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Abstract 

Maintenance of biodiversity in many Australian landscapes will be best achieved by the 

integration of nature conservation and sustainable land management practices, in addition 

to formal systems of conservation reserves. Implementation of off-reserve conservation 

management requires an adequate understanding of ecological values and processes and 

the biodiversity costs and benefits of prevailing land use practices. This study is concerned 

with the Astrebla (Mitchell grass) tussock grasslands and related sparse woodlands and 

shrublands that occur on heavy clay soils in arid and semi-arid northern Australia. Covering 

an area of approximately 420 OOOkm2
, they are one of the most important of the Australian 

rangelands and virtually their entire extent is given over to grazing of cattle and sheep on 

native pastures. Consequently, Mitchell grasslands are poorly represented in the national 

reserve system and there is a lack of ecological knowledge, particularly regarding the 

fauna, to inform decisions about conservation management. The aim of this study was to 

address th"1s knowledge gap, in order to determine the most effective approach to 

conservation management in this environment. 

Biogeographic context 

To assess the distinctiveness of Mitchell grassland communities at a sub-continental scale, 

biogeographic regionalisations of the Northern Territory were developed by classification of 

0.5° x 0.5° cells according to their plant and vertebrate composition. The cells 

corresponding to Mitchell grasslands on the Barkly Tableland formed a distinct zone in 

regionalisations for vascular plants, all vertebrates taxa and some vertebrate groups (birds, 

landbirds and reptiles), even at coarse levels of classification (5-6 groups) within the 

Northern Territory. The area of Mitchell grasslands in the western Northern Territory was 

less sharply defined as a biogeographic zone. Large geocoded databases for plant and 

vertebrate records in the Northern Territory were also analysed to identify species with a 

high fidelity to Mitchell grassland communities. 61 plant species and 17 vertebrate species 

had more than 50% of their records from Mitchell grassland communities. One feature of 

the Mitchell grasslands is a number of endemic reptile species, including one discovered 

during this study. 

Vegetation and fauna 

A systematic biological survey of Mitchell grassland communities in the Northern Territory 

was undertaken to investigate the distribution and environmental relations of the vegetation 

and fauna. Vascular plants, vertebrates and ants were sampled at 107 sites from 12 

locations, selected to sample the environmental variation and geographic range of Mitchell 

grassland communities in the Northern Territory. For comparative purposes, a small 
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number of sites were also sampled in woodlands on non-clay soils. Classification and 

ordination were used to examine patterns of species composition and generalised linear 

modelling was used to relate summary richness and abundance variables, as well as the 

abundance of individual species, to environmental variation. 

The biological survey confirmed that Mitchell grassland communities support a distinctive 

flora, vertebrate fauna and ant fauna which, rather than comprising merely a subset of a 

widely distributed semi-arid zone species, has a significant component of relatively habitat­

specific species. For each taxon, there were a small set of species that were frequent and 

abundant in the study region and a large proportion of species that were recorded very 

infrequently. The vertebrate and ant faunas are notable for a very low local and regional 

species richness. The ant fauna also differed markedly from that reported from other 

Australian rangelands in terms of biogeographic profile and functional group composition, 

with an unusually high proportion of ant abundance made up of Opportunist species. 

There were some commonalities between the distribution patterns of plant, vertebrate and . 

ant species within the Mitchell grasslands communities. At a regional scale, there was a 

gradual turnover in species composition in response to a latitudinal climate gradient, with 

the intrusion of Torresian species into the northern, high-rainfall areas, and Eyrean species 

into the southern margins of the biome. At a local scale, species composition was 

influenced by variation in substrate characteristics. Gravel rises that occur patchily 

throughout the clay plain support a distinct assemblage of species, as do woodlands and 

shrublands associated with run-on areas. Vertebrate richness and composition is also 

strongly determined by vegetation structure. Within each major taxon, the relative 

abundance of many species was also related to the relative greenness (NDVI) score for the 

sample site, which was developed as a measure of the influence of temporal variation in 

seasonal rainfall. A notable feature of the distribution patterns of plants and ants was the 

strong 'location effect', whereby compositional similarity was greatest between sites within 

a location. For ants and plants, compositional similarity between sites also decreased with 

geographic distance, independently of quantified environmental differences. 

A minimum-set selection algorithm was used to investigate the implications of the 

distribution patterns of plants, ants and vertebrates for conservation management. The 

majority of Mitchell grassland species could be represented in a small number of selected 

sites. However, because there were a high proportion of singleton or very infrequent 

species, a large number of sites were required to achieve reservation targets of 90-100% of 

species. Reservation of a high proportion of species is more likely to be achieved by a 

number of small reserves with a wide geographic distribution than one or few large 
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reserves. No single taxon (ants, plants, vertebrates) can be safely used as a surrogate for 

the other taxa in designing the most efficient reserve network, as there is only limited 

assemblage fidelity between taxa. 

Waterpoint and grazing distribution 

In many arid rangelands, the distribution of grazing activity is determined by the location of 

waterpoints. Measurement of cattle dung, footprints and grazing at the sample sites were 

combined into an index of recent cattle activity, which was strongly related to distance from 

water. Artificial waterpoints are regularly distributed throughout the extent of the Mitchell 

grassland communities in the Northem Territory. Spatial analysis showed that 52% of the 

total area of these communities on the Barkly Tableland are within 4km of water and 97.4% 

within 1 Okm of water. Prior to pastoral development, only 43% of the area was within 1 Okm 

of natural permanent water. As a consequence of the current distribution of waterpoints, 

virtually the entire area of Mitchell grassland is subject to grazing by livestock. 

Effects of pastoral use on the Mitchell grassland biota 

In order to examine the effects of pastorallanduse on the biota, sites were sampled along 

gradients of grazing intensity and a comparison was made between sites outside and 

inside Connell's Lagoon Conservation Reserve, from which stock had been excluded for 15 

years. 

The impacts of pastoral use on the Mitchell grassland biota appear to be less pronounced 

than have been reported for some other Australian rangelands, although I was unable to 

sample any 'reference' areas that have never been subject to cattle grazing. The effects of 

grazing pressure, at the levels sampled by this study, on the vegetation were subdued. 

Higher grazing pressure was associated with a decreased frequency and cover of perennial 

grasses and an increased frequency of annual grasses and some herbs. Grazing pressure 

also influenced vegetation composition and species with increaser and decreaser 

responses were identified. There was no evidence from this study that some plant species 

persist only in the most lightly grazed areas, although a higher intensity of sampling would 

be required to confidently provide such evidence. One of the major effects of grazing in 

this environment may be the regular and substantial annual reduction in ground layer 

cover. 

The impacts of pastoral use (due to livestock grazing and the provision of waterpoints) on 

the vertebrate and ant fauna of the Mitchell grasslands were also subdued, although not 

insignificant. Grazing pressure and distance from water were weakly related to the local 

richness of birds, reptiles and ants, but the most obvious effect was on the relative 
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abundance of species, so that sets of increaser and decreaser species could be identified. 

Increaser vertebrates were primarily birds, particularly ground and aerial insectivores, that 

have benefited from the provision of free water and reduction in ground layer cover due to 

grazing. Decreaser response patterns were most pronounced in reptiles and bird species 

dependent on maintenance of substantial ground cover. Ant species appeared to be more 

sensitive to variation in land use intensity than vertebrates and there was some 

differentiation amongst functional groups in the magnitude and direction of the response, 

although not to the extent that functional group composition could serve as a useful 

indicator of grazing effects. For both vertebrates and ants, residual ground layer cover at 

the end of the Dry season appears to be an important factor in determining the local 

abundance of many decreaser species. 

A total of 16 vertebrate species, 21 ant species and 25 plant species were identified in this 

study as decreasers. Of most significance to conservation management, many of the 

decreaser species are also those with a high fidelity to Mitchell grassland communities (15 

plant species, 10 vertebrate species and six ant species). It was estimated that total 

population sizes of some vertebrate decreaser species on the Barkly Tableland have 

declined by between 21% and 73% compared to pre-pastoral levels. The sparse historical 

record also suggests that at least one species, the Flock Bronzewing, has been 

substantially disadvantaged by pastoral use. 

Conservation management 

Approximately 1.1% of the total area of Mitchell grasslands in northern Australia is 

contained within conservation reserves, although only 0.5% of the total area of these 

communities in the Northern Territory is reserved. The majority of species inhabiting 

Mitchell grassland communities in the Northern Territory are likely to be adequately 

conserved within the current framework of extensive pastorallanduse. However, the 

results of this study suggest that a priority for conservation management is the species 

identified as decreasers, particularly those species that also have a high fidelity for Mitchell 

grassland communities. This management priority is not site-specific, in that most of these 

species occur widely within the Mitchell grasslands. I suggest that regional populations of 

decreaser species can best be maintained, particularly during dry periods, by retaining a 

network of little-grazed 'conservation areas' (that are either remote from permanent water 

or fenced to exclude stock). Additionally, there are some site-specific conservation values 

in the Northern Territory Mitchell grasslands associated with wetland areas that are 

important habitat for waterbirds and migratory birds, and rare plant species. 
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The Barkly Tableland was used as an example to consider the potential economic costs of 

developing a network of 'conservation areas'. The relationship between grazing activity 

and distance from water can be used to calculate the current or potential value for cattle 

production of any selected parcel of land. Ideally, a network of 'conservation areas' would 

be designed with a geographic and environmental distribution that encompasses the 

regional variation in species composition within the Mitchell grasslands, and may also 

include sites with specific conservation values (such as populations of rare plants). 

Because of the current level of infrastructure development, this would require that the area 

of little-grazed land in some regions of the Barkly Tableland be increased by fencing or the 

manipulation of waterpoint distribution. All conservation scenario have significant 

economic costs, including establishment costs associated with fencing and the opportunity 

costs of not developing water-remote areas However, the estimated cost of developing a 

network of 'conservation areas' within existing pastoral leases compares favourably with 

the cost of acquiring and managing additional conservation reserves. 

The results of this study suggest that biodiversity conservation can be integrated with 

extensive pastoral use in the Mitchell grasslands and that, with appropriate land 

management strategies, biodiversity values can be maintained over extensive areas. As a 

result of the study, there is now sufficient understanding of the spatial patterns of 

distribution of the biota, and of the impacts of pastoral use, to develop the framework for a 

regional conservation plan for Mitchell grassland communities in the Northern Territory. 
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Chapter 1. Introduction 

Introduction 

Biodiversity conservation and consetvation biology in Australian rangelands 

The distribution of conservation reserves in Australia is strongly biased, both geographically 

and in the representation of environmental variation (Pressey & Nicholls 1989b, Woinarski 

1992, Woinarski eta/. 1996, Connors et al. 1996, Hopkins eta/. 1996, Thackway & 

Cresswell1996, Benson 1999, Sattler & Williams 1999, Pressey eta/. 2000). To some 

extent this bias is appropriate, where priority has been given to locating reserves to protect 

the remnants of decimated ecosystems, or significant populations of threatened species. 

Unfortunately it also perverse, for the criteria used to locate reserves have often had little 

ecological basis: proximity to major population centres, attractive scenery, recreational 

opportunities and, importantly, a lack of competition from other land uses. 

The distribution of Australian ecological research effort is similarly biased (eg. Woinarski 

1999a, p.180), no doubt reflecting a concentration of the scientific population in the sub­

tropical seaboards and an understandable fascination with the iconic eucalypt forests, 

floristically exceptional heathlands or lush tropical and subtropical rainforests. From a 

biodiversity conservation perspective, this bias has been a boon where ecologists have 

addressed issues associated with the concentration of population and intensive land use in 

thes~ areas, such as the impacts of removal or fragmentation of native bushland (eg. 

Saunders 1989, Saunders eta/. 1991, Hobbs & Hopkins 1990) and the ecological 

sustainability of major resource industries such as forestry (eg. Margules & Tein 1989, 

Lindenmayer 1994, Lindenmayer et af. 2000). The corollary, however, is that large areas of 

the continent have been ignored, or at least their ecology has been relatively little studied 

and remains poorly understood. This is the situation for much of the rangelands of 

Australia, which cover c. 70 %of the continent (rangelands are defined as "land where 

livestock are grazed extensively on native vegetation, and where the rainfall is too low or 

erratic for agricultural cropping or for improved pastures" (National Rangeland Management 

Working Group 1996). While there has been a substantial body of ecological work in 

central Australia, which has established conceptual frameworks for conservation biology 

and ecologically sustainable management in the arid zone rangelands (Morton 1990a, 

Stafford Smith & Morton 1990, Pickup & Stafford-Smith 1993, James et al. 1995, Morton et 

a/. 1995b), we still lack basic knowledge of many species, ecosystems and processes. In 

the tropical savanna rangelands of northern Australia, where there has been an 

extraordinary focus of research effort in the Alligator Rivers regions (now mostly within 
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Kakadu National Park), similar broad conceptual frameworks are only now being tentatively 

formulated (Woinarski 1999b, Woinarski et al. 2000c). 

Curiously, the nature of historical and current landuse in much of the Australian rangelands 

simultaneously presents great challenges and substantial opportunities to conservation 

biologists and land managers (Pickard 1993). While there has been minimal removal of 

habitat associated with human population pressure or intensive agricultural development, 

there has nonetheless been substantial land degradation (Woods 1984, National 

Rangeland Management Working Group 1996) and decline in the range or abundance of 

many plant and animal species (reviewed by Woinarski eta/. 2001 a), most notably an 

extraordinary rate of extinction for medium·sized mammal species (Morton 1990, Short & 

Smith 1994). In addition to remaining largely uncleared, much of the tropical savanna 

rangelands has also been spared the depredations of both foxes and rabbits and the biota 

has remained relatively intact (Woinarski & Braithwaite 1990). Disturbingly, however, there 

is accumulating evidence for decline in at least some components of the vertebrate fauna 

(Braithwaite & Griffths 1994, Franklin 1999, Woinarski 2000a, Woinarski eta/. 2001 b) due -

to widespread but currently indecipherable environmental modification. Notwithstanding 

these problems, the nature of land use in the rangelands (and associated land tenure 

arrangements) has meant that the array of options for improved conservation management 

has been less seriously constrained than in areas of Australia subject to gross habitat 

modification. These options may involve the selection of additional representative 

conservation reserves, based on objective ecological criteria (eg. Margules et al. 1991, 

Pressey et al. 1 993). However, there is a consensus that, even with substantial 

improvement on the current situation, the conservation reserve network will never be 

adequate for conserving biodiversity within the rangelands; both because of the political 

and social constraints, and because fixed, relatively small areas of land cannot encompass 

the spatial and temporal variation in habitat quality that is a driving force for much of the 

rangeland biota (Pressey 1992, Woinarski et al. 1 992b, Morton eta/. 1995b, James et al. 

1995). Consequently, it is now recognised that off.reserve conservation is a critical 

component of maintenance of biodiversity in rangelands (Curry & Hacker 1990, Matt & 

Bridgewater 1992, Pickard 1993, Morton eta/. 1995b, Anon 1998, ARMCANZ 1999). 

However, the integration of conservation management with pastoral management (and 

other forms of resource utilisation) is conceptually, and possibly practically, more 

challenging than the selection of representative portions of the landscape for incorporation 

into reserves. 

The policy framework for biodiversity conservation in Australia, and more specifically in the 

rangelands, is well established (National Strategy for Ecologicalfy Sustainable 
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Development Anon 1992; Australian National Strategy for the Conservation of Species and 

Communities Threatened with Extinction: Endangered Species Advisory Council1992; 

International Convention on Biological Diversity. ratified by Australia in 1993; National 

Strategy for the Conservation of Australia's Biological Diversity: Commonwealth of Australia 

1996; Northern Territory Parks Masterplan: Anon 1998; Australian Guidelines for 

Establishing the National Reserve System: Commonwealth of Australia 1999; National 

Principles and Guidelines for Rangeland Management ANZECC & ARMCANZ 1999), 

although implementation has lagged behind rhetoric1
. It has also been recognised that 

conservation management is best delivered within the framework of regional or bioregional 

planning (Sattler 1993, Environment Protection and Biodiversity Consetvation Act 1999, 

Breckwoldt 1996) and this regional approach has been adopted by, for example, the 

Northern Territory government (eg. Price eta/. 2000). 

There is also increasing evidence of a desire within the major resource industry of the 

rangelands -the pastoral industry- to both operate in an environmentally sustainable 

manner, and to be able to demonstrate that this is the case (eg. Lavery & Kirkpatrick 1997, 

Ritchie & Peatling 2000). To some extent this reflects a genuine commitment to 

environmental responsibility amongst many pastoral managers (Purvis 1986, Landsberg et 

al. 1998) and a desire to counteract negative public perceptions (eg. Auty 1994). It is also 

founded in recent developments concerning objective certification of environmental 

standards (AFFA 1999, Carruthers 1999, Rouse 2000) and predictions that these will 

become increasingly important in ensuring market access and/or premium prices (ABARE 

199~, Alexandra 1999, James 2000). No doubt it also reflects a desire by the pastoral 

sector to maintain control of the land management agenda and avoid additional 

government regulation, or forced acquisition of pastoral land for conservation purposes 

(Lavery et a/. 1997). 

Without understating the remaining political, economic and social constraints, there is a 

crucial role that conservation biology can play in advancing the ecologically sustainable use 

of Australian rangelands (Morton eta/. 1995b, James et al. 1995, Woinarski 1999b). 

Conceptual models for integrating conservation and production (Morton eta/. 1995b) must 

be transferred to more practical guidelines for management (eg. Mcintyre 1994, Mcintyre et 

a/. 2000, Lambeck 1999, Biograze 2000); biodiversity considerations must be incorporated 

into the assessment of the sustainability of pastoral use (cf. Pickup & Stafford-Smith 1993); 

1 One cogent example of this is the refusal of State & Territory governments to ratify the Draft 
National Strategy for Rangeland Management (National Rangeland Management Working 
Group 1996), presumably because the relatively detailed objectives and actions it described 
were considered too prescriptive, and the subsequent replacement of a National Strategy with 
the more anaemic Principles and Guidelines. 
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and the economic costs of conservation management (either on- or off-reserve) need to be 

explicitly quantified (James eta!. 1999a, James eta/. 2000; Maconochie eta!. 2000) in 

order to better inform planning at both regional and property scales. However, the ability to 

achieve these goals demands inadequate knowledge of many aspects of the ecology of 

these environments (eg. Morton eta/. 1995b, p213). James eta/.1995 (p132) identified 

four research themes as the basics for providing a framework for conservation planning 

within the Australian rangelands: 

1. identifying spatial and temporal patterns of distribution of native biota; 

2. quantifying the impact of pastoralism on native biota; 

3. identifying and controlling feral pest species; 

4. developing concepts and tools for regional conservation planning. 

These were developed in the context of the arid rangelands but would apply with equal 

weight to the tropical savanna rangelands, with the addition of an additional theme: 

5. identifying the effects of, and developing tools for the management of, fire. 

In addition, conservation biologists have a critical role in defining and "se!ling" the value of 

biodiversity both to the public and to those responsible for landuse planning (Woinarski 

1999b, Woinarski eta/. 2000c). 

Objectives of this study 

In this study I probe one of the knowledge 'blackspots' of biodiversity and conservation 

biology in the Australia rangelands- the Mitchell grasslands of northern Australia. These 

grasslands, which are named for the dominant Mitchell grasses Astrebla spp, occur on 

heavy clay soils in an extensive arc in arid and semi-arid Australia from north-western WA 

to north-western NSW (Fig.1.1 ). Covering approximately 400 000km2 (5% of Australia's 

land area), they are by far the most extensive tussock grasslands in Australia, and 

economically one of the most important of the Australian rangelands (Wilcox & 

Cunningham 1 994). In many ways they provide an exemplar of the challenges facing 

conservation biologists and managers concerned with ecologically sustainable use. In 

concert with most other tussock grasslands in the rangelands (Specht eta/. 1995, 

Woinarski et al. 1996), Mitchell grasslands are poorly represented in the national reserve 

system, with c. 1.1% of the total area within reserves (Fisher 1999a, Chapter 9). Virtually 

their entire remaining extent is under freehold and pastoral leasehold tenure (Fig. 1.8), 

given over, for the past 100-150 years, to grazing of sheep and cattle on the native 

pastures. Pastoral development in this environment has entailed a systematic proliferation 

of watering points, so that stock have access to virtually the entire area of these 

grasslands. 
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Ecological research within the Mitchell grasslands has .had an almost exclusive focus on 

pasture management, particularly the effects of grazing and climate on the dynamics of the 

dominant plant species (Orr & Holmes 1984 ). Consequently, the biodiversity of this 

extensive environment is very poorly known. There has been but one previous broad-scale 

study that has examined the influence of environmental and other factors on plant species 

composition (Fensham eta/. 2000) and no comparable studies of vertebrate or invertebrate 

fauna. The response of the native fauna of this environment to grazing by stock, or other 

aspects of pastoral use such as suppression of fire and proliferation of permanent water, 

are totally unknown. The need to address biodiversity conservation issues in this 

environment has been expressed for many years, (Specht et af. 1974, Everist & Webb 

1975, Sattler 1986) mainly as calls for greater representation in conservation reserves. An 

unfortunate dearth of attractive scenery or recreational opportunities and distance from 

major population centres, in combination with the alienation of land to pastoral use and 

relatively high land value, has no doubt militated against these calls being substantially 

answered. However, this also reflects ignorance of the biological values of the Mitchell 

grasslands and a prevailing view that pastoral Janduse poses little or no threat to these 

values (Williams & Mackey 1982, Orr & Holmes 1984). 

During this study, and in this thesis, I have sought to address an apparently simple 

question: 

what is the most effective approach to conservation management within the 

Mitchell grasslands? 

In attempting to answer this question, I have pursued three of the basic research themes 

outlined by James et at. (1995). 

Spatial and temporal patterns of biota 

I addressed the Jack of basic knowledge of the biota of this environment by conducting a 

systematic biological survey within the geographic extent of Mitchell grasslands in the 

Northern Territory. The data from this survey, combined with the sparse data from the 

limited range of previous sources, are used here to: 

• provide an inventory of the vascular plant, vertebrate and some invertebrate species that 

occur within the Mitchell grasslands; 

• describe the relationship between spatial environmental variation and the distribution 

and abundance of the Mitchell grassland biota; 

• to the extent possible, quantify the temporal influence of rainfall variability on the 

distribution and abundance of the Mitchell grassland biota; and 
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• assess the biogeographic distinctiveness of the Mitchell grassland environment at a sub~ 

continental scale, and identify species that are restricted to, or a show a high fidelity to, 

this environment. 

Impacts of pastoral use on biota 

The absolute effects on Mitchell grassland biota of grazing by stock are probably now 

impossible to establish, as there are no substantial areas within the biome that have never 

been subject to pastoral use, to act as undisturbed 'reference' areas (Landsberg & Gillieson 

1996). However, I sought to establish the relative impacts of grazing by sampling vascular 

plants, vertebrates and some invertebrate taxa along gradients of grazing intensity and in a 

cross~fence comparison on the boundary of a reserve where stock have been excluded for 

c. 15 years. I used these data to examine how grazing intensity affects the species 

composition, richness and abundance of plants and animals in the Mitchell grasslands. 

Regional conservation planning 

In interpret the results from the previous two sections to develop conservation management 

options for the Mitchell grasslands. In this thesis I use the Barkly Tableland in the Northern 

Territory (Fig. 1.2) as a model, as this is a well-defined, economically important pastoral 

region that is large enough (1 DO 000km2
) to encapsulate most issues associated with 

regional~scale conservation planning. I address the following questions: 

• What are the significant biodiversity values of the Mitchell grasslands and what are the 

major threats to these values posed by current land use? 

• To what extent does the nature of these values and threats require that additional areas 

of Mitchell grassland be incorporated into conservation reserves? 

• Alternatively, can the biodiversity values be maintained outside the reserve systems, 

either under current land use regimes, or through some modification of the current 

Janduse regime? 

• How can an improved knowledge of the biota contribute to the development of 

management scenarios with the aim of maintaining biodiversity values? 

In considering approaches to conservation management in this region, I emphasise the 

term 'effective', which implies that economic, social and political constraints must be 

recognised and addressed in addition to simply aspiring to ecological goals alone. 

Therefore I develop methods to assess both the relative economic costs and biodiversity 

benefits of various conservation scenarios so that benefit/cost ratios can be maximised, 

and alternative scenarios can sensibly be negotiated between management agencies and 

land managers. 
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Scope and limitations of this study 

Here I outline some spatial, temporal and other limitations to this study and consider to 

what extent they limit the ability to both interpret and generalise the results. Some of these 

caveats are also revisited in later chapters. 

Ideally, I would have investigated variation in biota, environmental factors and landuse 

patterns across the continental extent of the Mitchell grasslands, in order to develop a 

framework for the conservation of the biodiversity of this entire landscape. Logistic 

considerations demanded that I limited my focus to the Mitchell grasslands within the 

Northern Territory, only 22% of their continental extent, but nonetheless a study area of c. 

