasons is produced from main tillers originating from rhizomes at 
ground level, but in drier seasons most of the growth arises from axillary shoots that 
originate higher on the plant (Hunt 2008). 

A 26-year grazing trial found that grazing at 50% and 80% utilisation became 
unsustainable because of reduced biomass after 19 years and reduced basal area of 
Astrebla spp. after 9 years (Foulkes et al. 2014). Grazing at 10%, 20% and 30% 
utilisation was sustainable over the 26 years. Biomass of Astrebla spp. also declined at 
0% utilisation after 12 years because of a lack of fire and disturbance from grazing. 
Density and basal area were highly variable over the life of the trial, depending on 
season and recruitment. 

Ephemeral species growing between the Mitchell grass tussocks can provide high-
quality feed when green, with Astrebla spp. providing feed as the dry season 
progresses (Holm and Elliot 1980; Foulkes et al. 2014). As grazing pressure increases, 
the yield of Astrebla spp. decreases and relative yields of annual grasses and forbs 
increase (Ford 1992). As these annual grasses are palatable to stock, the pastoral 
productivity of the pasture can be maintained in the short and medium term but the 
resilience to dry seasons conferred by the Astrebla spp. is lost (Bowman et al. 1996). 

Erosion risk 
The nature of these soils (cracking clays and gilgais) provides some resilience to 
erosion (Hacker 1989), but they are susceptible if pastures are in fair to poor condition. 
Evidence of erosion indicates poor condition. 

There can often be bare ground between tussocks, especially at the end of the dry 
season. Management should aim for at least 50% groundcover at the end of the dry 
season to minimise erosion risk. 

Transitions 

As the density of Astrebla spp. decreases, pastoral value falls because less productive 
perennial grasses (those with reduced pasture bulk and resilience) and then 
undesirable species, such as Aristida spp., take over. 

Transitions from Mitchell grass alluvial plain pastures to a more productive state have 
been associated with increased densities of Chrysopogon fallax, Heteropogon contortus 
(black speargrass) and Panicum decompositum (native millet), and decreased density 
of Enneapogon polyphyllus (limestone grass; Watson and Novelly 2012). 
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Negative transitions have been associated with increased densities of C. fallax and 
Sorghum plumosum (plume sorghum; Watson and Novelly 2012). 

Deterioration from good to poor condition begins with the pasture changing from being 
dominated by Astrebla spp. to being dominated by other desirable perennial species, 
such as Dichanthium fecundum (Figure 13). Eventually there is almost complete loss of 
Astrebla spp. and then the other desirable perennial species, and a significant increase 
in the area of bare ground. The pasture may then become dominated by woody or 
weedy species, or be dominated by Aristida spp. Both situations are unproductive. 
Therefore, this pasture has a high susceptibility to state transition under high grazing 
pressure. 

There is some evidence that the increase in Dichanthium fecundum in the West 
Kimberley has occurred at the expense of some Astrebla spp. stands. There is also 
evidence that the area of Chrysopogon fallax may have increased in what were 
previously Astrebla spp. stands. 

Improvement in the condition of Astrebla spp. pastures depends on the ability of existing 
Astrebla spp. plants to set seed and provide a seed source for germination and further 
recovery rather than relying on the soil seed bank (Phelps and Houston 2014). 

 
Note: Lines A and C correspond most closely to the threshold and limit, respectively. 
Source: McArthur et al. (1994) 
Figure 13: State and transit ion model for Astrebla  spp. and Dichanthium  spp. 
pastures  
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Main drivers of condition decline 
Intensive grazing of pastures adjacent to permanent water is the main driver of 
condition decline. However, under conservative stocking, rainfall rather than grazing is 
considered the major factor influencing Astrebla spp. pasture biomass and population 
dynamics (Ford 1992; Figure 14). Phelps (2012) outlined that stocking rate and pasture 
spelling are the main management factors affecting condition of Astrebla spp. pastures. 

Where grazing occurs too early in the growing season there is insufficient leaf area to 
restore the root system (Phelps 2012). If this early grazing occurs over several seasons, 
the root system becomes unable to survive the dry season and the plant dies. Likewise, 
heavy grazing of Astrebla spp. pastures in dry years can remove auxiliary shoots and 
weaken tussocks (Hunt 2008). 

 
Source: adapted from Foulkes et al. (2014) 
Figure 14: Conceptual model of high-level drivers for tussock grasslands 

Condition standards for Mitchell grass alluvial plain pastures 
Standards for this key pasture were derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions. 
These standards will be refined as more quantitative measures of rangeland condition 
and soil cover become available. 

The standards for Mitchell grass pastures are relatively conservative because while it 
has good resilience to conservative levels of grazing, it has a relatively high 
susceptibility to transitions under high grazing pressure and it has a relatively low 
recovery potential from poor condition. Where the density of Astrebla spp. is low, there 
can be insufficient seed in the soil or produced by the mature plants to enable pasture 
recovery. This can result in a rapid decrease of tussock density even when in fair 
condition (Figure 12a). 
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To avoid a transition from Mitchell grass pasture to less productive pastures, a 
reasonably high proportion of pasture in good condition needs to be maintained and a 
low proportion of pastures in poor condition is necessary. 

Table 3: Land condition standards for Mitchell grass alluvial plain 
pastures (Alluvial MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 3 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.3.2 Blue grass alluvial plain pastures (Alluvial MAU) 
Pasture description and soil type 
Blue grass alluvial plain pastures are tussock grasslands with variable tree cover. They 
are found on grey and brown cracking clay soils (black soils) on the floodplains of the 
major rivers in the West Kimberley. 

Land systems 
Blue grass alluvial plain pastures are found on 13 land systems in the West Kimberley: 
Fossil, Isdell, Alexander, Duffer, Djada, Cowendyne, Gladstone, Gogo, Neillabublica 
and some other land systems. 
Indicator species 
Blue grass pastures in very good to good condition are dominated by the indicator 
species Chrysopogon fallax and Dichanthium fecundum (Table 2). Plants are vigorous, 
there are young plants of desirable species and there is minimal bare ground. 
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Other desirable species 
Sorghum plumosum may be present in these pastures, especially when the density of 
Dichanthium fecundum decreases. 

The distribution (patchiness) of perennial species is a good indicator of pasture 
condition. 

 
Note: Data are from WARMS and bars show standard error. 
Figure 15: Relat ionship between condit ion of blue grass  
al luvial plain pastures and the percentage of quadrats  
without perennial vegetat ion 

Intermediate species 
Intermediate species include Heteropogon contortus and Panicum decompositum. 

Undesirable species 
As condition declines, the density of desirable species decreases, the area of bare 
ground may increase, and Aristida spp. may become a significant component of the 
sward. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in blue grass pastures. 

Demography 
There is little published information directly relating to the demography of Dichanthium 
fecundum. The conceptual model of the high-level drivers for tussock grasslands 
outlined by Foulkes et al. (2014) applies to D. fecundum. 

Pastoral value 
Blue grass alluvial plain pastures in good condition have high pastoral value and can 
support 5–13 AE/km2. 

Blue grass alluvial plain pastures adjacent to permanent water are heavily grazed 
because they are so palatable. However, during the wet season these soils (cracking 
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clays) become boggy are not readily accessible to stock and are minimally grazed, 
giving these pastures a naturally enforced wet season spell. During below-average 
rainfall years, access to black soils is less restricted and heavy grazing over the wet 
season will occur. 

Erosion risk 
The nature of these soils (cracking clays and gilgai) provides some resistance to 
erosion, but they are susceptible if pastures are in fair to poor condition (Figure 15). 
Evidence of erosion indicates poor condition. 

Transitions 
Deterioration to poor condition results in almost complete loss of Dichanthium 
fecundum, with a significant increase in bare ground. The pasture may then become 
dominated by woody or weedy species, or it may be completely dominated by Aristida 
spp. Both situations are unproductive. 

There is some evidence that the increase in blue grass alluvial plain pastures in the 
region has occurred at the expense of some Mitchell grass alluvial plains pastures. 

Negative transitions in state of blue grass pastures have been associated with 
decreased density of Chrysopogon fallax and D. fecundum and increased density of 
Heteropogon contortus and Sorghum plumosum (Watson and Novelly 2012). 

Stockwell et al. (1994) suggested that moderate to heavy grazing pressure can cause 
pasture dominated by D. fecundum to transition to the more resilient pasture dominated 
by C. fallax (Figure 16). Reduced grazing pressure will see a return to D. fecundum 
dominated pasture, with transitions between these states being relatively rapid (2–
5 years). Continued heavy grazing over a decade could see a transition to arid short 
grass pastures (Figure 16) (McArthur et al. 1994; Stockwell et al. 1994). 

In the absence of fire, blue grass pastures can transition to woody shrubland in 10–
15 years (Figure 16) (McArthur et al. 1994; Stockwell et al. 1994). 
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Source: Stockwell et al. (1994) 
Figure 16: State and transit ion model for Chrysopogon fallax  and Dichanthium 
fecundum  pastures 

Main drivers of condition decline 
These pastures are heavily grazed because they are adjacent to permanent water. 
Condition will decline under sustained heavy grazing or in the absence of fire. 

Condition standards for blue grass alluvial plain pastures 
Standards for this key pasture were derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
(Table 4). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 

Table 4: Land condition standards for blue grass al luvial plain pastures 
(Alluvial MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
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2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 4 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.4 Coastal MAU Standards 
Pastures of the coastal MAU are found on 6 stations along the coast south of Broome 
and cover just 0.4% of the West Kimberley. However, they are locally important, 
contributing between 9% and 60% of the PCC on those stations. 

Buffel grass pastures are the most productive of the West Kimberley pastures 

Information sources 
WARMS data and traverse ratings on buffel grass pastures. Scientific reports on 
demography and grazing impacts. There are also guides for qualitatively assessing the 
condition (good, fair, poor) of these pastures (Ryan et al. 2013). 

3.4.1 Buffel grass pastures (Coastal MAU) 
Pasture description and soil type 
Cenchrus ciliaris (buffel grass) and C. setiger (birdwood grass) are introduced perennial 
tussock grasses. 

Coastal buffel grass pastures occur on coastal plains, predominantly on sand, loam or 
loamy earth soils that may be calcareous. Cenchrus spp. do not do well on heavier or 
saline soils, or in waterlogged situations. 

In coastal areas south of Broome, Cenchrus spp. have colonised various pasture types 
on coastal plains, such as alluvial plain mixed pastures, marine couch pastures and 
samphire pastures. 

Cenchrus spp. are a mixed blessing; they are valuable in colonising and stabilising 
degraded areas and are a very productive pasture species, but they are also serious 
weeds when they invade native ecosystems. 

Land systems 
Coastal buffel grass is found on Anna, Wanganut, Yeeda, Nita and Eighty Mile and 
occasionally on other land systems. 
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Indicator species 
Buffel grass pastures in very good to good condition are dominated by the indicator 
species Cenchrus ciliaris and C. setiger (Table 2). There is a high density of desirable 
plants and minimal bare ground visible (Figure 17). Tussocks are vigorous and young 
plants of desirable species are present. 

 
Note: Data are from WARMS and bars show standard error. 
Figure 17: Relat ionship between the condit ion of buffel grass pastures and the 
percentage of quadrats without perennial vegetat ion.  

