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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. 

xviii Abstract 



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 

Chapter 1. Introduction 11 



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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Eulalia fulva- Dicanthium facundum 
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Eucalyptus microtheca -Eulalia fulva
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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. 
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(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. 

Chapter 2. Biogeographic context 41 



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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Table 2.5 Results of analysis of geocoded vascular plant records within the Northern Territory, 
according to vegetation mapunits. Fidelity level refers to the percentage of all NT records that 
are within the relevant mapunit(s); 'AU MG' refers to all the individual mapunits listed combined. 
Mapunits are described in Table 2.1. 

mapunit ""' %NT Plant %NT Recs 
(kml) area recs recs km~ 

96 52 680 4.07 1 995 1.15 0.038 

97 7 100 0.55 371 0.21 0.052 

96 & 97 59 780 4.62 2 366 1.37 0.040 

26 2 582 0.20 135 0.08 0.052 

28 4 542 0.35 86 0.05 0.019 

62 9265 0.72 540 0.31 0.058 

107 2117 0.16 122 0.07 0.058 

AIIMG 78 286 6.05 3 249 1.88 0.042 

NT total 1 293 000 173 179 

Table 2.6 Comparisons between the inferred plant 
species composition of Mitchell grassland 
mapunits and some other mapunits (described in 
Table 2.1 ). For example, 46% of the species 
recorded in mapunit 97 are not recorded in 
mapunit 96. 

Spp. no. of species at fidelity level: 

100% ~75% ~50% ~25% ~10% 

585 6 9 36 91 184 
237 0 0 1 7 18 
694 6 10 40 100 202 
112 0 0 1 3 7 
68 0 0 0 2 8 

320 0 0 4 14 36 
93 1 1 1 3 10 

822 9 30 61 138 257 

4614 

comparison 'PP % 

in 96 & not in 97 457 78.1 

in 97 & not in 96 109 46 

not in 96 or 97 and in: 

26 22 19.6 

28 8 11.8 

62 99 30.9 

107 5 5.38 

24&25 173 43.3 

44&45 113 40.6 

53 731 84.4 

98 141 40.6 

103&104 38 53.5 

and woodlands on clay soils share c. 50% of their flora with Mitchell grasslands, with the 

exception of the northern floodplains (mapunit 54), which shares only 16% of its species. 

The floristic overlap between the two Mitchell grassland units (96 and 97) is surprisingly 

small: only 22% of species in 96 also occur in 97, while 46% of species in 97 are not found 

in 96. 

A total of 257 plant species have relatively high recording rates from Mitchell grasslands 

and associated communities (Tables 2.5, 2.7*), 72% of which occur in mapunit 96. 

According to this analysis, 9 plant species (including the weed Prosopis /imensis) are 

entirely confined within the Northern Territory to Mitchell grassland communities. These 9 

species are all known from but a few records. However, many of the other 52 species with 

a fidelity better than 50% are well recorded and/or were shown by this study (Chapter 3) to 

be frequent and widespread within the Mitchell grasslands (eg. Gomphrena breviflora, 

Spathia neurosa, Ipomoea lonchophy/la, Polymeria /ongifofia, Heliotropium conocarpum, 

lseilema windersii, Hibiscus trionum, Paspafidium retiglume, Grata/aria dissitiflora). 
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Table 2.5 Results of analysis of geocoded vascular plant records within the Northern Territory, 
according to vegetation mapunits. Fidelity level refers to the percentage of all NT records that 
are within the relevant mapunit(s); 'AU MG' refers to all the individual mapunits listed combined. 
Mapunits are described in Table 2.1. 

mapunit ""' %NT Plant %NT Recs 
(kml) area recs recs km~ 
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26 2 582 0.20 135 0.08 0.052 

28 4 542 0.35 86 0.05 0.019 

62 9265 0.72 540 0.31 0.058 

107 2117 0.16 122 0.07 0.058 

AIIMG 78 286 6.05 3 249 1.88 0.042 

NT total 1 293 000 173 179 

Table 2.6 Comparisons between the inferred plant 
species composition of Mitchell grassland 
mapunits and some other mapunits (described in 
Table 2.1 ). For example, 46% of the species 
recorded in mapunit 97 are not recorded in 
mapunit 96. 

Spp. no. of species at fidelity level: 

100% ~75% ~50% ~25% ~10% 

585 6 9 36 91 184 
237 0 0 1 7 18 
694 6 10 40 100 202 
112 0 0 1 3 7 
68 0 0 0 2 8 

320 0 0 4 14 36 
93 1 1 1 3 10 

822 9 30 61 138 257 
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in 96 & not in 97 457 78.1 

in 97 & not in 96 109 46 
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28 8 11.8 

62 99 30.9 

107 5 5.38 

24&25 173 43.3 

44&45 113 40.6 

53 731 84.4 

98 141 40.6 

103&104 38 53.5 

and woodlands on clay soils share c. 50% of their flora with Mitchell grasslands, with the 

exception of the northern floodplains (mapunit 54), which shares only 16% of its species. 

The floristic overlap between the two Mitchell grassland units (96 and 97) is surprisingly 

small: only 22% of species in 96 also occur in 97, while 46% of species in 97 are not found 

in 96. 

A total of 257 plant species have relatively high recording rates from Mitchell grasslands 

and associated communities (Tables 2.5, 2.7*), 72% of which occur in mapunit 96. 

According to this analysis, 9 plant species (including the weed Prosopis /imensis) are 

entirely confined within the Northern Territory to Mitchell grassland communities. These 9 

species are all known from but a few records. However, many of the other 52 species with 

a fidelity better than 50% are well recorded and/or were shown by this study (Chapter 3) to 

be frequent and widespread within the Mitchell grasslands (eg. Gomphrena breviflora, 

Spathia neurosa, Ipomoea lonchophy/la, Polymeria /ongifofia, Heliotropium conocarpum, 

lseilema windersii, Hibiscus trionum, Paspafidium retiglume, Grata/aria dissitiflora). 
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Table 2.8 Results of analysis of geocoded vertebrate records within the Northern Territory, according to 
vegetation mapunits. Fidelity level refers to the percentage of all NT records that are within the relevant 
mapunit(s); 'All MG' refers to all the individual mapunits listed combined. Mapunits are described in Table 2.1. 

Mapunit ..... %NT Recs %NT Recs number of species no. of species at fidelity level: 
(km2) '"'' recs km< 

Vert. Bird Rept. Mam. Frog 100% 275% 250% 225% 

96 52 680 4.07 3 701 1.91 0.070 293 181 82 21 9 0 5 12 

97 7 100 0.55 803 0.41 0.113 169 109 44 9 7 0 0 0 

96 & 97 59 780 4.62 4 504 2.32 0.075 324 194 96 24 10 0 6 15 

26 2 582 0.20 85 0.04 0.033 58 48 6 4 0 0 0 0 

28 4 542 0.35 510 0.26 0.112 124 110 11 3 0 0 0 0 

62 9 265 0.72 97 0.05 0.010 65 45 10 9 1 1 1 1 

107 2 117 0.16 688 0.35 0.325 127 114 9 4 0 0 0 0 

AIIMG 78 286 6.05 5884 3.03 0.075 343 205 99 29 10 2 7 17 
total NT 1 293 000 194 120 801 

Table 2.9 Comparisons between the inferred 
vertebrate species composition of Mitchell 
grassland and selected other mapunits (see 
text for description). Mapunits are described 
in Table 2.1 ). 

Vertebrates 

370 265 118 48 

comparison 

in 96 & not in 97 

in 97 & not in 96 

not in 96 or 97 and in: 

26 

28 

62 

107 

24&25 

44&45 

54 

98 

103&104 

,,, % 

155 52.9 

31 18.3 

0 0.0 

5 4.0 

7 10.8 

8 6.3 

36 19.1 

42 20.2 

171 48.3 

49 20.9 

29 22.7 

The total number of vertebrate records from all Mitchell grassland and associated 

communities records is low proportionate to their area (Table 2.8), although mapunits 97, 

28 and 107 have been relatively well sampled (the latter two primarily due to intensive 

surveys of wetland birds). By contrast. mapunits 26 and 62 are particularly neglected. A 

total of 343 vertebrate species have been recorded from all of the Mitchell grassland and 

associated mapunits, of which 85% have been recorded in mapunit 96. More so than for 

plants, the known faunas of mapunits 26,28, 107 and 62 are essentially subsets of that of 

the Mitchell grassland mapunits (Table 2.9). Mapunit 97 has only 18% of its species not 

shared with 96, while mapunit 96 shares only 47% of its vertebrate fauna with 97. The 

pattern in relation to other tussock grasslands and woodlands on clay soils is similar to that 

for plants, although the degree of overlap is greater: each of the mapunits share c. 80% of 

their vertebrate fauna with Mitchell grasslands, other than the northern floodplains, which 

shares only 52%. 

23 
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28 

0 

0 

1 

0 

35 
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A total of 82 species have relatively high reporting rates for Mitchell grassland, the majority 

of which are associated with mapunit 96 (Tables 2.8, 2.1 0*). The only vertebrates that are 

apparently entirely confined within the NT to these units are Planigale tenuirostris, which is 

known from a few records within the gidgee woodlands close to the Queensland border 

(Low & Strong 1986b); and a northern race of Acanthophis antarcticus (described as a 

distinct species, A. hawkei by Haser (1998)). However, high levels of fidelity are particularly 

marked amongst reptile species, which contribute 11 of the 17 species with a fidelity level 

greater than 50%. Five of these reptile species (Ctenotus joanae, Pseudonaja ingrami, P. 

guttata, Varanus spenceri, C. rimacola) are generally considered to be entirely constricted 

to cracking-day soils, typically with Astrebla grasslands (Cogger 2000, Wilson & Knowles 

1988, Horner & Fisher 1998). The four bird species with fidelity greater than 50% (Flock 

Bronzewing, Red-chested Button-quail, Singing Bushlark, Grass Owl) are associated with 

grassland habitats. However, c. 75% of the bird species with a lower fidelity are waterbirds, 

waders or terns and primarily associated with permanent or intermittent wetland habitats. 

As with the plants, many of the vertebrate species showing high fidelities were also 

frequently recorded during this study (Chapter 4). 

Discussion 

Biogeographic patterns in the Northern Territory 

The biogeographic regionalisations of the Northern Territory that I present here 

demonstrate similar broad patterns of species assemblages to those described by Bowman 

et al (1988) and Whitehead eta/ (1992), although the resolution at which these patterns are 

rendered is improved and hence there are some differences in the detail. Despite 

considerable survey effort in the past decade, knowledge of the distribution of much of the 

biota of the Northern Territory remains geographically very uneven. 

Biogeographic patterns for each of the components of the flora and fauna show latitudinal 

banding, although there is no obvious latitudinal pattern south of c. 18°S for any of the 

vertebrate classes other than reptiles. Previous workers have related this banding to the 

steep climatic gradient in the Northern Territory and shown that, of a range of climatic and 

vegetation variables, mean annual rainfall is the strongest predictor of group composition 

for vertebrates (Whitehead eta/. 1992). Plant growth and vegetation composition and 

structure are strongly climate dependent (Nix 1982, Goldstein eta/. 1988), so it is not 

surprising that at coarser scales phytogeographic regionalisations show a good 

correspondence to climatic gradients. The mechanisms by which climate influences 
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biogeographic patterns in vertebrate fauna are likely to be a complex of factors including 

physiological limits on species distribution (eg. Dawson 1981) or indirectly through climatic 

effects on vegetation structure (eg. Recher 1969) and composition or other aspects or 

habitat suitability. 

However, while the rainfall gradient in the Northern Territory is relatively steep, it is also 

even, and topographically the Northern Territory is also relatively uniform. It is somewhat 

surprising, therefore, that a primary biogeographic boundary close to the 181
h parallel or 

600mm isohyet is so clearly defined and is remarkably consistent between all of the 

regionalisations. Most authors have described this boundary as separating the wet, 

seasonal tropics from the aseasonal arid zone (eg. Whitehead eta/. 1992), despite the fact 

that annual rainfall is strongly seasonal throughout the Mitchell grasslands to the south of 

this boundary, and that Nix (1982) identified a broad Torresian/ Eyrean bioclimatic 

interzone to the north of this boundary. It appears that the location of the extensive clay 

plains in a band across the Northern Territory just to the south of the 600mm isohyet 

considerably sharpens the definition of this biogeographic boundary, by superimposing an 

abrupt boundary in soil character onto the continuous variation in climatic factors. 

Increasing clay content of the soil generally corresponds to a decrease in plant available 

moisture, which is believed to have a major influence on the composition, structure and 

dynamics of savanna vegetation (Skarpe 1992, Williams et al. 1996b, Walker & Langridge 

1997). Within tropical savanna areas of relatively uniform rainfall, soil clay content is 

inversely related to canopy cover (Bowman & Minchin 1987, Fensham & Kirkpatrick 1992) 

and tree richness (Bowman eta/. 1993). Along the rainfall gradient in the Northern 

·Territory, tree height, cover, basal area and woody richness decline with decreasing rainfall 

on all soil types (Williams eta/. 1996c ), but the structural change is far more marked on 

clay than sand or loam soils (Woinarski et at. 1999). The generally treeless Mitchell grass 

plains also present an abrupt boundary between a landscape essentially monopolised by 

eucalypts and taller open forest/woodland to the north, and acacia woodlands and 

shrublands to the south (Bowman & Connors 1996 ). This may form a barrier to the 

dispersal of some woodland biota between these two zones (Woinarski 2000b). 