90 000 km2 (as an illustration, fieldwork over the course of the study involved travel of 

100,000km). There is no ecological basis to the boundaries defined by the Territory 

borders, but it is a logical boundary to the extent that decisions on conservation 

management and regional planning are taken at a State/Territory level. Mitchell grasslands 

in the Northern Territory occupy only a portion of the bioclimatic envelope for this 

environment (Fig. 1.7) and dissimilarity in plant and animal species composition will 

generally increase with increasing geographic distance from my study area (Chapter 2). 

have also studied an area where pastoral use involves grazing cattle in large paddocks on 

large leasehold properties, in contrast to the sheep and cattle enterprises with smaller 

paddocks and smaller freehold properties in central and southern Queensland. The 

combination of the above factors suggests that conservation scenarios that I develop using 

theBarklyTablelands as a model may be readily applicable to Mitchell grasslands in the 

East Kimberley and north-western Queensland, but their relevance for central and southern 

Queensland needs to be carefully considered. 

Temporal heterogeneity is as important a factor as spatial heterogeneity in the function of 

arid rangeland landscapes (Friedel 1994, Stafford Smith & Morton 1990, James eta/. 

1995). Temporal variation in rainfall is known to have a primary influence on the dynamics 

of dominant plant species in the Mitchell grasslands (Orr 1991) and one feature of the 

vertebrate fauna in this environment is the periodic irruptions of Rattus villosissimus 

(Carstairs 1974, Carstairs 1976, Predavec & Dickman 1994) (and the influence of this on 

population dynamics of several predator species), associated with decadal-scale variation 

in rainfall and plant growth. In common with most rangeland research, I was unable to 

sample decadal-scale variation, and may consequently have missed key insights into the 

factors determining variation in the distribution and abundance of biota, as well as the 

influence of temporal variation on the response of biota to grazing pressure. However, in 

sampling and analysis, I have made some attempt to quantify the influence of temporal 
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variation. All sites were sampled twice at contrasting times of year in order to assess the 

(relatively predictable) within~year variation in abundance of fauna species. Sample sites 

were spread over a large geographic area, and spatial variation in rainfall history between 

sites may serve to some extent as a surrogate for between~year variation at individual sites. 

Additionally, I incorporate rainfall history of sample sites into predictive models of species 

distribution and abundance using remotely sensed NDVI scores as a surrogate (Chapter 3). 

Up to this point I have freely used the term 'biodiversity', without trying to define it. This 

term has evolved rapidly from a shorthand for the number of species in an area to some 

definitions that are so all~encompassing as to be of little use (Wilson 1988, Hawksworth 

1995). The National Strategy for the ConsetVation of Australia's Biological Diversity 

(Commonwealth of Australia 1996) describes biodiversity as: 

The variety of all life forms - the different plants, animals and microorganisms, 

the genes they contain, and the ecosystems of which they form a part. 

Other definitions of biodiversity also stress genetic, species, community and ecosystem 

levels of organisation, and the interactions amongst these levels (eg. Noss 1990). In this 

thesis 1 am mostly concerned with species and community levels of biodiversity~ the spatial 

patterning of species and species assemblages within the broad extent of Mitchell 

grassland ecosystems~ and I ignore the issue of genetic diversity. Importantly, biodiversity 

has a complex relationship to spatial scale. Here, I am less concerned with simply the 

number of species at each individual locality and more with the species composition at that 

locality, variation in composition between localities, and the implications for property~ and 

regional~ scale levels of biodiversity. Similarly, when I use the term 'biodiversity 

conservation' I am primarily concerned with how management may maintain the 

complement of native species and their habitats at a regional scale, even though 

management actions may be directed toward maintaining suitable habitat for certain 

species at a paddock or property scale. 

Many recent definitions of biodiversity also incorporate ecological processes (such as 

cycling of nutrients and water, fire, pollination and seed dispersal). Without denying the 

critical role that these processes play in maintaining biodiversity (and conversely the 

integral role that components of biodiversity have in these processes), I consider it more 

sensible that these processes are considered separately to biodiversity as components of 

ecosystem health (eg. Whitehead eta/. 2000). In this study, I have not attempted to 

measure these processes or directly examine the impacts of pastoral use upon them; other 

than inferring the importance of perennial grass cover and frequency in landscape function 

(eg. Ludwig & Tongway 1995a; Chapter 7). This reflects simply a limitation on time and 
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expertise, as studies with a focus on both biodiversity and ecosystem function may be 

illuminating (eg. Pringle 2001). 

Structure of thesis 

In the remainder of Chapter 1, I provide a definition and overview of Mitchell grasslands 

that describes their distribution and environmental context; summarises previous, largely 

qualitative, descriptions of environmental, structural and floristic variation; reviews the 

largely production-oriented literature concerning the vegetation ecology of this ecosystem; 

and briefly describes the development and current nature of pastorallanduse. 

In Chapter 2, I use large databases to examine biogeographic patterns for vascular plants 

and vertebrates in the Northern Territory, in order to assess whether the Mitchell 

grasslands can be considered a distinctive biogeographic region at this sub-continental 

scale. I also use these databases to identify plant and vertebrate species that have a high 

fidelity to Mitchell grassland vegetation mapunits, an important tool for the assessment of 

conservation management requirements (Chapter 8). Finally, I discuss variation within 

Mitchell grasslands at a continental scale; and compare, within the Northern Territory, the 

inferred plant and vertebrate species composition of Mitchell grasslands to other tussock 

grasslands and other vegetation communities on similar soil types. 

In Chapters 3. 4 and 5, I describe a systematic survey of the distribution and abundance of 

vascular plants (Ch. 3), vertebrate animals (Ch. 4), and ants (Ch. 5) in Mitchell grasslands 

iri the Northern Territory. I analyse patterns of variation in the distribution and abundance 

of individual species and assemblages of species and relate Ulis to quantified 

environmental variation, concentrating in this chapter on non-anthropogenic factors. In an 

attempt to quantify the influence of rainfall history on biotic variation, I use a surrogate 

'relative greenness' (NDVI) measure derived from time-traces from NOAA-AVHRR satellite 

data. 

In Chapter 6, I synthesise the results presented in the preceding three chapters to compare 

patterns of diversity and distribution amongst plants, ants, and vertebrates in the Mitchell 

grasslands. I examine the extent of assemblage fidelity between the major taxa and the 

contribution of geographic distance to species turnover between sites. I use analytical 

techniques developed for "reserve design" to examine how the distribution patterns 

described for each major taxa may influence the selection of representative reserves or off­

reserve conservation areas within the study area. 
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In Chapters 7 & 8, I examine the effects of pastorallanduse on vascular plants (Ch. 7) and 

vertebrates and ants (Ch. 8). Primarily, I analyse the relationship between distance from 

water and the abundance of individual species or measures of group richness, abundance 

and composition. I also analyse a cross-fence comparison from Connell's Lagoon 

Conservation Reserve, the only substantial area of (recently) ungrazed Mitchell grasslands 

in the Northern Territory. I discuss the results in the context of claims that Mitchell 

grasslands are a particular resilient ecosystem and draw comparisons to other recent 

studies examining the impacts of grazing on biota in other Australian rangelands. I also 

assess the evidence for pastoral impacts on biodiversity within the sparse historical record. 

In the first part of Chapter 7, I describe the concept of 'piospheres' and the use of distance 

from permanent water as a surrogate for grazing pressure. I test the validity of this 

surrogate in Mitchell grasslands using indices of recent cattle activity measured during the 

biological survey. I describe the distribution of permanent water points in Mitchell 

grasslands in the Northern Territory and use GIS analysis to quantify the proportions of 

land at known distances from water. This provides a context for the analysis of the effectS 

of pastoral use on the biota and for regional conservation planning (Chapter 8) 

In Chapter 9 I synthesise the data and analyses presented in the previous chapters and 

identify priorities for conservation management within the Mitchell grassland biome. I use 

the Barkly Tableland region of the Northern Territory as a model to develop a set of 

spatially-explicit conservation scenarios that contrast the expansion of the formal reserve 

network with an off-reserve approach based on the maintenance of a network of little­

grazed areas. I discuss the relative biodiversity benefits of each scenario and the quantify 

the potential economic costs associated with them. This establishes the framework for a 

bioregional planning process where biodiversity conservation and pastoral production can 

be effectively integrated. 

Mitchell grasslands: an overview 

This section provides a background to the study by describing physical, biotic and 

anthropogenic features of the Mitchell grasslands biome, that have been previously 

described in a highly scattered literature. In addition to previously documented information, 

I introduce a climatic regionalisation of the study region that was a useful stratification to 

guide the selection of sample sites. This also assists to place the Mitchell grasslands in the 

Northern Territory within the environmental context of their broader distribution. 
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Definition 

Mitchell grasslands are named for the tussock grasses of the genus Astrebla, an Australian 

endemic genus with four species: Astrebla elymoides (Hoop Mitchell Grass), A. pectinata 

(Barley Mitchell Grass), A. fappacea (Curly Mitchell Grass) and A. squarrosa (Bull Mitchell 

Grass) (see Milson 2000 for illustrations and descriptions of each species). They are 

deeply-rooted, long-lived, perennial grasses with a C4 metabolism. Individual Mitchell 

grass tussocks are typically 50-60cm tall (although flowering stems of A. squarrosa may be 

1.5m) and have a leafy crown 30-60cm in diameter. The four Astrebla species have a wide 

distribution through arid and semi-arid Australia, extending to all mainland States & 

Territories bar Victoria and the Australian Capital Territory. 

Mitchell grasses can occur as minor component of the ground storey in a variety of 

landscape positions and soil types, and at both the dry and wet extreme of their range form 

a 'fluctuating climax' (Blake 1938) where the relative dominance of Astrebla spp. is 

determined by rainfall history. However, the term 'Mitchell grasslands' is generally applied 

to a major vegetation type with a more restricted distribution (eg. Orr & Holmes 1984, Matt 

& Groves1994). In this study Mitchell grasslands are defined as: 

extensive grasslands or very sparse woodlands occurring on uniform fine-textured 

soils (usually cracking clays) which, at least when in good condition, have Astrebla 

spp. as a dominant understorey component. 

As described below, there is a set of woodland, shrub/and and grassland communities 

which occur within or adjacent to expanses of Mitchell grasslands, on similar substrate and 

With a ground layer of similar floristic composition to Mitchell grasslands. I refer to these 

as related communities and the term 'Mitchell grasslands and related communities' is used 

frequently in this thesis. 

Distribution 

Mitchell grasslands occur in a broad arc from north-western WA to north-western NSW 

(Fig. 1.1 ), approximately bounded by the 250 and 650 mm isohyets. Within this area, the 

distribution of Mitchell grasslands is determined by the distribution of suitable soil types. 

The natural distribution of Mitchell grasslands and related woodlands was illustrated at a 

continental scale by AUSLIG (1990) and the distribution of "Mitchell grass pastures" in 

northern Australia by Tothill & Gillies (1992). The distribution of Mitchell grasslands and 

related communities has also been mapped at a variety of finer scales and using disparate 

mapping units in a number of regional vegetation, pasture or land system surveys. Here, I 

illustrate the distribution of Mitchell grasslands in northern Australia by merging vegetation 
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maps by Beard (1979), Wilson eta!. (1990b) and Weston el a/. (1981) (Fig. 1.1, Table 1.1 ). 

Mitchell grassland communities were also delineated for northwestern NSW by Pickard & 

Norris (1994), but this was not available in digital form and is not included here. The total 

extent of Mitchell grasslands and related communities in northern Australia is c. 420 

000km2 (10 000km2 in Western Australia, 93 700 km2 in Northern Territory, 316 200km2 in 

Queensland), with an additional14 OOOkm2 in northwestern NSW (Orr & Holmes 1984). 

The natural extent of Mitchell grassland has been reduced by the conversion of significant 

areas in NSW and southeastern Queensland to crops or improved pasture (Rhodes 1981, 

Bellotti eta/. 1986, AUSLIG 1990, Bowman el a/. 1996). 

Description of vegetation communities 

A general account of the Mitchell grasslands is given by Orr & Holmes (1984), while Beadle 

1981 described variation within what he described as the 'Astrebla alliance'. Mitchell 

grassland and related communities have been described in many regional accounts from 

across their range <Western Australia: Speck & Lazarides (1964), Stewart (1970), Beard 

(1979); Northern Territory: Perry & Christian (1954), Perry & Lazarides (1962), Stewart et 

a/. (1970), Grant (1989), Wilson eta/. (1990a), Egan (1995); Queensland: Perry & Christian 

(1954), Perry & Lazarides (1964), Dawson (1974), Pedley (1974 ), Beeston (1978), Boyland 

(1980), Boyland (1984 ), Neldner (1984), Mills eta/. (1990), Wilson el a/. (1990a), Neldner 

(1991 ), Turner eta/. (1993), Sattler & Williams (1999); New South Wales: Pickard & Norris 

(1994); South Australia: Specht (1972), Laut el a/. (1977)). Here, I summarise these 

accounts in order to describe the general trends within these communities across their wide 

geographic range, and the local and regional relationship with environmental variation 

(refer to Fig. 1.2 for the location of places or regions mentioned in the text). Despite their 

geographic extent, there is a low diversity of vegetation communities within the Mitchell 

grasslands, defined either structurally or by floristic dominants. This reflects the very low 

relief, relatively uniformity of soil and subdued climatic gradients across the extent of this 

biome. The distribution of vegetation communities appears to be largely determined by 

moisture levels, which vary both at a local scale according to topography, drainage and soil 

features and at a regional scale according to climate (Fig 1.3). Some of the structural and 

floristic variation described here is mapped at a regional level in Fig 1.1. However, much of 

this variation is only apparent at finer scales (landunit level or finer) and so has not been 

accurately mapped or relative areas quantified for much of the Mitchell grasslands. 

Figure 1.1 (facing) Natural distribution of Mitchell grasslands and related communities in 
northern Australia, based on vegetation maps by Beard (1979) for Western Australia; Wilson 
eta/. (1990) for Northern Territory; Weston et al. (1982) for Queensland and AUSLIG (1990) 
for New South Wales. Mapunits are described in Table 1.1. Equivalent units in each State 
and Territory have the same colour. The boundary of the Mitchell Grass Downs bioregion 
(Thackway & Cresswell 1996) is also shown. 
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Table 1.1 Description of Mitchell grassland and related mapunits, shown in Fig. 1.1. Mapunit 
numbers or codes are those used by the authors for the respective State or Territory. Note that 
areas for NSW are the estimated pre-European extent and are based on very coarse scale 
mapping. 

Mapunit Description Principal occurrence 

' 
tLbaGc 208 Mitchell grass with scattered Terminalia etc. Ord Plain (north of Lake Argyle) 

on black-soil plains 

tLbadGc 956 Mitchell grass I blue grass with scattered Ord Plain (south of Lake Argyle) 
Terminalia etc. on black-soil plains 

adGc 170 Mitchell grass I blue grass on grey cracking Ord Plain (Turkey Creek) 
clay plains 

oGo 3 882 Mitchell grass on grey cracking clay plain Denison Plains 

aGe/edGe 3 835 Mitchell grass and Ribbon grass I Blue Fitzroy-Lennard Floodplains; Napier 
grass on black-soil Hills 

bLraGc/cdGc 298 Mitchell grass & Ribbon grass I Blue grass Napier Hills 
with Bauhinia on black-soil 

a27bLba1Gc/ 686 Mitchell grass & Ribbon grass I Blue grass Upper Lennard River 
edGe with Acacia, Bauhinia on black-soil 

Northern Terntory (Wilson et al 1990a) 

26 3 733 E. microtheca (Coolibah) low open- Barkly; low lying plains fringing 
woodland with Eulalia aurea (Silky watercourses and swamps; light to 
Browntop), Asfrebla (Mitchell Grass) heavy grey & brown clays 
grassland understorey 

28 5 871 E. microtheca (Coolibah) low open- Barkly; broad intermittent drainage 
woodland with Chenoporiium auricomum depressions, heavy grey clays 
(Bluebush) sparse-shrubland understorey 

62 10 964 Acacia georginae (Gidgee) low open- south-east of Barkly Tableland; clay 
woodland with Astrebla pectinata {Barley calcareous soils 
Mitchell Grass) open-grassland understorey 

96 60 868 Astreb/a pectinata (Barley Mitchell) Barkly Tableland & Victoria River region; 
grassland deep grey cracking clay plains on 

Tertiary alluvium. Isolated patches on 
clay plains extending to Simpson Desert 

97- 8 776 Astreb/a (Mitchell Grass), mixed species V1ctor'1a River region; grey and brown 
grassland with scattered trees and shrubs cracking clays over basic volcanics 

107 3465 Chenopodium auricomum (Bluebush) low Barkly Tableland, Birrindudu; drainage 
open-shrubland with ephemeral grassland depressions subject to periodic 
understorey inundation 

Queensland (Weston eta/ 1981) 

14 11 534 Flooded alluvial plains (southern) Southern (Cunnamulla) 

18 16 375 Georgina gidgee Far western (Boulia) 

29 241 545 Mitchell grass downs Extensive; central & western Qld 

31 21 793 Stony downs South-west (Bulloo) 

32 24962 Ashy downs South-west (Diamantina) 

New South Wales (AUSLIG 1990) 

NSWa 15 450 Astrebla grasslands north-western NSW 

NSWb 36 840 Eucalypt woodlands & open woodlands with north-western NSW 
an understorey dominated by Astreb/a spp. 
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Figure 1.3 Generalised distribution of vegetation communities on heavy clay soils in the Barkly 
Tableland in relation to annual rainfall and drainage status. Modified from Perry & Christian (1954, 
p79). 

The most extensive communities are treeless grasslands dominated by Astrebla spp, often 

referred to as "downs". While all four species of Astrebla may co-occur, A lappacea 

generally predominates in central and southern Queensland and NSW, and A pectinata in 

western Queensland and the Northern Territory. Astrebla squarrosa occurs more 

commonly around the higher-rainfall margins of the Mitchell grasslands, particularly in the 

north, and may dominate in slightly wetter microhabitats. While some authors consider A 

elymoides to also occur primarily in wetter habitats (eg. Perry & Christian 1954, Milson 

2000), I obseiVed it to occur widely in Mitchell grasslands in the Northern Territory, where 

it is co-dominant with A pectinata over extensive areas. 

On the high rainfall margins of their range, particularly in northern Australia, Mitchell 

grassland often grade into grasslands dominated by Dicanthium spp. (Bluegrass), Eulalia 

aurea and Sorghum spp. These species may also dominate in slightly wetter patches 

throughout the Astrebla grasslands. On the arid margins of their range, Mitchell grasslands 
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typically merge into an Atriplex I Sclerolaena I short grass herbland with the prominence of 

Astrebla spp. determined by rainfall history. 

'Wooded do~ns", where there is a sparse tree layer, occur throughout the range of Mitchell 

grasslands, but are most extensive in central and southern Queensland, where tree 

species include Acacia cambagei, A. tephrina, A. cana, A. famesiana, Atalaya hemiglauca 

and Flindersia maculosa. Mitchell grasslands in the extreme north-west of their range 

typically have a sparse tree layer of Terminalia spp. and/or Lysiphyl/um cunninghamii. 

Denser woodlands, typically dominated by E. microtheca (or closely related species- Hill & 

Johnson 1994), occur along drainage lines throughout the Mitchell grasslands, and 

woodlands with a variety of tree species occur extensively on the alluvial plains in southern 

Queensland and northern NSW. In areas subject to more frequent or prolonged 

inundation, shrublands of Chenopdium auricomum and Muehlenbeckia f/orulenta occur. 

Woodlands of Acacia georginae cover large areas of heavy clay soils in southeastern 

Northern Territory and western Queensland on the low-rainfall margin of the Mitchell 

grassland. These woodlands have an understorey that is floristically similar to the Mitchell 

grasslands, and form a mosaic with these grassland in some areas. 

The general absence of trees in the Mitchell grasslands has been linked to the extensive 

cracking of the clay soils, causing mechanical shearing of tree roots and the inability of tree 

seedlings to sequester soil moisture (Groves & Williams 1981, Orr & Holmes 1984). 

Soils and landscape evolution 

Mitchell grasslands occur on uniform fine textured soils (vertosols), typically grey, brown or 

red cracking clays. Such soils are commonly referred to as 'black-soil'. These soils usually 

crack widely in the upper profile upon drying and have a loose self-mulching surface. They 

are neutral to alkaline, calcareous and commonly have depths to 1m. A common feature is 

the development of gilgais- depressions and mounds on the surface of varying size and 

shape (Isbell & Hubble 1983, Hubble eta/. 1983). These cracking clay soils occur mostly 

on flat or gently undulating plains ("downs") and are associated with the exposure and 

weathering of sedimentary or basic volcanic rocks. They also occur on more recent 

depositional landscapes as alluvial clays associated with drainage lines and major river 

systems. The fertility of these cracking clay soils is relatively high compared to most other 

rangeland areas in Australia (Orr & Holmes 1984), but only moderate in the context of soils 

underlying major grasslands in similar rainfall regimes elsewhere in the world. Soil 

nutrients are less important in limiting plant growth than rainfall (Orr & Holmes 1984). 
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The deep grey clay soils of the Barkly Tableland are derived from calcareous sediments 

laid down in large swamps in the Tertiary, possibly from erosion of the adjacent Tertiary 

lateritic plain (Stewart 1954, Edgoose & Winstanley 1994). Soils in large shallow Tertiary 

lake basins have formed grey clays with a very soft deep self-mulching layer and sinkhole 

gilgais ("drybog" soils). The flat clay plains in the southern Victoria River District and 

adjacent areas in Western Australia are similarly derived from Tertiary alluvium, while the 

undulating clay plains of the northern VRD are developed from weathering of basic volcanic 

rocks (Paterson 1970). Most of the grey and brown clays on the rolling downs in 

Queensland are derived from weathering of Cretaceous sediments exposed by removal of 

the Tertiary land surface (Day eta/. 1983). Remnants of the Tertiary surface may be 

present as silcrete gravel or gibber, characteristic of the "stony downs" in southwestern 

Queensland. Associated with the major drainage systems in Western Australia; northern, 

southwestern and southern Queensland; and northern NSW are depositional plains, where 

alluvial clay has been redistributed over long periods of time. Alluvial clays also occur in 

small drainage areas scattered throughout the erosional land surfaces. 

Climate 

The major distribution of the Mitchell grassland lies between the 250 and 650mm isohyets 

of annual rainfall. Two pronounced rainfall gradients occur across this area: total annual 

rainfall declines towards the centre of the continent, while the seasonality of rainfall 

increases from south to north. While the highest rainfall occurs in summer throughout the 

range of Mitchell grasslands (Fig. 1.4), rainfall seasonality is very pronounced in the north 

where the influence of the summer monsoon is strongest, with c. 90% of annual rainfall 

between November and March. Areas in southern Queensland and NSW may receive 

significant winter rainfall. Another feature of the rainfall of the Mitchell grasslands region is 

the high variability between years, with coefficient of variation of annual rainfall increasing 

from 35% at the high-rainfall margins to greater than 60% at the low-rainfall margin. 

Unpredictability of rainfall generally increases with distance from the coast, although very 

poor seasons may be experienced throughout the Mitchell grasslands. 

Long-term rainfall patterns at two stations in the Northern Territory are shown in Fig. 1.5. 

Most of the Mitchell grasslands had a series of very high rainfall years during the 1970s. 

The Victoria River District in the western Northern Territory has had another extended 

period of good seasons during the 1990s, although rainfall in most of the Barkly Tableland 

during the early to mid 1990s (ie. including the period of this study) was only poor to 

average. Summary rainfall figures for stations in the Northern Territory Mitchell grasslands 

are listed in Table 1.2. Emphasising the spatial patchiness of rainfall, Brunette Downs and 
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Figure 1.4 Monthly distribution of rainfall at stations throughout the extent of Mitchell grasslands in 
northern Australia. Mean annual rainfall for each location is given in brackets; locations are shown 
in Fig 1.2 (source: Clewett eta/. 1999). 

Alexandria are less than 1 OOkm apart and have the same median rainfall, yet had a 94mm 

and 163mm difference in annual rainfall for 1995/6 and 1996/7 respectively. 

Gradients in temperature conditions have similar patterns to rainfall, with temperature 

range increasing with greater continentality and mean annual temperature declining 

southward. Mean summer maxima are high (>35°C) throughout the Mitchell grasslands, 

while frosts during June-August increase in frequency toward the south. Temperature 
. 
figures are available from but few Northern Territory stations, and these are quite 

consistent: mean minimum and maximum temperatures range between 10° and 27° in 

June/July, and 24°C and 38°C in December/January. 