Other desirable species 
These pastures may contain Chrysopogon fallax, Sporobolus virginicus (saltwater 
couch) and Triodia pungens (soft spinifex). 

The distribution (patchiness) of perennial species is a good indicator of condition. 

Intermediate species 
Other perennial species include Eriachne obtusa (wire grass), and annual species may 
include Enneapogon spp., Whiteochloa cymbiforme (boat panic) and Xerochloa laniflora 
(rice grass). 

Undesirable species 
As condition declines, the density of Aristida holathera (erect kerosene grass), 
A. hygrometrica (northern kerosene grass) and A. inaequiglumis (unequal threeawn) 
may increase. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in buffel grass pastures. 

Pastoral value 
Buffel grass pastures in good condition have very high pastoral value and can support 
24–34 AE/km2 

These pastures in good to fair condition are stable and resilient under grazing. 
Ungrazed and unburnt buffel grass pastures become moribund and unpalatable (Payne 
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and Mitchell 2002). Moderate and occasional heavy utilisation of buffel grass pastures 
will increase nutrient cycling and may promote plant growth. Management should aim 
for a short sward with no less than 50% groundcover to maximise infiltration and store 
more water in the soil for plant growth. 

In the Kimberley, it is not usual for grazed buffel grass pastures to burn, and pastoralists 
are unlikely to intentionally burn their buffel grass pastures. There may be increased fire 
intensity with Cenchrus spp. when fires do occur in ungrazed stands with a large 
biomass. 

A significant attribute of Cenchrus spp. is their ability to colonise and stabilise some 
badly degraded and eroded sites. 

Erosion risk 
Buffel grass pastures are generally in good to fair condition; however, if condition is 
allowed to deteriorate, there is risk of wind erosion on dunes. 

Demography 
McIvor (2007) considered Cenchrus ciliaris to have intermediate colonising ability. 

Observations in the Pilbara suggest buffel grass pastures are less resilient under 
drought conditions compared to native pastures. During dry spells, the productivity of 
buffel grass pasture can fall to near zero and plants may die. However, Cenchrus spp. 
will regenerate readily at the return of moderate rains. 

Transitions 
Cenchrus spp. generally invade degraded native pastures, but they are not limited to 
those in degraded states. 

The transition to buffel grass pasture is not necessarily permanent. Transitions from 
established buffel grass pastures to other pastures have been observed along the West 
Kimberley coast south of Broome when Cenchrus spp. are killed by cyclonic flooding. 
This initiates a succession cycle starting with halophytes that may stabilise as samphire 
pastures, marine couch pastures or eventually return to buffel grass pastures. 

Condition standards for buffel grass pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
(Table 5). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 
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Table 5: Land condition standards for buffel grass pastures (Coastal 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk1 50% bare ground to be determined 

Pasture productivity2 70% of PCC 60% of PCC 
1 still being developed; 2 defined by pasture condition and the estimated CCC for each condition 

class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 5 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.5 Frontage MAU Standards 
The pastures of the frontage MAU cover around 5% of the West Kimberley but 
contribute about 12% of the region’s PCC. These pastures are found along major 
waterways including the Fitzroy, Margaret, and May rivers, and Christmas and Gee 
Gully creeks. They are present on 29 stations in this region, with most frontage pastures 
occurring on 8 stations – Fossil Downs, Gogo, Kimberley Downs, Leopold Downs, 
Liveringa, Meda, Myroodah and Napier Downs. 

The 2 main pastures in these areas are frontage grass pastures and buffel grass 
pastures, and both have high to very high pastoral potential. Frontage grass pastures 
have historically been used to run large numbers of stock. In good condition, frontage 
grass pastures are the second most productive native pastures after Mitchell grass 
alluvial plain pastures. 

On the frontage MAU, buffel grass pastures are an altered state of frontage grass 
pastures where the native grass species have been grazed out and largely replaced by 
the introduced buffel grass (Cenchrus ciliaris) or birdwood grass (C. setiger). Buffel 
grass pastures are the most productive of the West Kimberley pastures, although the 
estimated areal extent in the frontage MAU is very small (about 398 km2). Within the 
frontage MAU, buffel grass pastures and frontage grass pastures are generally 
managed together. 
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Information sources 
Data from WARMS, pastoralist monitoring sites, exclosures and traverse ratings on 
these pastures. There are guides for qualitatively assessing the condition (good, fair or 
poor) of frontage pastures (Ryan et al. 2013). Frontage pastures may be 
underrepresented in RCAs because it is often difficult to access these riverine areas. 

3.5.1 Frontage grass pastures (Frontage MAU) 
Pasture description and soil type 
Frontage grass pastures occur in open eucalypt woodlands on gently rounded and 
sloping levees, almost flat levee backslopes and narrow alluvial plains associated with 
major rivers and watercourses. Soils are alluvial and generally have sandy loam (levee 
crests) or loamy clay (levees and backslopes) surface horizons, grading to hard loamy 
clay or clay subsoils. 
Land systems 
Frontage grass pastures are found on 14 land systems in the West Kimberley: Djada, 
Gogo, Glenroy, Alexander, Amy, Neillabublica, Fossil and numerous other land systems 
that abut major rivers. 

Indicator species 
Frontage grass pastures in very good to good condition are floristically rich but 
dominated by the indicator species Chrysopogon fallax and Dichanthium fecundum. 
There is a high density of desirable plants (Figure 18a) and minimal bare ground visible. 
Tussocks are vigorous and young plants of desirable species are present. 

  
Note: Density data are from field measurements during 2020 and the quadrat data are from 

WARMS (bars show standard error). 
Figure 18: Relat ionship between the condit ion of frontage grass pastures and a) 
the density of indicator species (Series 1) , other desirable and intermediate 
species (Series 2) and undesirable species (Ser ies 3); and b) the percentage of 
quadrats without perennial vegetat ion 

While vegetation cover generally increases with condition (Figure 18b), it is not a strong 
indicator of condition because undesirable species can increase cover but reduce 
condition. Vegetation cover is a good indicator of erosion risk. 
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Other desirable species 
Cenchrus spp. and Themeda triandra (kangaroo grass) may be present. 

Intermediate species 
Other locally important perennial species include Heteropogon contortus, Panicum 
decompositum and Sehima nervosum (white grass). A wide range of annual grasses 
are associated with these perennials. 

Undesirable species 
As condition declines, the density of Aristida spp. and shrub species, such as Acacia 
victoriae (bardie bush) and Eremophila bignoniiflora (emu bush), may increase. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in these pastures. 

Demography 
There is little published information relating to the demography of frontage grass 
pastures; however, there is a reasonable amount of information relating to Chrysopogon 
fallax (see Section 3.7.1). 

The conceptual model of the high-level drivers for tussock grasslands outlined by 
Foulkes et al. (2014) applies to the tussock grasses that constitute these pastures. 

Pastoral value 
Frontage grass pastures in good condition have high pastoral value and can support 6–
12 AE/km2. 

These pastures are elevated above normal flood levels, so they are accessible to stock 
for most of the year. Consequently, they have been subject to heavy grazing pressure 
since pastoralism began and have been in severely degraded states for long periods in 
many areas. 

Erosion risk 
Although the total area of frontage grass pastures may be small on each station, their 
high productivity (when in good condition) and association with natural waters means 
they are susceptible to overgrazing. A large proportion of these areas are in poor 
condition and have lost a significant amount of topsoil. 

Frontage grass pastures have a high erosion risk. They are highly erodible when left 
bare and can take decades to recover. Hacker (1989) reported no significant recovery in 
exclosures after 12 years where topsoil had been stripped or scalded. After 48 years or 
more, there has been measurable recovery in some exclosures containing this pasture 
in the West Kimberley. 

Management should aim for at least 50% groundcover at the end of the dry season to 
minimise erosion risk. 

Transitions 
Historically, most frontage pastures were in poor condition (Payne et al. 1974); 
however, more recent monitoring suggests that most are now in fair condition. More 
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frontage grass pastures remain in poor condition compared to other Kimberley tussock 
grass pastures. 

Positive transitions in the state of frontage grass pastures have been associated with 
increased densities of Chrysopogon fallax, Dichanthium fecundum, Eriachne obtusa 
and Triodia pungens, and decreased densities of Eragrostis falcata (sickle lovegrass) 
and Whiteochloa airoides (creeping panic; Watson and Novelly 2012). 

Frontage grass pastures in good condition contain dense, vigorous stands of desirable 
perennial grasses and most of the space between tussocks is occupied by a wide range 
of intermediate value grasses. There is almost no erosion. As condition declines, the 
distribution of desirable perennials becomes patchier and their vigour reduces (smaller 
crowns and sparse tiller production). This allows for increased erosion, which breaks up 
levees into a series of residual mounds populated by the remaining desirable 
perennials. Bare patches with sealed surfaces develop between the mounds. When 
these pastures are in poor condition, desirable perennials are very scattered and have 
poor vigour. Annuals dominate and areas may be invaded by shrubs and trees. In the 
worst cases, the ground is almost bare and sealed, and wind and water erosion are 
widespread. 

The transition of frontage grass pastures in poor condition to buffel grass pastures is 
often associated with major flood events, which deposit fertile sediments and facilitate 
the spread and germination of Cenchrus spp. 

Some frontage areas are heavily wooded with Eucalyptus microtheca (coolibah) and 
other trees, and the grass seed bank in the soil has been significantly reduced because 
of soil loss and competition from the trees. Returning these areas to a more pastorally 
productive state is challenging. 

Natural regeneration is only possible where topsoil has not been lost, and requires a 
sustained period of reduced grazing pressure, combined with wet-season and post-fire 
spelling and flooding. Where topsoil has been lost, mechanical intervention – such as 
ponding to trap water, soil and seeds – and a significant amount of time, likely decades 
(Hacker 1989), with all stock grazing pressure removed will be required for recovery. 

Main drivers of decline 
These pastures have been subject to heavy grazing pressure since pastoralism started 
in WA and they are severely degraded in many areas. 

These pastures are highly susceptible to grazing pressure, that often results in erosion 
and transitions to other pasture states. Similarly, the recovery potential from poor 
condition is very low, especially if there has been an associated loss of soil or continued 
grazing pressure. 

Condition standards for frontage grass pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
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(Table 6). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 

Table 6: Land condition standards for frontage grass pastures (Frontage 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 6 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.5.2 Buffel grass pastures (Frontage MAU) 
Pasture description and soil type 
Cenchrus ciliaris (buffel grass) and C. setiger (birdwood grass) are introduced perennial 
tussock grasses. 

Inland, both species colonise previously degraded frontage grass pastures along the 
riverbanks of the West Kimberley. They occur as grasslands, or grassy shrublands or 
woodlands on alluvial plains, levees, drainage tracts and riverbanks. Soils are generally 
well-drained sands, loamy earths, or sandy or loamy duplexes. Cenchrus spp. do not do 
well on heavier clay soils or waterlogged soils. 

Cenchrus spp. are a mixed blessing; they are valuable in colonising and stabilising 
degraded areas and are very productive pasture species, but they are also serious 
weeds when they invade native ecosystems. 

Basal cover is a critical indicator of condition. 
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Land systems 
Buffel grass pastures are found on Gogo, Coonangoody, Margaret, Myroodah, Djada, 
Luluigui, Koongie and occasionally other land systems. 
Indicator species 
Buffel grass pastures in very good to good condition are dominated by the indicator 
species Cenchrus ciliaris and C. setiger. There is a high density of desirable plants and 
minimal bare ground visible. Tussocks are vigorous and young plants of desirable 
species are present. 