Distinctiveness of Mitchell grasslands 

The Mitchell grassland cells of the Barkly Tableland form a distinct biogeographic zone in 

objective analyses of plant species composition, total vertebrate species composition and 

some components of vertebrate composition (birds, land birds and reptiles). This 

distinctiveness is evident at even coarse levels of division (5-6 group) within the Northern 

Territory. The regionalisations are based on the analysis of regular 0.5° grid cells, so that 

each grid cell is likely to contain a number of vegetation communities and wildlife habitats. 

Chapter 2. Biogeographic context 51 



However, the characteristic species of the 'Mitchell grassland' groups correspond closely 

to species that have relatively high recording rates for Mitchell grassland mapunits. This 

lends weight to the idea that this zone is distinctive because it contains species largely 

restricted to Mitchell grassland communities, rather than merely characteristic of a semi

arid, latitudinal band across the Northern Territory. 

The area of Mitchell grasslands in western Northern Territory is less sharply defined as a 

distinct biogeographic zone. While a portion of these cells are grouped with the Barkly 

Tableland in regionalisation for landbirds and reptiles, they are absorbed into more 

extensive Timorian and Eyrean groups in regionalisations for all birds and terrestrial 

vertebrates. In the finer of the plant regionalisations, Mitchell grassland cells from western 

NT form a small group with some cells from the margin of the Barkly Tableland. The 

absence of a well-defined zone in the west is partly an issue of scale, as the total area of 

Mitchell grasslands in this region is much smaller than in the Barlody Tableland. 

Environmental heterogeneity at a 0.5° cell scale is also greater as areas of clay plain in the 

west are interspersed with eucalypt woodland, so that the species complements of each 

cell are likely drawn from several major habitat types. However, it also reflects real 

biogeographic patterns. A number of reptile species that are characteristic of Mitchell 

grasslands in the Bark!y Tableland are absent from the Victoria River region (Varanus 

spenceri, Pseudonaja guttata, P. ingrami, Ctenotus joanae, C. pufchelfus), while C. 

rimacofa is absent from the Barkly Tableland (Horner & Fisher 1998). As discussed below, 

there is also a relatively high dissimilarity in plant and vertebrate composition between 

mapunits 96 and 97 and the latter unit, which is restricted to western NT, has greater 

Timorian affinities than the former. The Mitchell grasslands in western Northern Territory 

also have few major wetland areas and therefore lack some of the large component of 

waterbird species which contribute to the definition of the Barkly Tablelands zone in the 

regionalisation for all bird species. 

What factors, then, lead to the Mitchell grassland zone in the Barkly Tableland region being 

so well defined in the majority of regionalisations? Some of these factors are external to 

the functioning of the Mitchell grassland environment per se. The presence of extensive 

intermittent wetlands is an important influence on the regionalisation by bird composition, 

as most of the characteristic species of the Mitchell grassland zone are waterbirds. 

However, the Mitchell grassland zone is retained when the analysis is restricted to 

land birds. In some part, the identification of the Barkly Tableland as a distinct zone 

reflects the very large and essentially uninterrupted extent of this relatively uniform 

landscape. However, it can still only be separated from adjacent areas if it contains an 

assemblage of species that is distinct, and the Mitchell grasslands clearly incorporate many 

52 Chapter 2. Biogeographic context 



species that are relatively restricted to this habitat. Th_e distinctiveness of the Mitchell 

grassland zone is likely to be a related to the particular characteristics of the vertisol soils 

on which they are based, superimposed on a geographic position which is marginal to 

megatherm/mesotherm arid and megatherm seasonal climatic zones (Nix 1982). In the 

context of the Australian tropical savannas, the Mitchell grasslands occupy an extreme 

corner on the PAN I AM plane (plant-available nutrients I available moisture), which is 

hypothesized to determine vegetation composition and structure (Williams eta/. 1996b). In 

the context of the Australian arid zone, where spatial and temporal heterogeneity is a 

dominant ecological factor (Stafford Smith & Morton 1990), the Mitchell grasslands are a 

comparatively uniform and productive landscape where rainfall is highly seasonal but, 

although spatially patchy, relatively reliable. The distinctive vertebrate fauna likely reflects 

the influences of a distinctive vegetation structure and composition. This is most obvious in 

the bird fauna, which has a large component of granivorous species but lacks many 

species associated with semi-arid woodlands. Similarly, largely arboreal reptile species 

(eg. Gehyra spp) are mostly absent from this zone. 

One significant factor influencing current biogeographic patterns in much of Australia is 

postulated to be the expansion of the central Australian desert during the Pleistocene 

(Jones & Bowler 1 980b) which may, for example, have been responsible for the reduction 

in the number of endemic plants in central Australia (Crisp et al. in press) and endemic 

vertebrates in south-west Australia (Archer 1 996) (although Bowman & Connors (1 996) 

suggested that it was a decrease in temperature rather than an increase in aridity during 

glaciations that was responsible for current biogeographic patterns of Acacia and 

Eucalyptus). During the most recent glacial minimum (18000 years BP), the extensive 

Mitchell grassland regions in the Northern Territory would have been subject to climatic 

conditions considerably drier and colder than they are currently, perhaps comparable to the 

current climate in the central Australian deserts (Jones & Bowler 1980). It is interesting, 

therefore, that the Astrebla dominated grasslands in the Barkly Tableland and VRD are 

close to the high annual rainfall (and high mean temperature) and high seasonality-of

rainfall margins of this communities' current climatic envelope (Chapter 1: Fig. 1.7). While 

the current northerly distribution of extensive Astreb/a-dominated grasslands in the 

Northern Territory is apparently limited by rainfall (and possibly other climatic factors), this 

is apparently not the case on the inland margins, where the mediating factor is the 

distribution of suitable soil types. In periods of greater aridity, the distribution of at least the 

dominant perennial grass species and the gross vegetation structure of the Mitchell grass 

landscapes may have been relatively stable. It is possible that this allowed the persistence 

of endemic or habitat-preferential plant and reptile species even in the absence of 

topographic refuges that may have maintained populations of localised species in the 
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central Australian ranges and western Arnhem plateau. This effect may also help to 

explain why the Mitchell grassland flora and vertebrate fauna is more closely related to the 

Eyrean rather than Timorian assemblages (Fig 2.4), as it was the more arid-adapted 

species that persisted in this landscape during and following periods of increased aridity. 

There ares no comparable data to assess whether the number of species identified as 

preferential to Mitchell grassland vegetation units is high compared to other vegetation 

types. However, the Mitchell Grass Downs bioregion (which encompasses almost 

exclusively the Astrebla grasslands of the Barkly Tableland) ranked fifth, of the Northern 

Territory's 20 bioregion, according to the proportion of plant species having at least 50% of 

records within the respective bioregion (Connors eta/. 1996 ). Of particular note is the 

number of reptile species that are strongly preferential to Mitchell grasslands, the majority 

of which are restricted (within the Northern Territory) to the Barkly Tableland. The value of 

identifying sets of species which are preferential to this habitat is discussed further in 

following chapters. 

Variation within Mitchell grasslands and related communities 

To what extent should the 'Mitchell grasslands and related communities' described in 

Chapter 1 be regarded as a biogeographically coherent unit? According to these analyses, 

mapunits 26 & 28 (E. microtheca woodlands) and 107 (Chenopodium shrublands) 

essentially contain subsets of the flora and fauna associated with mapunit 96 (Astrebla 

grasslands). This likely partly reflect the paucity of data for these communities (particularly 

26 & 28) and issues of scale. Only the largest patches of Chenopodium swampland are 

mapped by Wilson eta/. (1990a) and many smaller patches embedded within the Astrebla 

grasslands are not distinguished from the latter mapunit. However, based on comparisons 

at the plot (1-5ha) scale, Brock (2000) also found that only a small component of the flora 

and avifauna of the Chenopodium shrublands in the Barkly Tablelands was not shared with 

the surrounding Astrebla grasslands. This component included a small number of plant 

species (including a number of rare species: see Chapter 9); the Yellow Chat, which has an 

extremely patchy distribution in northern Australia (Strong & Fleming 1987) and White

winged Fairy-wren, which is more commonly associated with open shrublands and 

woodlands to the south of the Barkly Tableland. Waterbird species were also more 

abundant and more diverse in the wetter swamps than elsewhere in the Astrebla 

grasslands. 

Gidgee woodlands with an Astrebla understorey (mapunit 62) have a greater compositional 

dissimilarity with Astrebla grasslands for plant species, although the extent to which this is 

mirrored by vertebrate species is disguised by the very poor sampling within this mapunit. 
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This mapunit occurs on the southeastern, arid margins of the extensive Astrebla grasslands 

and sampling during this study indicated that, while the ground layer shares many species 

with the Astrebla grasslands to the north, there is a significant component of more 

widespread Eyrean species (eg. Sclerolaena spp) in the grasslands and gidgee woodlands 

south of c. 21°8. For all vertebrate species combined, all but one of these most south

easterly cells are grouped with the remainder of the Barkly Tableland Mitchell grasslands. 

However, the affinities of this map unit are not consistent amongst individual vertebrate 

regionalisations. The pattern for reptiles mirrors that for vertebrates as a whole, suggesting 

that substrate and understorey vegetation structure are more important factors influencing 

distribution patterns than upperstorey structure or climate. However, the same cells are 

grouped with the broad arid woodland group in the regionalisation of all bird species; and 

the arid hummock grassland group for landbirds. Either these gidgee woodlands lack some 

of the bird species characteristic of the more widespread mulga (Acacia aneura) woodlands 

(eg. Red-capped Robin, Thornbill spp., Southern Whiteface, White-brewed Babbler) or, 

more likely, the woodland bird fauna in this region of the Northern Territory has been 

inadequately recorded. 

Surprisingly, compositional dissimilarity is greatest between the two Mitchell grassland 

mapunits (96 and 97), for both plant and vertebrate species. Reflecting this, cells in the 

western Northern Territory containing significant areas of mapunit 97 are consistently 

grouped with the southern Top End biogeographic zones, rather than the Mitchell grassland 

zone. This likely reflects a combination of factors: 

• mapunit 97 is developed on cracking clay soils derived from basic basalt rocks of lower 

Cambr'lan origin, in contrast to the cracking clay soil of mapunit 96 which, in both the 

western NT and Barkly Tableland have developed from Tertiary swamp deposits 

(Stewart 1970 ). Differences in nutrient status or other characteristics of these soils has 

not been adequately explored, but Mitchell grass pastures on the basalt-derived soils 

are regarded by pastoralists as more productive than those on the Tertiary swamps 

(Robert Karfs, NT DLPE, pers. comm.); 

• mean annual rainfall is relatively high for mapunit 97 and the plant growing season is 

approximately 25% longer than the more southerly areas of mapunit 96; 

• While mapunit 96 occurs on nearly flat plains, mapunit 97 is located on gently 

undulating country with well established dendritic drainage patterns, so that habitat 

diversity is likely to be higher, and habitats more finely grained, in the latter unit; 

• Presumably as a result of one or more of the above, the 'grasslands' of mapunit 97 

typically have a sparse tree layer, with denser stands in many of the drainage lines. 

These differences are apparently sufficient to ensure that mapunits 96 and 97 have distinct 

plant and vertebrate composition. Woinarski eta/. (1999) noted that turnover in vertebrate 
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composition of small sites (1 ha) along the rainfall gradient in the tropical savannas of the 

Northern Territory was far more marked for clay soils than was the case for sand and loam 

soils. 

Variation within Mitchell grassland communities in the Northern Territory is discussed 

further in subsequent chapters, based on the results of systematic plot-based sampling. 

Variation in species composition across the continental distribution of Mitchell 

grasslands 

As noted in Chapter 1, it is beyond the scope of this thesis to examine biogeographic 

patterns in detail across the continental distribution of Mitchell grassland communities, 

neither are adequate data available, at least for vertebrate fauna. Here, I make some brief 

observations about the similarities and dissimilarities in species composition between 

Mitchell grassland communities in the Northern Territory and those within the Mitchell 

Grass Downs bioregion in Queensland (Sattler & Williams 1999, Johnson 1997). This area 

incorporates the eastern margin of the Barkly Tableland, the Georgina gidgee woodlands 

(equivalent to mapunit 62 in the Northern Territory), the western Mitchell grass downs in the 

vicinity of Boulia, and the very large area of Mitchell grass downs in central Queensland 

(Fig 1.1 ). I draw on an analysis of vertebrate records for western Queensland reported by 

Fisher (1999), in addition to information on species distribution from Johnson (1997), 

Ingram & Raven (1991), Gagger (2000), Wilson & Knowles (1988), Strahan (1995), Blakers 

et af. (1 984) and additional sources described in Chapter, 1. 