Table 1.2 Summary rainfall data for selected stations in the Northern Territory Mitchell grasslands 
(locations shown in Fig 1.2). Annual rainfall is given for one year preceding, and the three years of, 
field sampling (calculated for the period July to June). SD =standard deviation of mean annual 
rainfall, n = number of years of records. (Ciewett eta/. 1999) 

station n mean median so 93/94 94/95 95196 96/97 

Victoria River Downs 114 633 598 209 914 906 1054 973 

Limbunya 81 610 615 210 647 894 742 619 
lnverway 44 489 453 221 441 495 713 747 
Newcastle Waters 112 484 468 194 398 472 350 370 
Brunette Downs 109 399 352 207 190 417 347 422 
Alexandria 114 386 355 186 168 380 441 585 
Lak.e Nash 112 320 278 186 168 401 246 469 
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Figure 1.5 Long-term rainfall pattems at Brunette Downs and Victoria River Downs (reprinted 
from Clewett et a/. 1999). Location of stations is shown in Fig. 1.2. Data shown are 3-year 
running means of annual (June to July) rainfall. 

A climatic regionalisation for the Mitchell grasslands 

Climate has a primary influence on the broad-scale distribution of plants & an imals in 

Australia. For example, Nix (1982) divided Australia into thermal zones and related plant 

distributions to their ecophysiological response to climatic regimes (see also Chapter 2). 

Regionalisation at the Australian continental scale by Thackway & Cresswell (1993} using 

attributes of terrain, temperature, rainfall and soils emphasised the dominant influence of 

climate on zonation patterns, particularly over most of the hinterland of the continent where 

variability in soil and terrain is subdued. Spatial variation in climate, particularly the amount 
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and seasonality of rainfall appears to be one of the major factors influencing the distribution 

of plant species within the Mitchell grasslands.(Orr & Holmes 1984, Fensham eta/. 2000). 

Therefore a climatic regionalisation of the Mitchell grasslands is likely to be valuable for 

assessing reservation adequacy (eg. Bel bin 1993), and in the stratification of sites for 

biological survey (eg. Austin & Heyligers 1991, Neave eta/. 1996, Chapter 3). 

I developed a climatic regionalisation for Mitchell grasslands in northern Australia using 

parameters derived from the BlOC LIM climate model for Australia (Busby 1991). The base 

map of Mitchell grassland and related communities (Fig 1.1) was converted to a 0.05° grid 

(a cell size of c. 5x5km) and rainfall, temperature and evaporation attributes derived for the 

centroid of each cell (see Fisher (1999b) for details). All BlOC LIM variables were highly 

intercorrelated for this region, so six were selected that represented the major climate 

gradients in the study are and had ecological relevance (cf. Fen sham eta/. 2000): mean 

annual rainfall; coefficient of variation of mean monthly rainfall; mean rainfall in the warmest 

quarter; mean annual temperature; temperature range (mean maximum of warmest month 

- mean minimum of coolest month); mean temperature of wettest quarter. Cells were 

classified according to the six variables using the Gower Metric association measure and 

the ALOC routine in PATN (Belbin 1987, Bel bin 1994a), a non-hierarchical iterative 

allocation method appropriate for a large number of cases. Seven groups were defined by 

the classification, although given the continuous nature of the climate gradients, these 

groups represent nodes along a continuum rather than distinct clusters. 

The groups defined by the classification form geographically coherent zones within the 

Mitchell grasslands (Fig. 1.6). Mean values of climate attributes for each zone are given in 

Table 1.3. At a coarse scale, this regionalisation captures the primary climatic gradients of 

floristic composition described for Queensland Mitchell grasslands by Fensham et al. 

(2000). 

Table 1.3 Summary characteristics of the 7 regions defined by the classification of climate 
attributes (Fig 1.6). Values are means of all cells in each zone. 

climate zone 

1 2 3 4 5 • 7 

annual rainfall (mm) 458 340 429 247 300 418 502 

monthly rainfall CV (%) 110 95 91 75 40 68 47 

rainfall in coolest quarter (mm) 14 20 30 26 53 44 78 

rainfall in warmest quarter (mm) 245 195 247 123 113 194 204 

annual temperature ("C) 26.1 25.0 24.4 24.2 21.1 23.2 21.0 

annual temperature range ("C) 27.7 29.8 28.8 32.3 32.1 30.5 30.7 

minimum temp. of coolest month ("C) 10.6 8.6 6.5 6.9 4.5 6.5 4.4 

maximum temp. of warmest month ("C) 38.3 38.5 37.3 39.2 36.6 37.0 35.2 
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Figure 1.6 Regionalisation of Mitchell grasslands in northern Australia based on climate attributes 
(see text for details). Mean climate attributes for each region are given in Table 1.3. 

Climatic envelopes - a simple representation of biological variation 

An alternative approach to portraying the climatic variation present within the distribution of 

Mitchell grassland communities is to assume that this variation is adequately represented in 

the two gradients associated with annual rainfall and temperature range, and rainfall 

seasonality and mean temperature (Fensham eta/. 2000) . A plot of these factors will 

therefore define the climatic 'envelope' in which the Mitchell grass communities occur (Fig . 

1. 7) and may serve as a simple representation of potential biological variation within the 

Mitchell grasslands (cf. Faith & Walker 1996a). Mitchell grasslands in the Northern 

Territory are restricted to only a portion of the climatic envelope. Some of the other 

vegetation units shown in Fig . 1.1, such as the stony and ashy downs in western 

Queensland and the flooded alluvial plains in southern Queensland are restricted to the 

periphery of the envelope. 

Vegetation ecology 

Largely because of their importance for pastoral production, there has been considerable 

research into the vegetation ecology of Mitchell grasslands (Orr & Holmes 1984). This has 

largely been directed toward the population dynamics of the Astrebla spp and the response 

of the major pasture species to rainfall and grazing. Fewer studies have considered the 
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Figure 1.7. A simple environmental envelope for Mitchell grasslands in northern Australia, based 
on climate variables associated with gradients in floristic composition (Fensham et at. 2000). 
Rainfall seasonality is the coefficient of variation (%)of annual rainfall . Mitchell grasslands and 
related communities within the Northern Territory are shown by the larger points; those from 
Western Australia and Queensland (see Fig. 1.1) by smaller dots. Note that a single point may 
refer to a variable total area of land, from disparate geographic locations that have the same 
climate characteristics. 

rela!ionship between environmental or landuse effects and floristic variation within the 

grasslands. 

The results of demographic studies of Astrebla species (mainly A lappacea) from a number 

of sites in Queensland have been reviewed by Orr (1991 ). Long-term studies at 

Cunnamulla (Williams & Roe 1975) indicate that individual tussocks survive for up to 23 

years, although Orr & Evenson (1991b) suggested longevity may approach 50 years. The 

observed patterns of recruitment for Astrebla have been highly variable been locations. In 

central Queensland recruitment occurred almost annually (Orr & Evenson 1991 b) , while in 

both northern and southern Queensland recruitment was irregular. Recruitment appears to 

be limited by the incidence of summer rainfall, with the survival of seedlings also influenced 

by the pattern of rainfall after recruitment. Williams & Roe (1975) suggested that 

recruitment in southern Queensland was limited by the unpredictability of summer rainfall, 

while recruitment in northern Queensland may be frequently hindered by high densities of 

the annual grasses lseitema spp (Hall & Lee 1980, Orr 1991 ). The influence of grazing on 

recruitment also varied between studies, with grazing promoting seed production and 
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recruitment at B!ackall (Orr & Evenson 1991b) but having no influence on the seed bank at 

Julia Creek or Cunnamulla (Orr 1991 ). Astrebfa seed does not remain viable for long 

periods, so that a series of good years may be required to build up soil seed reserves and 

allow the successful establishment of many seedlings. 

A number of studies have indicated that temporal variation in rainfall has a pronounced 

effect on Astrebla abundance. Good summer rainfalls result in an increase in basal area 

and foliage cover (Orr 1980a) and promote the formation of new tillers (Scanlan 1983), 

although this response is reduced by high utilisation levels (Orr 1980b). Interestingly, tiller 

formation is depressed both by very low and very high rainfalls, which may be a factor 

limiting the general distribution of therAstrebla communities (Scanlan 1980). Orr & 

Evenson (1991b) found a large variation in basal area and yield of Astreb/a in response to 

rainfall over 11 years, with few differences due to grazing intensity, and Orr & Phelps 

(1994) reported a similar result from a 1 0-year study in northern Queensland. A significant 

increase in biomass in Astrebla pectinata grassland in the Northern Territory occurred 

during a series of above average rainfall years (Foran & Bastin 1984). Typical dry plant 

biomass in Astreb/a grasslands in good condition is 3000-4000 kg ha·1 (Partridge 1996). 

Rainfall variation also has a strong influence on floristic composition of the grassland. Blake 

1938 described the community as a 'fluctuating climax' with the species composition 

reflecting the prior rainfall history. In one of the few quantitative studies, Orr (1981) 

monitored floristic composition of Astrebla grassland sites in southwestern Queensland 

over a nine-year period. The relative abundance of perennial grasses (Astrebla spp, 

Aristida /atifofia, Dicanthium sericeum) and forbs varied substantially in this period, 

although the contribution of annual grasses remained fairly constant. In this region, 

botanical composition amongst the annual herb component was determined by the timing 

of rainfall. Orr (1981) suggested that drought periods reduce the survival of perennial 

grasses allowing a strong short-term response to rainfall events by annual species. 

Extended periods of good rainfall promote the growth of perennial grasses through high 

seed set and increased seedling survival, as well as increase in the basal cover of 

tussocks. Foran & Bastin (1984) similarly recorded substantial changes in the relative 

abundance of plant species in the northern Mitchell grasslands over a six-year period with 

good rainfall, with the relative proportion of biomass due to perennial grasses increasing 

from 37 to 83%. The density of lseilema vaginiflorum decreased markedly during this 

period of good rainfall, consistent with the observations of Hall & Lee (1980) in northern 

Queensland. However, Orr {1981) found that lseilema membranaceum increased along 

with the perennial grasses with good summer rainfall. Perennial grass species within the 

Mitchell grassland also show differential responses to seasonal rainfall variation, so that the 
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relatively densities of Dicanthium sericeum, Aristida latifolia and Astrebla spp. fluctuate 

over long periods according to rainfall, with the former species less drought resistant, but 

more responsive to light rains (Purcell & Lee 1970). 

While many studies of restricted spatial extent have emphasised the temporal influence of 

climatic fluctuation on floristic composition, fewer studies have examined floristic variation 

over broad geographic scales. Orr & Holmes (1984) described two major trends in 

botanical composition within the Mitchell grasslands- a higher proportion of forbs in 

southern regions and an increases in tree density southward- which they relate to the 

general north-south gradient in the seasonal distribution of rainfall. Fensham eta!. (2000) 

used a large floristic data set from the geographic range of Mitchell grasslands in 

Queensland to investigate spatial variation. They identified four gradients in floristic 

composition associated with: 

• mean annual precipitation and annual temperature range, with Astrebla pectinata more 

frequent at the low rainfall, high temperature range and A. /appacea at the high rainfall, 

lower temperature range end; 

• mean annual temperature and rainfall seasonality, with A. /appacea and lseilema 

membranaceum occurring in regions with lowest temperature and seasonality and A. 

squarrosa, I. fragile and /. windersii with high temperature and high seasonality; 

• a potential grazing pressure index derived from the frequency of known 'increaser' 

species; 

• landform and soil pH, distinguishing sites on less alkaline, alluvial soils from non-alluvial 

-(downs) soils. 

Additionally, sites associated with A. georginae woodland on relatively light textured-soils 

over Cambrian limestone beds showed a characteristic set of species. The analysis of 

Fensham et al. (2000) incorporated the full complement of plant species occurring in the 

Astrebla grasslands, rather than the limited set considered by other authors (eg. Orr 1981, 

Foran & Bastin 1984 ). 

Fire is a natural occurrence in most Australian ecosystems and plays an important role in 

their ecology. Fire is generally excluded from Mitchell grasslands by pastoral management 

in order to maintain forage throughout the dry season (Orr & Holmes 1984, Partridge 1996) 

However, prior to pastoralism wildfires probably occurred naturally in October-November, 

particularly after sequences of good years when fuel loads were high, at a mean interval of 

c. 20 years (Scanlan 1980, Hodgkinson eta/. 1984 ). The effect of fire on Mitchell grassland 

is also dependent on seasonal rainfall, with fire increasing the production of new tillers and 

the total Astrebla yield under good rainfall conditions but having a deleterious effect in bad 

seasons when new tillers are not produced (Scanlan 1980). Burning of Astrebla also 
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promotes seeding (Scanlan 1980) and, in the absence of grazing, fire may be required to 

maintain the dominance of Astrebla spp. (Wilson 1992). 

The relationship between grazing and vegetation structure and floristics in Mitchell 

grasslands is discussed in greater detail in Chapter 7. Mitchell grasslands are generally 

described as resil'lent (eg. Will'lams & Mackey 1982, Orr & Holmes 1984, Orr & Evenson 

1991b) based on both the response of the perennial tussocks to grazing and the low risk of 

soil erosion. A common view is that. at other than very high utilisation levels, any effects 

due to grazing are masked by variations in vegetation structure and composition due to 

rainfall variation. However, a number of studies also demonstrate that grazing c~n have 

significant effects, both on vegetation structure and composition, and substantial areas of 

Mitchell grassland are considered to be in deteriorating or degraded condition, particularly 

in the southern and southwestern portions of their range (Tothill & Gillies 1992, Bowman et 

at. 1996). 

Large areas of Mitchell grassland in central Queensland have been invaded by the exotic 

Acacia nifotica (Prickly Acacia) and some other woody weeds (Prosopis spp. and 

Parkinsonia aculeata) are widespread, particularly along drainage lines (Humphries et al. 

1991, Mackey 1996, Sattler & Williams 1999). 

Fauna 

The vertebrate fauna of the Mitchell grasslands is poorly known, despite the extensive 

distribution of this ecosystem. Vertebrate fauna records from Mitchell grasslands in the 

Northern Territory were summarised by Fisher (1994), and for the Mitchell Grass Downs 

Bioregion in Queensland by Johnson (1997). There have been no previous broad-scale, 

systematic inventories of the fauna in the core area of the Mitchell grasslands. A number of 

studies have considered small areas of Mitchell grassland (eg. Connell's Lagoon 

Conservation Reserve: Johnson eta/. (1982); Junction Stock Reserve: Fleming et at. 

(1983); Long reach area: CSIRO (1992); portions of Bladensburg, Lochern and Forest Den 

National Parks: QDEH unpublished data). The vertebrate fauna of south-west Queensland 

is better known following fauna surveys of the Bulloo Shire (McGreevy 1977), Diamantina 

region Atherton eta/. (unpubl) and Channel Country Bioregion (McFarland 1992a). These 

regions includes substantial area of Mitchell grassland on Stony and Ashy Downs (Fig. 1.1) 

and incorporate the southwestern portion of the Mitchell Grass Downs Bioregicin in 

Queensland. 
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Some studies have provided information on specific taxa inhabiting this area, including 

Spencer's Monitor Varanus spenceri (Pengilley 1981; Valentic & Turner 1997), Yellow Chat 

Ephthianura crocea (Reynolds eta/. 1982, Strong & Fleming 1987), Flock Pigeon Phaps 

histrionica (MacGillivary 1932, McAtlan 1996), Ingram's Brown Snake Pseudonaja ingrami 

(Cermak 1986, Phillips 1993), Julia Creek Dunnart Sminthopsis doug/asi (Woolley 1992) 

and Long~haired Rat Rattus villosissimus (Carstairs 1974, 1976; Predavec & Dickman 

1994). Jaensch (Jaensch 1994d, Jaensch 1994c, Jaensch & Bellchambers 1995) 

surveyed the wetlands of the Barkly Tableland and southern VRD regions for waterbirds 

and waders. 

Virtually nothing is known of the invertebrate fauna of Mitchell grasslands, apart from a 

single study of the ant fauna at one location in the Victoria River District (Hoffmann 2000). 

Pastoral Landuse 

The Mitchell grasslands are given over almost entirety to extensive grazing of sheep and 

cattle, with very small areas under conservation (see Chapter 8) and Aboriginal tenure. 

Pastoral use is under leasehold tenure in Western Australia, Northern Territory and western 

Queensland, white substantial areas of Mitchell grassland in central and southern 

Queensland are freehold (Fig 1.7). Tenure differences are reflected by differences in 

property size: the mean property size in the Barkly Tablelands is over 4000 km2 (Chapter 9) 

compared to 150 km2 in central Queensland (Longreach area). Pastoral tanduse has had a 

long history across most of the Mitchell grasslands, being established in northern NSW in . 
the 1850s (Bowman eta/. 1996); in central western Queensland during the 1860~80s 

(Neldner 1991); northern Queensland during the 1860s (Perry & Lazarides 1964); the 

Barkly Tableland in the 1880-90s; and in the Ord, Western Kimberley and Victoria River 

region in the 1880s (Speck & Lazarides 1964, Stewart 1970). The extent of grazing acUvity 

was initially limited by the. distribution of natural water sources, but utilisation spread more 

evenly following the discovery of artesian water. Christian & Stewart (1954) estimated that 

in 1948, 44 000km2 of the black soil plain on the Barkly Tableland was within 8km of a 

watering point (c. 50% of the total area). Watering points are now evenly spread throughout 

the extent of the Mitchell grasslands, so that the entire landscape is potentially accessible 

to stock (Chapter 7). 

In Western Australia, Northern Territory and northern Queensland, Mitchell grassland are 

used exclusively for cattle production, mostly breeding and store cattle in the Barkty 

Tableland but increasingly for live export from the Victoria River District. In central and 

southern Queensland Mitchell grasslands were traditionally used for sheep breeding and 
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Figure 1.8 Generalised map of land tenure (AUSLIG 1994) within the Mitchell grasslands in 
northern Australia. Some small parcels and recent conservation reserves are not shown. 

wool production (Orr & Holmes 1984), although most properties now run mixed cattle and 

sheep operations with the relative proportions depending on industry outlook and 

profitability (Wilcox & Cunningham 1994). 

Pastoral management in Mitchell grasslands is described by Orr & Holmes (1984) and 

Partridge 1996 Mitchell grasslands have moderate to high carrying capacities relative to 

other Australian rangelands, with estimated safe stocking rates of 5-8 hd/km2 for cattle in 

the Northern Territory; 7-10 hd/km2 for cattle in central Queensland; and 50-80 hd/km2 for 

sheep (Orr & Holmes 1984, Tothill & Gillies 1992). Most of the related communities have 

lower carrying capacities (3-5 hd/km2 for gidgee and 1-3 hd/km2 for stony and ashy downs) 

although Chenopodium swamps can support very high numbers following good rains (up to 

40hd/km2
; [Perry, 1960 #915]). Mott eta/. (1981) gave numbers of domestic stock on 

Mitchell grassland as 930 000 cattle in the NT, and 1 730 000 cattle and 6 500 000 sheep 

in Queensland. 

Almost all forage growth occurs during the wet season (summer) and both cattle and sheep 

preferentially graze a range of annual herbs, which are of higher nutritive value than the 

perennial grasses, while they are green. The bulk of the middle to late dry season forage is 

provided by Astrebla spp and other perennial grasses, although the diet quality is relatively 
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low. Winter rainfall in the southern Mitchell grassland areas provides some additional 

growth of annual herbs, explaining the higher productivity of these areas. Pasture quality 

varies substantially between years according to the amount and timing of rainfall, and one 

of the main management challenges is to avoid high forage utilisation levels during poor 

seasons. A utilisation level of 30% has been recommended to maintain the basal area of 

perennial grasses (Orr & Holmes 1984, Partridge 1996). 

Figure 1.9 (following pages) Photographs illustrating variation in vegetation and landform 
within the study area. This variation is described further in Chapter 3. 

Chapter 1. Introduction 29 



30 

(a) Mitchell grassland in the 
Barkly Tableland early in 
the Dry season, following 
good seasonal rainfall . The 
light-coloured clumps are 
the drooping seeding stems 
of Astrebla elymoides, while 
the larger upright stems are 
Astrebla pectinata. There is 
a dense cover of annual 
grasses and herbs between 
the perenn1al tussocks. 

(b) Mitchell grassland on 
brown cracking-clay soil 1n 
the south-eastern Bar1<1y 
Tableland. Rainfall in the 
previous wet season was 
inadequate for significant 
plant growth. Perennial 
tussocks (A. pectinata) are 
sparse and there is virtually 
no other ground cover 
Th1s area was virtually 
devoid of birds during the 
sample periods. 

(c) Astrebla pectinata 
grassland 1n the central 
Barkly Tableland, late in the 
Dry season This site is 
relatively far from 
waterpo1nts and, although it 
IS very dry, there is a high 
residual cover of perennial 
grasses. 
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(d) An area of grassland 
dom1nated by the annual 
grass lseilema vaginiflorum. 
This area is close to a 
homestead and perennial 
grasses tussocks may have 
been removed by prolonged 
heavy grazing. 

(e) The same area as 
photo (d), late in the Dry 
season, when there is 
virtually no residual 
vegetation cover. Annual 
grasses provide good 
fodder while green, but 
cannot sustain stock 
throughout the year. 

(f) The same location as 
photo (a), but close to a 
waterpoint. Most of the 
vegetation is annual herbs, 
particularly Flaveria 
australasica. 
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(g) Mitchell grassland 
communities on basalt­
derived clay soils in the 
northern Victoria River 
District are characterised by 
a sparse tree layer of 
Terminalia arostrata, T 
volucris and Lysiphyllum 
cunninghamii Other large 
perennial grasses occur tn 
addition to Astrebla spp., 
such as Dicanthium and 
Chrysopogon spp. 

(h) Mitchell grassland on 
grey cracktng-clay in the 
northern Bandy Tableland, 
with a sparse tree layer of 
Eucalyptus microtheca· 
sens. lat. This area has a 
relatively high annual 
rainfall and A squarrosa ts 
the dominant perennial 
grass. 

(i) Mitchell grassland in the 
central Barkly Tableland 
with a sparse tree layer of 
Acacia victonae These 
trees occur patchtly in the 
grassland, presumably in 
response to some subtle 
edaphic variation 
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(j) Chenopodium 
auricomum (Bluebush) 
shrubland in a broad 
drainage line. Woodlands 
fringing the drainage line 
can also be seen in the 
distance. Bluebush and the 
herbs growing in these run­
on areas are preferentially 
grazed by cattle. 

(k) Riparian woodland of 
large Coolibah (E. 
microtheca) fringing the 
Georgina River, the largest 
river in the Barkly 
Tablelands. 

(I) A smaller river in the 
Mitchell grasslands, with a 
sparse riparian woodland. 
The large shrubs in the 
upper right are Lignum 
( Muehlenbeckia 
cunninghamii), which 
provide important habitat for 
breeding waterbirds. A 
distinct assemblage of 
sedges and perennial 
grasses are found in the 
ground layer in these 
riparian areas. 
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(m) A gravelly rise that is 
slightly elevated above the 
surrounding cracking-day 
plain These are areas of 
relatively high plant richness 
and structural diversity, w1th 
bare stony patches, short 
grasses and annual herbs, 
scattered shrubs and dense 
perennial grasses in gilgais 
(Note the buckets used -
with some difficulty - as p1t 
traps). 

(n) Extensive Gidgee 
(Acacia georgmae) open 
woodland on brown 
crack1ng-clay in the far 
southeast of the Barkly 
Tableland. The ground 
layer has a similar 
composition to Astrebla 
grasslands elsewhere on 
the Tableland, with some 
additional arid-zone species 
(the large tree in the right 
foreground is a eucalypt) 

(o) An area with non­
cracking clay soils adjacent 
to Astrebla grasslands, with 
a scattered tree layer 
( Venfilago viminalis and 
Atalaya hemiglauca) and 
patches of dense shrubby 
Carissa lanceolata. Tall 
perennial grasses such 
Eulalia aurea grow in gilga1s 
and short grasses and 
Chrysopogon elsewhere 
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Chapter 2. Biogeographic context of Mitchell grasslands flora and fauna 

Introduction. 

In the introductory chapter, I referred to the Mitchell grasslands as a 'distinctive 

environment'. Certainly, Mitchell grassland communities are mapped as a distinct floristic 

and structural unit at a continental (eg. AUSLIG 1990) or sub-continental scale (eg. Weston 

et a/.1981, Wilson et al. 1990a) and are generally considered a distinct land type for the 

purposes of pastoral management (eg. Harrington et al. 1984 ). In the widely-used Interim 

Biogeographic Regionalisation of Australia (Thackway & Cresswell 1996) which defines 80 

'bioregions' in Australia, the extensive Mitchell grasslands in eastern Northern Territory and 

western and central Queensland are largely contained within, and serve to define, the 

Mitchell Grass Downs Bioregion. While it is implied that bioregions do contain a unique 

suite of biota, this has not previously been established for the Mitchell grasslands due to a 

lack of data (Morton & Newsome 1994). In this chapter, I examine to what extent Mitchell 

grasslands can be considered a distinct ecological community, in the sense of containing 

assemblages of plant and animal (vertebrate) species that are identifiably different to those 

from non-Mitchell grassland environments. Aside from biogeographic interest, this question 

is a significant one for conservation management. Given that management resources are 

certain to be limited, one method for prioritising conservation effort is to identify and target 

the most distinct environments (Woinarski & Price 1996). Similarly, species that have a 

high fidelity to a particular environment may be considered a high priority when planning 

conservation management actions within that environment (Price et al. 2000, Chapter 9). 