Other desirable species 
On frontage areas, Chrysopogon fallax and Dichanthium fecundum may be present. 

Intermediate species 
Other perennial species include Eriachne obtusa, Heteropogon contortus, Panicum 
decompositum and Sehima nervosum. 

Undesirable species 
As condition declines, the density of Aristida inaequiglumis (unequal threeawn) and 
Vachellia farnesiana (prickle bush) may increase. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in these pastures. 

Pastoral value 
Buffel grass pastures in good condition have very high pastoral value and can support 
24–34 AE/km2 

Buffel grass pastures in good to fair condition are stable and resilient under grazing. 
Ungrazed and unburnt buffel grass pastures become moribund and unpalatable (Payne 
and Mitchell 2002). Moderate and occasional heavy use of these pastures will increase 
nutrient cycling and may promote plant growth. Management should aim for a short 
sward with no less than 50% groundcover to maximise infiltration and store more water 
in the soil for plant growth. 

In the Kimberley, it is not usual for grazed buffel grass pastures to burn, and pastoralists 
are unlikely to intentionally burn them. There may be increased fire intensity with 
Cenchrus spp. when fires do occur, especially in ungrazed stands with a large biomass. 
Increased grazing pressure may reduce fire risk compared to Sorghum stipoideum 
(annual sorghum). 

A significant attribute of Cenchrus spp. is their ability to colonise and stabilise some 
severely degraded and eroded sites. 

Erosion risk 
Buffel grass pastures are generally in good to fair condition; however, if condition is 
allowed to deteriorate, they have a high erosion risk like frontage grass pastures. 

Demography 
McIvor (2007) considered Cenchrus ciliaris to have intermediate colonising ability. 
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Observations in the Pilbara suggest buffel grass pastures are less resilient than native 
pastures in drought conditions. During dry spells, the productivity of buffel grass 
pastures can fall to near zero and plants may die. However, Cenchrus spp. will 
regenerate readily at the return of rains. 

The conceptual model of the high-level drivers for tussock grasslands outlined by 
Foulkes et al. (2014) applies to buffel grass pastures. 

Transitions 
Cenchrus species generally invade degraded native pastures, but are not limited to 
those in degraded states, and their spread is greatly assisted by flood events. The 
extent of buffel grass pastures in the West Kimberley is small, so it is difficult to 
generalise based on current data. Observations from other areas in WA provide some 
information. 

WARMS sites on the Ashburton River made a transition from saltbush pasture in poor 
condition to pasture dominated by Cenchrus species after major flooding in 1997, with a 
subsequent decline in Cenchrus species’ vigour, and establishment of the woody weed 
Acacia victoriae. Return to saltbush could be the next transition but that may take a long 
time, if ever. The decline in Cenchrus species vigour has been attributed to declining 
soil fertility and overutilisation, resulting in retraction of Cenchrus until the next flood 
event or until management improves. 

Condition standards for buffel grass pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions. 

Buffel grass pastures typically occur in close association with frontage grass pastures 
and share the same standards (Table 7). These standards will be refined as more 
quantitative measures of rangeland condition and soil cover become available. 

Table 7: Land condition standards for buffel grass pastures (Frontage 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 
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Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 7 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.6 Hummock grass plains MAU Standards 
Pindan pastures, soft spinifex pastures and curly spinifex pastures have low pastoral 
potential in the West Kimberley. However, these pastures are included in the list of key 
pastures because some stations are largely or completely covered by these pastures. 
They cover about 46% of the region and contribute about 47% of the region’s PCC. 
Because of the extensive area they cover, these pastures significantly contribute to 
pastoral production, fire fuel loads and provide the primary feed base for 30% of the 
stations in the West Kimberley. Five stations have very few other pastures. 

Information sources 
WARMS data, pastoralist monitoring sites, exclosures and traverse ratings on these 
pastures. Scientific publications on demography. There are guides for qualitatively 
assessing the condition (good, fair or poor) of these pastures (Ryan et al. 2013). 

3.6.1 Pindan pastures (Hummock MAU) 
Pasture description and soil type 
Pindan pastures are tussock, hummock or mixed grasses growing in dense acacia-
dominated woodlands. They occur on sand plains, dune fields and swales. Soils are 
red, occasionally yellowish, deep sands. 

Land systems 
Pindan pastures are found on 21 land systems in the West Kimberley: Yeeda, 
Camelgooda, Wanganut, Sisters, Luluigui, Fraser, St George, Nita, Mamilu, Myroodah 
and numerous other land systems. 

Indicator species 
Pindan pastures in very good to good condition are dominated by the indicator species 
Chrysopogon fallax and Triodia bitextura (Table 2). There is minimal bare ground, 
young plants of desirable species are present and plants are vigorous. 

Tussock spacing (plant density) is a critical indicator of condition (Figure 19). 
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Note: Data are from WARMS and bars show standard error. 
Figure 19: Relat ionship between condit ion of pindan  
pastures and the percentage of measurement quadrats 
without perennial vegetat ion  

Other desirable species 
Cenchrus spp., Sorghum plumosum and Triodia pungens may be present. 

Intermediate species 
Other perennial grasses likely to occur are Eragrostis eriopoda (woollybutt) and 
Eriachne obtusa. Heteropogon contortus may occur in relatively nutrient-rich patches 
and increases in the density of this species often correlates with increased rainfall, 
rather than management actions. 

Undesirable species 
As pasture condition declines, the density of desirable species decreases and less 
desirable species, such as Aristida holathera, A. inaequiglumis or Sorghum stipoideum, 
dominate the stand. High frequencies of Acacia spp. are also associated with pindan 
pasture in poor condition. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in these pastures. 

Pastoral value 
Pindan pastures in good condition have low pastoral value and can support 2–5 AE/km2 

Pindan pastures may be less sensitive to poor management than more productive 
pastures, but overuse and too-frequent burning among other factors, lead to 
degradation. 

During years of above-average rainfall, spinifex pastures are utilised less because stock 
preferentially graze annual grasses and forbs first. However, in below-average rainfall 
years, when annual grass and forb growth is limited, stock rely on Triodia bitextura and 
T. pungens as their feed base. T. intermedia is generally unpalatable during all stages 
of growth. 
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Fire is an important management tool for land managers wanting to get the most out of 
spinifex pastures. A general rule of thumb is a cool burn every 4 years to remove 
moribund growth and keep spinifex pastures productive. 

Erosion risk 
These pastures are resilient and generally have low erosion risk due to a lack of surface 
water, but too-frequent burning will leave soil exposed and increase the potential for soil 
erosion 

Demography 
Periodic controlled burning will produce a subclimax state that is pastorally desirable if 
the timing is managed to supress shrubs and trees and promote grass growth. Hot 
burns are required to reduce thick acacia stands. 

Triodia bitextura is considered an obligate resprouter, relying almost entirely on 
resprouting after fire and the production of ramets (clone plants derived by vegetative 
reproduction); there is little to no recruitment from seed (Armstrong and Garnett 2011; 
Rice and Westoby 1999). However, Wells (1999; cited in Armstrong and Legge 2011) 
considered T. bitextura to be polymorphic because large numbers of seed remained 
dormant in the seed bank. 

Transitions 
Too-frequent burning will leave soil exposed and promote the growth of undesirable 
grasses such Aristida spp. and shrubs such as Acacia spp. Grazing the ‘green pick’ 
after fire reduces competition between acacias and annual species, such as Sorghum 
stipoideum, and may lead to more acacias establishing. Too-frequent burning or heavy 
grazing in high-rainfall areas (>500 mm annual average) can induce a subclimax state 
where S. stipoideum becomes common. 

Positive transitions in the state of pindan pastures have been associated with increased 
density of Chrysopogon fallax and Sehima nervosum (Watson and Novelly 2012). 
Negative transitions have been associated with a decreased density of Chrysopogon 
fallax, Sorghum stipoideum and Triodia bitextura. 

Pindan pastures will take years to recover if damaged. Management to improve 
recovery includes sustained reduced grazing pressure, post-fire spelling, planned fire 
management and wet-season spelling. 

Main drivers of decline 
Condition will decline under sustained heavy grazing or if fires are too frequent or too 
infrequent. 
Condition standards for Pindan pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
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(Table 8). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 

Table 8: Pasture condition standards for Pindan pastures (Hummock 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 8 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.6.2 Curly spinifex pastures (Hummock MAU) 
Pasture description and soil type 
Curly spinifex pastures are hummock grasslands that can occur in woodlands in wetter 
areas and as treeless hummock grasslands in drier areas. They occur on level to gently 
undulating plains, usually with well-drained sandy or stony soils. 

Land systems 
Curly spinifex pastures are found on 24 land systems in the West Kimberley: 
Camelgooda, Lubbock, Sisters, Calwynyardah, Pigeon, Landrigan and numerous other 
land systems. 

Indicator species 
Curly spinifex pastures in very good to good condition are dominated by the indicator 
species Chrysopogon fallax and Triodia bitextura (Table 2). Plants are vigorous and 
evenly spaced, with size and density dependant on the time since fire, along with other 
management factors. 

Plant density (or tussock spacing) and patchiness are indicators of condition. 
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Other desirable species 
Eulalia aurea, Sehima nervosum and Triodia pungens may be present. 

Intermediate species 
For pastures in good condition, other perennial grasses such as Cymbopogon 
bombycinus (citronella grass), Eriachne obtusa, Heteropogon contortus and Sorghum 
stipoideum may be present. 

Undesirable species 
As pasture condition declines, the density of the desirable species decreases and less 
desirable species, such as Triodia spp. (hard spinifexes) and Aristida spp., will increase. 

Ryan et al. (2013) has a complete listing of desirable, intermediate and undesirable 
species in these pastures. 

Pastoral value 
Curly spinifex pastures in good condition have low pastoral value and can support 0.3–
4 AE/km2. 

These pastures are a useful drought reserve. Young curly spinifex pasture is most 
palatable, and palatability decreases with age. 

Fire is an important management tool for land managers wanting to keep spinifex 
pastures productive. A general rule of thumb is a cool burn every 4–6 years to remove 
moribund growth and control woody weeds. 

Erosion risk 
These pastures are resilient and generally have low erosion risk, but too-frequent 
burning or overgrazing will leave soil exposed and increase the potential for soil erosion. 

Demography 
Spinifex pastures are adapted to regular fire and if burning is too infrequent, they will 
become moribund. Spinifex needs to be able to set seed after fire to ensure that the 
stand remains resilient. Heavy grazing after a fire may thin spinifex and help 
colonisation of woody species. 

Transitions 
Periodic controlled burning will produce a subclimax state that is pastorally desirable if 
the timing is managed to promote grass growth. Too-frequent burning and overgrazing 
will leave soil exposed and promote the growth of undesirable grasses such Aristida 
spp. If curly spinifex pastures are degraded, they can be colonised by hard spinifex 
Triodia spp. 

Figure 20 shows the importance of fire frequency and seasonal conditions, in the 
absence of stock grazing, in determining the transition of hummock grasslands between 
states. 