Floristic composition within Mitchell grasslands in Queensland varies along orthogonal 

gradients associated with mean annual precipitation and mean annual temperature (or 

rainfall seasonality) (Fensham et af. 2000). Mitchell grasslands in the Barkly Tableland lie 

at the high rainfall, high seasonality extreme of these gradients, so that compositional 

similarity with areas in Queensland are predicted to decline with increasing distance 

southward (lower rainfall) and westward (lower seasonality). The most obvious example of 

this dissimilarity is the dominance of Astrebla lappacea in central Queensland, this species 

being virtually absent from the Northern Territory. On the basis of climatic gradients, the 

area predicted to be most similar floristically to the Barkly Tableland is the northern downs 

in the vicinity of Julia Creek, which is supported by qualitative descriptions of the v~getation 

(Perry & Lazarides 1964 ). 

Dissimilarity in vertebrate composition roughly parallels the gradients for plants. In 

particular, the southwestern Queensland margins of the Mitchell grasslands contain more 

species with Eyrean distributions (Gibberbird, Orange Chat, White-brewed Babbler, 
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Macrotis lagotis, Dasyuroides bymei, Planigale tenuirostris); while the central Queensland 

downs have an eastern Australian vertebrate component (eg. Denisonia devisii, Dusky 

Woodswallow). While both species are widely distributed in Australia, Sminthopsis 

macroura is common in Mitchell grasslands in the Barkly Tableland, whileS. crassicaudata 

is more common in Mitchell grasslands in central Queensland. 

Five vertebrate species are apparently entirely confined to Mitchell grasslands within 

Queensland (Johnson 1997)- Sminthopsis douglasi, Pogona henry/awsoni, Ctenotus 

agrestis, C. schevilli and Pseudechis colletti- and all of these species are restricted to the 

central Queensland d~wns. Of the vertebrate species with very high fidelity to Mitchell 

grasslands in the Northern Territory, Ctenotus joanae and Pseudonaja ingrami are 

apparently confined to the Barkly Tableland, while the distribution of P. guttata and Varanus 

spenceri extends to the central Queensland downs. Archer (1976) recognised Planigale 

ingrami brunnea as a distinct form that was confined to Mitchell grass downs in north

central Queensland, although he included no specimens of P. ingrami from the Barkly 

Tableland in his analysis. The distribution of the black-soil form of Oemansia torquata 

extends from western NT to the central Queensland downs, while the distribution of 

Proablepharus kinghorni extends into southern Queensland and north-western New South 

Wales. It appears therefore, that there are three regions of endemism for black-soil specific 

reptiles in northern Australia- central Queensland downs, the Barkly Tableland, and the 

Ord-Victoria region- which are separated by the rocky ranges in the vicinity of Mt lsa and 

the residual lateritic Sturt Plateau, respectively. A few reptile species apparently confined 

to Mitchell grasslands or similar cracking-clay habitats are distributed across all of these 

regions. In contrast to the reptile fauna, there are no mammal species endemic to the 

Barkly Tableland or Ord-Victoria regions, while the bird species that are preferential to the 

Mitchell grasslands are generally widespread across their distribution in northern Australia. 

Johnson (1997) lists a further 24 vertebrate species from the Queensland Mitchell Grass 

Downs bioregion for which Mitchell grassland is a 'preferred' habitat. Of these, 18 species 

are also preferential to Mitchell grasslands in the Northern Territory and only one (Notaden 

bennettil) does not occur in the Northern Territory. Conversely, nine of the 51 vertebrate 

species preferential to Mitchell grasslands in the Northern Territory (excluding waterbirds) 

are not listed by Johnson 1997 as occurring in the Mitchell Grass Downs in Queensland. 

Three of these are restricted to western NT (Ctenotus rimacola, C. militaris, Cryptagama 

aurita), and the absence of the other species from the Queensland Jist may merely reflect 

inadequate fauna survey within this habitat. 
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Table 2.2 Vascular plant regionalisations- characteristic species for the classification group 
associated with Mitchell grassland (mapunit 96: Table 2.3), and the percentage of cells in the 
group in which the species occurs. Spatial distribution of groups are illustrated in Fig 2.5. 

a) 5-group regionallsation: Group 3 b) 12-group reglonalisation: Group 7 

POACEAE Astrebla pectinata 50 AMARANTHACEAE Gomphrena breviflora 

MALVACEAE Hibiscus trionum 48 FABACEAE Cullen cinereum 

CONVOL VULACEAE Polymeria longifolia 48 CONVOLVULACEAE Operculina aequisepala 

POACEAE lseilema vaginiflorum 45 POACEAE /seilema vaginiflorum 

CONVOLVULACEAE Operculina aequisepala 45 ASTERACEAE Flaveria australasica 

AMARANTHACEAE Gomphrena breviflora 43 PORTULACACEAE Portulaca filifolia 

AMARANTHACEAE Ptilotus spicatus 43 ASTERACEAE Streptoglossa adscendens 

PORTULACACEAE Portulaca fififo/ia 41 POACEAE Sporobo/us mitchellii 

MALVACEAE Side fibu/ifera 41 SCROPHULARJACEAE Stemodia glabella 

BORAGINACEAE Heliotropium tenuifo/ium 39 ASTERACEAE Streptoglossa bubakii 

POACEAE Panicum laevinode 39 LAMIACEAE Teucrium integrifolium 

ASTERACEAE Streptoglossa bubakii 39 ASTERACEAE Wede/ia asperrima 

FABACEAE Crotalaria dissitiflora 36 FABACEAE Crotalaria dissitif/ora 

FABACEAE Cullan cinereum 36 MYRTACEAE Eucalyptus barklyensis 

EUPHORBIACEAE Euphorbia alsiniflora 36 POACEAE lseilema membranaceum 

MIMOSACEAE Acacia cow/eana 34 RUBIACEAE Spermacoce pogostoma 

CYPERACEAE Cyperus bifax 34 ASTERACEAE Sphaeranthus indicus 

FABACEAE Desmodium muelleri 34 NYCTAGINACEAE Boerhavia domini! 

ASTERACEAE F/averia australasica 34 NYCTAGINACEAE Boerhavia paludosa 

GQQDENIACEAE Goodenia fascicularis 34 POACEAE Ch/on"s pectinata 

ASTERACEAE Wedelia asperrima 34 COMMELINACEAE Commelina tricarinata 

TILIACEAE Corchorus pascuorum 

EUPHORBIACEAE Euphorbia alsiniflora 

FABACEAE lndigofera parviflora 

ASTERACEAE lotasperma sessi/ifolium 
CONVOLVULACEAE Ipomoea diamantinensis 

CONVOLVULACEAE Ipomoea /onchophyl/a 

POACEAE /seilema windersii 

EUPHORBIACEAE Leptopus decaisnei 

MIMOSACEAE Neptunia dimorphantha 

FABACEAE Sesbania brachycarpa 

FABACEAE Sesbania chippendale! 

MALVACEAE Sida trichopoda 

POACEAE Spathia neurosa 

POACEAE Astrebla squarrose 

LAMIACEAE Basilicum pofystachyon 

CHENOPODIACEAE Chenopodium auricomum 

CYPERACEAE Cyperus difformis 

CYPERACEAE Cyperus pygmaeus 

POACEAE Echinochloa tumeriana 

MOLLUGINACEAE Glinus lotoides 

POLYGONACEAE Muehlenbeckia florulenta 

MIMOSACEAE Neptunia monosperma 

78 
72 
72 
67 
61 
61 
61 
56 
56 
56 
56 
56 
50 
50 
50 
50 
50 
44 
44 
44 

44 
44 
44 
44 
44 
44 
44 
44 

44 
44 
44 
44 
44 
44 

39 
39 
39 
39 
39 
39 
39 
39 
39 
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Table 2.3 Vertebrate regionalisations- characteristic species for the classification group most 
strongly associated with Mitchell grassland {mapunit 96: Table 2.3), and the percentage of cells 
in the group in which the species occurs. For groups marked with an asterisk, the association 
with Mitchell grasslands is weak. Spatial distribution of groups are illustrated in Fig. 2.6. 

a) Terrestrial vertebrates: Group 6 

Phaps histn"onica Flock Bronzewing 75 
Varanus spencen· Spencer's Monitor 68 
Ctenotus joanae Black-soil Ctenotus 64 
Planiga/e ingram! long-tailed Planigale 61 

Tympanocryptis lineata Earless dragon 61 
Pogona vitticeps Bearded dragon 57 
Proablepharus kinghomi Kinghorn's Snake-eyed Skink 57 
Tyto alba Bam Owl 50 
Delma tincta legless lizard 50 
Ctenotus pulchellus Pretty Ctenotus 50 
Turnix pyrrhothorax Red-chested Button-quail 43 
Falco subniger Black Falcon 43 
Demansia torquata Collared Whip Snake 43 
Pseudonaja guttate Banded Brown Snake 39 
Suta suta Curl Snake 39 
Circus approximans Swamp Harrier 36 
Elanus scriptus letter-winged Kite 36 
Epthianura crocea Yellow Chat 36 

b) All birds: Group 5 

Phaps histrionica Flock Bronzewing 78 
Gallinule ventralis Black-tailed Native-hen 53 
Porphyria porphyria Purple Swamphen 39 
Fu/ica atra Eurasian Coot 64 
Tachybaptus novaehollandiae Australasian Grebe 56 
Chlidonias hybridus Whiskered Tern 58 

Sterna nilotica Gull-billed Tern 53 
Erythrogon ys cinctus Red-kneed Dotterel 50 
Charadrius veredus Oriental Plover 36 
Chenonetta jubata Australian Wood Duck 47 
Aythya australis Hard head 69 
Circus approximans Swamp Harrier 39 
Falco subniger Black Falcon 39 
Tyto alba Barn OWl 56 
Epthianura crocea Yellow Chat 39 
Artamus superciliosus White-browed Woodswallow 39 

c) Landbirds: Group 6 

Phaps histrionica Flock Bronzewing 67 
Tyto alba Barn OWl 53 
Circus approximans Swamp Harrier 35 
Falco subniger Black Falcon 35 
Epthianura crocea Yellow Chat 35 

d) All mammals: Group 6 * 

Leggadina /akedownensis Lakeland Downs Mouse 68 
Rattus villosissimus long-haired Rat 59 

e) Land mammals: Group 4 * 

Sminthopsis youngsoni Desert Dunnarl 43 

f) Reptiles: Group 6 

T ympanocryptis /ineata Earless Dragon 76 
Varanus spencen' Spencer's Monitor 50 
Ctenotus joanae Black-soil Ctenotus 53 
Ctenotus pu/chellus Pretty Ctenotus 35 
Proablepharus kinghomi Kingham's Snake-eyed Skink 62 
Demansia torquata Collared Whip Snake 35 
Suta suta Curl Snake 35 

g) Frogs: Group 3 * 

no characteristic spp. for this group 
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Table 2.4 Summary of biogeographic regionalisations in relation to the distribution of Mitchell 
grassland communities. For every regionalisation, the table shows the proportion of the total 
area (excluding unclassified cells) of each mapunit within each group of the regionalisation. 
The percentage area of each mapunit falling within unclassified cells is also listed. The final 
column shows the proportion of cells within each group that are considered Mitchell grassland 
cells. Groups within each regionalisation that have no association with Mitchell grasslands are 
not included. Mapunits are described in Table 2.1. 

%of vegetation mapunit in group %of 

26 28 62 96 97 107 group ln 
MG cells 

Plants (5 groups) 

Unclassified 14 14 14 15 
2 7 4 74 6.7 
3 93 95 18 84 26 91 75.0 

4 2 2 9 1.3 
5 5 80 10 5.3 

Plants (12 groups) 

Unclassified 14 14 14 15 
3 3 74 8.5 
4 7 1 5.9 
6 32 7 20 26 18 57.7 

7 62 88 18 64 73 100.0 

8 2 2 9 3.0 
10 5 80 10 14.0 

Terrestrial vertebrates 

Unclassified 1 28 2 
2 6 4 84 9.6 
3 3 0 
4 35 13 14 23 18 23 8.8 
6 59 87 86 73 73 92.9 

All birds 

Unclassified 1 28 2 
2 6 4 84 6.2 
4 3 0 68 21 16 18 7.5 
5 91 100 32 75 82 80.6 

Land birds 

Unclassified 1 28 2 
2 6 9 84 11.2 

4 3 7 2 8 0.8 
5 6 68 15 1 8.3 
6 92 94 25 74 16 91 76.7 

All mammals 

Unclassified 56 57 50 57 35 38 
3 13 34 22 55 20 14.0 

4 4 5 4 12 1 5.9 
5 48 7 11 17 13 6.8 
6 35 54 89 57 33 66 38.2 

Non bat mammals 

Unclassified 56 57 50 53 35 38 
2 1 0 
3 15 54 44 99 23 50.0 

4 80 41 100 62 76 14.7 

5 4 5 3 1 4.7 

Reptiles 

Unclassified 14 6 50 13 8 9 
2 7 7 60 9.1 
4 32 14 10 13 26 9.2 
6 62 83 69 76 40 74 76.5 

7 3 21 4 20.0 

Frog' 
unclassified 61 84 100 83 51 71 

1 7 0 
3 84 75 90 93 97 24.4 
4 16 25 10 3 11.1 
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Table 2.7 Vascular plant species with a high fidelity within the Northern Territory to Mitchell 
grasslands and associated communities. 'Tot recs' is the total number of records for the species 
within the Northern Territory; "% MG" is the percentage of these records that fall within the 
Mitchell grasslands and associated communities; and the remaining columns show the number 
of records for that species within each mapunit (mapunits are described in Table 2.1 ). Species 
with at least 10% of records in Mitchell grasslands and associated communities are listed. Note 
the caveats on this analysis described in the text. 