As the most comprehensive datasets available to me are confined to the Northern Territory, 

1 focus on the biogeographic distinctiveness of Mitchell grasslands within this sub­

continental area. However, in the discussion I draw upon qualitative descriptions and some 

less comprehensive datasets for vertebrate fauna in central and western Queensland 

(Fisher 1999a) to extend my conclusions to a continental scale. 

Until relatively recently, distribution patterns of the flora and vertebrate fauna of the 

Northern Territory, and more generally that of north-western Australia, had only been 

examined in the context of coarse, continental-scale regionatisations (Burbidge 1960, Keast 

1981, Nix 1982, Udvardy 1982, Bartow 1985), including those based on components of the 

flora and fauna such as land birds (Kikkawa & Pearse 1969), reptiles (Cogger & Heatwole 

1981 ), Eucalyptus species (Gill et at. 1985), Acacia species (Hnatiuk & Pedley 1985), and 

elapid snakes (Longmore 1986). More recently, there have been some finer-scale studies 

that considered the entirety of the Northern Territory, or large portions of it. Bowman eta/. 
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(1988) undertook a preliminary biogeographic analysis of the vascular flora of the Northern 

Territory based on the generic composition of 0.5° grid cells and the specific composition of 

1.0° x 1.5° cells. Whitehead et af. 1992 examined biogeographic patterns of bird species in 

the Northern Territory based on records from the Australian Bird Atlas (Biakers et at. 1984) 

within 1° grid cells, and described eight avifauna! groups within four broad latitudinal zones. 

Woinarski 1992 described broad assemblages of reptiles, mammals and birds in north~ 

western Australia (north of 20°8), and Woinarski et at. (1992a) also examined mammal 

species' distribution within the same area. However, a biogeographic analysis of the 

distribution of vertebrates other than birds within the entire Northern Territory has not been 

published. 

Each of these finer-scale studies demonstrated a pronounced latitudinal banding in 

biogeographic patterns, related to the steep climatic, or more particularly rainfall, gradient 

from north to south in the Northern Territory. Each study also noted a primary 

biogeographic division across the Northern Territory at approximately the 181
h parallel, in 

accord with the division between the Torresian and Eyrean bioclimatic zones described by 

Nix (1982), and the Timorian I Torresian and Eyrean biogeographic zones (Spencer 1896, 

Burbidge 1960, Kikkawa & Pearse 1969, Keast 1981 ). To a greater or lesser degree, each 

of these finer~scale studies also recognised a biogeographic region that correlates 

approximately with the distribution of Mitchell grasslands, although the strength of this 

correlation is limited by the spatial resolution of the analyses and the spatial patchiness of 

the data used. 

A large database of the distribution of vertebrate species within the Northern Territory has 

been compiled (Price eta/. 1994, Connors et at. 1996), which has benefited from 

substantial biological survey effort in this region in the past ten years. Here, I develop 

regionalisations of the Northern Territory for each major component of the vertebi-ate fauna, 

based on composition within 0.5° cells. I also develop a regionalisation of the Northern 

Territory based on the specific vascular plant composition of 0.5° cells, again with 

substantially more distributional data than was available to Bowman eta/. (1988). It is not 

within the scope of this thesis to provide a detailed account of each of the resulting 

biogeographic regions. Rather, I focus on questions relating to the Mitchell grasslands 

biota: 

• do one of more biogeographic regions defined in the analysis correspond to th19 

distribution of Mitchell grassland communities in the Northern Territory? 

• are biogeographic regions associated with Mitchell grassland communities defined for 

each component of the flora and fauna? 
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• at this sub-continental scale of analysis, is there a set of species that are characteristic 

of biogeographic regions that are associated with the Mitchell grasslands? 

In order to more precisely determine which species are endemic to, or show a relatively 

high fidelity to·, Mitchell grasslands, I use the large distributional databases for plants and 

vertebrates to generate inferred species assemblages for each of the vegetation mapunits 

defined by Wilson eta/. (1990a) and examine the reporting rates for species within the 

Mitchell grassland mapunits. I address the questions: 

• is it possible to identify sets of species within each major taxon that have only been 

recorded (within the Northern Territory) from Mitchell grasslands? 

• similarly, which species have been recorded from Mitchell grassland communities at a 

higher rate than would be expected if they were randomly distributed between 

mapunits? 

In the following chapters, I examine variation within Astrebla grasslands in the Northern 

Territory in some detail, based on species composition within a large number of small 

sample sites. Here, I briefly examine variation at a broader scale by comparing the inferred 

species assemblages of the two Mitchell grassland mapunits described by Wilson et al. 

(1990a), and the associated shrubland and woodland mapunits occurring on cracking clay 

soils (described in Chapter 1 ). Previous analyses of vegetation data from small plots in a 

disparate range of environments in the Northern Territory north of 18°8 suggested that the 

primary determinants of vegetation structure and composition are rainfall and soil type, with 

communities on clay soil markedly distinct from those on sand and loam soils under similar 

rainfall regimes (Williams et al. 1996, Woinarski et al. 1999). Here, I use the inferred 

species composition of vegetation mapunits to examine the compositional similarity 

between Mitchell grasslands, other tussock grassland mapunits within the Northern 

Territory, and other vegetation types that characteristically occur on heavy clay soils. 

address the question: 

• is there a strong similarity in plant species composition between all vegetation 

communities in the Northern Territory that occur on heavy clay soils, regardless of the 

rainfall regime in which they occur? 
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Methods 

Biogeographic patterns- Northern Territory vertebrate fauna 

The Northern Territory Fauna Database (Price eta/. 1994, Connors eta!. 1996) is curated 

by the Parks & Wildlife Commission NT and contains point records for vertebrate species 

from a wide variety of sources, including the Northern Territory Biological Records Scheme, 

museum specimens, Birds Australia At! as records (BJakers et al. 1984), wildlife surveys 

conducted by PWCNT, published literature and unpublished reports (such as 

environmental impact assessments). This was combined with additional vertebrate records 

from a large number of systematic biological surveys, primarily in the northern half of the 

NT and undertaken since 1990 (eg. Woinarski & Braithwaite 1991, Fensham & Woinarski 

1992 , Woinarski & Fisher 1995, Griffiths 1997, Griffiths eta/. 1997a, b, Woinarski 1998, 

Woinarski eta!. 2000b, Price eta/. 2000 ), including the survey described in Chapter 4 and 

others within Mitchell grassland communities (Jaensch 1994c, Jaensch & Bellchambers 

1995, Brock 2000). After introduced species were removed, the resulting dataset 

comprised 373 630 records for a total of 857 vertebrate species, each attributed with 

species name, location (latitude and longitude), a precision associated with the location 

data, date and source. 

The Northern Territory (south of 11°S) was divided into 540 cells of 0.5° latitude and 

longitude, of which 501 contain some land area. Cells of this size were chosen as a 

compromise between maximising spatial resolution and minimising the proportion of cells 

that had insufficient records for analysis. Using ArcView GIS (ESRI 1996), vertebrate 

records were attributed to cells and a matrix of cells by species derived. All records with a 

location precision poorer than 16 OOOm and those for species occurring in but a single cell 

were excluded from the analyses, resulting in a final dataset of 361 292 records and a total 

of 801 vertebrate species. The densities of records and species vary greatly between cells 

(Fig. 2.1" [figures and tables marked with an asterisk are at the end of the Chapter)), 

reflecting the substantial biases in sampling effort within the Northern Territory. 

Dissimilarities between cells according to their species composition were calculated using 

the Kulczynski coefficient. This has shown to be a robust association measure for 

ecological data (Faith eta/. 1987) and, in trials using this dataset, resulted in more. 

geographically coherent groupings than the Czeckanowski or Two-Step (Belbin 1994b) 

measures. Cells were classified using agglomerative hierarchical fusion (routine UPGMA 

in PATN: Belbin 1994b) and the resulting dendograms were inspected and truncated to 

define a small number (between 5 and 1 0) of groups at a point where group structure 
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appeared most coherent. Cells with a small number of records and with several species 

recorded from but few cells tended to form groups with one or few members, and these 

cells were considered to be misclassified. 

Classifications were carried out separately for bird, landbird (ie. excluding seabirds, waders 

and waterbirds from the families Ardeidae, Anatidae, Anhingidae, Anseranatidae, 

Charadriidae, Ciconiidae, Fregatidae, Gruidae, Haematopodidae, Jacanidae, Laridae, 

Pelecanidae, Phalacrocoracidae, Podicipedidae, Rallidae, Recurvirostridae, Rostratulidae, 

Scolopacidae, Sulidae, and Threskiornithidae), mammal, terrestrial mammal (ie. excluding 

bats and marine mammals), reptile and frog species, as well as all terrestrial vertebrate 

species (ie. land birds, non-bat mammals, reptiles excluding marine turtles and seasnakes, 

and frogs) combined. Only cells with a minimum of 10 species recorded were used in the 

classifications for birds (424 cells and 371 species), landbirds {421 cells and 251 species) 

and terrestrial vertebrates (438 cells with 629 species); a minimum of 5 species for reptiles 

(352 cells and 275 species) and mammals {270 cells and 105 species); a minimum of 4 

species for terrestrial mammals (274 cells and 72 species); and a minimum of 3 species for 

frogs {165 cells and 46 species). 

Biogeographic patterns- Northern Territory flora 

Geocoded plant species records were collated from two sources: specimens held at the 

Northern Territory Herbarium (148554 records from within the Northern Territory); and 

species lists for 0.4ha plots sampled by staff of the Herbarium (53948 records from 3034 

plots). The latter dataset, although restricted to the northern half of the NT, is valuable in 

partly overcoming the bias in herbarium collections against common, easily identified or 

hard to sample taxa. The combined dataset included 195408 records comprising 4707 

species-level taxa, of which 4349 are formally described. While Woinarski et at. (1996) 

compiled a database of c. 250 000 geocoded plant records for the NT, approximately 50% 

of these were unvouchered and have not been included here because of potential 

ambiguity about their identity. 

Plant records were attributed to 0.5° cells, species recorded from but a single cell removed, 

and the cells classified according to their species composition using the procedure 

described for vertebrates. As for vertebrates, there is a very uneven distribution of records 

between cells (Fig. 2.2*), and only the 413 cells with at least 25 species were included in 

the analysis. Trials indicated that if the classification was restricted to cells with at least 50 

species, similar patterns were obtained but 51 fewer cells were included. 
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Characteristic species 

For each classification, species 'characteristic' of each group were identified as those 

occurring in at least 33% of cells in that group and less than 33% of cells in all other 

groups. 

Relationship between regionalisations and Mitchell grassland communities 

The spatial distribution of groups in each regionalisation was portrayed using ArcView GIS. 

In order to define how strongly Mitchell grasslands and associated communif1es were 

spatially associated with groups, regionalisations were intersected with the Northern 

Territory vegetation map (Wilson et at. 1990a) and the area of each mapunit within each 

group calculated for relevant mapunits. Conversely, to define how faithful groups were to 

Mitchell grasslands the proportion of cells within each group that were 'Mitchell grassland 

cells' was calculated. Mitchell grassland cells were defined as those 0.5° cells with at feast 

25% of their area mapped as Mitchell grasslands or associated communities. 

Species composition and recording frequency within vegetation mapunits 

Using ArcView GIS, all geocoded records in the vertebrate and flora databases described 

above were intersected with the 1:1 000 000 Northern Territory vegetation map (Wilson et 

at. 1990a) and each record attributed with on eof the possible 112 vegetation mapunits. 

This approach has obvious limitations to its ability to accurately predict the vegetation 

community from which each record was sourced, due to the coarse scale of the vegetation 

mapping; the likelihood that some communities were poorly delineated; and the 

imprecision associated with some location data. However, these limitations are probably 

less severe for Mitchell grasslands communities, which generally have sharply defined 

boundaries and are readily distinguishable in remote imagery. In order to reduce errors 

introduced by this analysis, the boundaries of vegetation mapunits of interest were buffered 

inward by 1000m (to reduce the probability of incorrectly assigning mapunits to records 

close to boundaries); and all vertebrate records with a location precision poorer than 

2000m were excluded. Although precision was not reported for herbarium records, 

examination of the data suggested few records had locations with low precision (whole 

degrees or simple fractions of degrees). Recording rates were also potentially biased by 

multiple collections of a species from the same location, therefore duplicates within each 

dataset (defined as species records with identical latitude, longitude and date), were 

removed prior to analysis. 
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Table 2.1 Vegetation mapunits (Wilson eta/. 1990a) referred to in this chapter (see Fig. 2.3 for 
distribution). 

Mapunlt Description 

Mitchell grasslands 

96 Astreb/a grassland, cracking clay plains in Barkly Tableland and VRD 

97 Astrebla, mixed species grassland with scattered trees and shrubs, cracking clay of basic volcanics in 
theVRD 

'Related communities' . 

26 E. microtheca woodland with Eulalia and Astreb/a grassland understorey, low lying plains and fringing 
watercourses and swamps in the Barkly Tableland 

28 E. microtheca woodland with Chenopodium shrubland understorey, broad intermittent drainage 
depressions in the Barkly Tableland 

62 Acacia georginae woodland with Astreb/a grassland understorey, south-east Barkly Tableland 

107 Chenopodium shrubland with ephemeral grassland understorey, drainage dep--essions subject to 
periodic inundation in Barkly Tableland and southern VRD 

Other communities on heavy clay soils 

98 Chrysopogon fa/lax, Dicanthium fecundum grasslands, typically occurring on heavy clay soils 
immediately to the north of the Mitchell grasslands 

24 &25 E. microtheca woodlands with Eulalia, Dicanthium and Chrysopogon understorey, occurring on heavy 
clay soils in floodplains between c. 14° & 18° S 

44& 45 Terrninalia and Lysiphyllum woodlands with Eulalia, Dicanthium, Chrysopogon and Sehima understorey, 
occurring on clay soils of flat to undulating plains in the Victoria River, northern Barkly and Gulf regions 

53 Grassland & sedgelands, occurring on cracking clay soils of the floodplains of major rivers along the 
northern NT coastline 

Other tussocks grasslands 

98 as above 

53 as above 

103 & 104 Vetiveria and Xerochloa grasslands, occurring on coastal plains and saline flats 

The total number of records was tallied for each species within each of the Mitchell 

grasslands mapunits (96 & 97) and associated communities (mapunits 26,28,62 &107; 

Table 2.1 and Fig. 2.3*). For each species, the tally within the vegetation unit was also 

expressed as a percentage of the total Northern Territory records for that species. Species 

demonstrating fidelity to individual vegetation units were defined at five levels, having 

100%, 75%, 50%, 25% or 10% of records within that unit. The lowest level of fidelity still 

represents a reporting rate substantially higher than would be expected if species were 

distributed randomly according to either the percentage of all NT records within the mapunit 

or the proportional area of the mapunit. The Mitchell grasslands and associated 

communities occupy 6.1% of the land area of the NT, but account for only 1.9% of all plant 

records, and 3.0% of all vertebrate records (Tables 2.5, 2.8). 

Species records were also tallied for other mapunits associated with heavy clay soils and 

other tussock grasslands in the Northern Territory (Table 2.1 ). The number of species 

present in mapunit 96 but absent in mapunit 97, and vice versa, were tallied; as well as the 

number of species present in each of the other mapunits examined but absent from both 

Astrebla grassland units. 
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Results 

Biogeographic patterns 

Each of the classifications was largely successful in defining geographically coherent 

groups at a coarse (5-6 group) level (Figs 2.4*, 2.5*, 2.6") and a finer 12-group level for 

plants. Groups were least tightly defined for mammals and frogs, for which there were a 

high proportion of cells having few records. While it is not within the scope of this thesis to 

examine each regionalisation in detail, they are described briefly below. Whitehead eta/. 

1992 analysed the distribution of avian groups in relation to a range of variables describing 

climate, vegetation structure and floristic variation. Here, I simply visually compare 

biogeographic patterns with maps of mean annual rainfall (Fig. 2.7*) and broad vegetation 

classes (Fig 2.8*). Characteristic species for every group in each regionalisation are not 

listed in this thesis, rather I list characteristic species for the groups most closely 

corresponding to the distribution of Mitchell grasslands (Tables 2.2* & 2.3*). The 

hierarchical relationships between groups in each ordination is shown in Fig. 2.4*. 

Vascular Plants 

At the 5-groups level (Fig. 2.5a*) there is a primary division at c. 18° S, corresponding 

closely to the 600mm isohyet. The northern NT is divided into two zones, the first including 

all the coastline and the higher rainfall areas of the northern Top End; the second 

approximately south of the 800mm isohyet. The southern NT is divided into three zones, 

the most northerly of which closely corresponds to the cells containing Mitchell grasslands. 

A fourth zone encompasses the extensive hummock grasslands of the Tanami Desert and 

peneplain south of the Barkly Tableland, and the fifth zone incorporates the central 

Australian ranges and the mulga (Acacia aneura) woodlands and shrublands between 

them, as well as the gidgee (A georginae) woodlands at the most southern extent of the 

Barkly Tableland. 

The 12-group regionalisation (Fig. 2.5b*) subdivides each of the 5 broad groups, with the 

finer divisions remaining largely geographically coherent: 

• the northern Top End region is divided into a near-coastal zone (gp1} and a second zone 

(gp2) that encompasses the sandstone plateaus and ranges of eastern Arnhem Land, 

western Arnhem Land, the Pine Creek-Nitmiluk area and the Fitzmaurice River area. The 

latter zone captures one of the centres of endemism in the Northern Territory for plants, on 

the western Arnhem plateau (Woinarski et al. 1996, Crisp et af. in press). Many of the 

characteristic species of the near-coastal zone (173 species) are associated with mangrove 

or strand communities; coastal vine thickets and lowland wet monsoon rainforests (Russell-
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Smith 1991 ); seasonally-inundated coastal floodplains (Cowie eta/. 2000, Wilson eta/. 

1990b) or riparian Mela/euca forests. The second group also has a large number (184) of 

characteristic species that are largely typical of heathlands and woodlands of the sandstone 

ranges (Russell-Smith eta/. 1998), including endemic species from the families Dilleniaceae, 

Mimosaqeae, Myrtaceae and Stylidiaceae. 

• The southern Top End region has two small groups separated from a third comprising the 

majority of cells. Group 4 encompasses the residual lateritic Sturt Plateau and the majority 

of the characteristic plant species are associated with the lancewood (Acacia shirley!) and 

bullwaddy (Macropteranthes keckwickii) communities that are restricted to this region 

(Woinarski & Fisher 1995). The second group (gp5) is apparently an artefact of the 

classification and consists of 13 heterogeneous cells, with no species classed as 

characteristic. The remaining cells (gp3) encompass a variety of eucalypt woodland 

communities and have relatively few characteristic species. 

• The mid-latitude region is split into two groups, one of which (gp 7) incorporates most of the 

Mitchell grassland cells in the Barkly Tableland. There are 43 plant species characteristic of 

this group, most of which have a high fidelity to Mitchell grassland mapunits (see below) and 

were also frequently sampled during the survey described in Chapter 3. Group 6 includes 

cells on the northeastern, northwestern and southwestern margins of the Barkly Tableland 

as well as the majority of Mitchell grassland cells in the southern Victoria River region. 

However, the small number of plant species characteristic of this group, other than 

Desmodium muelleri, are not found on cracking clay soils (Wheeler 1992). 

• The Tanami zone is split into two groups; one encompassing most of the Tanami Desert 

proper (gp9), and the second on the northern edges of the Tanami and occupying most of 

the peneplain south of the Barkly Tableland (gp 8). The Tanami group has very few 

· characteristic species, which likely reflects both the low dissimilarity between groups 8 and 9 

and the poor sample density over much of this area (Fig. 2.2). 

• The most southern zone is divided into three groups. Group 11 encompasses the 

MacDonnell Ranges, Petermann Ranges and Yulara area and has a large number of 

characteristic species (153). While this is the most intensely sampled area in the southern 

NT, it is also a major centre for diversity amongst NT plants (Woinarski et a/. 1996, Boden & 

Given 1995) although not necessarily endemism (Crisp et al. in press). Group 10 

incorporates the mulga (Acacia aneura) woodlands to the north and northeast of the central 

ranges, as well gidgee (Acacia georginae) woodlands at the southern extent of the Barkly 

Tableland. Group 12 incorporates the hummock grassland and sparse shrublands in the far 

south of the NT, including the margins of the Simpson Desert. 

The classification using all bird species defined five groups, with the primary division 

between groups approximately corresponding with the 181
h parallel (Fig 2.6a*). Major 

island groups and most coastal cells are separated from a large group containing the 
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remainder of northern NT cells. Characteristic species of the coastal group are those 

specific to mangroves, coastal vine-thickets and near-coastal monsoon rainforest in 

addition to seabirds and waders; while the second group has a somewhat disparate 

collection of characteristic species. In the southern NT, two smaller groups are separated 

from a third containing the majority of cells; one of the former is centered on the Tanami 

Desert and the other corresponds closely to the Mitchell grassland cells of the Barkly 

Tablelands. The majority of characteristic species of the latter group are waterbirds or 

waders. 

When the classification is restricted to landbirds, more evenly-sized groups result, although 

the primary division remains close to the 181
h parallel (Fig. 2.6b*). Six groups are defined: 

• A far northern zone (gp1 ), with a southern boundary approximately corresponding to the 

1 OOOmm isohyet. Characteristic species of this group are mostly associated with more 

mesic environments (mangroves, monsoon rainforest, riparian zones), although some 

species typical of open forest and woodlands are included (Partridge Pigeon, Forest 

Kingfisher, Lemon-bellied Flycatcher). 

• A drier northern zone, which in addition to the woodlands and open woodlands south of 

Katherine, also includes the rocky ranges and sandstone plateaus of the Pine Creek­

Nitmiluk area. The small number of characteristic species include those typical of dissected 

sandstone (Sandstone Shrike-thrush), lancewood thickets (Apostlebird), riparian areas 

(White-browed Robin) and sparse woodland (Pictorella Mannikin) as well as savanna 

woodland (Yellow-tinted Honeyeater). This group includes the more northerly Mitchell 

grassland cells from the west of the Northern Territory. 

• A small, geographically incoherent group (gp3) with cells in central and far southern Northern 

Territory. This group is most likely an artefact of the classification, and has no characteristic 

species. 

• A group closely corresponding to the Mitchell grassland cells in the Barkly Tableland and 

the more southerly Mitchell grassland cells in the west, although it also includes a few 

scattered cells further to the south. Characteristic species include the Flock Bronzewing, 

which is largely restricted to Mitchell grasslands throughout Australia; the Yellow Chat, which 

is most common in Chenopodium shrublands in the Barkly Tableland (Strong & Fleming 

1987) and three other species that, although widespread, show relatively high reporting rates 

in Mitchell grassland (see below). 

• Group 5 incorporates most of the Tanami and Simpson Desert, but also the southernmost 

extent of the Barkly Tableland. Although this is a large group, it has only two characteristic 

species. 

• A large southern zone (group 6) that includes the central Australian ranges and mallee 

woodlands, as well as a disjunct area on the northwestern margin of the Tanami desert. The 

majority of characteristic species are broadly distributed in Acacia woodlands and open 

woodlands in the arid zone. 
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Reptiles 

Similarly to landbirds, classification of cells by reptile composition defines two broad groups 

in the northern NT and four groups in southern NT, with an additional four widely scattered 

cells considered to be misclassified (Fig. 2.6e*). The most northern group is approximately 

bounded by the 1200mm isohyet although it includes some more southerly, coastal cells. 

Characteristic species include those restricted to relatively mesic habitats (Dendrelaphis 

punctulata, Tropidonophis mairii, Carlia gracilis, Glaphyromorphus douglas!) but also some 

widespread woodland species (Morethia storri). The second, larger Top End group 

extends south to c. 18°8, which again defines the primary division in the classification. 

Most characteristic species of this group are widespread in tropical savanna woodlands. 

In contrast to the landbird regionalisation, the largest southern reptile group incorporates all 

of the Tanami Desert and most of the cells between the Barkly Tableland and the 

MacDonnell Ranges, although there is only one species characteristic of this group. A 

smaller group contains the MacDonnell Ranges and most of the (adequately sampled) cells 

to the east and south. Species characteristic of this group are generally widely distributed in 

southern NT, so the distinction between groups 4 and 5 may reflect differences in sampling 

adequacy (Fig. 2.1*) rather than a real pattern. Group 6 occupies most of the Mitchell 

grassland cells in the Barkly Tableland and some Mitchell grassland cells in western NT, as 

well as a few scattered cells elsewhere. Each of the characteristic species for this group 

also shows a strong fidelity to Mitchell grassland communities in the analysis below. Group 

3 occupies a small number of cells, mostly on the margin of the Simpson Desert and is 

defined by a small number of species with restricted distributions in southern NT. 