Main drivers of decline 
Condition will decline under sustained heavy grazing, particularly after a fire while 
seedlings are establishing. 
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Source: Richards et al. (in review) 
Figure 20: State and transit ion model for hummock grasslands 

Condition standards for curly spinifex pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
(Table 9). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 

Table 9: Pasture condition standards for curly spinifex pastures 
(Hummock MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 15% poor 35% good or 25% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 77% of PCC 67% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 
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Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 9 standards: 

• 55% good condition pasture and 20% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
77% of PCC 

• 55% good condition pasture and 30% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
77% of PCC. 

3.6.3 Soft spinifex pastures (Hummock MAU) 
Pasture description and soil type 
Soft spinifex pastures are hummock grasslands with scattered trees and acacia shrubs. 
They occur on gently undulating plains and occasionally hills. Soils are usually well-
drained sands and loams and are occasionally rocky. 

In low-rainfall areas, soft spinifex pastures may occur as local inclusions in other 
pastures such as ribbon grass pastures. 

Land systems 
Soft spinifex pastures are found on 31 land systems in the West Kimberley: Yeeda, 
Camelgooda, Mulan, Nita, Barry, Great Sandy, Chestnut, Phire, Gilgie, Myroodah and 
numerous other land systems. 

Indicator species 
Soft spinifex pastures in very good to good condition are dominated by the indicator 
species Chrysopogon fallax and Triodia pungens (Table 2). Plants are vigorous and 
evenly spaced, with size and density dependant on the time since fire, along with other 
management factors. 

Plant density (or tussock spacing) is an indicator of condition (Figure 21). 

Intermediate species 
For soft spinifex pastures in good condition, other perennial grasses, such as 
Eulalia aurea, Eragrostis eriopoda and Triodia bitextura may occur in low numbers. 
Annual grasses, such as Enneapogon polyphyllus, may also be present. 
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Note: Data are from WARMS and bars show standard error. 
Figure 21: Relat ionship between the condit ion of soft   
spinifex pastures and the percentage of measurement  
quadrats without perennial vegetat ion  

Undesirable species 
As pasture condition declines, the density of the desirable species decreases and less 
desirable species, such as Aristida spp., Triodia intermedia and T. schinzii, will 
dominate the stand. Where soft spinifex pastures abut hard spinifex pastures (Triodia 
spp.), hard spinifexes may colonise the sward. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in these pastures. 

Pastoral value 
Soft spinifex pastures in good condition have low pastoral value and can support 3–
4 AE/km2 

Soft spinifex pastures are the most useful of the spinifex pastures and are regarded as 
a useful drought reserve. Young soft spinifex pasture is most palatable, and palatability 
decreases with age. 

Fire is an important management tool for land managers wanting to keep spinifex 
pastures productive. A general rule of thumb is a cool burn every 4–6 years to remove 
moribund growth. These pastures should be spelled immediately after burning until 
seed set. 

Erosion risk 
These pastures are resilient and generally have low erosion risk because of a lack of 
surface water, but too-frequent burning will leave soil exposed and increase the 
potential for soil erosion. 

Demography 
Spinifex pastures are adapted to regular fire, but if burning is too infrequent, they will 
become moribund and may be invaded by woody shrubs. Spinifex needs to be able to 
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set seed after fire to ensure that the stand remains resilient. Heavy grazing after the fire 
may thin spinifex and help colonisation of woody species. 

Regeneration of Triodia pungens following fire occurs primarily by resprouting, but also 
from seed, and can take 4–7 wet seasons (depending on the site) to produce enough 
seed to restore the soil seed bank (Rice and Westoby 1999). 

Transitions 
Periodic controlled burning will produce a subclimax state that is pastorally desirable if 
the timing is managed to promote grass growth. Too-frequent burning will leave soil 
exposed and promote the growth of undesirable grasses such Aristida spp. Figure 20 
shows the importance of fire frequency and seasonal conditions, in the absence of stock 
grazing, in determining the transition of hummock grasslands between states. 

Where soft spinifex pastures abut hard spinifex pastures (Triodia spp.), hard spinifexes 
may colonise the sward. 

Main drivers of decline 
Condition will decline under sustained heavy grazing, particularly heavy grazing after a 
fire while seedlings are establishing. 

Condition standards for soft spinifex pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
(Table 10). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 

Table 10: Land condition standards for soft spinifex pastures (Hummock 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 15% poor 35% good or 25% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 77% of PCC 67% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 
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Examples using Table 10 standards: 

• 55% good condition pasture and 20% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
77% of PCC 

• 55% good condition pasture and 30% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
77% of PCC. 

3.7 Tussock grass plains MAU Standards 
Ribbon grass pastures and their degraded state – arid short grass pastures – are 
moderately productive pastures and range from open grasslands to open woodlands 
with a variable cover of Bauhinia cunninghamii, Carissa lanceolata (conkerberry), 
Corymbia spp. (bloodwoods) or other tree species. 

These pastures are not as productive as Mitchell grass alluvial plain pastures, blue 
grass alluvial plain pastures or frontage grass pastures, but they contribute significantly 
to pastoral production in the region because of the extensive area they cover. Ribbon 
grass pastures and arid short grass pastures together cover about 14% of the region 
and contribute 22% of the PCC. They are present on 35 leases in the region, with most 
ribbon grass pastures and arid short grass pastures occurring on these stations: 
Beefwood, Blina, Cherrabun, Kalyeeda, Millijiddee, Mowla Bluff, Napier Downs, 
Nerrima, Noonkanbah and Yakka Munga. 

Information sources 
WARMS, pastoralist monitoring sites, exclosures and traverse ratings on these 
pastures. Scientific reports on demography (McIvor 2007, Jones et al. 2009; Orr and 
O’Reagain 2011; Kemp and Kutt 2020), grazing impacts (Payne and Mitchell 2002), 
transitions (McArthur et al. 1994; Stockwell et al. 1994; Craig and Haddon, 2008). There 
are guides for qualitatively assessing the condition (good, fair or poor) of these pastures 
(Ryan et al. 2013). 

3.7.1 Ribbon grass pastures (Tussock MAU) 
Pasture description and soil type 
Ribbon grass pastures are tussock grasslands that occur on level to gently sloping 
plains with sand, loam or, occasionally, clay soils. Chrysopogon fallax is the most 
common tussock grass found on Kimberley WARMS sites (Foulkes et al. 2014). 

Payne et al. (1974) recognised 2 forms of this pasture – high-rainfall (>500 mm average 
annual rainfall) and low-rainfall (<500 mm average annual rainfall) forms. 

Land systems 
Ribbon grass pastures are found on 34 land systems in the West Kimberley: Myroodah, 
Coonangoody, Egan, Calwynyardah, Yeeda, Sisters, Richenda, Luluigui, Mamilu, Anna, 
O'Donnell and numerous other land systems. 
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Indicator species 
Ribbon grass pastures in very good to good condition are dominated by the indicator 
species Chrysopogon fallax and Dichanthium fecundum (Table 2). These plants will be 
relatively dense (Figure 22a) and vigorous, and young plants of desirable species will 
be present. 

While vegetation cover generally increases with condition (Figure 22b), it is not a strong 
indicator of condition because undesirable species can increase cover but decrease 
condition. Vegetation cover is a good indicator of erosion risk. 

  
Note: Density data are from field measurements during 2020 and the quadrat data are from 

WARMS (bars show standard error). 
Figure 22: Relat ionship between the condit ion of r ibbon grass pastures and a) 
the density of indicator species (Series 1) , other desirable and intermediate 
species (Series 2), and undesirable species (Ser ies 3); and b) the percentage 
of measurement quadrates without perennial vegetat ion 

Other desirable species 
Other desirable species include Sorghum plumosum and Themeda triandra in high-
rainfall areas. In low-rainfall areas, Triodia pungens and T. bitextura (curly spinifex) are 
desirable and may make up half of the pasture. 

Tussock spacing (plant density) and patchiness are critical indicators of condition. 

Intermediate species 
The most common intermediate species are Eriachne obtusa, Heteropogon contortus 
and Sehima nervosum. Areas between perennial tussocks have a moderate cover of 
annual plants and forbs. 

Undesirable species 
Ribbon grass pastures in poor condition commonly have Aristida spp. and Triodia 
intermedia (hard spinifex). 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in ribbon grass pastures. 
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Pastoral value 
Ribbon grass pastures in good condition have moderate pastoral value and can support 
2–10 AE/km2. 

Although these pastures can be grazed year-round, continuous wet-season grazing will 
reduce plant vigour (Ash et al. 1997) and repeated grazing or a series of dry years will 
kill Chrysopogon fallax (Payne and Mitchell 2002). Seedlings do not persist if grazed 
heavily (Payne and Mitchell 2002). Periodic wet-season spelling should be part of 
management to maintain pasture productivity. 

DPIRD recommends these pastures are not grazed below a height of 13–15 cm. 

Erosion risk 
There can often be bare ground in between tussocks, especially at the end of the dry 
season. Management should aim for at least 50% groundcover at the end of the dry 
season to minimise erosion risk. 

Demography 
Chrysopogon fallax is long-lived – individual plants can persist for more than 20 years – 
and is drought resistant owing to its deep and vigorous root system (Ludwig et al. 2001; 
Jones et al. 2009; Foulkes et al. 2014). C. fallax is relatively tolerant of grazing 
pressure, and shoots from deep underground rhizomes (Ash et al. 1997; Jones et al. 
2009; Orr and O’Reagain 2011; Kemp and Kutt 2020). 

Good condition C. fallax swards have relatively stable density with low levels of 
recruitment (Jones et al. 2009; Orr and O’Reagain 2011). However, plant survival 
increases with plant basal area (McIvor 2007). Basal area decreases in low-rainfall 
years and heavy grazing exacerbates this decrease (Orr and O’Reagain 2011). 

Mott (1978) found almost complete germination of the seed bank in the year after 
seedset in the monsoonal north, and several studies have found low numbers of 
C. fallax seeds in the seed bank (McIvor et al. 1996; Jones et al. 2009; Orr and 
O’Reagain 2011). McIvor (2007) considered C. fallax to have low colonising ability if it is 
lost from a pasture. 

The conceptual model of the high-level drivers for tussock grasslands outlined by 
Foulkes et al. (2014) applies to ribbon grass pasture (Figure 14). 

Transitions 
As ribbon grass pastures do not bog during the wet season, they are generally grazed 
all year round. Lack of wet-season spelling contributes to land degradation. Large areas 
of ribbon grass pastures are in poor condition and dominated by less desirable species 
– such as Aristida spp., Triodia intermedia, Xerochloa laniflora, annual forbs and 
grasses – or are bare. 

Positive transitions in the state of ribbon grass pastures have been associated with 
increased densities of Cenchrus setiger, Chrysopogon fallax, Heteropogon contortus, 
Sehima nervosum and T. intermedia, and a decrease in densities of Aristida holathera 
(erect kerosene grass) and Enneapogon polyphyllus. The density of Aristida 
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hygrometrica (northern kerosene grass) and A. inaequiglumis may increase or decrease 
(Watson and Novelly 2012). 

Stockwell et al. (1994) suggested that moderate to heavy grazing pressure can cause 
pastures dominated by Dichanthium fecundum to transition to more resilient pastures 
dominated by C. fallax. Reduced grazing pressure will see a return to pastures 
dominated by D. fecundum, with transitions between these states being relatively rapid 
(2–5 years). 