Family Species Tot %MG Vegetation mapunlt 
recs 

96 97 26 28 62 107 

APIACEAE Eryngium supinum 2 100.0 2 
ASTERACEAE Pycnosorus eremaeus 4 100.0 4 
ASTERACEAE Rhodanthe gossypina 3 100.0 1 2 
BORAGINACEAE He/iotropium geochan·s 1 100.0 1 
CHENOPODIACEAE Maireana dichoptera 1 100.0 1 
GOODENIACEAE Goodenia nigrescens 5 100.0 5 
MIMOSACEAE Prosopis limensis * 2 100.0 1 1 
MYRTACEAE Eucalyptus helenae 2 100.0 2 
ASTERACEAE lotasperma sessi/ifotium 11 90.9 7 1 1 1 
MYOPORACEAE Eremophila bignoniiflora 11 90.9 9 1 
TILIACEAE Corchorus pascuorum 11 90.9 5 1 4 
HALORAGACEAE Ha/oragis g/auca 9 88.9 6 2 
COMMELINACEAE Comma/ina tricarinata 8 87.5 3 2 2 
CYPERACEAE Fimbristylis 070268 8 87.5 6 1 
ASTERACEAE Sphaeranthus indicus 20 85.0 14 1 2 
FABACEAE Sesbania brachycarpa 24 83.3 17 1 1 1 
MIMOSACEAE Acacia nilotiea • 6 83.3 3 2 
MYRTACEAE Eucalyptus barklyensis 18 83.3 11 1 2 1 
SCROPHULARIACEAE Stemodia glabella 23 82.6 15 1 1 2 
POACEAE lsei/ema ca/vum 5 80.0 3 1 
AMARANTHACEAE Gomphrena breviflora 23 78.3 14 1 1 2 
POACEAE Echinochloa tumeriana 17 76.5 11 2 
ASTERACEAE Brachyscome A58350 8 75.0 5 1 
ASTERACEAE Eclipta alatocarpa 4 75.0 2 1 
CUCURBITACEAE Mukia A907BB 4 75.0 1 2 
MIMOSACEAE Acacia stenophyl/a 12 75D 6 1 2 
POACEAE Spathia neurosa 8 75.0 6 
RUBIACEAE Dente/la minutissima 8 75.0 3 2 1 
SCROPHULARIACEAE Stemodia grossa 4 75.0 1 2 
CONVOLVULACEAE Ipomoea lonchophy!la 30 70.0 15 1 5 
CONVOL VULACEAE Ipomoea argillicola 13 69.2 5 4 
POACEAE Sporobolus mitchellii 16 68.8 7 2 1 1 
CHENOPODIACEAE Atriplex muelleri 3 66.7 1 1 
CHENOPOD/ACEAE Sclerolaena mun·cata 3 66.7 2 
GOODENIACEAE Goodenia 070208 3 66.7 2 
LAMIACEAE Mentha australis 3 66.7 1 1 
POACEAE lseilema convexum 3 66.7 1 1 
POTAMOGETONACEAE Potamogeton pectinatus 3 66.7 2 
FABACEAE lndigofera ewartiana 13 61.5 8 
CONVOLVULACEAE Polymeria /ongifo/ia 28 60.7 14 2 1 
BORAGINACEAE Heliotropium conocarpum 15 60.0 5 4 
FABACEAE Sesbania chippendale/ 15 60.0 9 
MALVACEAE Sida laevis 10 60.0 3 1 2 
POLYGALACEAE Polygala gabrielae 5 60.0 3 
POACEAE lsei/ema windersii 17 58.8 7 1 1 1 
MALVACEAE Hibiscus trionum 35 57.1 14 1 2 2 1 
NYMPHAEACEAE Nymphaea gigantea 7 57.1 3 1 
CONVOLVULACEAE Ipomoea diamantinensis 22 54.5 8 2 1 1 
POACEAE Paspalidium retiglume 11 54.5 6 
MIMOSACEAE Acacia sutherlandii 15 53.3 8 
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recs %MG 96 97 26 28 62 107 

FABACEAE Crotalaria dissitlflora 38 52.6 17 3 
GOODENIACEAE Goodenia strangfordii 19 52.6 4 3 1 1 1 

LAMIACEAE Teucrium integrifolium 27 51.9 7 2 2 3 
AMARANTHACEAE Amaranthus 0120438 2 50.0 1 
ASTERACEAE Diodontium filifolium 2 50.0 1 
FABACEAE Alysicarpus muelleri 22 50.0 1 1 
MIMOSACEAE Acacia chisholmii 2 50.0 1 

MIMOSACEAE Acacia 064727 2 50.0 1 
POACEAE lsellema ciliatum 4 50.0 1 1 
TILIACEAE Corchorus trilocularis 4 50.0 2 
POACEAE Astreb/a e/ymoides 40 47.5 15 1 3 

POACEAE Brachyachne tenella 15 46.7 4 1 2 

MALVACEAE Sida trichopoda 28 46.4 1 1 2 
ASTERACEAE Gnaphalium diamantinensis 20 45.0 7 1 1 

FABACEAE Desmodium campylocaulon 20 45.0 9 

MIMOSACEAE Prosopis pal/ida 9 44.4 4 
GOODENIACEAE Goodenia fascicularis 48 43.8 2 1 
CYPERACEAE Cyperus pygmaeus 23 43.5 9 1 

FABACEAE Glycme fa/cata 28 42.9 8 1 2 1 
SCROPHULARIACEAE Mimulus prostratus 7 42.9 2 1 

ASTERACEAE Streptog/ossa adscendens 40 42.5 16 1 

ASTERACEAE Flaveria australasica 55 41.8 17 3 3 

EUPHORBIACEAE Euphorbia steven!! 12 41.7 2 1 1 1 

POACEAE Astrebla squarrosa 29 41.4 9 1 1 1 

POACEAE Uranthoecium truncatum 17 41.2 5 1 1 

EUPHORBIACEAE Euphorbia prostrata 5 40.0 1 1 
EUPHORBIACEAE Phyllanthus /acerosus 5 40.0 1 1 
MIMOSACEAE Acacia maconochieana 10 40.0 4 
MYOPORACEAE Eremophila cordatisepala 5 40.0 2 

POACEAE Pennisetum basedowii 5 40.0 1 1 
POL YGONACEAE Rumex crystallinus 5 40.0 1 1 

ASTERACEAE Wede/ia aspenima 33 39.4 1 2 1 
ASTERACEAE Streptoglossa bubakii 68 38.2 21 1 3 1 

ASTERACEAE Acme/fa grandifiora 16 37.5 6 
AMARANTHACEAE Amaranthus mitchellii 27 37.0 6 1 1 2 
POACEAE Panicum laevinode 59 35.6 2 1 

NYCTAGINACEAE Boerhavia paludosa 34 35.3 8 2 1 1 

POACEAE Astrebla lappacea 17 35.3 3 1 2 
SOLANACEAE Solanum tumulicola 34 35.3 4 1 3 1 3 
TILIACEAE Corchorus fascicularis 17 35.3 4 2 

RUBIACEAE Spermacoce pogostoma 29 34.5 7 2 1 
ASTERACEAE Calotis squamigera 3 33.3 1 
ASTERACEAE lxiochlamys integenima 12 33.3 2 2 

CAESALPINIACEAE Lysiphyllum gilvum 3 33.3 1 
ELATINACEAE Berg/a barklyana 6 33.3 2 
FABACEAE lndigofera po/yga/oides 6 33.3 2 
LYTHRACEAE Rota/a tripartita 3 33.3 1 
POACEAE Chloris pectinata 24 33.3 5 1 1 1 

POACEAE Eriachne nervosa 12 33.3 4 
POACEAE Eriochloa crebra 3 33.3 1 
POACEAE /sei/ema vaginiflorum 91 30.8 17 3 1 3 4 

POACEAE Oryza australiensis 26 30.8 6 1 1 
PORTULACACEAE Portulaca digyna 10 30.0 3 
SCROPHULARIACEAE Stemodia tephropelina 10 30.0 2 1 
POACEAE lsellema fragile 27 29.6 6 2 

POACEAE Astrebla pectinata 97 28.9 21 2 1 3 1 
ASTERACEAE Minuria integerrima 21 28.6 1 3 1 1 
ELATINACEAE Bergia ammannioides 14 28.6 2 1 1 

FABACEAE Crotalaria juncea 14 28.6 4 
NYMPHAEACEAE Nymphaea immutabilis 7 28.6 2 
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TILIACEAE Corchorus olitorius 18 27.8 s 
CYPERACEAE Cyperus bifax 69 27.5 15 2 1 1 
MIMOSACEAE Neptunia monosperma 62 27.4 1S 1 1 
CAPPARACEAE Cleome oxalidea 11 27.3 1 2 
CYPERACEAE Cyperus gi/esii 11 27.3 2 1 
AMARANTHACEAE Pfilotus an·status 15 26.7 4 
MIMOSACEAE Acacia cambagei 15 26.7 4 
FABACEAE Cullen cinereum 79 26.6 18 1 2 
POACEAE Chionachne hubbardiana 19 26.3 3 1 1 
CONVOLVULACEAE Operculina aequisepala so 26.0 11 1 1 
MOLLUGINACEAE Glinus lotoides so 26.0 s 2 4 2 
POL YGONACEAE Muehlenbeckia floru/enta 47 25.5 8 3 1 
ARACEAE Typhonium liliifolium 4 25.0 1 
CAESALPINIACEAE Senna phyl/odinea 4 25.0 1 
COMBRETACEAE Terminalia arirficola 4 25.0 1 
EUPHORBIACEAE Euphorbia dal/achyana 4 25.0 1 
FABACEAE T ephrosia flammea 4 25.0 1 
LJLIACEAE Asphorfelus fistulosus 4 25.0 1 
LILIACEAE Crinum flaccidum 12 25.0 3 
LOGANIACEAE Mitrasacme lutea 4 25.0 1 
NYCTAG!NACEAE Boerhavia burbidgeana 12 25.0 2 1 
POACEAE Eragrostis A53151 4 25.0 1 
POACEAE Eragrostis lanicaulis 4 25.0 1 
POACEAE Eriochloa australiensis 12 25.0 2 1 
POACEAE lsei/ema membranaceum 52 25.0 1 1 1 1 
PORTULACACEAE Portulaca oligosperma 8 25.0 1 1 
TILIACEAE Corchorus macropetalus 4 25.0 1 
NYCTAGINACEAE Boerhavia dominii 45 24.4 6 1 2 2 
LORANTHACEAE Amyema quandang 29 24.1 2 s 
ASTERACEAE Xanthium strumarium 25 24.0 4 2 

MALVACEAE Sida argil/acea 21 23.8 4 1 
MYRTACEAE Eucalyptus cyanoclada 21 23.8 4 1 
CYPERACEAE Eleocharis pal/ens 38 23.7 8 1 
TILIACEAE Corchorus tn"dens 34 23.5 s 1 1 1 
MALVACEAE Sida goniocarpa 13 23.1 2 1 
EUPHORBIACEAE Euphorbia maconochieana 22 22.7 s 
CHENOPODIACEAE Chenopodium auricomum 62 22.6 9 1 1 3 
MIMOSACEAE Neptunia dimorphantha 71 22.5 12 1 1 1 1 
ELATINACEAE Bergia perficel/aris 40 22S 6 1 1 1 

MALVACEAE Sida spinosa 59 22.0 9 1 2 1 
CYPERACEAE Schoenoplectus 51 21.6 7 1 1 2 

dissachanthus 

TILIACEAE Corchorus elderi 14 21.4 3 
SCROPHULAR!ACEAE Mimulus gracilis 24 20.8 2 2 1 
AMARANTHACEAE Gomphrena brachystylis 15 20.0 3 
AMARANTHACEAE Gomphrena conica 10 20.0 2 
ARACEAE T yphonium alismifo/ium s 20.0 1 
ASTERACEAE lxiolaena ch/oroleuca 30 20.0 3 2 1 
POACEAE Enteropogon minutus s 20.0 1 
TILIACEAE Triumfetta deserticola s 20.0 1 
TILIACEAE Triumfetta micracantha 15 20.0 3 
CHENOPODIACEAE Sclerolaena bicomis 66 19.7 9 4 
CYPERACEAE Cyperus difformis 67 19.4 12 1 
MALVACEAE Abutilon malvaefo/ium 31 19.4 s 1 

BORAGINACEAE Heliotropium tanythrix 26 19.2 2 3 
POACEAE Aristirfa anthoxanthoides 16 18.8 2 1 
POACEAE Aristida latifolia 126 18.3 17 3 1 2 