Mammals 

Patterns of mammal distributions are obscured by the large number of cells with few 

species recorded (and possibly by local extinction of many species in parts of the arid zone: 

Woinarski & Braithwaite 1990). The classification using all mammal species is strongly 

influenced by bat species, and is likely to be substantially biased by the extremely patchy 

record for most microbat species (Fig 2.6c"). When bats are removed from the 

classification, six more-or-less coherent groups are defined (Fig. 2.6d"). Again, a northerly 

and southerly group is defined within the Top End, the division at c. 14.5°8. The northerly 

group has a relatively large number of characteristic species, including those associated 

with sandstone plateaus (Pseudantechinus bilarm); floodplains, coastal or riparian zones 

(Melomys burtoni, Rattus colletti, Hydromys chrysogaster) and open forests 

(Mesembriomys gouldii, Trichosurus vu/pecu/a). The more southerly of the two groups, 

however has no characteristic species. Neither does Group 3, which occupies 11 of the 27 

(filled) Mitchell grassland cells and 10 cells to the north of the Mitchell grasslands. Group 3 

is related to the two northerly group and the primary division is less sharply etched, 
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geographically, than other regionalisations. On the southern side of the primary division, 

Group 5 incorporates the Davenport, MacDonnell and Petermann Ranges, and has 

characteristic species that are typical of rocky ranges. Group 6 is a small group largely 

defined by the presence of the Bilby (Macrotis lagotis). The remaining cells in southern NT 

fall into the large group 4, whose only characteristic species is the widespread Sminthopsis 

youngsoni, and 15 of the Mitchell grassland cells are also included in this group. 

The frog regionalisation is the least satisfactory as, in southern Northern Territory, only the 

small number of cells that are in the immediate vicinity of Alice Springs or have been 

subject to intensive survey (eg. Gibson 1986, Reid eta/. 1993) have sufficient records to be 

included. Five groups were defined; three northern (generally lying north of 19°8 but 

including two cells further south) and two southern (Fig. 2.6f*). In the south, cells including 

the MacDonnell ranges separate from scattered cells to the north, northwest and 

southwest. In the north, there is a large Top End Zone, which contains within it a small 

group of three cells centered on the western Arnhem Land escarpment and characterised 

by endemic or restricted species such as Litoria personata and L. meiriana. The third 

northern group is restricted to drier areas south of Katherine and has no characteristic 

species, although a number of Cyclorana species are restricted to this latitudinal zone (C. 

cultripes, C.longipes, C. maculosa, C. vagita). The latter group includes 11 of the 13 filled 

Mitchell grassland cells. 

Vertebrates 

The classification based on all 'terrestrial' vertebrate species (ie. excluding bats and 

including only landbirds), reprises the pattern seen in many of the other regionalisations 

(Fig. 2.6g"'). The northern half of the Northern Territory is divided into two latitudinal zones, 

with the boundary approximately coincident with the 1 OOOmm isohyet. The most northerly 

zone has a long list of characteristic species, many of which are restricted to relatively 

mesic habitats. The more southerly zone has a much shorter list of species, many 

widespread in the drier eucalypt woodlands. The southern half of the Northern Territory is 

not divided on a latitudinal basis, but rather has three smaller groups split from a very large, 

broadly distributed group characterised by a number of bird species found throughout arid 

open woodlands and shrublands. The three smaller groups comprise one covering most of 

the Tanami Desert and far western NT; another of only nine scattered cells, the majority of 

which are immediately south of the Barkly Tableland; and one centered on the Mitchell 

grassland cells of the Barkly Tableland. The latter group has a relatively long list of 

characteristic species, including many of the vertebrates identified below as having a high 

fidelity to Mitchell Grassland mapunits. 
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Biogeographic patterns in relation to Mitchell grasslands 

The relationship between Mitchell grassland mapunits and groups within each 

regionalisation is summarised in Table 2.4*. Several patterns are evident: 

• For most regionalisations (5~group plants; terrestrial vertebrates; all birds; landbirds; 

reptiles) the Astrebla grasslands (mapunit 96) are strongly associated with a single 

group (73% or better of total area within the group). Conversely, that group is also 

strongly associated with Mitchell grassland cells (75% or better of cells are Mitchell 

grassland cells). For plants at a 12-group level, one group is exclusively associated with 

Mitchell grassland cells, but covers only 64% of the area of mapunit 96. 

• For mammals and non-bat mammals, Astrebla grasslands are less tightly associated 

with a single group, and neither is a single group strongly faithful to Mitchell grassland 

cells. 90% of the (classified) area of Astrebla grasslands falls within a single group in 

the regionalisation for frog species, but this group is widespread outside Mitchell 

grassland cells. 

• In almost all cases, mapunits 26, 28 and 107 are associated with the same group as 

mapunit 96 and, unsurprisingly given the limited area and extent of these units, the 

strength of the association is generally greater. 

• For all regionalisations other than frogs, mapunit 97 is most closely associated with a 

different group to mapunit 96. In each regionalisation, the groups with which mapunit 97 

is most closely associated has only a small proportion of its extent coinciding with 

Mitchell grassland cells. The exception is non-bat mammals, where half of the cells in 

group 3 correspond with the more northern Mitchell grassland cells. 

• For plants, all birds and landbirds, most of the area of mapunit 62 falls within a different 

group to the Astrebla grasslands. However, for mammals, non-bat mammals, reptiles 

and terrestrial vertebrates, mapunit 62 is most closely associated with the same group 

as mapunit 96. 

Species composition and recording frequency within vegetation mapunits 

The density of plant records within Mitchell grassland and associated mapunits is low and 

disproportionate to their area (Table 2.5); the low open woodlands and Chenopodium 

shrublands in drainage areas are particularly poorly sampled. A total of 822 plant species 

have records falling within the target mapunits, 694 of these species being represented in 

the Mitchell grassland units. Mapunits 26, 28 and 107 contain few species that are not also 

represented within mapunits 96 and 97 (Table 2.6), while 31% of species in mapunit 62 

have not been recorded within Mitchell grassland mapunits. The other tussock grasslands 
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Chapter 3. Vegetation of Mitchell grasslands in the Northern Territory: 

biogeography and environmental relations 

Introduction 

Some understanding of the distribution of b1odivers1ty within a region or landscape is an 

obvious prerequisite for conservation planning. whether this planning involves the selection 

of representative conservation reserves ( eg. Margules et a/. 1988. McKenzie et a/. 1989, 

Pressey eta/. 1993) or defining areas of appropriate land use intensity (eg. Morton et at. 

1995b). In Chapters 3-5. I describe the results of a systematic biological survey of the 

Mitchell grasslands, that sought to provide detailed information on the distribution of plant 

and animal species in this distinctive environment. and the relationship with environmental 

variation. Most large-scale biological surveys focus on describing biolog1cal vanation 

between relatively heterogeneous environments within a region. where they may be 

marked discontinuities in landform, geology, soils and vegetation types (eg. Austin & 

Heyligers 1991. McKenzie et at. 1991, Woinarski & Braithwaite 1991 ). Conservation 

planning at a regional scale is similarly typically focused on reserving beta (between 

habitat) divers1ty. to the extent that environmental mapping or land classifications are often 

used as surrogates for biodiversity (Belbin. 1993 #2. Pressey. 1993 ). However, in this study 

I have a sampled variation within an vegetation type that is relatively homogeneous over a 

very large geographic extent ( 100 000km2 scale). for which existing land classifications (for 

example Wilson eta/. 1990a) provide little guidance in conservation planning. The 

biological survey and subsequent analyses probe this perception of homogeneity and the 

implications for conservation management. How do species of the Mitchell grassland 

communities weave their way in and out of a subtle environmental matrix? Is it possible to 

subdivide the Mitchell grass communities into distinct assemblages of species and/or 

relate biotic variation to environmental vanation? Is the biotic variation so minor or subtle 

that spatial variation is swamped by temporal variation? Can conservation planning 

techniques founded on marked environmental discontinuities be applied in such as 

extensive and apparently homogeneous environment? 

Previous floristic inventory and description 

Previous accounts of the floristic composition of Mitchell grasslands and related 

communities have been fragmentary, particularly in the Northern Territory. There are many 

qualitative descriptions of gross variation in these communities at a regional scale (see 

references and summary in Chapter 1 ). Greater detail is provided in a series of regional 
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accounts of the vegetation of central and western Queensland (Boyland 1984, Neldner 

1984. Neldner 1991 ). which describe vegetation associations. grouped in broad vegetation 

groups. In central-western Queensland. for example. Neldner (1991) describes nine 

Astreb/a-dominated associations, and another 26 associations have Astrebla spp. as 

'frequent' components of the ground layer. Unfortunately, descriptions of associations are 

not necessarily comparable between the three regions. and the basis for distinguishing 

associations is not always clear. A substantial plot-based floristic data set from vegetation 

surveys in Mitchell grasslands in Queensland was collated by Fensham eta!. (2000) , who 

described floristic variation in relation to broad-scale environmental gradients of climate, 

grazing and landform. However, only coarse indices of the latter two variables were 

included in their analysis, and the importance of local-scale environmental variation (from 

example in soils and drainage) could not be accounted for. 

In the Northern Territory, qualitative descriptions of floristic variation accompanied 

unpublished land unit mapping of the Victoria River district (R. Karfs, NT DLPE pers. 

comm.) and selected properties in the Barkly Tableland (R. Grant. NT, DLPE pers. comm.). 

Comprehensive floristic data have also been collected from pasture monitoring plots in the 

Victoria River district (Karfs & Lynch, unpublished data); from a grazing trial at Mt Sanford 

(Victoria River Downs Station; MacDonald. unpublished data); and from a trial of the effects 

of grazing and fire at Connell's Lagoon Conservation Reserve (Allan & Liddle. unpublished 

data); while Egan (1995) quantified plot-scale floristic variation between major pasture 

types in the Victoria River region , including some sites in Mitchell grasslands. Floristic lists 

have been compiled for Connell's Lagoon Conservation Reserve (Johnson eta/. 1982) and 

Junction Stock Reserve (Fleming et al. 1983) in the Barkly Tableland. and Low & 

colleagues (eg. Low & Strong 1986a, Low eta/. 1988, W.A. Low Ecological Services 1984) 

compiled floristic lists for many of the properties in the Barkly Tableland and VRD, 

although these were based on brief reconnaissance surveys only. In a companion study to 

the one described here, Brock (2000) described floristic variation in Bluebush 

(Chenopodium auricomum) swamps occurring in seasonally-inundated depressions in the 

cracking-clay plain on the Barkly Tableland. 

Previous ecological studies 

Quantitative ecological studies of Mitchell grassland vegetation have generally been at a 

property or paddock scale and have concentrated on the dynamics of the major perennial 

grass species (see Chapter 1 for references and summary). A smaller number of studies 

have considered (or at least reported) a wider range of species (Roberts eta/. 1976, Hall & 

Lee 1980, Orr 1980a, Orr 1981, Foran & Bastin 1984, Bowman eta!. 1996) and have 

80 Chapter 3. Vegetation of Mitchell grasslands 



recorded substantial temporal variation in floristic composition at a local scale. In addition 

to change in total biomass, basal area or projected foliage cover, reported temporal 

variation has included changes in one or more of the relative proportions of the dominant 

perennial grasses; the relative proportion of perennial and annual grasses; the relative 

proportions of perennial grasses and annual forbs; and the relative abundance of individual 

species. The majority of studies have demonstrated a negative correlation between the 

abundance of perennial grasses and the abundance of forbs and annual grasses. although 

Bowman eta/. (1997) described 5 patterns of response to variation in the density of Mitchell 

grass for the frequency of 1nd1vidual forbs and annual grass species. The abundance of the 

annual grass lseilema spp. may also increase independently of Astrebla density (Hall & Lee 

1980. Orr 1981). Genus richness varied substantially between years and was negatively 

correlated to Astrebla abundance in some sites in southern Queensland (Orr 1981 ). but 

species richness of annual grass and forbs was positively correlated with Astrebla cover in 

central Queensland, and was highest at intermediate levels of Astrebfa density in 

northwestern NSW (Bowman et a/. 1996 ). Temporal fluctuation in floristic composition has 

been attributed to temporal variation in annual rainfall , and changes in composition have 

been explained in terms of the differential response of maJor perennial grass species to 

drought; differential rates of recovery following rainfall; and the competitive exclusion of 

annual grasses and forbs by dense perennial tussocks. Most authors have concluded that 

temporal changes in composition of Mitchell grasslands due to rainfall variation outweigh 

variation due to other effects such as grazing (see Chapter 7). However, apart from the 

analysis of Fensham et a/. (2000). the extent of spatial variation in floristic composition at 

paddock. property and regional scales, and the relationship of floristic variation to natural 

environmental variation remains inadequately understood, particularly for the more northern 

extent of the Mitchell grasslands. 

Aims of th1s study 

In this chapter I describe the results of a systematic inventory of floristic composition and 

vegetation structure at sample sites throughout the environmental and geographic range of 

Mitchell grasslands in the Northern Territory. Sampling also incorporated woodlands and 

shrublands on cracking and non-cracking clay soils (the ·related communities' described in 

Chapter 1) and, for comparative purposes, some vegetation types on non-clay soil adjacent 

to the cracking-clay plains. In analysing these data. I seek to address a number of 

questions: 

• what is the extent of variation in floristic composition within the sample area? 

• can distinct floristic assemblages be identified? At a coarse scale, does floristic 

variation reflect the vegetation mapunits described by Wilson et al. (1990a)? Can 
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variation at a finer scale be described within the broad geographic spread of the 

Astrebla grasslands in the Northern Territory? 

• to what extent can variation in floristic compositton. and variation tn the abundance of 

individual species be predicted from variation 1n measured envtronmental vanation? 

• can the influence of spatial and temporal variability in seasonal rainfall be separated 

from that of other environmental factors? 

Spatial variation in the floristic composition of the Mitchell grasslands clearly cannot be 

considered in isolation from temporal variation. but temporal variation cannot be adequately 

sampled in the limited period of studies such as this. This is a problem common to much 

ecological research in the Australian rangelands (eg. Stafford Smtth & Morton 1990, Friedel 

1991) and applies equally to at least some elements of the fauna (eg. Carstairs 1974, 

Predavec 1994 ). The rainfall history of sites sampled during th is study cannot be 

adequately estimated directly because of the sparsity of climate stations in the area. 

However, temporal changes in amount of green vegetation can be quantified ustng satellite 

imagery (Cridland eta/. 1998). A number of studies have demonstrated a relationship 

between the Normalised Difference Vegetation Index (NDVI) derived from NOAA/AVHRR 

satellite data and the biomass or annual above-ground net primary productivity of 

vegetation in different regions and ecosystems, particularly grasslands (Paruelo & 

Lauenroth 1995, Paruelo eta/. 1997 and references therein) and NDVI imagery has been 

widely used to monitor vegetative cover or productivity (eg. Tucker & Sellers 1986. Foran & 

Pearce 1991 , Maselli et at. 1992 Pelkey et at. 2000). As NOAA/AVHRR data is available at 

short intervals (typically biweekly), the NDVI can be used to monitor the timing and extent 

of 'flushes' of green vegetation in response to seasonal rainfall and, in comparison to 

similar data over periods of years. to assess the relative ··quality" of a season (Cridland et 

a/. 1998). Here, I use NDVI data to estimate the relative "greenness" of the vegetation at 

vegetation sample sites in the short-term (year of sampling) and medium-term (3 years 

prior to sampling) and investigate whether these variables explain variation in floristic 

composition between sites. 

Environmental variation may incorporate both ·natural' variation and that imposed by 

patterns of landuse. In the Mitchell grasslands. the latter primarily relates to the provision 

of permanent water sources throughout the landscape and the effects of stocking pressure 

on the vegetation. In analysing the relattonship between environmental variation and 

floristic variation I incorporated indices of stocking pressure in addition to 'natural' 

environmental variables. While I touch on these results here, they are described in more 

detail in Chapter 7. In Chapters 4 & 5. I describe the results of a systematic inventory of 

vertebrate and ant fauna at the same sites as those sampled for vegetation. and I make 
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some comparisons between distribution patterns of these disparate components of Mitchell 

grassland biodiversity in Chapter 6. 

Methods 

Sample sites 

Sampling of vegetation was based on 1ha (100x100m) quadrats, which were also used for 

fauna sampling. Quadrats were situated within large areas of apparently homogeneous 

vegetation and landform, except where they were deliberately placed to sample distinctive 

landscape features with a limited extent. Each quadrat and equivalent habitat in the 

immediate vicinity is referred to as a site. 

Sites were located to sample the geographic extent and the range of environmental 

variation in Mitchell grasslands in the Northern Territory, entailing stratification at regional 

and local scales. Sampling occurred at 12 locations (Fig. 3.1) that encompassed the 

geographic extent of Mitchell grasslands in the Barkly Tableland and Victoria River district 

(VRD); incorporated the major climate gradient through the area; and included the 

Astreblalmixed species grassland (mapunit 97 of Wilson eta/. 1990a) and Acacia 

georginae woodland (mapunit 62) in addition to the extent of Astrebla pectinata grassland 

(mapunit 96). In selecting sample locations, consideration was also given to the possibility 

of sampling two or more land systems; the possibility of sampling across a wide range of 

grazing intensities; and the ease of access. At each location. between 5 and 10 sites were 

chosen to sample local variation in lithology, soil texture. drainage or landuse intensity. 

Sites that were primarily chosen to sample local variation in natural environmental factors 

were located in areas of light to moderate grazing pressure (where such areas existed). 

Distance from permanent water was used as a surrogate for landuse intensity (see Chapter 

7). At each location, at least one site was sampled that was subject to relatively heavy, 

moderate and light stocking pressure (c. 1km, 3km and ~5km from water respectively). 

Three of the sample location (Helen Springs, Rockhampton Downs and Alexandria) were 

selected because it was possible to sample relatively long distance-from-water gradients 

(up to 8.5km from water) in otherwise homogeneous Mitchell grassland, and 8-9 sites were 

placed along each of these gradients. Twenty sites were also sampled at Connell's Lagoon 

Conservation Reserve, 10 within the reserve and 10 immediately outside the boundary 

fence in adjacent pastoral properties. Further details of sampling variation due to land use 
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Figure 3.1 Location of biological survey sites. The shaded area shows the extent of Mitchell 
grassland and related communities in the Northern Territory (Wilson et a/. 1990a ). Letters refer 
to location names; the number of sites sampled at each location is in brackets: A, Alexandria 
(9); B, Birrindudu (5); GO, Georgina Downs (8); HA, Hayfield (7); HS, Helen Springs (9); K. 
Kirkimbie (8); L, Limbunya (3); LN. Lake Nash (7); MS, Mt Sanford (7); S. Soudan (8); WR, 
West Ranken (9); CL, Connell's Lagoon Conservation Reserve (20) . Sites at Limbunya were 
sampled only briefly and are not included in the analyses. 

are given in Chapter 7. All quadrats were situated a minimum of 200m from tracks and 

fencelines, as greater levels of cattle use are generally associated with these features. 

At sample locations that bordered areas of contrasting habitat (Acacia or Eucalyptus 

woodlands on loam or sandy loam soils), two sites were also established in these habitats. 
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A total of 107 sites were sampled, comprising 8 sites on non-clay soils; 22 sites that were 

woodlands, open woodland or shrublands on hard clay or cracking-clay soil (equivalent to 

the 'related communities' described in Chapter 1 ); and 77 sites that were grasslands or 

very sparse woodlands. Of the latter, 7 sites were located on hard clays with a high cover 

of surface gravel, usually occurring on small rises that lie a few meters above the level of 

the cracking-clay plain; and the remainder were 'typical' grassland on widely-cracking clay 

soils. 

Sites were sampled between November 1994 and April 1997. Each site was sampled 

twice- once in the early dry season (March to June) and once in the late dry season 

(September to December). Floristic data were collected during the early dry season 

sample and vegetation structure and gross composition were quantified at both sample 

times. The early dry season sample at a number of sample locations followed a relatively 

poor wet season. For the majority of these sites, floristic data were collected again in April 

1997 after a very good wet season. 

Vegetation sampling 

All vascular plant species occurring within the 1 ha quadrat were recorded, along with 

dominant upper storey species (if present) in an unbounded plot centered on the quadrat. 

The crown cover of each species in the upper storey (where present) was estimated from 4 

points around the margin of the quadrat using a variable radius measure (Friedel & 

Chewings 1988). Larger trees and shrubs outside the quadrat could therefore be included. 

Upper storey species within the quadrat that were not captured by the variable radius 

measure were recorded with a cover of 0.01%. The ground layer was subsampled using 

16 1m2 plots arranged in a regular grid within the quadrat. Each plant species present in 

every small plot was recorded and the projective foliage cover estimated using a cover 

abundance scale with eight classes (<1% & solitary, <1% & few, 1-4%, 5-24%,25-49%, 50-

74%, 75-94%, 95-100%). A mean cover and standard deviation for each species was 

derived from the 16 plots using the midpoints of the cover classes, as well as a frequency 

score (0-16). When the crown of upper storey species intersected the small plot this was 

also scored, so that upper storey species were also attributed a frequency. The quadrat 

was searched for additional species not recorded in the small plots and these species were 

allocated a cover of 0.01% and a frequency of 0.1. Initial analyses indicated that the use of 

16 subplots was sufficient to stabilise the cover estimate for the more frequent species, 

while sampling a larger number of subplots was an inefficient method for capturing the least 

frequent species. 
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The total ground layer cover, cover of shrubs, perennial grasses, annual grasses, sedges 

and other forbs, and the height of the ground layer were also estimated separately within 

each 1m2 plot and the mean and standard deviation for the quadrat calculated for each 

measure. This data were collected during both early and late dry season sampling. 

Plant species were identified by reference to published flora (Jessop 1981, Wheeler 1992) 

and comparison with specimens in the Darwin Herbarium, and voucher specimens are 

lodged with the herbarium. The development of a field herbarium was valuable for 

identifying many annual herbs that wither very quickly after the wet season. Nonetheless, 

some species could not be reliably identified in the field due to the absence of fertile 

material and close similarity between taxa and a few species have therefore been lumped 

for these analyses (Table 3.1 ). Nomenclature generally follows Dunlop et al. 1995; the 

name Dicanthium affine is used for D. sericeum spp. sericeum and Dicanthium sericeum 

for D. sericeum ssp. polystachyum. 

Table 3.1. Plant species that could not be reliably distinguished in the field and that have been 
amalgamated for analysis. Species that were positively identified at least once during the 
survey are indicated in the amalgamated Jist, but other related taxa may also be included. 

Name used Species amalgamated 

/seilema vaginiflorum I. vaginiflorum, I. macratherum 

(1. ciliate, '- fragile, /. membranaceum and /. 
windersii are retained as separate taxa) 

Marsi/ea spp. M. angustifo/ia, M. crenate, M. hirsute 

Po/yga/a spp. P. isingii, P. rhinanthoides 

Sesbania spp. S. cannabina, S. chippendalei, S. simpliuscula 

Heliotropium spp. H. conocarpum, H. leptaleum 

Cyperus victoriensis C. bifax, C. victoriensis 

Environmental attributes 

Table 3.2 describes environmental attributes that were measured in each quadrat or later 

derived. Indices of recent cattle use are described further in Chapter 7. 

Relative NOV/ scores 

NDVI data for nominated sites was provided by ERIN (Environmental Resources 

Information Network (see Cridland eta!. 1998 and WNW.erin.gov.au/land/monitorinq/ 

ndvi.html). The NDVI is derived from spectral data provided by the NOAA/AVHRR 

satellites using the ratio for red and infrared channels: (infrared-red)/(infrared+red). Initial 

processing involves deriving a maximum value composite image at approximately 

fortnightly intervals from daily overpasses. Subsequent processing at ERIN involves 
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Table 3.2 Environmental variables measured or derived at each sample site. In the description 
of method, 'plots' refers to 161m2 plots arranged in a regular grid within the 1ha quadrat. 
Variables indicated by 'E' were measured during early dry season sampling and 'L', during late 
dry season sampling; the remainder were invariant between seasons. Additional variables 
describing the vegetation were derived from the floristic data (see methods). 

abbrev. variable method 

LAT "latitude averaged GPS reading 

LONG longitude averaged GPS reading 

RAIN annual rainfall estimated long-term average rainfall {for each location) from BIOCLJM 
climate model {Busby 1991) 

NDVI-1 season quality {1 year) derived for year of sampling from NDVItime-trace {see Methods) 

NDVI-3 season quality {3 years) derived for year of sampling and 2 previous years {see Methods) 

ow distance from permanent difference between GPS reading at site and nearest functioning 
water watering point, without an intervening fence. 