Continued heavy grazing over 10 years could see a transition to arid short grass 
pastures (McArthur et al. 1994; Stockwell et al. 1994). Reduced grazing pressure can 
facilitate a transition back (Craig and Hadden 2008). In the absence of fire, ribbon grass 
pastures can transition to woody shrublands in 7–10 years (McArthur et al. 1994; 
Stockwell et al. 1994). 

Occasional spelling over a growing season is necessary to maintain good condition 
(Payne and Mitchell 2002). 

C. fallax is considered to have low colonising ability (McIvor 2007; Kemp and Kutt 
2020). However, Payne and Mitchell (2002) suggested that where pastures have 
become dominated by spinifex in the Pilbara, appropriate burning and grazing 
management has enabled C. fallax and other grasses to return to these areas. A 
suggested management program is to burn every 5 years and spell for the growing 
season yearly until seed set. 

Where pasture condition has declined but there is minimal erosion present, 2–3 years of 
wet-season spelling, and conservative dry-season grazing can achieve a moderate 
recovery. On degraded and eroded sites that still have a reasonable depth of topsoil 
(these tend to be areas with low slope), complete destocking and regeneration 
techniques, such as reseeding, may be the only way to improve condition. Recovery 
from a degraded state may take decades. 

Main drivers of decline 
Condition will decline under sustained heavy grazing or in the absence of fire (Figure 
16). 

Condition standards for ribbon grass pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
(Table 11). These standards will be refined as more quantitative measures of 
rangeland condition and soil cover become available. 
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Table 11: Land condition standards for ribbon grass pastures (Tussock 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using Table 11 standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 

3.7.2 Arid short grass pasture (Tussock MAU) 
Pasture description and soil type 
Arid short grass pastures are short grass, tussock grasslands or open woodlands 
dominated by short-lived perennial or annual grasses. They occur on level to undulating 
plains (from almost flat to 10% slopes) with variable depth sand or loamy soils that may 
be skeletal or have a stony mantle. 

These pastures can develop as a less productive state of ribbon grass pastures. 

Land systems 
Arid short grass pastures are found on 8 land systems in the West Kimberley: Pigeon, 
Koongie, Bohemia, Burrumundi, Barry, Rose, Margaret and O’Donnell and occasionally 
on other land systems. 

Indicator species 
Arid short grass pastures in very good to good condition are dominated by the indicator 
species Chrysopogon fallax and Enneapogon polyphyllus (limestone grass). Plants are 
vigorous. 

Tussock spacing (plant density) is a critical indicator of condition. 
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Other desirable species 
Eragrostis spp. and Triodia bitextura (curly spinifex) may be present. 
Intermediate species 
Common intermediate species are annuals, such as Aristida contorta (bunched 
kerosene grass), Cynodon convergens (Kimberley couch) and Enneapogon 
purpurascens (purple nineawn), and perennials such as Eriachne obtusa, Heteropogon 
contortus and Sehima nervosum. 

Undesirable species 
As pasture condition declines, undesirable species such as Aristida spp. or Triodia spp. 
(hard spinifexes) become more common. 

Ryan et al. (2013) has a more complete listing of desirable, intermediate and 
undesirable species in arid short grass pastures. 

Pastoral value 
Arid short grass pastures in good condition have moderate pastoral value and can 
support 3–8 AE/km2. 

Although these pastures can be grazed year-round, very conservative stocking rates 
are required and these areas should be fenced so that stock can be removed before the 
annual cover is removed. 

Erosion risk 
Because many annual and short-lived perennial species are attractive to stock, heavy 
grazing will result in almost complete removal of the annual cover and leave the soil 
without cover and susceptible to erosion for long periods. 

The lack of perennial cover, sandy and loamy soils, and sloping land mean these 
pastures already have large areas that are badly eroded and have a high risk of more 
erosion. 

Demography 
These pastures are dominated by annual grasses and forbs and so rely on a good soil 
seed bank and adequate seasonal conditions to germinate and grow. While they 
provide good quality fodder when green, they do not provide any dry season reserves. 

Transitions 
Arid short grass pastures are a stable state that may occur when ribbon grass pastures 
are degraded by excessive grazing pressure. Stockwell et al. (1994) suggested that 
there was high confidence that arid short grass pastures were a degraded state of 
pastures dominated by Chrysopogon fallax but had less confidence that they were a 
degraded state of pastures dominated by Dichanthium fecundum, Heteropogon 
contortus or Sehima nervosum. Craig and Hadden (2008) observed an arid short grass 
pasture transition to a pasture dominated by C. fallax, H. contortus and S. nervosum 
12 years after grazing pressure was removed. Hacker (1989) considered Enneapogon 
polyphyllus and associated annual or short-lived perennial species were probably an 
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important component of several perennial grass communities with the proportion of the 
pasture depending on slope, soil depth, microtopography and other factors. 

Arid short grass pastures can transition to bare soil relatively rapidly (2 years) under 
heavy grazing (Stockwell et al. 1994). 

Arid short grass pastures in poor condition need to be destocked over several 
consecutive wet seasons and conservatively stocked during the dry season. Where 
these pastures have become severely eroded, they need to be completely destocked 
until at least 50% groundcover is achieved to minimise erosion risk. 

Main drivers of decline 
Condition will decline under sustained heavy grazing or in the absence of fire (Figure 
23). 

  
Source: Stockwell et al. (1994) 
Figure 23: State and transit ion model for pastures dominated by Enneapogon 
polyphyl lus  

Condition standards for arid short grass pastures 
Standards for this key pasture have been derived in accordance with the conceptual 
standards outlined in Section 2. The standards use the currently available biological and 
ecological information outlined above and DPIRD expert knowledge of Kimberley 
pastures. This information has been integrated and assessed to form a set of 
conservative condition standards designed to minimise the risk of adverse transitions 
(Table 12). These standards will be refined as more quantitative measures of rangeland 
condition and soil cover become available. 
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Table 12: Land condition standards for arid short grass pastures (Tussock 
MAU) 

Attribute Threshold standards Limit standards 

Pasture condition 50% good or 10% poor 35% good or 20% poor 

Erosion risk 50% bare ground to be determined1 

Pasture productivity2 70% of PCC 60% of PCC 

PCC = potential carrying capacity  
1  The limit standard for erosion risk is still being developed. 
2 Productivity is estimated from pasture condition and the CCC for each condition class. 

Using these standards 
Shifting below the threshold standard for any one attribute will move the land condition 
from acceptable to suboptimal. 

Shifting below the limit standard for any one attribute will move the land condition from 
suboptimal to unacceptable. 

Examples using standards: 

• 55% good condition pasture and 15% poor condition pasture will put the land in 
suboptimal status, even if there is less than 50% bare ground and more than 
70% of PCC 

• 55% good condition pasture and 25% poor condition pasture will put the land in 
unacceptable status, even if there is less than 50% bare ground and more than 
70% of PCC. 
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Appendix A Conceptual standards for assessing land condition for the WA 
pastoral industry 
Appendix B Kimberley WARMS grass pasture sites, condition change and 
possible drivers of change 
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Appendix E Monitoring and assessment units for the West Kimberley 
Appendix F List of plant species 
Appendix G Production characteristics of key pastures in good condition 
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Appendix A Conceptual standards for assessing land 
condition for the WA pastoral industry 
Table A1: Description of the conceptual standards for assessing land 
condition  

Condition status Attributes of the conceptual standards to determine pastoral 
land status 

Pristine The vegetation, biotic integrity and soil condition expected of 
rangelands that have not experienced pastoralism or any other form 
of development 

Acceptable Vegetation condition – each key pasture type is largely in good 
condition as described in the regional pasture condition guides. That 
is, key pastures have the full complement of desirable species at the 
expected density. Typically, the percentage of sites in good 
condition would be relatively high and the percentage in poor 
condition would be very low for that pasture type. 
Vegetation cover – the level of total vegetation cover, given 
seasonal conditions, is at or above the level expected of pastures in 
good condition 
Soil stability – the areas of bare ground are stable and do not 
contribute to accelerated erosion; there is no visible scouring or 
sheet erosion; vulnerable areas have a high density of perennial 
plants. 
Recovery – from condition change with this status, is likely to occur 
with minor management and without mechanical intervention. 
Productivity – current carrying capacity (CCC) would be at least 
70% of the potential carrying capacity (PCC) 
Management implications – this condition status on a pastoral 
lease would not be in breach of the LA Act or SLC Act 
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Condition status Attributes of the conceptual standards to determine pastoral 
land status 

Suboptimal Vegetation condition – each key pasture type is largely in fair to 
good condition as described in the regional pasture condition 
guides. That is, key pasture types have a reduced complement of 
desirable perennials and at a lower density than expected of good 
condition pastures. Typically, the percentage of sites in good 
condition is moderate for the pasture type. The percentage in poor 
condition may still be low. 
Vegetation cover – the level of total vegetation cover, given 
seasonal conditions, is below the level expected of pastures in good 
condition and above the level in poor condition 
Soil stability –patches of bare ground are contributing to increased 
water run-off; there is some visible scouring or sheet erosion; there 
is evidence of reduced water-absorbing capacity; vulnerable areas 
have moderate to low densities of perennial plants. 
Recovery – to an acceptable status may need significant 
management changes and some level of mechanical intervention 
and could take many years depending on the region. Seedlings and 
young plants of indicator species for key pastures are missing; 
annual plants may dominate sites in many areas; plants might have 
abnormal growth. 
Productivity – the CCC is 50–70% of the PCC, according to region 
or pasture type. 
Management implications – this condition status on a pastoral 
lease could be in breach of the LA Act but would not be in breach of 
the SLC Act 
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Condition status Attributes of the conceptual standards to determine pastoral 
land status 

Unacceptable Vegetation condition –each key pasture is largely in poor to fair 
condition as described in the regional pasture condition guides. That 
is, desirable perennials are missing or at very low levels; annuals or 
undesirable species dominate the sites. Typically, the percentage of 
sites in poor condition will be relatively high and the percentage in 
good condition is at relatively low levels for that pasture type 
Vegetation cover – the level of total vegetation cover, given 
seasonal conditions, is at the level expected of pastures in poor 
condition 
Soil stability – there are extensive areas of bare ground 
contributing to accelerated erosion; soil loss is obvious; scours might 
be well developed and contiguous; most plants and rocks are raised 
on pedestals; there are well-defined deep gullies; water-absorbing 
structures are mostly absent; vulnerable areas have few or no 
perennial plants. 
Recovery – to suboptimal or acceptable status requires major 
management changes and extensive mechanical actions, which 
may take decades to take effect, or may not be possible for some 
pasture types. Propagation material of desirable perennials is very 
limited or absent; plants might have an abnormal growth form 
Productivity – the CCC is likely to be less than 60% of the PCC 
and varies according to region or pasture type. 
Management implications – this condition status on a pastoral 
lease would be in breach of the LA Act and the SLC Act 

Source: Fletcher (2022a) 
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Appendix B Kimberley WARMS grass pasture sites, 
condition change and possible drivers of change 
The condition of tussock and hummock grass pastures at Kimberley WARMS sites has 
largely remained stable from the first assessment in 1994–1996 (assessment 1) to the 
most recent assessment in 2018–2020 (assessment 9; Table B1). 