EUPHORBIACEAE Leptopus decaisnei 33 18.2 3 1 2 
FABACEAE Swainsona campylantha 22 18.2 4 
PORTULACACEAE Portulaca filifo/ia 66 18.2 11 1 
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AMARANTHACEAE PtJ1otus spicetus 72 18.1 11 1 1 
POACEAE Sorghum timorense 61 18.0 9 2 
AMARANTHACEAE Altemanthera nod/flora 56 17.9 8 1 1 

CYPERACEAE Fimbristylis phaeo/euca 28 17.9 4 1 
EUPHORBIACEAE Euphorbia alsinmora 73 17.8 9 3 1 
POACEAE Eriachne ovate 17 17.6 2 1 
MIMOSACEAE Acacia argyraea 23 17.4 2 2 
RUBIACEAE Psydrax attenuata 23 17.4 3 1 
MIMOSACEAE Acacia georginae 110 17.3 4 15 

FABACEAE Flemingia pauciflora 65 16.9 9 2 
CYPERACEAE Fimbristylis laxiglumis 6 16.7 1 

FABACEAE Jndigofera paN17/ora 60 16.7 7 1 2 
FABACEAE Sesbania javanica 6 16.7 1 
GOODENIACEAE Goodenia bymesii 36 16.7 3 2 1 
LYTHRACEAE Ammannia auriculate 6 16.7 1 
POACEAE Eragrostis setifolia 84 16.7 1 1 2 1 
POACEAE T riodia inutilis 30 16.7 2 3 
POACEAE Triodie stenostachya 6 16.7 1 
ZYGOPHYLLACEAE Tribulus A49319 18 16.7 1 2 
MYRTACEAE Eucalyptus coolabah 79 16.5 7 1 3 2 
FABACEAE Swainsona burkei 43 16.3 4 3 
BORAGINACEAE Heliotropium fi/aginoides 31 16.1 1 4 
CUCURBITACEAE Cltrullus /anatus 25 16.0 4 
POACEAE Paspalidium jubiflorom 25 16.0 3 1 
EUPHORBIACEAE Phyl/anthus 113 15.9 9 3 1 2 3 

maderaspatensis 

MELIACEAE Owenia acidu/a 19 15.8 2 1 
GOODENIACEAE Goodenia lunata 77 15.6 8 4 
EUPHORBIACEAE Euphorbia parviceroncula 26 15.4 4 
FABACEAE Desmodium muelleri 53 15.1 7 1 
MALVACEAE Abelmoschus ficulneus 42 14.3 6 
MALVACEAE Sida calyxhymenia 7 14.3 1 
MARSILEACEAE Marsi/ea hirsute 42 14.3 4 1 1 
MIMOSACEAE Acac1a cyperophylla 7 14.3 1 
MYOPORACEAE Eremophila goodwinii 49 14.3 4 3 
NAJADACEAE Nejas marina 7 14.3 1 
POACEAE Brachyachne convergens 126 14.3 13 4 1 
POACEAE Eriachne squarrose 7 14.3 1 
PROTEACEAE Grevil/ea leucariendron 14 14.3 2 
SOLANACEAE Solanum diversiflorom 14 14.3 2 
CAESALPINIACEAE Parl(fnsonia aculeate 57 14.0 6 1 1 
MARSILEACEAE Marsi/ea drummondii 36 13.9 5 
STERCULIACEAE Melochia pyramidata 58 13.8 5 1 1 1 
AIZOACEAE Za/eya galericulata 44 13.6 5 1 
FABACEAE Aeschynomene ind1'ca 96 13.5 9 1 3 
LAMIACEAE Besilicum polystachyon 74 13.5 8 2 
CAMPANULACEAE Lobelia quadrangularis 15 13.3 2 
COMMELINACEAE Comma/ina ciliate 15 13.3 1 1 
LAMIACEAE Ocimum tenuif/orum 15 13.3 1 1 
POACEAE Dichanthium sericeum 160 13.1 12 2 1 3 2 1 
BORAGINACEAE Co/dania procumbens 31 12.9 2 1 1 
MYRTACEAE Corymbia flavescens 55 12.7 5 2 
FABACEAE Alysicarpus rugosus 16 12.5 1 1 
FABACEAE Tephrosia en·ocarpa 8 12.5 1 
OXALIDACEAE Oxa/is corniculate 8 12.5 1 
PLANTAGINACEAE Plantago cunningham1i· 8 12.5 1 
POACEAE Acrachne racemose 8 12.5 1 
POACEAE Eragrostis xerophila 80 12.5 5 2 2 1 
POACEAE Sorghum grande 8 12.5 1 
RUBIACEAE Spermacoce 0137127 8 12.5 1 
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SOLANACEAE Datura ferox 8 12.5 1 
POACEAE Eragrostis tenellula 106 12.3 11 1 1 
CHENOPODIACEAE Sclerolaena /anicuspis 98 12.2 9 3 
MALVACEAE Malvastrum americanum 90 12.2 8 3 
MIMOSACEAE Acacia famesiana 58 12.1 2 3 2 
POACEAE Elytrophorus spica/us 59 11.9 6 1 
FABACEAE Cullen pustulatum 34 11.8 3 1 
MIMOSACEAE Acacia victoriae 102 11.8 7 2 3 
PROTEACEAE Hakea chordophylla 68 11.8 7 1 
LORANTHACEAE Diplatia grandibractea 26 11.5 1 1 1 
NYCTAGINACEAE Boerhavia rep/eta 26 11.5 1 1 1 
POACEAE lseilema macratherum 26 11.5 2 1 
SAPINDACEAE Alecttyon o/eifolius 26 11.5 1 2 
CUCURBITACEAE Cucumis melo 166 11.4 11 1 4 3 
MALVACEAE Abutilon andrews/anum 123 11.4 6 5 1 2 
FABACEAE Sesbania simpliciuscu/a 44 11.4 5 
MALVACEAE Sicfa fibulifera 124 11.3 6 3 3 2 
RUBIACEAE Canthium attenuatum 9 11.1 1 
MYRTACEAE Eucalyptus victrix 46 10.9 5 
FABACEAE lndigofera linnaei 111 10.8 11 1 
AMARANTHACEAE Ptilotus macrocephalus 103 10.7 9 1 1 
FABACEAE Tephrosia 053770 29 10.3 1 1 1 
LYTHRACEAE Ammannia multiflora 79 10.1 6 1 1 
ASTERACEAE Senecio Jautus 40 10.0 2 2 
BORAGINACEAE Heliotropium pulvinum 10 10.0 1 
CAESALPINIACEAE Senna planitiicola 30 10.0 2 1 
FABACEAE Cullen walkingtonii 10 10.0 1 
FABACEAE Tephrosia A4809 30 10.0 1 1 1 
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Table 2.10 Vertebrate species with a high fidelity within the Northern Territory to Mitchell grasslands 
and associated communities. 'Tot recs' is the total number of records for the species within the 
Northern Territory; "% MG" is the percentage of these records that fall within the Mitchell grasslands 
and associated communities; and the remaining columns show the number of records for that 
species within each mapunit (mapunits are described in Table 2.1). Species with at least 10% of 
records in Mitchell grasslands and associated communities are listed. Note the caveats on the 
geographic precision of this analysis described in the text. 

Species Common name Tot %MG Vegetation mapunit 
recs 

96 97 26 28 62 to7 

FROGS 
Uperoleia trachyderma Blacksoil T oadlet 18 33.3 5 1 
Cyclorana cuftripes Knife-footed Frog 43 27.9 4 7 1 
Cyclorana platycephala Water-holding Frog 12 25.0 3 

BIRDS 

Phaps histrionica Flock Bronzewing 132 67.4 67 11 5 1 5 
Turnix pyrrhothorax Red-chested Button-quail 67 59.7 33 5 1 1 
Mirafra javanica Singing Bushlar1< 440 52.3 183 28 4 5 2 8 
Tyto capensis Grass Owl 4 50.0 2 
Epthianura crocea Yellow Chat 44 47.7 6 5 to 
Stiltia isabella Australian Pratincole 230 43.0 63 6 3 8 19 
Elanus scriptus Letter-winged Kite 20 40.0 5 2 1 
Hirundapus caudacutus White-throated Needletail 3 33.3 1 ' 

Sterna nilotica Gull-billed Tern 155 29.7 16 1 9 20 
Dendrocygna eytoni Plumed Whistling-Duck 217 28.1 32 1 15 13 
Glareo/a maldivarum Oriental Pratincole 45 26.7 7 3 1 1 
Tyto alba Barn Ow1 192 26.6 47 1 1 2 
Porphyria porphyria Purple2 Swamphen 83 25.3 11 1 9 
Coturnix pectoralis Stubble Quail 32 25.0 3 1 1 3 
Circus approximans Swamp Harrier 61 24.6 6 5 1 3 
Sterna caspia Caspian Tern 57 24.6 3 3 8 
Charadrius veredus Oriental Plover 60 23.3 7 1 4 2 
Podiceps cristatus Great Crested Grebe 9 22.2 2 
Stictonetta naevosa Freckled Duck 36 22.2 2 2 4 
Calidris melanotos Pectoral Sandpiper 9 22.2 2 
Grus rubicunda Brolga 271 21.4 27 2 1 11 4 13 
Malacorhynchus membranaceus Pink-eared Duck 259 20.8 27 1 4 2 20 
Aythya australis Hard head 290 20.7 22 9 1 28 
Tumtxvelox Little Button-quail 359 20.6 57 8 3 1 5 
P/egadis fa/cine/Ius Glossy Ibis 213 20.2 15 1 12 15 
Rostratula benghalensis Painted Snipe 5 20.0 1 
Falco subniger Black Falcon 71 18.3 to 1 2 
Cincloramphus crura/is Brown Songlark 252 17.9 26 6 1 5 1 6 
Circus assimilis Spotted Harrier 204 17.2 30 2 3 
Chlidonias hybridus Whiskered Tern 278 16.9 26 1 5 15 
Anas gracilis Grey Teal 599 16.4 50 1 17 2 28 
Plata/ea navipes Yellow-billed Spoonbill 150 15.3 10 7 1 5 
Pelecanus conspici/latus Australian Pelican 268 14.2 14 7 1 16 
Phalacrocorax varius Pied Connorant 116 13.8 4 6 6 
Fulica atra Eurasian Cool 232 13.4 18 5 8 
Anas superciliosa Pacific Black Duck 423 12.3 26 1 1 12 1 11 
Himantopus himantopus Black-winged Stilt 392 12.2 25 11 12 
Anhinga melanogaster Darter 272 12.1 16 2 5 10 
Ardea pacifica White-necked Heron 360 11.7 14 4 1 13 1 9 
Gallinu/a ventralis Black-tailed Native-hen 179 11.2 12 1 7 
Vane/Ius miles Masked Lapwing 717 10.7 41 3 1 18 14 
Coracina maxima Ground Cuckoo-shrike 122 10.7 5 4 1 3 
Chenonetta jubata Australian Wood Duck 179 10.6 7 3 2 7 
Numenius minutus Little Curlew 125 10.4 10 1 2 
Porzana fluminea Australian Spotted Crake 20 10.0 1 1 
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Species Common name Tot %MG Vegetation mapunit 

~" 96 97 26 28 " 101 

MAMMALS 

Planiga/e tenuirostris Narrrow-nosed Planigale 2 100.0 2 

Planigale ingrami Long-tailed Planigale 174 74.7 102 19 1 4 4 
Rattus vi/losissimus Long-haired Rat 116 18.1 20 1 
Sminthopsis macroura Stripe-faced Dunnart 357 17.4 55 3 1 2 1 
Macropus rufus Red Kangaroo 406 11.6 42 1 4 

Leggadina lakedownensis Lakeland Downs Mouse 159 11.3 13 4 1 

REPTILES 

Acanthophis antarcticus Southern Death Adder 19 100.0 17 2 
Ctenotus joanae Black-soil Ctenotus 130 95.4 114 1 3 2 4 
Pseudonaja ingrami Ingram's Brown Snake 18 88.9 15 1 
Pseudonaja guttata Speckled Bro\Ml Snake 33 87.9 29 
Proablepharus kinghomi Kingham's Snake-eyed Skink 121 86.0 81 19 1 3 
Varanus spenceri Spencer's Monitor 52 76.9 39 1 
Diplodactylus !esse/latus Tessellated Gecko 50 70.0 33 2 
Ctenotus rimaco/a Crack-dwelling Ctenotus 35 57.1 8 12 
Tympanocryptis lineata Lined Ear1ess Dragon 173 55.5 85 2 6 3 

Ctenotus pulchellus Pretty Ctenotus 48 54.2 25 1 
Cryptagama aurita Can'lseeme Dragon 2 50.0 1 
Tympanocryptis tetraporophora Fourpack Ear1ess Dragon 15 46.7 7 
Demansia torquata Collared Whip Snake 41 41.5 16 1 
Varanus storri Storr's Goanna 20 35.0 1 6 
Lerista muelleri Mueller's Lerista 6 33.3 2 
Diplodactylus immaculatus Untessellated Gecko 30 300 6 3 