FOOT cattle footprints (L) density of prints scored on a 0-3 scale within each plot, summed over 
16 plots 

GRAZE cattle grazing {L) estimated proportion of plant biomass removed scored on a 0-4 scale 
within each plot and summed over 16 plots 

DUNG cattle dung count (L) total frequency of dung in 100 contiguous 4m2 plots arranged along two 
transects across the quadrat 

CATI recent cattle use (L) index derived from combining range-standardised values for footprints, 
dung and grazing {see Chapter 5) 

ROCK total rock cover % cover of rocks on soil surface, visually estimated on a 0-6 scale within 
each plot and averaged across 16 plots 

GRAVEL gravel cover % cover of rocks <6mm across, estimated as for ROCK 

TEXT soil texture estimated in the field following the method of [McDonald, 1964 #150461 
to seven classes: sand, sandy loam, loam, sandy clay, clay loam, clay, 
cracking clay 

CRACK size of soil cracks (L) size of the widest crack , scored on a 1-6 scale, intersected by the 
perimeter of each plot, summed over 16 plots 

CRACK_N number of soil cracks {L) number of cracks wider than 5mm intersected by the perimeter of each 
plots, summed over 16 plots 

LITTER litter cover (E,L) % cover of dead fallen plant material, visually estimated on a 0-6 scale 
within each plot and averaged across 16 plots. Dead annual grasses 
were counted as litter if they were no longer rooted in the ground. 

BARE bare ground cover (E,L) % cover of bare soil (ie. not obscured by rock, litter or vegetation, . estimated as for LITTER 

usc total understorey cover (E,L) % cover {projective foliage cover) of ground layer (<1m) vegetation, 
estimated as for LITTER 

PGC perennial grass cover{E,L) %cover of perennial grasses, estimated as for UTTER 

AGC annual grass cover (E,L) % cover of annual grasses, estimated as for LITTER. Dry plants were 
included if they were still rooted in the ground. 

UPCOV upper storey cover (E) % croiN!l cover of trees and large shrubs (>1m), estimated with Bitteriich 
variable radius measure. Species not captured by the Bit!ertich gauge 
were attributed a cover of 0.01 and added to the total estimate 

manual cloud-masking (removing pixels that are judged to be affected by cloud cover). The 

NOAAJAVHRR data has a resolution (pixel size) of c. 1 km, but reliable NDVI values are 

best obtained by averaging values within a window of at least 9 pixels (3 km x 3 km). As 

sample sites within each location were typically separated by 1-2km, NDVI data was not 

obtained for each site but rather for two sites selected as representative of each location. 

The representative sites were 'typical' grasslands on cracking-clay soils at intermediate 

distances from water and, where possible, with minimal tree cover in the 3x3km window 

(evergreen upper-storey cover has the effect of increasing baseline NOV! values- the 
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minimum values recorded during each year) It was assumed that the quality of season 

was consistent amongst sites within each location. This was supported by the nearly 

identical NDVI values for sites from the same location, so that only one site per location 

was used in the analysis. 

The data supplied by ERIN consisted of NDVI values at fortnightly intervals (26 per year) 

for the period April 1991 to March 2001 (the extent of useable NOAA /AVHRR data). 14% 

of values were missing, primarily attributable to cloud cover during December, January and 
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Figure 3.2 NDVI time-traces for selected sample locations. based on fortnightly values during 
1992-2000 (see text for details): (a) Mt Sanford (green) and Lake Nash (orange); (b) Connell's 
Lagoon (green) and Alexandria (orange). 
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February. These values were fiJJed by linear interpolation within each site and the 

incomplete years were removed, resulting in time-traces for the 9-year period 1992-2000. 

The time-traces typically showed a pronounced peak of NDVI in March-April each year 

associated with a flush of green vegetation at the end of the wet season (Fig. 3.2), followed 

by a decline in NDVI to a yearly minimum at the end of the dry season (October­

December). Differences between years in the scale of vegetation flush are clearly evident 

at locations such as Lake Nash, where there was virtually no peak in 1994, 1996 and 1998; 

and very pronounced peaks in 1997 and 2000 (Fig. 3.2a). Spatial variation in seasonal 

vegetation responses can be seen by examining time-traces for Alexandria and Connell's 

Lagoon (which are c. 1 OOkm apart and have very similar mean annual rainfall). While the 

traces for these two locations are closely congruent in most year, Alexandria had virtually 

no vegetation flush in 1996 and Connell's Lagoon virtually none in 1998 {Fig 3.2b). 

For each location, the mean annual NDVI was calculated from the 26 fortnightly values; as 

these are equal intervals this value is exactly proportional to the area under the time-trace 

curve for each year. Overall mean NDVI for each location across the 9 years is strongly 

positively related to predicted mean annual rainfall (Fig. 3.3; ct. Paruelo & Lauenroth 

(1995)). Variation from the linear relationship observed for five locations may reflect a 

relatively large number of either 'good' or 'poor' years in the period 1992-2000; differences 

between locations in the influence of soil background on reflectance values; or in the case 

of both Birrindudu and Lake Nash, the presence of significant tree canopy within the 

sample window resulting in elevated baseline NDVl values. 
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Figure 3.3. Relationship between mean annual rainfall (estimated from BIOCLIM: Busby 1991) 
and overall mean NDVI for 1992-2000 at each sample location (abbreviations as per Fig. 3.1 ). 
Fitted line is from least-squares regression: F<1•10) = 12.2, p=0.006, (!=0.55. 
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The relative 'quality of season' for each location for the years 1992 and 2000 is portrayed in 

Fig. 3.4. For each sample time at each location (ie. the years when early dry season, late 

dry season and floristic data were collected), a 'quality of season' rating was calculated as: 

rating= (annual mean NOV/ for vear x J- (overall annual mean NDVJI 
(overall annual mean NOV/) 

The rating was scaled by overall mean NDVI in order to make it independent of differences 

between sites in mean annual rainfall. Both vegetation and fauna may respond to variation 

in seasonal rainfall over series of years, rather than (or in addition to) simply annual 

variation. Therefore, a longer-term rating was also calculated as: 

3-year rating= (annual mean NOV/ for vears x.x-1.x-2 J (overall annual mean NO VI} 
(overall annual mean NOV/) 

In calculating these ratings, it is assumed that the overall mean NDVI for the period 1992-

2000 is an accurate approximation of the long-term mean NDVI at each location. 

Examination of the long-term (c. 100 year) rainfall record from weather stations (Chapter 1) 

suggests that this assumption is probably satisfied for Barkly Tableland locations. 

However, for much of the Victoria River district the mean annual rainfall for 1992-2000 was, 

significantly greater than the long-term mean. The calculated NDVI ratings for Birrindudu, 

Kirkimbie and Mt Sanford may therefore underestimate the 'true' ratings that would be 

derived from longer-term NDVI time-traces. 

A total of 5 'quality of season' variables were consequently derived from the NDVI data and 

included in analyses described below: 

NDVI_E1: rating for year of early dry season sample; 

NDVI_L 1: rating for year of late dry season sample; 

NDVI_L3: rating for year of late dry season sample and two previous years; 

NDVI_P1: rating for year of floristic sample ; 

NDVI_P3: rating for year of floristic sample and two previous years. 

Variation between locations in some of these variables is illustrated in Fig. 3.5. With the 

exception of Connell's Lagoon, all locations had relatively poor seasons in the year of late 

dry season sampling. However, only the locations in the south-east Barkly (Alexandria, 

Soudan, West Ranken, Georgina Downs, Lake Nash) had relatively poor seasons 

averaged over a three year period. Floristic data were collected at Lake Nash, Georgina 

Downs, Alexandria, Soudan, West Ranken and Rockhampton Downs in 1997 following 

good rainfall across the Barkly Tableland and this is reflected in high NDVI ratings, 

spectacularly so for Lake Nash. Floristic data were collected at some other locations 

during average or relatively poor seasons. In the 3-year period preceding floristic sampling, 

locations in the Victoria River district had above-average seasons, while most locations in 

the Barkly Tableland had below-average seasons, although the variation from average is 

muted. 
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F1gure 3 4 Mean annual NDVI for each location tor the years 1992-2000 Dashed hne 10d1cates 
overall mean for each location Letters 1nd1cate year of sampling E early dry season sample 
L. late dry season sample. P. flonst1c sample 
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FIQure 3 5 vanahon between locations for some of the quality-of season vanables used 1n 
analyses tn Chapters 3·5 NOVI_L • rat1ng for year of late dry season sample. NDVI_L3. rating 
for year of late dry season sample and two prevtous years. NDVI_P1 . ratmg for year of flonsllc 
sample. NDVI_P3. rahng for year of flonshc sample and two prev1ous years Values on ven1cal 
axes represent 0'o dcv1a1ton from overall mean NDVI (see text for deta1IS) 

Analysts 

A number of vanables relating to the vegetation were calculated for each srte (referred to 

hereafter as 'plant summary vanables'), rncludmg the total number of specres (hereafter 

nchness'}; the total plant cover m the ground layer and upper layers. the nchness cover 

and total frequency of M1tchell grassland speCies (te. speaes 1dentrfied tn Chapter 2 as 

havmg hrgh fidelity to Mttchel grassland mapunrts). and the nchness cover and total 

frequency of speoes rn erght hfeform categones tree. shrub perennral grass. facultative 

perenn1al grass. annual grass. perenn1al herb. facultative perenmal herb. annual herb (1n 

this instance herb 1s taken to rnclude all herbaceous plants except grasses) Spec1es were 

at1nbuted a s1ngle hfeform by reference to Jessop ( 1981 ). Egan ( 1995 ). Wheeler (1992). 

Fensham eta/ (2000). M1lson (2000) and personal expenence) Add1t1onally rat•os were 

calculated between percnn1al grasses and annual grasses. and between perenntal herbs 

and annual herbs. ustng nchness frequency and cover values Rattos were of the form 
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log(1+perennial value)/log(1 +annual values), so that negative values reflect a greater 

importance of annual plants and positive values a greater importance of perennials. 

Patterns of floristic variation between sites were investigated by classification and 

ordination. The use of frequency data for each species was preferred to simple 

presence/absence because it potentia!!y contained more information about species 

response to environmental variation; and to cover data because the latter is likely to be 

more strongly influenced by variation in seasonal conditions. However, initial 

classifications indicated that each variable gave similar results. 

Floristic groups 

All sites were classified using the Bray-Curtis association measure and flexible UPGMA in 

PATN (Belbin 1994). The resulting dendogram was inspected and truncated at a level that 

maximised the homogeneity of the resulting floristic groups- in this case 11 groups were 

formed. The composition of each floristic group was characterised by calculating the mean 

frequency of a!! species (that were recorded from at least three sites) within each group, as 

well as the mean value for each group of a!! plant summary variables. Additionally, the total 

number of species occurring in each group, the number of species unique to the group, and 

the number of "Mitchel! grassland" species in each group was tallied. To describe 

environmental variation between groups, the mean value of a!! environmental variables was 

calculated for each group. For species frequencies, plant summary variables and 

environmental variables, the significance of differences between groups was tested by 

Kruskal Wallis one-way ANOVA. 

Indirect gradient analysis 

Floristic similarity between sites was portrayed using ordination (semi-strong hybrid 

multidimensional scaling: Belbin 1991 ). For each ordination, vector fitting (Kantvilas & 

Minchin 1989, Bowman & Minchin 1987) was used to determine vectors of maximum 

correlation within the ordination space for environmental and plant summary variable. The 

statistical significance of the correlation was determined by permutation tests, whereby the 

value of each variable was randomised amongst sites (Faith & Norris 1989). Some 

caution needs to be applied in the interpretation of vectors due to correlation between some 

variables (Table 3.7b, 3.10b). Three ordinations were derived, with sites consecutively 

removed based on the results of the classification and the previous ordination; each 

ordinations had sufficient dimensions to reduce stress to close to 0.2, and to represent 

meaningful trends in species composition: 

• a two-dimensional ordination using all sample sites (n=1 07); 
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• a fourMdimensional ordination of sites on clay soils, with sites having very low richness 

(attributable to inadequate floristic sampling) removed (n=83); 

• a threeMdimensional ordination of 'typical' Mitchell grassland sites on crackingMclay soils 

(n=62). 

In each ordination, all species occurring in at least two sites were included. The Bray-Curtis 

association measure was used, with frequency data for each species standardised to range 

from0-1. 

VectorMfitting identified some major environmental gradients associated with variation in 

floristic composition. The distribution of plant species along these gradients was 

investigated by dividing the environmental vector into segments, and calculating the mean 

frequency of each species within each segment of the vector (further details are given in 

the Results). 

Predictive models 

The relationship between measured environmental variables and the relative frequency of 

individual species was further investigated with generalised linear modelling (GLM; Crawley 

1993), using data from clay sites. Seven predictor variables (mean annual rainfall, NDVI­

P1, NDVI-P3, distance from water, total rock cover, soil crack width, total upper layer cover, 

BarklyNRD) were selected on the basis that they were significant vectors in the ordinations 

and could, at least potentially, be portrayed spatially. Quadratic terms were included for 

rainfall and distance from water as there was an a prioiri expectation that the response of 

many species to these factors would be unimodal in fonn. Models were constructed for all 

species occurring in at least 5 clay sites. For species occurring in <1 0 sites, simpler 

models were constructed (using mean annual rainfall, NDVI-P1, distance from water, crack 

width & upper cover, and without quadratic terms), and then additional terms were 

introduced in an iterative manner to test whether they improved the initial model. Modelling 

generally followed the procedure described by Crawley (1993) and Nicholls (1991 ). 

Response variables were the frequency of individual species, so a Poisson error 

distribution was assumed and a log link used. A backward stepwise process was used to 

develop the minimum adequate model, and model adequacy was assessed by comparing 

the residual deviance to the deviance of the null model. The significance of individual 

terms in the model was assessed from the Wald statistic for the parameter estimates. 

Where necessary, this statistic was adjusted for overdispersion in the data (Crawfey 1993). 

Analyses were carried out using STATISTICA (Statsoft 2000). 
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Table 3.3 Spearman Rank correlation coefficients between variables used in predictive models 
(n=89). Values greater than 0.21 are significant (p<0.05); those greater than 0.5 are 
highlighted. Variable are described in Table 3.2, other than the categorical variables SAMP, 
floristic sample adequate/inadequate; BARKLY, site in Barkly Tableland I VRD. 

RAJN NDVI-1 NDVI-3 ow UPCOV ROCK CRACK SAMP 

NDVI-1 ·0.63 

NDVI-3 0.00 0.48 

ow -0.06 -0.16 -0.17 

UPCOV -0.08 0.21 0.28 -0.21 

ROCK -0.05 0.09 -0.06 -0.09 -0.05 

CRACK 0.41 -0.46 -0.22 0.18 -0.30 -0.52 

SAMP 0.50 -0.39 0.20 -0.22 0.09 -0.15 0.22 

BARKLY 0.56 -0.14 0.52 -0.15 -0.02 -0.01 0.14 0.57 

The relationship between measured environmental variation and site richness, cover and 

relative composition by plant lifeform was investigated using GLM in an identical fashion, 

with plant summary variables as the response variables. 

Results 

A total of 395 vascular plant species were recorded from the 1 07 sam pie sites, reduced to 

385 taxa after some species were amalgamated. 106 species were recorded only from the 

8 sites on non-clay soils (Table 3.4). A total of 233 species were recorded from the 22 sites 

initially classed as 'related communities' and a total of 198 species from the 77 grassland 

sites. Of the 279 species recorded from the 99 sites on clay soils, 60 species were unique 

to' the 'related community' sites and 42 species were unique to the clay grasslands, while 

58 species were shared with the adjacent non-clay sites. A small number of species were 

found only on the gravel rises. Mean site richness across all sites was 36.6 species; 

cracking clay grasslands tended to have the lowest site richness and gravel rises and non­

clay sites the highest, although differences in site richness between types is not significant 

(F(3,103)=2.16, p=0.097). Within the clay sites, site richness ranged from 11 to 66 species. 

Table 3.4 Summary of plant species richness within the four a priori types of site: 1, 'typical' 
grasslands on cracking clays; 2, grasslands on gravel rises; 3, related communities (woodlands 
and shrublands on clay soils); 4, contrasting habitats (Eucalyptus & Acacia woodlands on loams 
& sandy loams). 'Unique species' are those recorded from a single site type. 

site type 

1 2 3 4 1 &2 1&2&3 

number of stles 70 7 22 8 77 99 

total species 183 108 233 164 198 279 

unique species 29 6 60 106 42 221 

mean species f site 35.0 42.7 37.4 43.3 35.7 36.1 
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F!Qure 3 6 Cumulative frequency d1s1nbuhon for plant spec1es recorded from Sites on clay SOliS 
(n=99) (eg 50% of spec1es were recorded from 3 or fewer s1tes) 

The lowest s1te nchness values were recorded at three locahons that were sampled 

relatively late m the dry season (K1rk1mbie, Birrindudu. Hayfield) and s1tes from these 

locations were consequently excluded from some analyses because of likely dtstort1on due 

to inadequate flonsllc sampling 

The frequency d1stnbuhon of speoes recorded from the sites on clay SOliS IS strongly 

skewed (Fig. 3.6). Of the 279 spec1es. 80 were recorded from a s1ngle site and 160 

speoes from 5 s1tes or fewer 61 spec1es were recorded from at least 20% of s1tes and 19 

speoes from at east 50% The most frequently recorded spec1es are listed 1n Table 3 4b 

In addition to the perenn1al tussock grasses (Astrebla spp .. Anstida latlfolia) and annual 

Table 3.4b The most frequently recorded plant speoes from clay soil sites (n=99). w1th hfeform 
and frequency AG. annual grass: PG, perennral grass. AH, annual herb. PH, perenn1al herb. 
FPH. facultative perenn1al herb 

BrochyacluHJ COfnlerpcms POACEA£ AG 86 E~Jf)horb;a cogfll<tflfl EUPHORBIACEAE AH 53 
1$11~ VOf/1111/lorum POACEAE AG 84 AI'{SICNPUs rugosus FABACEAE AH 52 
AsJreblt) peclJIIIJM POACEAE PG 76 Sporobolus oustralaslcus POACEAE AG 52 
Phyllanmus madersspDtensJS Rhynchoslatn~fllm& FAGACEAE PH 51 

EUPHORBIACEAE FPH 75 Flltt~Ma austmlasa ASTERACEA£ AH 50 
$leU sptnOSa MALVACEAE AH 72 Ootalonamed~• FAGACEAE AH 49 
BoerhtMa palcJdosa NYCTAGINACEAE PH 70 Nfn>/unm d•morphantha MIMOSACEAE PH .t9 
AsJrobla elymoldes POACEAE PG 69 PrHolus sp~CBtus M1ARANTHACEAE AH 49 
Srda llbuhfers MAL VACEAE SH 68 HoiiOlropftm spp BORAGINACEAE AH •a 
Cleome V1SC0SB CAPPARACEAE AH 66 Asuebla souarros.a POACEAE PG 4 7 
Pa()ICUffllafMnode POACEAE AG 65 CUCumt$ melo CUCURBITACEAE FPH 45 
lpotnOtW lonchophyll8 Gompntena c:on.ca AMARANTHACEAE AH U 

CONVOLVULACEAE AH 62 Ctolorona diSSittfloru FA.BACEAE PH 43 
AnSfldlJ l<ttJfo/1(1 POACEAE PG 61 ()percvlma ooqt~~sepola 
H.Dlscus tnonum MALVACEAE AH ~5 CONVOL VULACEAE AH 41 
lsetlema memblanaceum POACEAE AG 54 Cofchorus aestUlJils TILIACEAE AH 4() 
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grasses (Brachyachne convergens, /seilema spp.) that typically constitute a large 

proportion of the ground layer cover, many of the most frequent species are twiners and 

small herbs that occupy the interstices between the perennial tussocks. Of all species 

recorded from clay sites, 35.5% were species identified as having a fidelity to Mitchell 

grasslands ·communities (Chapter 2); of the more common species (recorded from at least 

10 sites), 54.7% have a fidelity to Mitchell grasslands. 

Fifty families were represented in the 99 sites on clay soils. The family represented by the 

most species is, overwhelmingly, the Poaceae (70 spp.), followed by the Fabaceae (24 

spp.), Cyperaceae (17 spp.), Amaranthaceae (15 spp.), Asteraceae & Euphorbiaceae (14 

spp.), Malvaceae (13 spp.), Convolvulaceae (10 spp.), Chenopodiaceae (9 spp.), and 

Boraginaceae & Mimosaceae (8 spp.). Few of the 153 genera were represented by many 

species, the most speciose being Euphorbia (8 spp.), Cyperus & Sida (7 spp.), Aristida & 

Heliotropium (6 spp.), Acacia, Grata/aria, Eragrostis, Eucalyptus, lndigofera, Ipomoea & 

lseilema (5 spp.) and Alternanthera, Astreb/a, Boerhavia, Brachiaria, Corchorus, Eriachne, 

Fimbristylis, Portulaca, Sclerolaena and Solanum (4 spp.). 

Floristic groups 

Eleven floristic groups were defined by the classification of all sites by their floristic 

composition. The distribution of species amongst group is summarised in Table 3.5" 

(tables marked with an asterisk are at the end of the chapter), and variation between 

groups for environmental variables, vegetation structure and plant richness variables in 

Table 3.6*. The dendrogram (Fig. 3.7) has an initial split between the majority of cracking­

clay grasslands sites in the Barkly Tableland (groups 9, 10,11) and a second collection of 

groups including non-clay sites, sites in 'related communities', and grassland sites in the 

Victoria River district and Alexandria station. However, a two-dimensional ordination of all 

group 1 
group 2 
group 3 
group 4 
group 5 
group 6 
group 7 
group 8 
group 9 

group 11 
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Figure 3.7 Dendrogram showing relationship between floristic groups defined by classification 
of sites by plant species composition (using standardised frequency data). 
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sites (Fig. 3.8) indicates that non-clay sites (group 8) are distinctly separate from all other 

sites, and that most woodland, shrubland and gravel rise sites (groups 4 & 6) are also 

distinct from a large, continuous cluster of primarily grassland sites on cracking clay soils. 

The eleven floristic groups are described below, in the order best reflecting the relationship 

between groups. 

Group 11: cracking-clay grassland sites from Helen Springs, dominated (according to% cover) by 

Astrebla pectinata, Chrysopogon tal/ax and Sorghum timorense. This group is notable for a high 

mean ground layer cover, high cover of perennial grasses and high mean site richness. It has the 

highest site richness of all groups for perennial herbs, annual herbs and 'Mitchell grassland' species, 

the highest cover of annual herbs, and the highest total frequency of perennial grasses and of all 

species combined. (High total frequencies may be viewed as an index of within-site diversity, 

reflecting a large number of species many of which have high reporting rates). Although Helen 

Springs had a relatively poor season according to NDVI values, at the time of sampling it was very 

green and there was a strong growth of annual forbs. This group also has the highest mean cattle 

impact rating, reflecting the large number of cattle using the nearest bore at the time of sampling and 

very high dung counts at the sites closest to water. A relatively large number of species had their 

highest mean frequencies in this group. This included the annual grasses Sorghum timorense 

(which was recorded at few other locations), /sei/ema membranaceum & Digitaria ctenantha; annual 

herbs Ffaveria australasica, Spermacoce brachystema & Euphorbia drummondii; perennial herbs 

Glycine falcata, Wedefia asperrima & Comme/ina ensifo/ia; and the large annual twiner Opercufina 

aequisepa/a. 

Group 10: cracking-clay grassland sites from four locations on the Barkly Tableland (Rockhampton 

Downs. West Ranken, Soudan and Georgina Downs), with a mean annual rainfall c. 100mm less 

than group 11 sites. Most locations represented in this group had above-average seasons in the 

sampling year, and mean cattle impact rating is moderate. These sites had relatively high ground 

cover dominated by annual grasses (particularly Panicum laevinode, lseilema vaginiflorum & 

Brachyachne convergens), but a relatively low cover of perennial grass (primarily A. pectinate). The 

group is also notable for high frequencies of shrub species and annual grass species. Mean site 

richness is considerably lower than group 11, although mean total frequency is higher than for most 

other groups. Few species are unique to this groups, although the proportion of species that are 

~Mitchell grassland" species and the site richness of "Mitchell grassland" species is relatively high. 

Few species reach their highest frequency in this group, but notable frequent species are the small 

shrub Sida fibulifera, the widespread annual herb C/eome viscosa; the perennial herb Boerhavia 

paludosa; and the perennial grass Aristida /atifo/ia. 

Group 9: this group contains all of the cracking-clay grassland sites at Connell's Lagoon 

Conservation Reserve, as well as two sites from the same location that were open woodlands on 

cracking clays adjacent to a drainage line. Although these sites were sampled while ground layer 

vegetation was still green, both 1-year and 3-year NDVI ratings are lowest for this group. Mean 

distance from water is higher and cattle impacts lower than all other groups, as 50% of sites within 

this group were inside the Reserve and inaccessible to stock (these sites were given a nominal 

distance from water of 12km). Mean ground layer cover is lowest in this group, which is attributable 

to low covers of annual grasses and annual herbs, despite relatively high cover of perennial grass. 

Mean site richness is moderate compared to other groups, but total frequency is relatively tow, which 

can also be attributed to a low frequency of annual grasses and perennial herbs. As with group 8, 

few species had the highest mean frequencies in this group, the most notable being the widespread 
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annual herb Sida spinosa and the perennial herb Streptoglossa bubakii. Dominant ground layer 

species in these sites were Astreb/a pectinate, A.elymoides, A. squarrose and lseilema vaginiflorum. 