Table B1: Change in pasture condit ion from assessment 1 (1994–1996) to 
assessment 9 (2018–2020) 

Pasture No. of sites Improved (%) Stable (%) Declined (%) 
Blue grass alluvial plain 17 6 59 35 

Frontage grass 26 15 77 8 

Mitchell grass 72 7 69 24 

Ribbon grass 65 17 71 12 

Tussock grasses total 180 12 70 18 
Pindan 32 13 78 9 

Soft spinifex 34 9 79 12 

Hummock grasses total 66 11 78 11 

The largely stable pasture condition at WARMS sites occurred over a 25-year period 
that experienced generally above-average or average seasonal quality (Table B2). 
Overall, for the period from assessment 1 to assessment 9, the seasonal quality in the 
Kimberley was determined as being above average at all WARMS sites. 

Table B2: Percentage of WARMS sites that experienced below-average, 
average or above-average seasonal quality for each 3-year period 
between assessments 

Seasonal 
quality 

Assessment period 

A1–A2 A2–A3 A3–A4 A4–A5 A5–A6 A6–A7 A7–A8 A8–A9 

Above 
average 

85 100 54 84 81 95 75 39 

Average 15 0 46 16 19 5 25 52 

Below 
average 

0 0 0 0 0 0 0 9 

A1 = assessment 1 (1994–1996); … A9 = assessment 9 (2018–2020) 

There was an intentional bias to locate WARMS sites on pastures in good or fair 
condition so that changes in condition (improvement or decline) could be detected. 
WARMS sites were also located away from heavily used areas such as water points. 
However, between assessment 1 and 9, Mitchell grass, blue grass and soft spinifex 
pastures in good condition were more likely to decline in condition than improve, while 
frontage grass and ribbon grass pastures in poor condition were more likely to improve. 
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Pastures in fair condition were equally likely to improve or decline in condition (Table 
B3). 

Table B3: Pasture condition at assessment 1 and the number of pastures 
in each condition class that remained stable, improved or declined in 
condition over the period to assessment 9 

  

Pasture condition 
Very 
good Good Fair Poor 

Very 
poor 

Blue grass  
Number of WARMS sites in each 
condition class at assessment 1 1 9 6 1 0 

Number in improving condition - 0 1 0 0 
Number in stable condition 0 5 4 1 0 
Number in declining condition 1 4 1 0 - 
Frontage grass  

Number of WARMS sites in each 
condition class at assessment 1 0 10 11 5 0 

Number in improving condition - 0 3 1 0 
Number in stable condition 0 10 6 4 0 
Number in declining condition 0 0 2 0 - 
Mitchell grass  

Number of WARMS sites in each 
condition class at assessment 1 2 34 28 7 1 

Number in improving condition - 0 4 1 0 
Number in stable condition 1 23 20 5 1 
Number in declining condition 1 11 4 1 - 
Ribbon grass  

Number of WARMS sites in each 
condition class at assessment 1 0 21 33 9 2 

Number in improving condition - 2 5 3 1 
Number in stable condition 0 17 22 6 1 
Number in declining condition 0 2 6 0 - 
Pindan  

Number of WARMS sites in each 
condition class at assessment 1 2 14 14 2 0 

Number in improving condition - 0 3 1 0 
Number in stable condition 2 12 10 1 0 
Number in declining condition 0 2 1 0 - 
Soft spinifex  

Number of WARMS sites in each 
condition class at assessment 1 4 20 10 0 0 

Number in improving condition - 0 3 0 0 
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Pasture condition 
Very 
good Good Fair Poor 

Very 
poor 

Number in stable condition 3 17 7 0 0 
Number in declining condition 1 3 0 0 - 
WARMS and other datasets show that as pasture condition declines, the time required 
to improve the condition (recovery period) increases (Figure B1). In general, the 
recovery periods for pastures in fair to poor condition to improve to good condition are 
based on WARMS data (1994–2020) and indicate the time it takes for pasture condition 
to improve with generally good seasonal conditions and business-as-usual stocking 
rates. Recovery periods for pastures in poor or very poor condition are based on data 
from areas of recovery on the Ord River Station which had various management actions 
including seeding and destocking for extended periods (Payne et al. 2004). 

 
Figure B1: Indicat ive t imeframes for improvement in pasture condit ion for 
pasture with varying start ing condit ions 

This trend for pasture recovery time to be inversely correlated with pasture condition is 
in part explained by the link between pasture condition and that pasture’s ability to 
capture water and nutrient resources. Pastures in good condition have larger resource 
capture zones – obstructions such as grass butts and litter – that regulate overland 
water flow and retain nutrients and water in the landscape (Figure B2). 

As the area of resource capture zones is reduced, or removed, water and nutrients are 
more readily lost from the landscape and redistributed in channels and streams or 
deposited elsewhere. Soi with persistent obstructions, such as perennial plant butts or 
fallen timber, has been shown to have water infiltration rates 5 to 10 times higher than 
the surrounding bare interpatch zone, and have higher nutrient levels (more fertile). 
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Figure B2: Percentage of ground area occupied by perennial grass butts, which 
obstruct over land water f low  

As the landscape function (and thereby condition) changes, the pathway to recovery 
changes. A dysfunctional (poor to very poor condition) landscape can show a long 
latency period before signs of recovery (Figure B3). 

 
Figure B3: Recovery curve of funct ional and dysfunct ional landscapes 
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Based on reported station livestock numbers and assessed CCC, 9 stations (11% of 
Kimberley stations) were determined to have more than 1.8 times the estimated CCC 
for the period from assessment 1 to assessment 9 (Table B4). 

Table B4: Reported livestock numbers relat ive to the CCC, 1994–2020 

Stocking class (relative to CCC) Number of stations 
Percentage of Kimberley 

stations (%) 

Very high (>1.8 times CCC) 9 11 

High 15 19 

Moderate 27 33 

Low 16 20 

Very low (<0.5 times CCC) 14 17 

CCC = current carrying capacity 
It is not possible to reliably relate stocking rates to pasture condition at WARMS sites 
because the stocking rate of the particular paddocks in which WARMS sites are located 
has not been recorded; stocking rate data has only been captured at the lease level. 
Similarly, any additional grazing pressure by feral or native herbivores is not recorded at 
the paddock level and is only estimated at the lease level. 
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Appendix C Validation exercises for the West Kimberley 
standards 
Condition standards for the key pastures in the West Kimberley are based on 
assessments of pasture condition made by DPIRD during rangeland surveys and RCAs 
over many years (Table C1). The threshold and limit reflect DPIRD’s understanding of 
the minimum percentage of a pasture that can be in good condition or the maximum 
percentage in poor condition for the pasture to still meet the conceptual criteria for 
ecosystem function and pastoral productivity set out in the Framework (Appendix A). 

Table C1: Standards for the key pastures in the West Kimberley 

 Threshold (%) Limit (%) 

Key pasture Good Poor Good Poor 

Blue grass alluvial plain pastures 50 10 35 20 

Mitchell grass alluvial plain pastures 50 10 35 20 

Ribbon grass alluvial plain pastures 50 10 35 20 

Frontage grass pastures and buffel grass pastures 50 10 35 20 

Ribbon grass pastures and arid short grass pastures 50 10 35 20 

Buffel grass (coastal) pasture 50 10 35 20 

Pindan pastures 50 10 35 20 

Soft spinifex pastures 50 15 35 25 

Curly spinifex pastures 50 15 35 25 
 

This appendix analyses the standards that were applied to the 48 stations in the West 
Kimberley and how the resulting assessments and other station-specific data might be 
used to determine management and regulatory actions. The appropriateness of the 
standards is also examined via a sensitivity analysis. 

Pasture condition data from the last available RCA for each station was used in this 
analysis, as 37 of these RCAs were conducted from 2003 to 2009 the data from these 
stations should only be regarded as indicative. Since 2010, RCAs have been targeted to 
stations that are considered at risk of land degradation – based on changes in 
vegetation cover, stocking rates and local intelligence – and 9 of the 11 RCAs 
conducted from 2013 to 2020 found a decline in condition across the station. 

To determine if the condition of a key pasture on a station meets the standards, we 
assessed only those pastures with at least 6 condition ratings. This was done to prevent 
anomalous data from small samples skewing results. Consequently, not all key pastures 
on a station were included in this assessment. 

Although 32 of the West Kimberley stations have at least one key pasture in acceptable 
condition, only 8 have all their key pastures in acceptable condition, 8 have at least one 
key pasture in suboptimal condition and none in unacceptable condition, and 32 have at 
least one key pasture in unacceptable condition. While this shows that most leases 
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have pastures that require careful management to improve condition, it does not 
indicate that all these leases should be subject to regulatory action. 

In many cases, pastures in suboptimal or unacceptable condition reflect the effects of 
historical management that requires decadal management to improve, and in some 
areas these changes are severe enough to be effectively irreversible. In developing 
appropriate regulatory responses, the Framework accounts for historical and seasonal 
changes in pasture condition by considering the level of pastoral management on a 
particular lease. While several management factors are considered, 2 important 
indicators of land management effectiveness are the stocking rate relative to the CCC 
and seasonal conditions, and the change in pasture condition between successive 
RCAs. 

Using the average stocking rate over the last 3 years for which data were available 
(2017–2019), 19 of the 40 stations with key pastures in suboptimal or unacceptable 
condition reported stocking rates that were at least 1.5 times CCC, and 6 of the 19 had 
declining pasture condition. 

Of the 9 stations that have had an RCA since 2018: 

• all had at least one key pasture in suboptimal or unacceptable condition 

• 6 had stocking rates at least 1.5 times CCC: 4 of these had declining pasture 
condition and 2 had stable pasture condition 

• 2 stations had stocking rates at no more than 1.5 times CCC: 1 with declining 
pasture condition and 1 with improving condition 

• 1 station had stable pasture condition and the stocking rate could not be 
determined. 

In these 9 cases, the standards identified where pasture condition is suboptimal or 
unacceptable, and other indicators indicated where management actions had been 
effective. 

The percentage of a particular station’s CCC represented by pastures with condition 
falling below the threshold or limit is highly variable and ranges from a few per cent to 
most of the station’s CCC. Within a particular pasture, areas in suboptimal or 
unacceptable condition were often confined to particular areas or paddocks. 
Consequently, the location and extent of the pasture(s) falling below the threshold or 
limit, and the station infrastructure available to manage these areas, will be important 
factors in determining the appropriate management or regulatory response. 

Note: The standards are designed to be applied at the lease, key pasture or paddock 
level. If specific areas within a paddock are in poor condition but the paddock average is 
above the threshold or limit, then these specific areas may require targeted 
management. 

How various key pastures meet the standards 
Productivity of a key pastures usually determines the grazing pressure, and the grazing 
pressure historically and in present use generally determines whether the pasture is in 
an acceptable, suboptimal or unacceptable condition. The more productive pastures 
tend to have heavier grazing pressure. 
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Consequently, stations with the more productive pastures (on the better alluvial and 
frontage soil types) have fewer key pastures in acceptable condition compared to 
stations with the less productive pindan, and spinifex pastures (Table C2). The 
exception is on frontage or coastal plain country which have made a transition to buffel 
grass pastures. 