Ctenotus militaris Military Ctenotus 9 22.2 2 
Delma tincta Excitable Delma 197 21.8 39 4 
Suta suta Curl Sneke 156 20.5 27 5 
Tympanocryptis uniformis Another Ear1ess Dragon 5 20.0 1 
Pseudonaja textilis Eastern BroiMl Snake 40 17.5 6 1 
Pogona vitticeps Central Bearded Dragon 200 16.0 30 2 
Morethia boulengeri Boulanger's Snake-eyed Skmk 47 12.8 6 
Gehyra pilbara Pilbara Gecko 8 12.5 1 
Glaphyromorphus crassicaudus Stout-tailed Skink 8 12.5 1 
Tympanocryptis cepha/us Boofheaded Ear1ess Dragon 17 11.8 2 
Ramphofyphlops guentheri Guenther's Bl'lnd Snake 20 10 0 1 1 
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Figure 2.3 Vegetation mapunits (Wilson eta/. 1990a} used in analyses of inferred species 
composition. See Table 2.1 for description of units. 
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Figure 2.4 Dendrograms illustrating the hierarchical relationship between groups for each of the 
regionalisations. For each dendogram, the group with the strongest association with Mitchell 
grasslands (Table 2.3) is highlighted. (m/c = misclassified cells) 

a) Plants. Bold numbers indicate where the dendogram was truncated for the 5-group 
regionalisation. 
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Figure 2.4 (continued) 

f) Reptiles 
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a) 5-group regionalisation 
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Figure 2.5 Regionalisation of 0.5° cells in the Northern Territory according to their vascular plant composition . The hierarchical relationship between 
73 groups is illustrated in Fig. 2.4. Blank cells had insufficient records to include in the analysis. 
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F1gure 2.6 Regionalisation of 0.5° cells in the Northern Territory according to their vertebrate composition. The hierarchical relationship between 
groups is illustrated in Fig. 2.4. Blank cells had insufficient records to include in the analysis. 
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Figure 2.7 Mean annual rainfall in the Northern Territory. 
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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 
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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 

1.0 1.4 

I 
I 
I 
~----, 

I 
I 

----,------1 
1.8 2.2 

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 
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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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n 11 10 9 1 2 3 4 5 7 6 8 

PH Rhynchosia minima 52 2.5 1.5 0.2 10.6 4.0 0.8 0.2 
AG lseilema ciliata 7 6.0 
PH Polymeria ambigua 8 1.0 4.7 • 

FPH Cucumis melo 45 0.9 1.1 0.6 0.7 • 4.0 0.9 0.2 
PH F!emingia pauciflora 8 • 3.2 
SH Jacquemontia browniana 7 3.0 
AH Sesbania simpliuscula 19 0.3 0.1 0.3 3.0 + 

AH lndigofera linifolia 21 0.8 2.6 1.2 1.3 
FPG Dicanthium sericeum 25 0.4 + 0.1 0.4 1.0 0.6 0.3 2.2 + 1.1 

SH Tep/Jrosia rosea 3 2.1 
PG Panicum decompositum 25 0.2 0.3 0.1 0.1 1.9 0.6 0.1 0.1 

FPH Wedelia cf asperrima (MS) 3 1.6 
AH Euphorbia dal!achiana 4 1.3 
AH Euphorbia schizolepis 5 1.2 
SH Abutilon andrewsianum 27 0.6 + 1.2 3.1 0.1 
AH Fimbristylis schultzii 5 + 0.9 
PG Enneapogon purpurascens 6 0.7 0.1 
AH Striga multiflora 28 0.4 0.3 0.2 + 0.6 + 

AH Goodenia malvine 4 + 0.6 
TR Eucalyptus opaca 7 0.3 0.2 
PH Sauropus trachyspennus 7 + 0.3 0.3 0.2 
AH 0/den/andia argillaceae 3 0.3 0.3 . 
TR T erminalia arostrata 6 0.2 
SH Sida sp. (MS) 3 0.2 
SH Achyranthes aspera 4 0.2 • 
TR Lysiphy/Jum cunninghamii 3 0.1 + 
TR Terminalia volucris 6 0.1 
SH Calotropis procera 5 0.1 

AG Dacty/octenium radulans 35 1.3 0.9 0.3 0.3 0.7 13.9 9.5 + 

SH Malvastrum americanum 19 0.6 1.3 + + 0.2 8.4 + 

FPG Dicanthium affine 25 2.6 04 • 7.7 2.5 
FPH Cullen cinereum 13 + 3.3 5.6 + 

FPG Enneapogon avenaceus 15 0.4 • 2.3 1.3 + 

AH Portulaca pilose 19 0.1 0.8 + 0.3 2.2 1.2 
TR Acacia georginae 9 1.6 0.2 
PG Eragrostis setifo/ia 17 + + 0.3 1.6 0.6 
PG Triraphis mol/is 3 0.7 0.1 
SH Pti/otus obovatus 5 0.6 
SH Enchytaena tomentosa 8 + 0.3 • 
PH Vigna /anceo/ata 12 0.1 0.1 0.3 • + 

SH Dipteracanthus australasicus 3 0.3 
AG Brachiaria giles! 3 0.1 0.3 
SH Rhlilgodia spinescens 6 0.2 + 

SH Ptilotus nobilis 3 0.2 0.1 
PH Euphorbia tannensis 3 0.2 0.1 
SH Melhania oblongifolia 5 0.1 0.1 + 

SH Eremophila maculate 3 + 
- . 

118 Chapter 3. Vegetation of Mitchell grasslands 



Table 3.5 (cont'Q]_ 
n 11 10 9 1 2 3 4 5 7 6 8 

AG Tragus australianus 17 + • 1.7 4.1 0.7 

FPG Enneapogon polyphyl/us 13 + 0.1 3.5 + 

AH Portulaca oligospenna 11 + 0.1 2.9 0.1 

PH Boerhavia coccinea 15 0.1 0.3 2.4 0.3 
AH Trianthema triquetra 9 0.4 • 2.1 

PG Bothriochloa ewarliana 11 + 0.9 1.4 • 
FPG Eragrostis cumingii 3 1.4 0.4 
FPG Tripogon Joliifonnis 5 0.1 1.2 
FPH lndigofera linnaei 6 0.9 

AH Fimbristylis depauperate 5 0.1 0.6 

AG Aristida contorta 3 + 0.6 
PH T eucrium integrifolium 14 0.2 0.2 + + 0.2 0.5 

AH Heliotropium cunninghamii 4 0.4 

SH Carissa lanceo/ata 20 + '0.3 0.2 

PG Eragrostis xerophila 5 0.3 

AH Gomphrena brachystylis 3 0.3 + 

PH Boerhavia burbidgeana 3 + 0.2 
TR Atalaya hemiglauca 14 + 0.1 0.2 + 

AH Portulaca fllifolia 9 + 0.1 0.2 + 

AH Ipomoea coptica 5 + 0.1 
AH Corchorus o/itorius 4 + + 0.1 
TR Ventilago viminalis 6 + 0.1 + 

AG Eriachne ciliata 4 0.1 1.0 

SH Sclerolaena /anicuspis 9 + + 0.1 

PG Eriachne obtuse 4 0.1 + 

SH Hibiscus brachysiphonius 4 • • 0.1 

PG Triodia pungens 5 0.1 6.4 

AG Yakirra australiensis 4 2.2 

PG Eulalia aurea 22 + + + + 0.4 1.5 1.9 

PH Cassytha capil/aris 4 1.6 

AH Heliotropium tenuifolium 4 0.1 1.2 

AG Schizachyrium fragile 6 1.0 

PG Aristida ho/athera 8 0.3 0.8 

SH Acacia lysiphloia 4 0.7 

PG Aristida inaequiglumis 7 0.2 0.6 

PG Paraneurachne muelleri 3 0.6 

PH Bonamia media 6 0.1 0.5 
SH Corchorus sideoides 6 . 0.4 
TR Acacia coriacea 6 0.3 

SH Gossypium australe 9 + 0.2 

AG Perotis rara 6 0.1 0.2 

SH Senna artemis/odes 11 + + + + 0.1 

PG Eragrostis eriopoda 3 0.1 

TR Eucalyptus odontocarpa 3 0.1 

AH Ptilotus fusifonnis 3 0.1 
PH Scaevola ovalifolia 3 0.1 

FPH lndigofera colutea 7 0.1 0.1 

TR Santa/urn /anceolatum 3 + 0.1 

PH T ephrosia supine 3 0.1 0.1 

SH Eremophila longifolia 3 + 

TR Acacia cowleana 3 • 
AH Fimbristylis oxystachya 3 + 

SH Hibiscus sturti 3 + 

SH Marsdenia australis 3 + 

PH Ptilotus polystachyus 3 + 

SH Senna notabilis 3 + 

SH Waltheria indica 3 + 

TR Ehretia saligna 4 + + + 

PH Solanum centrale 3 + + 
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Table 3.6 Summary for the eleven floristic groups of environmental and plant summary variables, as 
well as group richness. All values are group means, with the exception of group richness variables 
and soil texture. The latter represents mode texture class within the group: CC, cracking-clay; C, 
non-cracking clay; SL; sandy-loam. Variation amongst groups for all variables representing means is 
significant (Kruskai-Wallis one-way AN OVA, p<0.01 ). For ease of interpretation, the maximum 
values of each variable is in bold and the minimum is underlined. AH, annual herb; FPH, facultative 
perennial herb; PH, perennial herb; AG, annual grass; FPG, facultative perennial grass; PG, 
perennial grass 

Floristic Group 

11 10 9 1 2 3 4 5 7 6 8 

no. of sites 8 19 18 6 7 5 4 7 7 17 9 
no. of locations 

~ ' 1 4 1 1_ 2 1 2 1 1 8 5 
·-·· -- --~- -~ 

environmental variables 

soil texture cc cc cc cc cc cc C/CC cc cc c SL 

crack width 55 51 74 75 75 71 39 55 31 16 0 i 

crack no. 38 47 55 62 86 49 23 98 17 11 ol 
gravel cover 0.23 0.66 0.19 0.46 0.04 0.02 0.33 2.49 0.55 1.34 5.97 
rock cover 1.00 1.79 1.96 1.63 0.08 0.03 4.60 7.56 1.50 14.48 8.35 
longitude 134.40 136.26 136.47 137.50 129.24 133.33 136.86 130.90 137.93 135.51 133.23 

latitude -18.23 -19.99 -18.80 -19.26 -18.12 -16.92 -19.89 -17.18 -21.61 -19.52 -18.59 
annual rainfall 439.0 335.8 412.0 407.0 461.6 572.0 336.3 560.0 280.0 376.7. 436.1 
NDVI_P1 -2.7 10.8 -10.1 7.8 -0.3 -6.6 14.8 7.3 21.2 5.9 3~3 

NDVI_P3 -0.8 -1.1 -4.2 -3.6 2.5 -2.2 3.0 3.6 3.0 -0.6 -0.9 
distance to water 3.87 3.08 8.94 4.24 2.56 ill 2.27 3.24 4.57 4.02 6.26 
cattle impact 1.99 1.32 0.30 1.21 1.62 1.68 1.57 1.06 1.00 1.39 0.54 

vegetation structure 

upper storey cover Q Q 0.5 Q 0.9 4.6 6.8 1.4 5.6 1.9 5.8' 
mid storey cover Q 0.1 • Q 0.1 0.1 4.1 0.3 0.1 0.9 41 I 
ground storey cover 39.3 36.9 20.6 35.8 24.7 21.9 23.8 37.5 45.4 27.9 21.7 

group richness 

total species 77 89 82 65 58 45 101 92 97 164 171 
unique species 3 2 2 5 3 1 27 21 10 23 110 ' 
% species unique 3.9 u 2.4 7.7 5.2 2.2 26.7 22.8 10.3 14.0 64.3 
total MG species 44 54 40 42 36 26 55 32 45 85 11 
% species MG spp. 57.1 60.7 48.8 64.6 62.1 57.8 54.5 34.8 46.4 39.6 6.4 

site richness, frequency & cover (by lifeform) 

all species spp. 47.1 36.5 31.3 36.3 20.6 21.0 38.0 45.6 48.4 37.9 40.4 
freq. 196.9 162.0 100.5 175.0 102.7 75.3 113.6 116.1 150.6 111.0 48.7 

MG species spp. 28.3 25.6 20.7 25.2 15.0 12.6 22.5 19.0 26.3 17.5 il 
freq. 126.5 115.7 82.3 131.2 79.2 53.0 52.4 53.2 85.7 45.4 2.0 

cover 34.8 33.2 20.3 34.9 23.1 21.1 13.9 23.7 30.7 11.0 M 
TR species Q 0.2 0.5 Q 0.4 1.8 1.3 3.1 1.9 1.1 7.3 

freq. Q , 0.3 Q 0.3 1.7 1.8 1.1 1.8 0.9 3.3 

cover 0 , 0.6 Q 0.9 43 6.8 1.5 5.7 2.3 7.9 

SH species 1.5 2.0 1.7 0.2 1.4 0.2 2.0 5.1 8.4 3.8 9.0 
freq. 2.0 5.8 0.5 0.3 2.6 , 2.6 8.2 16.0 2.9 3.0 

cover 0.4 0.3 • • 0.3 , 4.6 05 0.7 0.9 2.9 

PG species 4.6 3.4 3.9 u 3.6 2.4 2.3 5.7 4.4 5.4 5.1 
freq. 23.2 16.4 18.3 hl 19.1 7.9 15.0 14.3 19.7 18.7 16.4 

cover 17.2 6.6 16.9 4.2 16.5 7.8 10.2 14.0 21.2 11.2 20.5 

FPG species 0.3 0.6 0.3 0.3 Q,_1 0.4 1.0 0.9 2.4 2.2 0.4 
freq. 0.4 3.0 Q,_1 0.4 1.0 1.0 0.3 2.2 10.4 10.9 0.5 

cover ' 0.1 ' ' 0.1 ' ' 0.3 3.7 1.1 • 
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Table 3 6 cont'd 
11 10 9 1 2 3 4 5 7 • 8 