Group 1: this group also contains cracking clay grasslands from a single location in the Barkly 

Tableland, Alexandria. The location was sampled after a good wet season, although the 3~year 

NOVI values show a below-average trend. Mean distance from water for this group is greater than 

most others, as sites were located along a gradient up to 8.5km distant from water, and mean cattle 

impact is moderate. Mean ground storey cover is relatively high and is dominated by annual grasses 

(/seilema vaginiflorum, Panicum faevinode, Brachyachne convergens). Mean annual grass cover is 

highest for this group, while perennial grass cover is lowest, as is perennial herb cover. Astreb/a 

elymoides was the dominant perennial grass species at these sites, while A. pectinate occurred only 

sparsely. Mean site richness for the group is close to the overall mean for clay grassland sites, but 

site richness (and frequency) of annual grasses is highest of all the groups, while perennial grass 

richness (and frequency) is lowest. The group is also notable for a high richness and frequency of 

annual herbs, and a high richness and frequency of Mitchell grassland species. The proportion of 

the total species complement that are ~Mitchell grassland" species is highest in this group, and the 

group also has more unique species than other clay grassland groups. Reflecting these trends, a 

number of annual grasses and herbs, but no perennial species, have their highest mean frequency in 

this group, including some of the most frequently recorded species overall (/seilema vaginiflorum, 

Panicum /aevinode, Gomphrena conica, Ipomoea /onchophylla, Hibiscus trionum, Paspalidium 

retiglume, Phyllanthus maderaspatensis, Alysicarpus rugosus) as well as species reported only 

infrequently in other groups (Eiytrophorus spicatus, Heliotropium brachythrix, Spathia neurosa, 

Cyperus difformis, Grata/aria montana, Ammannia multiflora). 

Group 2: sites on cracking clay soils from the southern Victoria River district (Birrindudu and 

Kirkimbie), mostly treeless grasslands but including one site that was an open Acacia victoriae 

woodland in a very slight drainage depression. Vegetation was very dry when these sites were 

sampled and, presumably reflecting this, this group has the lowest site richness, a low total site 

frequency and a low total complement of species. The proportion of species that were Mitchell 

grassland species is, however, larger than any group other than group 1. This group has a relatively 

low mean ground storey cover and a low cover of annual grasses and annual herbs, although it has a 

relatively high cover of perennial grasses. Astreb/a efymoides and A. squarrose had higher cover on 

most sites than A. pectinate, and Aristida fatifolia was a more prominent component of the ground 

layer than in other clay grassland groups. Reflecting the low site richness, the richness of facultative 

perennial grasses, annual grasses and all herbs are low. This group had the highest mean 
frequency of A. efymoides, as well as /seifema fragile, which was frequently recorded only at 

locations in the Victoria River district. Two perennial herbs were very frequent at sites in this group 

(Neptunia gracilis and Crotafaria dissitiflora) as were the annual herbs Ptilotus spicatus and 

Rostelfularia adscendens. 

Group 3: this group contains only the 5 sites on cracking clay soils from Hayfield station, which was 

the most northerly and highest annual rainfall location sampled. All sites had an upper storey of 

Eucalyptus microtheca and Excoecaria paNifolia, ranging from scattered trees to a crown cover of 

15%. Mean distance from water is lowest in this group, and mean cattle impact is relatively high. 

Similarly to group 2, this site was very dry when sampled, and had below-average 1-year and 3-year 

NDVI scores. Consequently, both the overall number of species and site richness is low, and the site 

richness is low for alllifeforms (other than trees). Ground storey cover was moderate and, although 

annual grass richness was low, there was a moderate cover of annual grasses (primarily /sei/ema 

windersii, Chionachne hubbardiana and Brachyachne convergens). Perennial grass cover was 

relatively high and was dominated by A. squarrose and A. elymoides, with A. pectinate being absent 

from these sites. /sei/ema windersii, C. hubbbardiana and A squarrosa had their highest mean 
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frequencies in this group, along with a small number of annual and perennial herbs (eg. Corchorus 

tridens, Neptunia dimorphantha, Solanum esuriale). 

Group 4: a group of only 4 sites, of which three were in riparian or run-on situations, with a tree layer 

of E. microtheca or E. coolabah and a crown cover of up to 20%. The fourth site was a treeless 

grassland on a cracking clay plain but may have been in a slight drainage depression, as it shared a 

number of infrequently recorded species with other members of this group. One site had an open 

midstorey of Chenopodium auricomum (Bluebush) while another had patches of dense 

Muehlenbeckia tlorulenta (Lignum). Although the group contained only 4 sites, a total of 101 species 

were recorded from these sites, including 27 species not represented in other groups. Site richness, 

however, was not as high as some other groups. Ground storey cover in this group was only 

moderate, and the most notable feature is the high cover, frequency and richness of perennial herb 

species, which included a number of sedge species (Cyperus victoriensis, Eleocharis pal/ens), the 

daisy Streptoglossa adscendens and ferns Marsilea spp. Other species that were a significant 

component of the ground layer in these sites, and rarely recorded in other groups include the 

perennial grasses Sporobolus mitche/li, Paspalidium distans, Eriochloa pseudoacrotricha, Eriachne 

festucacea and Ophiuros exaltatus, the sedges Schoenoplectus dissachanthus, S. laevis and 

Fimbristylis microcarya, and the shrub Sclerolaena muricata. In addition to species mentioned 

already, more widely recorded species with their highest mean frequency in this group included the 

annual grasses Eragrostis tenellu/a and Chloris pectinata. 

Group 5: this group contains all the sites from Mt Sanford, the northernmost location in the Victoria 

River District with a relatively high annual rainfall. These sites are on cracking clays derived from 

basaltic rocks, and have a relatively high cover of surface rock, as well as the highest number of soil 

cracks (although crack width is only moderate). Most sites are grasslands with scattered trees 

(Terminalia arostrata & T. volucris) and two sites near drainage lines were open woodlands with 

Eucalyptus opaca, Lysiphyllum cunninghamii, Grevillea striata and Acacia victoriae. Mean ground 

storey was high, with a moderate cover of perennial grasses (Chrysopogon fallax, Astrebla pectinata, 

A. elymoides, Sorghum timorense) and high cover of annual grasses (Brachyachne convergens, 

/seilema ciliata, I. fragile). This group had a relatively large total species tally, with 21 species not 

recorded in other groups, but a much lower proportion of species were "Mitchell grassland" species 

than in the groups already described. Sites in the group had a high site richness and the highest site 

richness of perennial grass and facultative perennial herbs, as well as a relatively high richness of 

tree and shrub species. A relatively large number of species had their highest mean frequency in 

this group, including species only recorded from group 5 (lsei/ema Ciliata, Jacquemontia browniana, 

Tephrosia rosea, Euphorbia dal/achiana, E. schizo/epis) or recorded only infrequently elsewhere 

(Polymeria ambigua, Flemingia pauciflora, Enneapogon purpurascens, Goodenia malvina), as well 

as some widely distributed species (Brachyachne convergens, Cucumis melo, Dicanthium sen'ceum, 

Panicum decompositum). Although mean distance from water for this group was close to the overall 

mean, the mean cattle impact rating was relatively low 

Group 7: this group contains all the sites from Lake Nash, the southernmost location in the Barkly 

Tableland and with the lowest annual rainfall. All sites are on cracking clays and four of the seven 

sites are woodlands or open woodlands of Acacia georginae (Gidgee ), the others being in patches of 

treeless grasslands amongst the woodland. This location was sampled following a very good wet 

season and had the highest relative NDVI score. Soils are less strongly cracking than those in 

preceding groups, with fewer and narrower cracks. Mean distance from water was greater than for 

most other groups and numbers of stock in the vicinity were low, reflected by the low mean cattle 

impact score. This group had the highest mean ground storey cover and highest perennial grass 

cover of all groups. Cover of facultative perennial and annual grasses was also high, although the 

total herb cover was only moderate. Dominant species were Astrebla pectinata, Dactyloctenium 
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radulans, Dicanthium affine, /sei/ema vaginiflorum and Sporobo/us austra/asica. This group was 

more speciose and had a higher number of unique species than most other cracking clay grassland 

groups, but had a lower proportion of Mitchell grassland species. Sites in this group also had the 

highest mean site richness of all groups, with high richness of shrubs, facultative perennial grasses, 

annual grasses and perennial herbs. Several species occurring in most groups had their highest 

mean frequency in Group 7, including A. pectinate, D. radulans, S. austra/asicus, Ma/vastrum 

americanum, Dicanthium affine, Enneapogon avenaceus and Portulaca pi/osa, as well as some 

species recorded in few other groups (Acacia georginae, Triraphis mol/is, Ptilotus obovatus, P. 

nobilis, Enchy/aena tomentosa, Rhagodia spinescens, Dipteracanthus australasicus, Brachiaria 

giles!). 

Group 6: This is a large group with sites from 8 of the 12 locations, mostly occurring on stony, non­

cracking clay soils. It includes grasslands on gravel rises and Acacia cambagei, A. georginae, 

Ventilago viminalis and E. coolabah woodlands and open woodlands on hard clay soils adjacent to 

the cracking clay plains of the Barkly Tableland. Mean ground layer cover for this group is moderate, 

as is cover of both perennial grasses (eg, Aristida /atifo/ia, Chrysopogon fallax, Eulalia aurea, 

Astrebla pectinate) and annual grasses (Dactyloctenium radulans, Sporobo/us australasicus, Tragus 

austrafianus, Chloris pectinate). A larger total number of species was recorded from this group than 

any of the other clay soil groups, with a large number of species also restricted to the group. The 

total number of Mitchell grassland species is highest for this group, although it is relatively low as a 

proportion of the total species complement. Mean site richness for the group is only moderate, with 

a relatively high richness of perennial and facultative perennial grasses. Species with their highest 

mean frequency in this group include the perennial grasses Aristida /atifolia, Bothrioch/oa ewartiana, 

Eragrostis xerophila and Eriachne obtusa; facultative perennial grasses Enneapogon polyphyl/us, 

Eragrostis cumingii and Tripogon /oliiformis, annual grasses Tragus australianus and Aristida 

contorta, herbs Portulaca o/igosperma, P. filifo/ia, Boerhavia coccinea, Trianthema triquetra, shrubs 

Carissa fanceolata and Scferolaena fanicuspis, and trees Atalaya hemiglauca and Ventifago 

viminalis. Many of the species unique to this group occur in few sites, so are not listed in Table 3.5. 

Group 8: this group includes all of the sites on non-clay soils, typically red sandy foams, from five 

widely spaced sample locations. Vegetation on these sites was typically Eucalyptus open woodland 

With an open shrub layer of Acacia spp, and a ground layer primarily of perennial grasses, the most 

common of which was Triodia pungens. As would be expected from the geographic range, this is a 

floristically diverse group, with 171 species from only 9 sites. 110 of these species were not 

recorded in any of the other groups; and only 11 of these species were classed as Mitchell grassland 

species. Most species occurring in this group are not listed in Table 3.5, as they were recorded from 

few sites. 

Relationship between floristic & environmental variation 

All sites 

A two-dimensional ordination of all sites by floristic composition is shown in Fig. 3.8. The 

first axis of the ordination separates sites on non-clay soils from those on cracking clays, 

the primary influence of soil characteristics being reflected by the strongest environmental 

vectors (crack size, texture, gravel). Vectors for tree and shrub richness and richness of 
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Fioure 3.8. Two damensional ordination of all sites by floristic composition (using standardised 
frequency data. non-metnc multi-dimensional scaling. stress = 0.24 ). Numbers refer to floristic 
groups. Arrows indicate the direction of vectors for selected environmental and plant summary 
variables: numbers in brackets indtcate the correlation coefficient for each vector. 

Mitchell grass species are also congruent with this axis. Woodlands and grasslands on 

hard day soils (group 6) occupy an intermediate position along the first axis. 

All clay sites 

After non-day sites and sites for which floristic sampling was inadequate were removed, a 

four dimensional ordination was derived and vectors fitted (Fig. 3.9). The first and second 

axes primarily separate sites from the northern Victoria River region (group 5) and riparian 

sites on the Bar1dy Table land (group 4) from all other sites. Both these groups have high 

proportions of species unique to the group, including some of the most frequent 

understorey species. Most of the significant environmental vectors are expressed in the 

plane of the 3td & 4tn axes (Table 3.r ). The most significant vectors are those relating to 

soil characteristics (texture. crack size. rock cover). which are approximately aligned with 

the 3nt axis of the ordination; and those related to mean annual rainfall and relative NDVI 

score, which are aligned with the 4tn axis. Unfortunately it is djfficult to uncouple the 

influence of quality of season from that of the rainfall gradient. as the two variables are 

strongly negatively correlated for this set of sites (Table 3.7b.). 
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Figure 3.9 Four-dimensional ordination of clay sites by floristic composition (using standardised 
frequency values. non-metric multi-dimensional scaling. stress = 0.17). Numbers refer to 
floristic groups. Arrows indicate the direction of the most significant vect.ors for environmental 
and plant summary variables (Table 3.7). A lifeform code with no suffax indicates that richness 
and frequency vectors were closely aligned and have been combined. 

The relationship between frequency of individual species and the gradient in soil 

characteristics was investigated by dividing the 3rd axis of the ordination into 5 equal 

segments and calculating the mean frequency of each species across all sites wfthin each 

segment (Table 3.8·). Plant species could generally be characterised as having one of six 
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patterns of distribution along the gradient. A small set of species are restricted to the non­

cracking, often stony clay or clay-loam soils that typically occur on gravelly rises or on the 

margins of the cracking clay plains (eg.lndigofera colutea, /.linnaei, Tripogon loliiformis, 

Acacia cambagei, Cartssa lanceolata, Eragrostis xerophifa, Trianthema triquetra); while a 

second set is most frequent on these soils but also occurs at lower frequencies on all but 

the most widely-cracking clays. This group contains many of the species most frequent on 

gravel rises (Enneapogon polyphylfus, Boerhavia coccinea, Eulalia aurea, Dactyloctenium 

radulans, lndigofera linifofia, Tragus austrafianus, Atalaya hemiglauca, Aristida contorta) 

as well as species associated with gidgee woodlands (Acacia georginae, Rhagodia 

spinescens). A substantial number of species are represented in all of the five segments 

along the gradient, although some had higher mean frequencies on lighter, non-cracking 

clays (eg. Portulaca oleracea, Chrysopogon fa/lax), or conversely were more frequent on 

heavier cracking-clays (eg. Astrebla pectinata, Dicanthium sericeum, lseifema 

membranaceum, I. vaginiflorum, Panicum laevinode). The presence of the latter species at 

sites with non-cracking clay soils was often associated with the presence of gilgais, which , 

form scattered small patches of deeply cracked soils and harbour a plant assemblage 

typical of the cracking-clay plains. Larger gilgais appear to form relatively moist 

microhabitats and often contained stands of Sesbania spp. and dense clumps of tussock 

grass species associated with the high-rainfall margins of the Mitchell grasslands (Eulalia 

aurea, Dicanthium fecundum). Another set of species, which had high frequencies across 

all classes, tended to be those with broad geographic distributions in semi-arid northern 

Australia and wide environmental ranges (eg. Brachyachne convergens, Cleome viscosa, 

Sporobolus australasicus, Bulbostylis barbata). The final sets of species were restricted to 

the heavier, more widely- cracking clays (eg. Astrebla elymoides, A. squarrosa, Jseilema 

windersii, I. ciliata, I. fragile), with a small group of species only occurring at the extreme of 

the gradient (eg. Elytrophorus spicatus, Corchorus tridens, C. pascuorum, Blumea tenella). 

Many of the species in the latter two groups are annual herbs, perennial herbs or annual 

grasses with a high fidelity to Mitchell grasslands. Conversely, many of the species 

occurring most frequently on non-cracking clay soils have relatively wide ecological ranges 

in arid and semi-arid northern Australia. 

The distribution of species along the rainfall gradient through the study area was also 

investigated, using a slightly different approach. Species recorded from clay sites were 

arranged in an ordered table according to the mean of the estimated mean annual rainfall 

at every site where the species occurred, as well as the maximum and minimum annual 

rainfall at which species was recorded (Table 3.9*). The table indicates a gradual turnover 

of species along the rainfall gradient, although one-third of species occurred at both wettest 

and driest locations. One-third of species were recorded over less than 50% of the total 

104 Chapter 3. Vegetation of Mitchell grasslands 



rainfall range of the sample area; most of these species were absent from either the wetter 

or drier portions of the area. Small sets of species were entirely restricted to either the wet 

and dry extremes of the rainfall gradient: the former representing species typical of the 

basaltic clay soils of the Victoria River district; and the latter the representation of 

characteristically arid zone species in the gidgee woodlands in the southern Barkly 

Tableland. Most of the dominant perennial grasses had wide distributions across the 

rainfall gradient, but Bothriochloa ewartiana, Chrysopogon fa/lax and Panicum 

decompositum occurred more frequently in the wetter half of the gradient; Aristida /atifolia, 

A elymoides, A squarrose and Eulalia aurea in the centre of the gradient; and A. pectinate 

toward the drier end; while Eragrostis setifolia and E. xerophila were occasionally 

prominent in the lowest rainfall locations. A similar pattern is seen with the more abundant 

annual grasses: lseilema ciliata, I. fragile, Chionachne hubbardiana, Sorghum timorense, 

Paspalidium retiglume and I. windersi are characteristic of the wetter portion of the 

gradient, while Dactyloctenium radulans, Sporobolus australasicus, Chloris pectinate, 

Tragus australianus and Brachiaria gilesi were more frequently recorded in the drier 

portion. Brachyachne convergens, I. membranaceum, I. vaginiflorum & Panicum laevinode 

occurred across the rainfall range, although the mean rainfall for the latter four species was 

slightly less than the overall mean across all sites. 

'Typical' cracking-clay site 

Sites from groups 4, 5, & 6 have a strong influence on the ordination shown in Fig. 3.9. In 

order to more closely examine floristic variation in 'typical' cracking clay assemblages, 

these groups were removed, and the 62 sites from groups 1, 7, 9, 10 & 11 were subject to 

ordination and vector fitting (Fig. 3.10, Table 3.10*). Soil texture and total rock cover are no 

longer significant vectors in the ordination space, although soil crack width remains one of 

the strongest vectors. Interpretation of the ordination is complicated by correlation between 

some of the principal environmental vectors (Table 3.10b*). Vectors for soil crack size, 

annual rainfall and relative NDVI score are approximately aligned with axis 1, the latter two 

variable being strongly negatively correlated. The first axis tends to separate sites in the 

southern Barkly Tableland, which have less widely cracking, brown clay soil (Lake Nash, 

Georgina Downs, Soudan) from those in the central and northern Barkly Tableland that 

have widely-cracking grey clay soil (Connell's Lagoon, Helen Springs, Rockhampton 

Downs), sites at West Ranken and Alexandria occupying an intermediate position on this 

axis. The locations with the extremes of NDVI score (Connell's Lagoon and Lake Nash) 

are also most widely separated along the first axis. Collinear but opposite to the vector of 

soil crack size are vectors of richness and frequency of shrubs and facultative perennial 

grasses. The second axis of the ordination appears to primarily separate one anomalous 

site at West Ranken from the remaining sites, and is not considered further. None of the 
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Figure 3.10 (a) Three-dimensional ordination of 'typical' cracking-clay sites by floristic 
composition (using standardised frequency data, non-metric multi-dimensional scaling, stress = 
0.21 ). Only axis 1 & 3 are shown; letters refer to site locations. Arrows indicate the direction of 
the most significant vectors for environmental and plant summary variables (Table 3.10). 
(b) The mean position in the ordination of each location, calculated as the mean of the 
coordinates for all sites in the locations, with two standard errors in the direction of each axis 
shown as whiskers. 
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measured environmental factors are strongly associated with the third axis of the 

ordination. Rather this axis is associated with vectors for frequency and richness of 

perennial grasses and herbs, as well as ratios of perennial : annual richness or frequency 

for grasses and herbs. Thus sites at Helen Springs and Lake Nash, where the perennial 

component of the ground layer tended to be dominant, fall at the positive end of this axis, 

while sites at Alexandria and West Ranken, where the annual component tended to 

dominate, are at the negative end. 

A pronounced feature of the ordination is that sites from each location tend to cluster 

together (Fig. 3.10b). This reprises the situation in the floristic classification, where groups 

1 ,5,7,9, 10 & 11 each contained all of the cracking clays sites from an individual location. 

By contrast, groups containing sites that were not cracking clay grasslands usually included 

sites from several locations. In the large group 10, further division within the group also 

separates sites on the basis of location (Rockhampton Downs, Georgina Downs, West 

Ranken). In fact, further division of the group containing sites at Connell's Lagoon (group 

9) separated all of the sites on the western boundary from all those on the southern 

boundary, a mean geographic separation of c. 15km. 

Predictive models for summary variables 

The influence of measured environmental factors on the variables of plant richness, 

frequency and cover is summarised in Table 3.13" (full models are given in Table 3.11"). 

Many of the models were complex, with up to 11 significant terms, and explained between 

14.5% and 73.9% of the deviance in the response variables. Unsurprisingly, many 

variables were positively related to sample adequacy and inadequate sample sites had 

higher ratios of perennial to annual herbs. Annual rainfall was a significant factor in all 

models except those for site richness of annual grasses, perennial grasses, perennial 

herbs and Mitchell grassland species. Total site richness, however, had a positive 

relationship with rainfall, as did total cover. Most cover and frequency variables had 

significant quadratic terms for rainfall, their modelled responses being either intermediate or 

extreme in form. For example, tree cover, richness & frequency is higher at both wet and 

dry ends of the rainfall gradient. Conversely, the cover and frequency of annual species 

and Mitchell grassland spec'1es reaches a maximum toward the middle of the rainfall 

gradient. 

Many of the models had significant terms relating to relative quality of season (NDVI-1 and 

NDVI-3). Total richness, frequency and cover were positively related to NDVI-1, as were 

richness and frequency of annual species and Mitchell grassland species (the majority of 
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these being annuals). All perennial:annual ratios for grasses had a negative term for 

NDVI-1, which likely reflects a proportionately greater positive response to good seasons 

by annual than perennial species. Both tree cover and perennial grass cover were also 

negatively related to NDVI-1. Some variables for shrubs, perennial herbs and facultative 

perennial herbs had positive terms for 3-year NDVI scores. More variables, however, had 

negative terms, notably richness and frequency of perennial grasses and richness, 

frequency and cover of annual grasses, as well as the richness of HMitchell grass" species. 

The influence of soil characteristics (rock cover and crack size) should be considered 

together, due to correlation between these variables (a subset of the less cracking soils 

also had high rock cover). Mitchell grassland species occur with higher richness, cover and 

frequency on the more strongly-cracking soils. Conversely, total richness, total frequency 

and total cover are negatively related to crack width, as are variables for trees, shrubs and 

facultative perennial grasses. Rock cover is a negative parameter in all models in which it 

is a significant term, which includes models for total cover and total frequency, as well as 

cover and frequency of perennial herbs, annual herbs, annual grasses and Mitchell grass 

species. 

As would be expected, upper layer cover was a good predictor of cover and richness of 

tree and shrub species. A number of frequency variables, including those for annual 

plants, Mitchell grass species and total frequency had a negative term for upper storey 

cover. Comparison of Barkly and Victoria River District (VRD) sites is complicated by two 

of the three VRD locations having poor floristic samples and the VRD locations also having 

relatively high rainfall. Variables for annual herbs and grasses and Mitchell grass species 

had higher values for Barkly sites; while those for perennial grasses, and perennial/annual 

grass ratios had higher values in the VRD. 

A number of variables had significant terms for distance from water in the model, and the 

shape of this relationship took a number of forms. Distance-from-water effects are 

discussed in greater detail in Chapter 7. 

Predictive models for individual species 

Predictive models were constructed for 117 of the 130 species occurring in at least 5 clay 

sites; models explained between 9.2% and 89.9% of the variance in species' frequency. 

The importance of each environmental factor on the relative frequency of species is 

summarised in Table 3.14* (full models are given in Table 3.12*). However, this table 

needs to be interpreted with caution as many of the models were complex, containing up to 
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10 significant terms. Nevertheless, the results suggest that the distribution and relative 

frequency of many of the species in this landscape can be modelled with at least moderate 

confidence, and that some of the significant environmental determinants have been 

quantified. 

Terms for annual rainfall appeared in more models than any other environmental factor, 

and indicate species having higher frequencies at the wet or dry end of the rainfall gradient, 

as well as those with intermediate or extreme distributions along the gradient. These 

results match well with the distribution of species in relation to mean rainfall illustrated in 

Table 3.8", and indicate that many of the species occurring across the rainfall range have 

significantly higher frequencies at intermediate rainfalls. Similarly, the species with 

significant model terms for rock cover and crack size also match well with distributions 

along the edaphic gradient tabulated in Table 3.9". Many of the species with negative 

parameter estimates for crack width are those associated with Group 6, including species 

characteristic of gravel rises (eg. Portulaca spp, Carissa /anceolata, Boerhavia coccinea, 

Enneapogon polyphyllus, Tragus australianus). Conversely, those with positive estimates 

are mostly species with a high fidelity to Mitchell grass communities and many had their 

highest frequency in Group 1. The term for rock cover identifies some species that occur 

on stony, non-cracking soils (Atalaya hemiglauca, Tripogon loliiformis, Enneapogon 

polyphyllus, Ipomoea polymorpha). However, for a greater number of species this term 

appears to relate to the rock cover on cracking-clay soils. For example, Jacquemontia 

browniana and lseilema ciliata were only recorded from sites at Mt Sanford, where surface 

rock cover is relatively high. Many of the species with a negative term for rock cover had 

relatively high mean frequencies in groups 2, 3 and 11, which had lower surface rock cover 

than other cracking clay groups. 