Table C2: Number of stations with key pastures meeting their condit ion 
standard 

Key pasture 

Number of stations with pastures meeting standard 

Acceptable Suboptimal Unacceptable Total 

Blue grass alluvial plain pastures 1 1 4 6 

Mitchell grass alluvial plain pastures 3 0 7 10 

Ribbon grass alluvial plain pastures 0 0 1 1 

Frontage grass pastures and buffel grass pastures 2 4 14 20 

Ribbon grass pastures and arid short grass pastures 6 8 20 34 

Buffel grass (coastal) pastures 3 2 0 5 

Pindan pastures 11 7 9 27 

Soft spinifex pastures 20 2 0 22 

Curly spinifex pastures 1 1 0 2 
 
Sensitivity analysis of the standards 
A sensitivity analysis of the threshold and limit standards was done by progressively 
reducing the percentage of pasture in good condition and increasing the percentage of 
pasture in poor condition. This analysis showed that as the standards were relaxed, the 
number of stations with all pastures in acceptable condition increased and the number 
of stations with one or more pasture in unacceptable condition decreased, while the 
number of stations with suboptimal pastures remained relatively constant (Figure C1). 

The increase in percentage of stations with all pastures in acceptable condition as the 
standards were relaxed was linear; the number of stations above the threshold 
increased by 0.8% for every 1% the condition standard was relaxed. This shows that 
small changes in the standards will not result in large numbers of stations moving above 
the threshold. Rather, the standards would need relaxing by more than 20% for the 
number of stations with all pastures above the threshold to exceed those with one or 
more pastures below the threshold or limit. To exceed the threshold or limit, a change of 
20% to the standards would mean that the percentage of pasture in good condition 
would have to be below 30% (threshold) or 15% (limit), or the percentage in poor 
condition would have to be above 30–35% (threshold) or 40–45% (limit). It is likely that 
at these percentages, large areas of pasture would be at risk of suffering significant 
reductions in species composition and loss of productivity. 

The number of stations falling below the threshold or limit is relatively insensitive to just 
reducing the standard for percentage of pasture in good condition, or just increasing the 
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percentage in poor condition. To achieve significant changes in the number of station 
above the threshold or limit, the good and poor condition standards would need to be 
changed together (Figure C2). 

 
Note: Acceptable is where all the key pastures are in acceptable condition; below threshold is 

where at least one key pasture is in suboptimal condition and none are in unacceptable 
condition; below limit is where at least one key pasture is in unacceptable condition. 

Figure C1: Number of stat ions with al l pastures in acceptable condit ion or with 
one or more pastures in subopt imal (below threshold) or unacceptable (below 
limit) condit ion as current standards change to standards with progressively 
lower percentages of  pastures in good condit ion and higher percentages of 
pastures in poor condit ion 

A similar analysis for individual pastures showed that the more productive pastures 
(Mitchell grass alluvial plain, blue grass alluvial plain, frontage, buffel grass and, to a 
lesser extent, ribbon grass) would all require large changes to the standards to make 
significant changes to the number of pastures in acceptable condition (Figure C3). 

For pastures that are generally in good or fair condition, such as buffel grass, pindan 
and soft spinifex, comparatively smaller changes in the standards would put most 
pastures in the acceptable category, effectively removing any regulatory incentive to 
improve condition. 

The data showed that all the tussock grass key pastures are degraded to some extent 
and some key pastures on some stations are in very poor condition. Designing 
standards so that the number of stations above the threshold exceeds the number 
below the threshold would require very relaxed standards for some of the key pastures 
– that is, high levels of degradation would have to be tolerated. This would not achieve 
the management goals set out in the Framework or apply regulatory pressure to 
generally improve rangeland condition. 
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Note: Acceptable is where all the key pastures are in acceptable condition; below threshold is 

where at least one key pasture is in suboptimal condition and none are in unacceptable 
condition; below limit is where at least one key pasture is in unacceptable condition. 

Figure C2: Number of stat ions with al l pastures in acceptable condit ion or with 
one or more pastures in subopt imal (below threshold) or unacceptable (below 
limit) condit ion as current standards change to standards with a) progressively 
lower percentages of  pastures in good condit ion; and b) progressively higher 
percentages of pastures in poor condit ion 

  

a) 

b) 
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Note: Acceptable is where all the key pastures are in acceptable condition; below threshold is 

where at least one key pasture is in suboptimal condition and none are in unacceptable 
condition; below limit is where at least one key pasture is in unacceptable condition. 

Figure C3: Number of part icular key pasture (across al l stat ions) in acceptable 
(acceptable), suboptimal (below threshold) or unacceptable condit ion (below 
limit),  for the current  standards and for standards with progressively less good 
and more poor condit ion pasture.  
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Appendix D Relationship between terms describing 
landscapes and vegetation 
Figure D1 shows the relationship between terms describing landscapes and 
vegetation for rangeland production, relating land system mapping in the Kimberley 
(Payne and Schoknecht 2011), the key pastures (Ryan et al. 2013), and the more 
generalised state land mapping hierarchy (Schoknecht et al. 2004). Units increase in 
detail both spatially and in terms of information content from top to bottom through 
the levels of the hierarchy. MAUs – the units for intensive monitoring of land condition 
– are shown in the context of this hierarchy. 
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Figure D1: Relat ionship between terms describing landscapes and vegetat ion 
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Appendix E Monitoring and assessment units for the West Kimberley 
Table E1: Description of monitoring and assessment units in the West Kimberley 

MAU Pasture  Description Soils 
Landscape 
position Important pasture species 

Alluvial Blue grass alluvial plain 
pastures*  

Perennial grasslands with variable 
tree cover 

Grey or brown 
cracking clays 

Level plains Dominated by Chrysopogon fallax and Dichanthium 
fecundum. Panicum decompositum and Sorghum 
plumosum are often present 

Mitchell grass alluvial 
plain pastures*  

Perennial grasslands sometimes 
with scattered trees 

Grey or brown 
cracking clays 

Level alluvial and 
lacustrine plains 

Dominated by Astrebla elymoides, A. pectinata, 
A. squarrosa and Dichanthium fecundum. Also 
present are Aristida spp., Chrysopogon fallax, 
Iseilema vaginiflorum, Panicum decompositum and 
Sorghum stipoideum 

Ribbon grass alluvial 
plain pastures*  

Perennial grasslands with variable 
cover of eucalypts and bauhinia 

Grey or brown 
cracking clays 

Level alluvial plains Dominated by Chrysopogon fallax, and Dichanthium 
fecundum or Sorghum plumosum  

Coastal Buffel grass pastures*  Grasslands, sometimes with 
scattered trees or shrubs 

Calcareous loams or 
sands 

Coastal plain Dominated by Cenchrus spp.  

Pindan pastures*  Dense acacia shrublands 
(suppressed for some years 
following hot fire) with emergent 
eucalypts 

Well-drained sands or 
loams 

Coastal plain Dominated by Triodia pungens, with minor amounts 
of other perennial grasses, such as Chrysopogon 
fallax, Triodia. bitextura, Eragrostis eriopoda, and 
annual grasses 

Frontage Buffel grass pastures*  Tussock grasslands, sometimes 
with scattered Corymbia spp., 
Eucalyptus spp. and Acacia spp. 

Well-drained sandy or 
loamy earths, sandy 
or loamy duplexes, or 
deep sands 

Alluvial plains, 
levees, drainage 
tracts and 
riverbanks 

Dominated by Cenchrus spp. 

(continued) 
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Table E1 (continued): Descript ion of monitoring and assessment units in the West Kimberley 

MAU Pasture  Description Soils 
Landscape 
position Important pasture species 

Frontage Frontage grass 
pastures*  

Open eucalypt woodlands Sands, loams or 
clays, often silty 

Levees and narrow 
alluvial plains 

Dominated by Chrysopogon fallax and Dichanthium 
fecundum. Also present are Aristida spp., Cenchrus 
spp., Panicum decompositum and Sehima 
nervosum, and annual grasses including Cynodon. 
convergens, Dactyloctenium radulans and Sorghum 
stipoideum  

Hill or hard 
spinifex 

Curly spinifex pastures  Eucalyptus spp., Cochlospermum 
fraseri (kapok tree) and Terminalia 
canescens woodlands 

Stony and shallow  Stony uplands and 
hills 

Dominated by Sorghum stipoideum and Triodia 
bitextura; other perennial grasses are extremely 
sparse 

Hard spinifex hill 
pastures  

Low open woodlands, or 
hummock grasslands with 
scattered trees 

Stony and shallow Hills, ranges and 
footslopes 

Dominated by Triodia intermedia, T. wiseana and 
other hard spinifexes 

Hard spinifex plain 
pastures 

Hummock grasslands or shrubby 
hummock grasslands with 
occasional trees 

Variable, including 
loams, calcareous 
loams, sandy earths, 
loamy earths or clays; 
frequently shallow; 
variable cover of 
rocks 

Level to undulating 
plains and low rises 

Dominated by Triodia intermedia, T. wiseana and 
other hard spinifexes 

Hummock grass 
plains 

Curly spinifex plain 
pastures*  

Woodlands (northern areas) or 
hummock grasslands (southern 
areas) 

Sandy or stony soils Level to gently 
undulating plains 

Dominated by Triodia bitextura, with variable 
amounts of other perennial and annual grasses 

Pindan pastures* Dense acacia shrublands 
(suppressed for some years 
following hot fire) with emergent 
eucalypts 

Deep red sands, 
reddish sands, 
occasionally 
yellowish sands 

Level plains  Dominated by Triodia bitextura, with some 
Chrysopogon fallax, Eulalia obtusa and annuals 

(continued) 
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Table E1 (continued): Descript ion of monitoring and assessment units in the West Kimberley 

MAU Pasture  Description Soils 
Landscape 
position Important pasture species 

 Soft spinifex pastures*  Hummock grasslands with 
scattered trees and acacia shrubs 

Well-drained sands or 
loams; sometimes 
rocky 

Level to gently 
undulating plains 
and occasional hills 

Dominated by Triodia pungens, with minor amounts 
of perennial grasses, such as Chrysopogon fallax, 
Eragrostis eriopoda and Triodia bitextura, and 
annuals 

Tussock grass 
plains 

Arid short grass 
pastures*  

Grasslands dominated by short-
lived perennial or annual grasses, 
with scattered eucalypt trees 

Variable depth loams 
(+/- calcareous); may 
have some stony 
mantle 

Level to undulating 
plains 

Dominated by Enneapogon polyphyllus, with Aristida 
spp., Cynodon convergens and Xerochloa laniflora; 
small patches of Chrysopogon fallax, Heteropogon 
contortus and Triodia bitextura may be present 

 Black speargrass 
pastures  

Open eucalypt woodlands Sands or loams Plains and 
footslopes 

Dominated by Heteropogon contortus, with Aristida 
spp., Chrysopogon fallax and annual grasses 

 Mitchell grass upland 
pasture  

Grasslands, sometimes with 
scattered trees 

Grey or brown 
cracking clays; often 
stony 

Elevated plains and 
uplands 

Dominated by Astrebla spp., with Aristida spp., 
Chrysopogon fallax, Dichanthium fecundum, 
Iseilema vaginiflorum, Panicum decompositum and 
Sorghum stipoideum 

Tussock grass 
plains 

Ribbon grass pastures*  Grasslands or grassy Eucalyptus 
spp. or Bauhinia cunninghamii 
woodlands, may include 
characteristic groves of beefwood 
(Grevillea striata) 

Sands, loams or 
occasionally clays 

Level to gently 
sloping plains 

Dominated by Chrysopogon fallax, Dichanthium 
fecundum and Themeda triandra 

White grass – bundle-
bundle pastures  

Grasslands or grassy Corymbia 
spp. or Eucalyptus spp., with 
Bauhinia cunninghamii woodlands 