AG species 7.1 6.4 4.4 8.7 5.1 4.2 5.8 6.9 7.1 6.4 3.8 

freq. 56.7 55.4 23.4 64.8 34.4 33.0 20.7 31.1 42.6 33.2 M 
cover 13.3 26.2 2.1 29.1 5.1 12.8 3.7 19.4 17.4 13.4 0.3 

PH species 9.8 6.4 5.2 3.2 39 4.8 8.8 8.0 9.4 5.6 6.7 

freq. 26.0 15.7 6.5 5.6 19.2 20.9 29.1 26.8 20.4 15.6 6.0 

cover 2.5 1.0 0.2 0.1 2.2 0.7 6.1 2.6 1.0 0.9 0.3 

FPH spp. 4.1 2.1 1.9 2.7 M 0.6 2.8 4.7 2.9 1.5 0.8 

freq. 11.8 5.5 7.3 7.7 1.0 0.4 6.2 13.7 10.5 1.9 0.2 

cover 0.5 0.2 0.2 0.1 • • 0.4 0.6 0.9 0.1 • 
AH spp. 19.8 15.5 13.4 19.5 M 6.4 14.3 11.1 11.9 11.9 7.3 

freq. 76.8 60.2 44.2 91.0 25.0 10.3 38.0 18.7 29.2 27.0 M 
cover 5.9 2.7 1.2 2.3 0.8 0.5 3.4 06 1.2 1.2 0.6 

perenmal-annual rat1os 

PG-AG spp. -0.16 -0.25 -0.03 oilS -0.13 -0.23 -0.33 -0.08 -0.19 -0.06 0.13 

freq. -0.37 -0.60 -0.10 -1.09 -0.27 -0.83 0 -0.41 -0.33 -0.29 0.24 

cover 0.09 -0.50 0.80 -0.76 0.45 -0.44 0.51 -0.27 -0.01 -0.12 0.90 

PH-AH spp. -0.29 -0.37 -0.34 -0.73 -0.14 -0.11 -0.18 -0.11 -0.10 -0.26 0.00 

freq. -0.47 -0.59 -0.84 -1.19 -0.12 0.45 -0.07 0.19 -0.15 -0.16 0.05 

cover -0.27 -0.25 -0.25 -0.47 0.16 0.08 0.21 0.30 -0.06 -0.06 -0.06 
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Table 3.7 (a) Vectors for environmental and plant summary variables fitted to the ordination of 
clay sites by floristic composition (Fig. 3.9). SSH1-4 is the coordinate of the head of vector in 
ordination space (vectors have unit length) and R the correlation; probability from the 
permutation test is indicated by asterisks (*, <0.05; ~~. <0.01; ~~~. <0.001) (n=83 for all 
variables). 

vector SSH1 SSH2 SSH3 SSH4 R 
CRACK index of crack width 0.10 -0.09 0.96 -0.25 0.91 ••• 

RAIN mean annual rainfall 0.70 .0.33 0.09 -0.63 0.80 ... 

NDVI-1 NDVI rating (sample year) 0.20 0.58 -0.33 0.72 0.79 ... 

TEXT soil texture 0.28 -0.21 0.89 0.28 0.74 "** 
NDVI-3 NDVI rating (3 year mean) 0.45 0.30 -0.22 0.81 0.74 uo 

FPGS facultative perennial grass richness 0.13 0.02 -0.94 0.31 0.73 ••• 

SHS shrub richness 0.36 -0.06 -0.50 0.79 0.69 ••• 

FPGF facultative perennial grass frequency 0.14 0.02 -0.90 0.41 0.69 ••• 

LONG longitude -0.86 0.49 0.00 0.12 0.65 ••• 

PGS perennial grass richness 0.16 -0.70 .0.54 -0.45 0.61 ••• 

FPHS facultative perennial herb richness 0.85 -0.05 0.13 0.51 0.60 .... 

SHF shrub frequency 0.41 0.14 -0.23 0.87 0.58 .... 

ROCK total rock cover 0.22 0.07 -0.86 -0.45 0.58 ••• 

TRS tree richness 0.77 0.21 -0.59 0.08 0.55 ••• 

GRAVEL gravel cover 0.74 0.06 -0.67 0.09 0.53 ••• 

TOTS total richness 0.69 -0.17 -0.67 0.22 0.53 •• 

DW distance to perennial water -0.26 -0.40 0.49 -0.73 0.52 ••• 

FPHF facultative perennial herb frequency 0.83 .0.1 0 0.32 0.44 0.49 ••• 

PGF perennial grass frequency -0.42 -0.88 -0.03 -0.23 0.48 •• 

AGS annual grass richness 0.65 0.36 -0.54 -0.39 0.46 ... 

MG50F frequency of Mitchell grass species (fidelity >=50%) -0.05 0.39 0.53 .0.75 0.46 •• 

TRF tree frequency 0.30 0.43 -0.77 0.37 0.46 ... 

PHF perennial herb frequency 0.63 0.13 -0.35 0.68 0.45 •• 

GATT cattle impact score 0.40 0.33 -0.82 0.25 0.45 ••• 

MG10F frequency of Mitchell grass species (fidelity >=10%) 0.08 0.01 1.00 -0.04 0.45-

AHF annual herb frequency 0.06 0.14 0.94 -0.31 0.34 ns 

PHS perennial herb richness 0.39 .0.36 .0.61 0.59 0.31 ns 

TOTF total frequency 0.75 -0.10 0.16 0.63 0.20 ns 
AHS annual herb richness 0.15 -0.07 0.42 -0.89 0.18ns 
MG10S richness of Mitchell grass species (fidelity >=1 0%) -0.22 0.19 0.86 0.42 0.18 ns 

AGF annual arass freauencv 0.97 0.22 -0.02 .0.08 0.05 ns 

(b) Spearman Rank correlation coefficients between environmental variables fitted as vectors. 
Correlations in bold are significant (p<0.05). 

TEXT LONG RANN NDVI-1 NDVI-3 DW GRAVEL ROCK CRACK 

LONG .0.16 

RANN 0.11 -0.83 

NDVI-1 -0.09 0.19 -0.51 

NDVI-3 -0.07 -0.25 -0.06 0.67 

DW 0.11 0.10 0.16 -0.59 -0.39 

GRAVEL -0.24 ·0.27 0.22 0.19 0.22 -0.24 

ROCK -0.56 0.05 0.06 0.05 -0.04 -0.13 0.66 

CRACK 0.64 -0.17 0.37 -0.50 .0.34 0.42 -0.38 -0.51 

GATT -0.17 -0.03 -0.07 0.35 0.25 -0.70 0.23 0.20 -0.45 
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Table 3.8 Distribution of plant species along a postulated edaphic gradient, from lighter clays 
with narrower cracks and higher surface gravel to heavier, widely cracking clays. The table 
shows the mean frequency (in 7 classes) of species in sites within 5 equal segments of the 
gradient. Upper limits of the frequency dasses are 1, 0.025; 2, 0.1; 3,0.5; 4, 1; 5, 5; 6, 10, 7, 
16. Species occurring in at least 3 clay sites are shown. Asterisks indicate species which had 
significant terms for CRACK or ROCK in the predictive models (Table 3.11) 

species 1 2 3 4 5 species 1 2 3 4 

PH Fimbristylis dichotoma 5 PH Neptunia dimorphantha • 5 5 5 5 

PG Aristida holathera 4 AG Chloris pectinate • 5 4 5 3 
AH Altemanthera angustifolia 3 AH Bulbostylis barbata • 5 5 3 4 
FPH lndigofera colutea 2 1 PG Aristida latif~ia • 5 6 5 5 
FPG Tripogon loliiformis * 5 4 AG Sporobolus australasicus • 4 6 6 6 
TR Acacia cambagei 3 1 FPG Dicanthium affine • 3 5 5 5 
PG Eragrostis xerophila 4 3 1 AH Salsola kali * 1 4 4 4 
SH Carissa lanceolata * 4 3 2 SH Sida fibulifera 3 5 5 5 
AH Heliotropium cunninghamii 4 2 3 AG Brachiaria windersii 2 
FPH lndigofera linnaei * 5 3 1 PG Enneapogon purpurascens 3 
AH Trianthema triquetra • 5 5 3 PH Euphorbia tannensis 2 
PH Boerhavla burbidgeana 4 3 1 TR Grevillea striata 2 
PH Sauropus trachyspermus * 4 2 2 AH Tribulus terrestris • 3 2 3 
TR Ventilago viminalis 3 1 PG Sporobolus milchelli 3 3 3 
FPG Enneapogon polyphyllus * 6 5 3 1 SH Plilotus obovatus 1 3 1 
PH Boerhavia coccinea * 5 5 3 2 SH Achyranthes aspera 1 1 2 
PG Eulalia aurea * 5 5 3 1 PH Solanum tumulicola 1 3 
AG Dactyloctenium radulans * 7 7 6 4 SH Malvastrum americanum 2 2 5 4 

SH Rhagodia spinescens 1 2 2 AH Ipomoea polymorpha • 1 3 1 2 
SH Senna artemisiodes 2 2 1 1 AH Cleome viscosa 5 5 5 6 
AH lndigofera linifolia * 5 5 5 3 AG Brachyachne convergens • 5 5 5 6 
PH Evolvulus alsinoides * 5 5 5 PH Boerhavla paludosa 4 5 5 5 
AG Tragus australianus • 5 6 3 1 PH Streptoglossa bubakii 3 3 3 
PG Eragrostis selifolia • 4 5 4 2 PG Astrebla pectinate • 3 5 6 6 
AG Aristida contorta 3 5 1 AH Corchorus aestuans • 1 5 5 5 
TR Atalaya hemiglauca * 2 3 2 1 AH Amaranthus mitchell! 3 1 3 3 
TR Eucalyptus coolibah • 1 3 1 2 AG Eragroslis tenellula 3 2 4 4 
FPG tJranthoecium truncatum 1 1 1 PH Rhynchosia minima 2 5 5 5 
TR Acacia georginae 3 4 4 1 FPH Cullen cinereum 1 5 4 

SH Sclerolaena cornishiana 1 1 SH Abulilon andrewsianum 1 3 5 4 
SH Melhania oblongifolia 3 FPG Oicanlhium sericeum 1 3 4 3 
PG Triraphis mollis 4 2 PH Crotalaria dissitiflora 1 4 5 4 
AH Ipomoea coptica 3 1 SH Chenopodium auricomum 1 1 1 3 
SH Oipteracanthus australasicus 3 2 AH Sphaeranthus indicus 3 2 

SH Ptilotus nobilis 3 2 AG Brachyachne tenella 3 2 
AH Tribulopis pentandra 3 3 AH Heliotropium brachythrix 1 3 5 
SH Eremophila rnaculata 1 1 AH Crolalaria montana • 1 1 3 
SH Capparis lasiantha 1 1 PH Desmodium campylocaulon • 1 2 3 
FPG Enneapogon avenaceus • 5 4 3 AG lseilema membranaceum * 3 3 5 6 
AH Firnbristylis depauperate 5 3 2 AH Gomphrena conica • 3 2 5 5 
PH Teucrium integrifolium • 5 2 3 AH Sida spinose* 2 5 5 5 
PG Bothriochloa ewartiana 3 3 1 AG lseilema vaginiflorum • 2 5 6 7 

AH Corchorus olitorius 3 1 AG Panicum laevinode • 1 4 5 6 
PH Ipomoea cf diamantinensis 3 1 AH Crotalaria medicaginea • 1 3 5 5 
AH Portulaca pilosa • 5 5 4 AH lndigofera parviflora • 1 3 2 5 
SH Enchylaena lomenlosa 1 2 3 1 PH Marsilea spp. 1 1 4 4 

AH Portulaca oligosperma • 5 3 1 2 PH Streptoglossa adscendens 1 2 5 4 
AH Cyperus cuspidalus 4 3 AH Alysicarpus rugosus • 1 1 4 5 
AH Portulaca filifolia * 4 2 1 2 PH Goodenia fascicularis • 5 5 5 
AH Portulaca oleracea • 5 5 4 4 3 AH Ipomoea lonchophylla • 5 6 6 
PG Chrysopogon fallax • 6 3 5 5 3 AH Ptilotus spicatus • 4 4 5 
AH Aeschynomene indica • 4 2 3 3 3 AH Heliolropium spp. • 4 4 5 
SH Sclerolaena lanicuspis 2 3 1 1 AH Dasmodium muelleri • 3 5 5 
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species 1 2 3 4 5 species 1 2 3 4 5 