34% of modelled species had a significant positive term for quality of season (NDVI-1 ), 

mostly annual herbs or annual grasses. A further 17 species had a negative parameter 

estimate for NDVI-1. Of the 18 species with a significant positive term for the three-year 

NDVI score, only 4 also had a positive NDVI-1 term. Rather, half of the species with a 

positive NDVI-1 term had a negative NDVI-3 term. 

Distance from water was a significant term for 52% of modelled plant species, with 

approximately equal numbers of species showing the four patterns of response (increasing, 

decreasing, intermediate or extreme). Distance from water effects are explored in more 

detail in Chapter 5. 
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Discussion 

The floristic survey of Mitchell grasslands in the Northern Territory supports the analyses in 

Chapter 2, that suggested that this biome is floristically distinct at even coarse scales of 

resolution. Mitchell grassland sites shared few species with adjacent sites on non-clay 

soils and many of the most frequently recorded species were those with a high fidelity to 

Mitchell grassland mapunits However, woodland and shrubland sites on clay soil in the 

study area contained many Mitchell grassland species and fell along a continuum of floristic 

variation in sites on clay soils in this region. 

Floristic variation on the clay soils in the study area appears to be mediated by a 

combination of factors, including a latitudinal climatic gradient, variation in substrate 

characteristics (here indexed by soil crack size and rockiness), rainfall history at each 

location and an additional turnover of species with geographic distance that is unrelated to 

any of the other measured factors (see Chapter 6). The significant influence of a macro­

climatic gradient on floristic composition in the Northern Territory Mitchell grasslands is 

similar to that within Queensland described by Fensham et af. (2000). These authors 

described orthogonal climate gradients in Queensland, but variation in climate variables is 

essentially compressed along a single latitiudinal axis within the extent of Mitchell 

grasslands in the Northern Territory (see Fig. 1.7). To the extent that the species listed are 

in common, the relative distribution along the rainfall gradient of species recorded during 

this survey matches well with the tabulation of Fensham et af. (2000). 

For Queensland Mitchell grasslands, Fensham eta/. (2000) described an additional axis of 

floristic variation correlated with a crude landform measure (alluvial vs non-alluvial downs), 

which they related to the extent of inundation and variation in soil pH. Some species 

restricted to the 'alluvium' end of this vector were also recorded in the current study from 

the small number of riparian sites sampled (Floristic Group 4). Variation in soil 

characteristics is an important vector related to floristic variation within the sites on clay 

soils in this study. Because data relating to substrate was limited to variables that could be 

simply quantified in the field, it is not possible to elucidate the significant edaphic factors in 

more detail or make strong conclusions on the likely mechanism of effect on floristic 

variation, although this is most likely mediated through availability of soil moisture (Perry & 

Christian 1954). Differences in field texture and the extent of soil cracking were-most 

clearly evident in comparison of sites on the cracking-clay plains with those on hard, often 

stony, clay substrates occurring on rises within, or on the margins of, the plain. Many of 

the species characteristic of the latter sites had a restricted distribution along the 'soil' 

gradient and the majority of these sites are contained in a single floristic group (group 6). 
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However, amongst the sites characterised as 'cracking clays' there remained quantifiable 

variation in measured soil characters, and 'crack width' was one of the strongest vectors in 

the ordination of "typical' cracking clay sites. Sites in the lowest rainfall part of the study 

area (Soudan, Georgina Downs and Lake Nash) are on Heavy Brown Pedocals rather than 

Heavy Gray Pedocals (Stewart 1954). While Stewart (1954) considered these soil types 

identical apart from colour, the former appear to develop fewer and narrower surface 

cracks, and this is reflected in the vector for crack width relative to the arrangement of sites 

in Figure 3.10. 

The analyses suggest that the use of relative NDVI scores is a useful tool to account for 

seasonal variation in rainfall in ecological studies. The relative importance of vectors for 

NDVI and rainfall vectors in the ordinations is difficult to assess because of the correlation 

between these variables (particularly when the analysis is limited to 'typical' cracking-clay 

sites), but the multivariate models for individual species and summary variables appear to 

more successfully separate variation attributable to either factor. 'Season quality' had a 

positive relationship with the frequency of a large number of species and is positively 

related to cover, frequency and richness of annual herbs and grasses. A similar short-term 

response to good rainfall has been reported from long-term monitoring of Mitchell 

grasslands in Queensland (Orr 1980a, Orr 1981), where ephemeral plants respond rapidly 

to good rainfall and occupy the interstices between perennial tussocks. However, a series 

of high rainfall years may result in a decline in the presence and relative frequency of 

annual grasses and forbs as the biomass of perennial grasses increases (Orr 1980a, Orr 

1981, Foran & Bastin 1984). Indeed, in the current study cover, frequency and richness of 

annual grasses, and richness of annual herbs, was negatively related to the longer term 

measure of season quality (NDVI-3). However, richness and frequency of perennial grass 

(although not cover) were also negatively associated with NDVI-3. The large number of 

species with a significant negative NDVI-3 term is also an apparently counter-intuitive 

result, particularly as the species having a negative relationship with NDVI-3 represent a 

range of lifeforms and longevity. One possible explanation is suggested by Cridland eta/. 

1998, who found that the integral under the NDVI curve was a better predictor of perceived 

quality of season if it was corrected for the effect of preceding seasons (eg. in the year 

following a very wet year, NDVI values increase from a relatively high base level so that the 

integral overestimates the magnitude of the vegetation flush for the second year). The 

correction suggested by Cridland et al. (1999) was not used in this analysis, as the 

prevalence of missing values at the end of each year meant that annual minimum NDVI 

scores could not be confidently estimated, and the need for such correction may be 

reflected in the predictive models. 
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To some extent, the floristic groups described here can be linked to established land 

classification, in particular the vegetation map of Wilson et al. (1990a). Sites on the basalt 

soils in the central VRD (corresponding to mapunit 97) had a distinctive floristic composition 

(Floristic Group 5), including a relatively large number of unique species. This result also 

supports the broad biogeographic patterns described in Chapter 2, which emphasised 

floristic dissimilarity between mapunits 96 ands 97. Sites in gidgee woodlands in the 

southeastern Barkly Tableland (corresponding to mapunit 62) were also the sole occupant 

of a single floristic group (group 7). In the floristic ordination (Fig 3.1 ), these sites were 

distinct from treeless Mitchell grasslands (Mapunit 96) at Georgina Downs, which were on 

similar brown crackingMclays and with similar mean annual rainfall. The small number of 

sites sampled during this study that were subject to periodic inundation fell into a discrete, 

although relatively heterogeneous floristic group (group 4). However, only the most 

extensive areas of these communities (mapunits 28 and 107) are mapped at 1:1 000 000 

scale (Wilson eta/. 1 990a), although they occur extensively throughout the Barkly 

Tableland in small drainage depressions or as linear features along drainage lines. Wilson 

et al. (1990a) did not delineate a vegetation map unit corresponding to Floristic Group 6 

(grasslands on gravel rises and woodlands on hard clay soils), presumably as these occur 

as patches that are too small to represent at the coarse map scale. These vegetation 

communities are described by Perry & Christian 1954 (Sporobo/us australasicusM 

Enneapogon spp. Grassland and Ventilago viminalis Woodland) as minor components of 

the extensive Barkly Land System, and their land system map delineates some areas of 

this land system having a high proportional area of gravel rises. A lack of fine-scale 

mapping of these communities poses a problem for conservation planning in this region, 

especially as these areas represent an important component of plant beta-diversity (Table 

3.6). However, both gravel rises and riparian woodlands and shrublands are readily 

recognised in remote imagery, so finer scale habitat mapping within this region can 

potentially be achieved. 

Regional species diversity can be considered in terms of three components: alpha-, betaM 

and gamma-diversity (Whittaker 1972, Cody 1975, 1983). These terms have not always 

been applied consistently (eg. Specht eta/. 1995) and here I use them as described by 

Cody (1 993): alpha diversity, the number of species within a habitat at a particular site; 

betaMdiversity, the turnover of species between habitat types or along environmental 

gradients; gamma diversity, the turnover of species between sites within a habitat type, 

which is generally a function of site separation. Regional conservation planning usually 

gives considerable attention to beta-diversity (ie. including representatives of all habitats in 

reserves) (eg. Commonwealth of Australia 1997, Sattler & Williams 1999), but often less 

explicit attention to gammaMdiversity (eg. Burgman 1988, Keith 1995a, Ferrier eta/. 1999). 
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One of the most significant features of the data is the marked 'location' effect, whereby 

cracking-clay sites from each location cluster together in the ordination, and fall into 

discrete groups in the classification. Three factors can be identified that contribute to this 

effect: 

• differences between locations in sampling adequacy which has a significant influence 

on alpha-diversity, particularly because of undersampling of annual plants. However, 

the location effect is still evident when locations with poor sample adequacy are 

removed; 

• gross differences between locations in either broad-scale or fine-scale environmental 

factors, including position along the rainfall gradient, edaphic factors, and the effects of 

variation in season quality between location. The separation of locations in one 

dimension of the floristic ordination (Fig 3.1 0) is associated with vectors of rainfall and 

crack width. NDVI-1 is also a significant vector in the ordination but is strongly 

negatively correlated with rainfall for this data set, so the importance of season quality is 

difficult to independently asses. However, none of the measured environmental factors 

adequately explain the separation of locations along other axes of the ordination. 

• Species turnover between locations that is solely a function of geographic distance. 

Analyses described in Chapter 6 showed that floristic dissimilarity between sites 

increased with increasing geographic distance, and a significant effect of geographic 

distance remains after the influence of measured environmental gradients are removed. 

Gamma diversity is usually interpreted as arising from historical barriers to dispersal 

between disjunct areas of the same habitat (Cody 1993, Cowling 1990). In the Barkly 

Tableland, floristic dissimilarity increases with geographic distance, but most of the 

variation has occurred by the time sites are separated by 200km, and there is no 

evidence for historical barriers to dispersal that would have operated at this scale, or 

indeed extant topographical/edaphic barriers to dispersal. By contrast, Ferrier eta/. 

1999 found no evidence for a significant relationship between dissimilarity and 

geographic distance for vascular plants in the eucalypt forest of north-east NSW, across 

distances of up to 450km. 

In combination, these factors are still inadequate to completely explain the strength of the 

location effect, nor the differences between some locations in structure and composition by 

lifefonn of the vegetation. This is best exemplified by sites at Alexandria station, which 

cluster strongly in the ordination but are separate from sites that are relatively 

geographically close (Connell's Lagoon) or have similar annual rainfalls (Helen Springs). 

Sites at the former location also have the lowest richness and cover of perennial grass, but 

highest richness and abundance of annual grasses of all sample sites. Obvious factors 
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that may account for this pattern are the rainfall history of the site and relative level of 

grazing pressure, but variables for NDVI scores and current grazing pressure do not 

explain the differences. I postulate three additional factors which may explain the location 

effect: 

• additional environmental factors, most likely edaphic effects, which vary at a paddock. 

or property·scale and significantly effects botanical composition. No such factors have 

been described within the literature for Mitchell grasslands, and systematic soil 

sampling would be required to uncover them; 

• variation between locations in rainfall season which are not represented by the NDVI 

scores developed here. The reliability of these scores are inherently limited by the 10-

year time span for which data is available and over which the 'long-term' mean score 

was calculated. Improvement will come with additional years of data that encompass 

the full range of rainfall conditions at all locations. Temporal variation beyond the ' 

relatively short-term indices used here may also have significant effects on botanical 

composition, particularly extended dry periods that lead to the breakdown and mortality. 

of perennial tussocks (Orr 1980a, Williams & Roe 1975). In at least some 

circumstances, Astrebla tussocks fail to respond to good rainfall following periods of 

drought (Roe 1941, cited in Orr 1980a). Foran & Bastin (1984) also noted that areas of 

annual grassland and forbland persisted in the Helen Springs area during a period of 

above·average rainfall, notwithstanding the dramatic increase in abundance of 

perennial grasses in their study site. It is feasible that the annual·dominated vegetation 

at the Alexandria sites represents a stable 'state' (sensu Westoby eta/. 1989) resulting 

from drought and/or overgrazing that has not been able to make the transition to a 

greater abundance of perennials despite adequate rainfall. 

• paddock or property-scale differences in pastoral management, that are inadequately 

represented by the land use variables used here. The indices of distance from water 

and recent cattle use are measured at a site scale and account for some of the 

variation in plant summary variables and the abundance of individual species, but they 

cannot account for patterns of floristic dissimilarity between sample locations. It is 

feasible that some of these differences may reflect gross differences in past 

management between locations, such as long histories of heavy grazing in some 

locations compared to light or intermittent use in others. As with the prior point, this 

factor would be more relevant if vegetation dynamics correspond to a 'state and 

transition' pattern, so that differences may persist for extended periods even if 

contemporary differences in management between locations is slight. Unfortunately, it 

is very difficult to obtain accurate histories of stocking levels at a paddock scale (in 

fact, a waterpoint·scale is required) for this region. 
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Clarifying which, if any of these factors, contribute to the location effects could best be 

achieved by resampling sites over a number of years, in order to better understand the 

relative importance of spatial and temporal variation, and sampling additional widely­

spaced sites throughout the region (ideally with additional measurement of soil chemical 

and physical properties). 

The issue of a location effect has considerable relevance to conservation planning in this 

environment. Using the context of a 'traditional' reserve design approach, if this effect 

genuinely represents the influence of geographic distance, then it would be appropriate to 

select a set of geographically separated Mitchell grassland reserves that encompass the 

gamma-diversity throughout the region. If the location effect more accurately reflects 

environmental differences between sites (a beta -diversity effect), then a set of 

geographically separated reserves may still be appropriate where environmental 

differences reflect macro-scale gradients (eg. rainfa!l). However, finer-scale variation (eg. 

due to edaphic effects) may be adequately represented in a single property-scale reserve; 

the most efficient solution to representing the beta-diversity in the region can only be found 

if adequate surrogates for this diversity can be described and their distribution mapped. If 

the location effect is primarily due to rainfall variation, then selection of representative areas 

cannot be based on observation of regional floristic variation at only a single time (Everist & 

Webb 1975). Nevertheless, adequate reserve size and geographic spread of reserves may 

still be desirable to maintain habitat variability and resource availability at a regional scale 

f:Noinarski et al. 1992b). If the location effect simply represents management effects, then 

the major consideration in reserve design may be the selection of areas in the 'best' 

-condition. These issues are discussed further in Chapter 9. In this later Chapter I also 

consider individual plant species of conservation significance that occur in the Mitchell 

grasslands. 
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Table 3.5. Mean frequency of plant species in eleven floristic groups defined by classification of 
all sample sites. Species are ordered according to the group in which they have maximum 
mean frequency; the most frequent species (mean frequency >1 in at least 5 groups) are at the 
head of the table. Differences between groups are significant for species with the maximum 
frequency in bold type (Kruskai-Wallis one-way ANOVA, p<0.05). Only species occurring in at 
least 3 sites are shown. AH, annual herb; FPH, facultative perennial herb; PH, perennial herb; 
AG, annual grass; FPG, facultative perennial grass; PG, perennial grass. '+'indicates a mean 
frequency of <0.05, whereas a blank indicates the species did not occur in that group. (In 
Tables 3.5 & 3.6, groups have been re-ordered by rotation about the dendrogram axes in order 
to better reflect the relationship between groups). 

Floristic Group 

11 10 9 1 2 3 4 5 7 6 8 

LilfiliQ!!!J S12ecies n 8 19 18 6 7 5 4 7 7 17 9 

AG Jseilema membranaceum 54 9.5 6.3 4.8 0.7 2.1 1.0 0.1 1.8 

AH Spermacoce brachystema 39 8.8 0.1 2.8 0.2 3.6 4.2 1.2 0.4 

AH Opercu/ina aequisepa/a 41 2.9 1.8 • 1.1 0.6 1.6 • 1.6 • 
AH Cleome viscosa 72 1.9 9.5 1.8 3.2 1.5 1.0 4.5 0.5 
PH Boerhevia pe/udosa 70 2.4 4.3 0.8 2.7 • 0.1 1.4 3.1 1.7 

SH Side fibulifera 68 0.9 3.7 0.4 2.3 1.0 1.9 1.7 

AH Sida spinosa 72 1.6 8.3 9.9 0.9 3.0 0.2 1.5 0.6 1.0 1.3 
AG /seilema vaginiflorum 85 9.1 12.6 13.4 15.8 5.0 4.0 1.9 4.7 2.6 • 
AG Panicum /aevinode 65 1.3 10.9 1.0 15.7 4.1 5.6 2.8 4.7 1.7 

AH Gomphrena conica 44 1.6 2.0 1.6 14.2 2.0 0.3 • 0.3 
AH Ipomoea /onchophylla 62 0.5 7.8 5.8 11.5 0.3 0.6 9.1 1.5 
PG Asfrebla elymoides 69 3.9 3.2 5.7 4.8 7.6 3.2 2.2 1.9 0.7 
PH Neptunia dimorphantha 49 2.9 0.7 0.3 0.3 3.1 4.0 0.8 2.9 0.5 3.6 

AG Brachyachne convergens 86 4.1 7.8 2.8 9.3 5.0 8.2 • 10.3 2.9 3.6 0.1 
PG Astrebla pectinata 76 10.0 9.0 7.0 0.2 4.9 38 2.5 13.7 2.5 
AG Sporobolus australasicus 56 11.3 11.0 0.1 0.6 • 0.5 11.6 4.7 2.6 
PG Aristida latifolia 62 1.4 2.6 1.3 • 2.7 0.1 0.8 0.5 5.1 • 
AH Flaveria australasica 50 11.8 8.1 3.2 • 0.1 • 0.6 2.1 0.4 

AG Sorghum timorense 11 10.1 0.1 1.9 

PH Glycine falcata 36 7.9 1.5 • 1.3 2.6 0.4 
PG Chrysopogon fa/lax 42 7.5 0.9 0.1 0.7 4.9 0.1 4.9 1.5 

AH Euphorbia drummondii 25 5.8 0.2 2.1 1.3 1.2 

AH Polymeria longifolia 14 5.6 0.5 
AH Corchorus aestuans 40 5.5 3.8 0.5 2.0 0.1 3.9 0.3 

FPH Trichodesma zeylanicum 23 4.4 1.5 • 2.4 • • 
AH Euphorbia coghlanii 58 4.4 0.9 2.2 0.4 0.4 • 0.4 0.2 0.2 0.6 
AG Digitaria ctenantha 11 4.1 0.8 • • 0.1 

FPH Wedelia asperrima 20 3.8 0.1 0.6 • 0.8 

PH Goodenia fascicu/aris 35 3.0 1.2 0.1 • 0.9 1.1 

AH Crotalaria medicaginea 53 2.7 2.3 0.8 0.1 2.0 0.6 0.1 
PH Commelina ensifolia 26 2.0 0.6 0.8 0.9 0.2 

AH Leptopus decaisnei 5 1.9 
AH Polyga/a sp 22 1.5 • 0.1 0.2 0.1 0.4 0.7 0.1 

PH Jndigofera trite 32 1.2 0.8 0.1 0.9 0.3 0.3 0.3 

AH T ribu/us terrestris 11 0.5 0.5 0.1 

PH Gaasia chlorantha 4 0.5 • 
AH Goodenia bymesii 3 0.5 
SH Sida trichopoda 24 0.4 0.1 0.1 • 0.4 • 
AH Jndigofara parviflora 36 1.3 1.4 0.7 1.2 • 0.2 
AH Sa/sola kali 30 0.2 1.2 • 0.2 0.7 0.4 
AH Ipomoea sp. (GO) 3 0.3 

FPH Heliotropium tanythrix 3 0.2 • 
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Table 3.5 (cont'd) 
n 11 10 9 1 2 3 4 5 7 6 8 

AH Heliotropium spp. 50 0.6 3.2 3.8 0.2 0.7 0.6 0.7 0.1 
PH Streptoglossa bubakii 25 1.1 3.0 0.4 0.1 • 
AH Desmodium muelleri 38 1.3 24 2.8 0.2 0.4 0.3 1.0 0.1 

AH Hibiscus tn·anum 55 3.5 0.4 3.7 9.8 64 0.2 0.3 0.7 0.1 
AG Paspalidium retiglume 32 1.9 0.7 9.7 6.1 1.6 1.0 0.7 
AH Heliotropium brachythrix 9 0.3 9.2 0.1 
AH Bulbostylis barbata 21 0.2 7.8 4.0 1.3 2.7 
AG Elytrophurus spicatus 6 7.5 2.0 

FPH Phyllanthus maderaspatensis 75 2.1 4.0 3.9 5.5 0.4 0.4 0.8 4.6 4.0 0.4 
AH Abelmoschus ficu/neus 38 4.0 0.1 0.5 4.2 0.4 • • 0.2 0.1 
AH Alysicarpus rugosus 52 3.8 0.9 1.5 3.8 0.3 0.9 • • 
AG Spathia neurosa 11 0.4 3.2 0.5 
AH Altemanthera nodifiora 21 0.3 3.2 • • 1.5 • 0.1 1.7 
AH Portulaca oleracea 37 0.1 0.4 0.1 3.0 1.3 0.1 2.9 0.1 
AH Cyperus difformis 3 2.7 0.3 
AH Aeschynomene indica 15 0.2 2.3 1.5 0.2 
AH Crotalaria montana 15 • 0.1 2.0 1.8 • 
AH Ammannia multiflora 7 2.0 0.3 0.1 
AH Neogunnia septifraga 3 1.3 
AH Corchorus pascuorum 3 0.5 
AH Amaranthus mitchellii 13 0.4 0.5 • 0.3 0.2 
AH Ipomoea polymorpha 7 0.3 • 0.2 
AG Brachyachne tenella 3 0.3 0.1 

AG lseilema fragile 15 0.2 8.4 5.4 0.1 
PH Neptunia gracilis 4 • 4.3 0.5 
AH Ptilotus spicatus 49 3.1 2.3 1.1 0.7 3.6 0.4 0.7 
PH Crotalaria dissitiflora 43 1.0 1.1 • • 3.4 0.5 1.8 0.5 
AH Rostellularia adscendens 14 • • 1.7 0.2 0.5 • 1.6 • 
PH Fimbristylis dichotoma 4 1.0 0.8 
PH Stemodia glabella 7 • 0.4 0.4 0.1 • 
TR Acacia victoriae 12 • 0.1 0.3 0.2 • • 
AG /seilema windersii 34 5.1 1.9 0.1 12.6 0.3 • 1.1 
AG Chionachne hubbard/ana 14 0.4 1.2 2.1 5.0 3.3 • 
PG Astrebla squarrosa 47 0.3 0.4 4.0 0.1 2.9 4.6 0.7 
PH Evo/vutus alsinoides 39 0.8 2.7 1.0 3.8 0.1 0.7 2.0 0.8 0.7 
PH Solanum esuriale 5 1.6 2.8 
AH Corchorus tridens 8 • • • 2.8 1.0 
PH Desmodium campy/ocau/on 20 0.1 0.4 0.6 0.5 • 1.4 0.3 • 
TR Excoecaria patVifo/ia 6 0.1 0.4 0.1 

PH Cyperus victoriensis 39 0.1 0.3 0.7 • 0.7 8.4 8.5 1.3 0.9 • 
AG Eragrostis tenellula 20 • 0.4 0.1 6.8 0.2 2.3 0.6 
PH Marsilea spp. 13 0.3 0.2 1.2 0.2 5.0 • 0.2 
PH Streptoglossa adscendens 26 0.5 0.4 4.3 2.6 1.2 • 
PG Sporobo/us mitchelli 5 3.8 • 0.1 
PH Solanum tumu/ico/a 3 3.3 • 
AH 0/den/andia mitrasacmoides 7 0.5 0.3 2.3 0.1 

FPH Cyperus gilesii 4 0.1 2.0 0.2 
AG Chloris pectinata 25 0.4 0.9 0.9 0.4 1.8 0.3 1.7 
TR Eucalyptus microtheca 4 0.1 1.5 
AH BJumea tenet/a 4 0.2 1.5 0.1 
SH Chenopodium auricomum 9 0.1 0.3 • 1.0 • • 
TR Eucalyptus coolibah 10 1.0 0.3 • 0.2 
PH Neptunia monosperma 11 • 0.2 • 0.3 • 
SH Acacia famesiana 7 0.2 0.3 • 
AH Cyperus iria 3 0.3 0.2 

FPG Uranthoecium truncatum 3 • • 
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