Shallow or deep red 
loamy earths; often 
with a stony mantle 

Gently sloping 
plains, interfluves 
and lower hillslopes 

Dominated by Dichanthium fecundum and Sehima 
nervosum, with Chrysopogon fallax and Sorghum 
stipoideum 

* Key pasture 
Source: Payne and Schoknecht (2011); Ryan et al. (2013) 
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Appendix F List of plant species 

Species name Common name 

Acacia victoriae  bardie bush, bramble wattle 

Aristida contorta  bunched kerosene grass, wind grass 

Aristida holathera erect kerosene grass 

Aristida hygrometrica northern kerosene grass, corkscrew grass 

Aristida inaequiglumis  unequal threeawn, feathertop threeawn, 

Aristida latifolia feathertop, feathertop wiregrass 

Astrebla elymoides hoop Mitchell grass, weeping Mitchell grass 

Astrebla pectinata barley Mitchell grass 

Astrebla squarrosa bull Mitchell grass 

Bauhinia cunninghamii bauhinia 

Carissa lanceolata conkerberry 

Cenchrus ciliaris buffel grass 

Cenchrus setiger birdwood grass 

Chrysopogon fallax ribbon grass, golden beard grass 

Corymbia spp. bloodwoods 

Cymbopogon bombycinus citronella grass 

Cynodon convergens Kimberley couch, spider grass 

Dactyloctenium radulans button grass 

Dichanthium fecundum bundle-bundle, blue grass, curly bluegrass 

Enneapogon polyphyllus limestone grass, leafy nineawn 

Enneapogon purpurascens purple nineawn 

Eragrostis eriopoda woollybutt grass 

Eragrostis falcata sickle lovegrass 

Eragrostis xerophila Roebourne plains grass 

Eremophila bignoniiflora  emu bush, gooramurra 

Eriachne benthamii swamp grass 

Eriachne obtusa  wire grass, northern wanderrie (wanderrie) grass 

Eucalyptus microtheca coolibah 

Eulalia aurea silky browntop 

Heteropogon contortus black speargrass, bunch speargrass 

Iseilema vaginiflorum red Flinders grass 

(continued) 
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Species name Common names 

Neptunia spp. sensitive plant 

Panicum decompositum native millet 

Sehima nervosum  white grass 

Sorghum plumosum plume sorghum 

Sorghum stipoideum annual sorghum, speargrass, plume canegrass 

Sporobolus virginicus saltwater couch 

Themeda triandra kangaroo grass 

Triodia bitextura curly spinifex 

Triodia intermedia hard spinifex, lobed spinifex, winged spinifex 

Triodia pungens soft spinifex, gummy spinifex 

Triodia wiseana hard spinifex, limestone spinifex 

Vachellia farnesiana prickle bush, prickly mimosa, mimosa bush 

Whiteochloa airoides creeping panic 

Whiteochloa cymbiforme boat panic 

Xerochloa laniflora rice grass 
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Appendix G Production characteristics of key pastures in 
good condition 
Table G1: Production characteristics of key pastures in good condition 

 Utilisation  
(mean, %) 

Growth (t/ha) PCC (AE/km2) 

Key pastures mean range mean range 

Mitchell grass alluvial plain pastures 19.6 1.9 1.3–2.5 12 9–15 

Blue grass alluvial plain pastures 17.5 2.4 2.2–2.8 11 5–13 

Frontage grass pastures 17.5 1.8 1.0–2.6 10 6–12 

Buffel grass pastures 25.0 3.4 2.8–4.0 29 24–34 

Ribbon grass pastures 14.7 1.7 1.1–2.5 8 2–10 

Arid short grass pastures 15.0 0.9 0.7–1.5 5 3–8 

Pindan pastures 10.0 1.1 0.7–1.9 4 2–5 

Curly spinifex pastures 9.9 1.1 0.8–1.3 2 0.3–4 

Soft spinifex pastures 10.0 1.0 0.8–1.2 3 3–4 

PCC = potential carrying capacity 
Notes: 
1. Growth is expressed in tonnes per hectare (t/ha). 
2. PCC is expressed in standard animal equivalents per square kilometre (AE/km2). 
3. Range reflects differences in productivity due to edaphic and climatic variations across the West Kimberley. 
4. Novelly and Baird (2001) grouped Ribbon grass alluvial plains (RAPP) and Ribbon grass pastures (RGAP), 

but RAPP would likely be at the upper end of the estimated ranges and RGPP at the lower end. 
Source: Novelly and Baird (2001) 
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List of terms 
Terminology 
See also rangelands glossary (agric.wa.gov.au/rangelands/rangelands-glossary) 

Term Description 

Acceptable condition 
 

Land condition status (pasture condition, erosion risk and 
productivity) for a key pasture is above threshold levels and 
therefore are considered to be consistent with meeting the 
objectives of the LA Act and SLC Act to ensure longer-term 
pastoral industry productivity and ecosystem function and 
prevent land degradation.  

Animal equivalent (AE) This unit is based on the metabolisable energy (feed) 
requirements of a 450 kg Bos taurus steer at maintenance 
and is used to express the carrying capacity and potential 
productivity of a given area. 

Basal area  The percentage of groundcovered by the base or butts of 
tussocks of perennial grasses. 

Current carrying capacity 
(CCC); (see also potential 
carrying capacity [PCC]) 

The long-term carrying capacity of an area of land, lease or 
station based on the current pasture condition, assuming all 
water and other infrastructure are in place to facilitate 
managed grazing across a station.  

Desirable species Those species in a pasture that are most pastorally useful, 
i.e. they are productive, palatable to livestock and, usually, 
perennial. 

Exclosure A fenced area that prevents feral or domestic livestock from 
accessing the enclosed vegetation. 

Ecologically sustainable 
development (ESD) 

The key principles of ESD are: 
(a) decision-making processes should effectively integrate 
long-term and short-term economic, environmental, social 
and equitable considerations 
(b) if there are threats of serious or irreversible environmental 
damage, lack of full scientific certainty should not be used as 
a reason for postponing measures to prevent environmental 
degradation 
(c) the present generation should ensure that the health, 
diversity and productivity of the environment is maintained or 
enhanced for the benefit of future generations 
(d) the conservation of biodiversity and ecological integrity 
should be a fundamental consideration in decision-making 

Fair condition pasture  The pasture has moderate losses of desirable species or 
increases in undesirable species; productivity or resilience of 
the pasture is reduced. 

Gilgai microrelief (soils) Microrelief soils with mounds and depressions on the soil 
surface associated with clays that shrink and swell. 

https://www.agric.wa.gov.au/rangelands/rangelands-glossary
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Term Description 

Good condition pasture The pasture contains all desirable indicator species for that 
pasture at reasonable densities and total perennial cover is 
close to optimal; low numbers of the less palatable or 
unpalatable indicator species may be present. 

Hummock grass Spinifexes that grow together as large, rounded mounds or 
‘hummocks’. 

Indicator species The pasture species whose density, demography and 
distribution are considered to best reflect the condition of a 
specific key pasture. 

Intermediate species Those moderately or slightly palatable species in a pasture 
that at first may increase under heavy grazing because 
livestock concentrate on the desirable species but will still 
decrease under continued heavy grazing. 

Key pasture  The most pastorally important pasture types within a 
particular region. Sufficient key pasture types are identified to 
ensure at least 2 are present on every station in the region 
and combined they make a significant contribution (generally 
>80%) to the potential carrying capacity of the station. The 
key pastures are the focus of monitoring and assessment to 
determine the land condition status of a station. 

Limit 
(land condition standard) 

The pasture condition standard below which pastoral 
productivity or soil erosion are unacceptable and the 
likelihood of transitioning to an alternative state has 
increased to an unacceptable risk. Land condition below the 
limit is no longer consistent with meeting objectives of the 
SLC Act. 

Monitoring and assessment unit  The most pastorally important landscapes or pasture groups, 
based on their pastoral productivity, management 
characteristics and erosion hazard; in the West Kimberley, 
these are Alluvial, Coastal, Frontage, Hummock grass plains 
and Tussock grass plains. 

Poor condition pasture  The pasture has conspicuous losses of desirable species; 
foliar cover is either decreased through general loss of 
desirable species or poor vigour of desirable species, or it is 
increased by the invasion of undesirable species. 

Potential carrying capacity 
(see also current carrying 
capacity) 

The long-term carrying capacity of an area of land assuming 
all pastures are in good condition and assuming all water and 
other infrastructure is in place to facilitate managed grazing 
across the lease. 

Rangeland condition 
assessment  

The method used for assessing pasture condition and 
erosion on a pastoral lease. 

Seasonal quality An indication of the relative value of rainfall (amount and 
distribution) at for a defined period – usually 12 months – for 
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Term Description 
vegetation growth; expressed as above average, average or 
below average.  

Spell or spelling Removal of all domestic livestock and control of native and 
feral herbivores (if required) for a period, to allow recovery of 
leaf area and root energy reserves of mature desirable plants 
and to allow seed production, release and germination of 
desirable and other plants. 

Suboptimal condition 
(land condition status) 

Where pasture condition and productivity are below the 
threshold levels and above the limit. There is less good 
condition pasture than is acceptable, there are only relatively 
low levels of poor condition and erosion, with a station 
requiring targeted areas of remediation. 

Target 
(land condition standard) 

The pasture condition, pastoral productivity and soil erosion 
are all considered optimal for meeting objectives of the LA 
Act and long-term economic outcomes. This would very be 
close to 100% of the PCC 

Threshold 
(land condition standard) 

The pasture condition standard below which pastoral 
productivity or soil erosion is suboptimal and therefore no 
longer consistent with meeting objectives of the LA Act. 

Transition The change from one pasture ‘state’ to another such that the 
suite of species, productivity, soil condition and ecology of an 
area is significantly and altered and requires significant time 
and or management intervention to change. 

Tussock grass Bunch grass, where the stems of the grass are bunched 
together forming a grass clump or ‘tussock’. 

Unacceptable condition 
(land condition status) 

Where pasture condition and productivity are below the limit 
standard. There is significant soil erosion present and 
significant loss of pastoral productivity and pastures are 
considered at high risk of permanent transitioning to a less 
productive state. If not already underway, the station/area 
requires immediate and significant remedial actions under 
the SLC Act. 

Undesirable species Those species in a pasture that are generally unpalatable to 
livestock and tend to increase in density under heavy 
grazing. 

Western Australian rangeland 
monitoring system (WARMS) 

A system of permanent rangeland monitoring sites in 
pastoral Western Australia; established by the then 
Department of Agriculture Western Australia in the early 
1990s and currently operating under DPIRD. 
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Shortened forms 

Short form Long form 

AE animal equivalent 

CCC current carrying capacity 

cm centimetre 

Commissioner Commissioner of Soil and Land Conservation 

DPIRD Department of Primary Industries and Regional Development 

ESD ecologically sustainable development 

ha hectare 

kg kilogram 

km2 square kilometre 

LA Act Land Administration Act 1997 (WA) 

MAU management and assessment unit 

mm millimetre 

OAG Office of the Auditor General 

PCC potential carrying capacity 

PLB Pastoral Lands Board 

PMS pastoralist monitoring site 

RCA rangeland condition assessment 

SLC Act Soil and Land Conservation Act 1945 (WA) 

WA Western Australia 

WARMS Western Australian rangeland monitoring system 
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