FPH Phyllanthus maderaspatensis 3 5 5 5 AG lseilema ciliata • 5 4 3 
AH Flaveria australasica ~ 3 5 6 5 AH Operculina aequisepala • 4 5 2 
AH Euphorbia coghlanii * 3 3 5 5 AG lseilema fragile • 4 4 2 
AH Abelmoschus ficulneus • 3 3 5 5 SH Sida trichopoda 3 1 2 
FPH Cucumis melo 3 5 5 3 FPH Trichodesma zeylanicum 3 5 2 
PH lndigofera !rita 3 4 4 3 FPH Wedelia asperrima • 3 4 1 
AH Oldenlandia mitrasacmoides • 3 3 3 SH Jacquemontia browniana * 3 3 1 
FPH Cyperus gilesii 3 2 3 PH Polymeria ambigua * 3 4 2 
PH Commelina ensifolia * 3 3 4 3 AH Polymeria longifolia * 3 5 3 
AH Alternanthera nodiflora • 3 2 4 3 AG Sorghum timorense 3 5 4 

AH Sesbania spp. 2 4 3 3 AG Chionachne hubbardiana 3 4 3 
PG Panicum decompositum 2 4 3 3 AH Euphorbia dallachiana 2 3 1 

AH Ludwigia octovalvis 1 3 SH Sclerolaena bicomis 2 1 
AH Rostellularia adscendens 1 4 3 1 TR Terminalia arostrata 1 2 1 
AH Cyperus iria 1 3 2 PH Vigna lanceolata 2 2 2 
PH Glycine falcata • 1 5 5 1 AH Sperrnacoce brachystema • 5 5 5 
AH Striga multiflora 1 3 3 2 AH Euphorbia drummondii • 5 5 5 
AH Polygala sp 1 3 3 2 AG Paspalidium retiglume • 4 5 5 
PH Cyperus victoriensis • 1 5 4 5 PH Flemingia pauciflora 3 3 4 
PG Astrebla elymoides • 1 5 5 5 AG Spathia neurosa • 1 3 4 
AH Hibiscus trionum • 1 4 5 5 TR Acacia victoriae 1 1 2 

' PG Astrebla squarrosa • 1 4 4 5 SH Calotropis procera 1 1 1 
AH Ammannia multiflora 1 2 3 3 PH Stemodia glabella 1 1 1 

SH T ephrosia rosea 4 3 TR Terrninalia volucris 1 1 1 
TR Eucalyptus opaca 3 1 AH Goodenia malvina 3 
PH Neptunia monosperma 3 2 AH Ipomoea sp. (GD) 3 
AH Euphorbia schizolepis • 3 3 FPH Wedelia cf asperrima (MS) 3 

AH Leptopus decaisnei • 3 3 FPH Heliotropium tanylhrix 3 
AH Fimbristylis schultzii 3 3 AH EuJilorbia sp. C 2 
AG Digitaria ctenantha 3 5 AG Elytrophurus spicatus • 4 4 

TR Eucalyptus microtheca 2 3 AH Schoenoplectus laevis 3 3 
TR Excoecaria parvifolia 2 2 AH Neogunnia septifraga 3 2 
AH Goodenia bymesii 2 2 AH Corchorus tridens • 3 1 
SH Muehlenbeckia florulenta 2 1 AH Cyperus diffonnis 3 1 

SH Hibiscus brachysiphonius 2 1 PH Caesia chlorantha 3 1 
SH Acacia farnesiana 1 2 AG Brachiaria gilesi 2 1 
SH Sida sp. (MS) 1 2 AH Blumea tenella 2 3 
FPH Ocimum tenuiflorum 1 1 AH Corchorus pascuorum 2 2 
FPH Basilicum polystachyon 1 1 AH Oldenlandia argillaceae 2 2 
AG lseilema windersii * 5 5 2 AH Amaranth us sp. (A) 1 
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Table 3.8 (cont'd) 
species 1 2 3 4 5 species 1 2 3 4 5 

FPH Phyllanthus maderaspatensis 3 5 5 5 AG lseilema ciliata • 5 4 3 
AH Flaveria australasica ~ 3 5 6 5 AH Operculina aequisepala • 4 5 2 
AH Euphorbia coghlanii * 3 3 5 5 AG lseilema fragile • 4 4 2 
AH Abelmoschus ficulneus • 3 3 5 5 SH Sida trichopoda 3 1 2 
FPH Cucumis melo 3 5 5 3 FPH Trichodesma zeylanicum 3 5 2 
PH lndigofera !rita 3 4 4 3 FPH Wedelia asperrima • 3 4 1 
AH Oldenlandia mitrasacmoides • 3 3 3 SH Jacquemontia browniana * 3 3 1 
FPH Cyperus gilesii 3 2 3 PH Polymeria ambigua * 3 4 2 
PH Commelina ensifolia * 3 3 4 3 AH Polymeria longifolia * 3 5 3 
AH Altemanthera nodiflora • 3 2 4 3 AG Sorghum timorense 3 5 4 

AH Sesbania spp. 2 4 3 3 AG Chionachne hubbardiana 3 4 3 
PG Panicum decompositum 2 4 3 3 AH Euphorbia dallachiana 2 3 1 

AH Ludwigia octovalvis 1 3 SH Sclerolaena bicomis 2 1 
AH Rostellularia adscendens 1 4 3 1 TR Terminalia arostrata 1 2 1 
AH Cyperus iria 1 3 2 PH Vigna lanceolata 2 2 2 
PH Glycine falcata • 1 5 5 1 AH Sperrnacoce brachystema • 5 5 5 
AH Striga multiflora 1 3 3 2 AH Euphorbia drummondii • 5 5 5 
AH Polygala sp 1 3 3 2 AG Paspalidium retiglume • 4 5 5 
PH Cyperus victoriensis • 1 5 4 5 PH Flemingia pauciflora 3 3 4 
PG Astrebla elymoides • 1 5 5 5 AG Spathia neurosa • 1 3 4 
AH Hibiscus trionum • 1 4 5 5 TR Acacia victoriae 1 1 2 

' PG Astrebla squarrosa • 1 4 4 5 SH Calotropis procera 1 1 1 
AH Ammannia multiflora 1 2 3 3 PH Stemodia glabella 1 1 1 

SH T ephrosia rosea 4 3 TR Terrninalia volucris 1 1 1 
TR Eucalyptus opaca 3 1 AH Goodenia malvina 3 
PH Neptunia monosperma 3 2 AH Ipomoea sp. (GO) 3 
AH Euphorbia schizolepis • 3 3 FPH Wedelia cf asperrima (MS) 3 

AH Leptopus decaisnei • 3 3 FPH Heliotropium tanylhrix 3 
AH Fimbristylis schultzii 3 3 AH EuJilorbia sp. C 2 
AG Digitaria ctenantha 3 5 AG Elytrophurus spicatus • 4 4 

TR Eucalyptus microtheca 2 3 AH Schoenoplectus laevis 3 3 
TR Excoecaria parvifolia 2 2 AH Neogunnia septifraga 3 2 
AH Goodenia bymesii 2 2 AH Corchorus tridens • 3 1 
SH Muehlenbeckia florulenta 2 1 AH Cyperus diffonnis 3 1 

SH Hibiscus brachysiphonius 2 1 PH Caesia chlorantha 3 1 
SH Acacia farnesiana 1 2 AG Brachiaria gilesi 2 1 
SH Sida sp. (MS) 1 2 AH Blumea tenella 2 3 
FPH Ocimum tenuiflorum 1 1 AH Corchorus pascuorum 2 2 
FPH Basilicum polystachyon 1 1 AH Oldenlandia argillaceae 2 2 
AG lseilema windersii * 5 5 2 AH Amaranth us sp. (A) 1 

124 Chapter 3. Vegetation of Mitchell grasslands 



Table 3.9 Distribution of plant species recorded from clay sites along a gradient of mean annual rainfall. Segments 1 & 12 have lower boundaries of 275mm 
& 550mm respectively, and each segment has a width of 25 mm., 'M' indicates the mean of annual rainfall for all sites at which the species occurred; dashes 
indicate the range between the lowest and highest rainfall sites at which the species occurred. Species for which annual rainfall was a significant variable in 
the predictive models (Table 3.11) are marked with an asterisk. Species occurring in at least 3 clay sites are shown. 

rainfall segment Ufeform Species 1 2 3 4 5 • 7 B 9 10 11 12 

Lifeforrn Species 1 2 3 4 5 • 7 8 9 10 11 12 TR Eucalyptus coolibah • ----------M-----
SH Calotropis procera M 

FPH Wedelia cf aspeiTima (MS) M 

TR Tenninalia arostrata M 

FPG Dicanthium sericeum • ---------M ------
PH Stemodia glabella ---------M ------
PH Neptunia gracilis --------M-

TR Terminalia volucris M AH Heliotropium tenuifolium --------M-
SH Jacquemontia browniana * M PH Streptoglossa bubakii -M------
AH Euphorbia dallachiana M AH 8/umea tenella ------M-------·-
AH Euphorbia schizolepis * M AG Paspalidium retiglume * -------M----------
SH Tephrosia rosea M AH Sfriga multiflora * ---------M---------
SH Sida sp. (MS) M 

TR Eucalyptus opaca M 

AH Rostellularia adscendens -------- M------· 
SH Carissa lanceolata ---------M------

AG fsailema ciliata • M PH Commelina ensifolia * ---------- M-------
AH Goodenia malvina -- -- -- -- - - -- -- -- -- -- M PH Cyperus victoriensis * -------- M---------
AH Fimbristylis schultzii * -- -- M - TR Acacia victoriae ---------- M----------
PH Solanum esuriale * ------M -- PG Chrysopogon fa/lax • ---------M---------
PH Polymeria ambigua * --------M --
PH F/emingia pauciflora -----------M -
SH Achyranthes aspera -----------M-
TR Excoecaria parvifolia * -------M----

AG /sei/ema windersii • --------M--------
PG Panicum decompositum • - --- -- -- - - M - --- -- - --
TR Ventilago viminalis --M----
SH Gossypium australe --M----

AG /seilema fragile --------M -- - PH Fimbristylis dichotoma ----------M---
FPH Trichodesma zeylanicum * ---------M---- AH Polymeria longifolia ------------M 
PG Bothriochloa ewartiana --------- M ---- AH Leptopus decaisnei ---------M 
AG Chionachne hubbardiana * -----------M--- PH Caesia chlorantha ---------M 
AH 0/den/andia argillacea ------------ M -- --

FPH Wedelia aspeiTima * -----------M ------
AH Goodenia byrnesii M 
PH Desmodium campylocaulon • ·------ M -- -- --- - -- ·-

PH Sauropus trachyspermus * -----------M ------
AG Sorghum timorense • -----------M -- -- -- --
AH Spermacoce brachystema * --------- M----
AH Corchorus olitorius ------- M ----

AH Corchorus tridens ----- M -----------
AH Ipomoea coptica -------- M ---------
AH Euphorbia coghlanii * --------- M----------
AH fndigofera linifolia • -- -- -- - -- M -- -- -- -- - -

AH Sesbania spp. * ---------- M---- PH Teucrium integrifolium -------M--------
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Table 3.9 (cont'd) 

Lifefonn Species 1 2 3 4 5 6 7 8 9 10 11 12 Lifeform Species 1 2 3 4 5 6 7 8 9 10 11 12 
AH Abelmoschus ficulneus • -- - - -- -- M -- --- -- - ·- -- AG /sei/ema vaginiflorum • -- -- - M--------------
AH Hibiscus trionum ~ - -- -- -- -- M -- -- -- -- -- - AG Panicum laevinode - -- -- -- M -- - -- -- -- -- -
PH Neptunia dimorphantha • - -- -- -- -- M -- -- -- -- -- - AH Polygala spp_ • -- -- -- - M -- -- -- -- -- -- --
PG Aristida tatifolia - -- -- --- -- M - -- -- -- -- -- FPH lndigofera linnaei -------M--------
PG Astreb/a elymoides • -- -- -- -- -- M -- -- -- -- --- -- SH Acacia farnesiana -------M --- -- --- --
PG Astrebla squarrose • -- --- -- -- -- M -- -- -- -- - -- AH Euphorbia drummondii • -- -- -- --- M -- --
AG Brachyachne convergens • --- -- -- -- -- M -- -- -- -- -- -- PH Vigna lanceolata -- -- -- --- M - --
PG Eulalia aurea -- -- -- -- -- M -- -- --- -- -- -- PH Boerhavia coccinea --- -- -- -- M -- --
AH Oldenlandia mitrasacmoides • -------M------ AG Digitaria ctenantha --- -- -- -- M -- --
AH Bulbostylis barbata • ----------M - -- -- AH Portulaca filifolia --- --- -- -- M --- --

FPH Jndigofera colutea ----------M------ TR Atalaya hemiglauca -- -- --- -- M -- --
PG Aristida holathera -- -- -- -- -- M -- -- --- AH Cyperus difformis -- -- -- -- M --
AH Heliotropium brachythrix • --------M AH Fimbristylis depauperata --------M-
AG Brachyachne tenella ----------M AH Crotalaria montana M 
AH Corchorus pascuorum M AG Elytrophurus spicatus • ------M -
AH Neogunnia septifraga M AG Spathia neurosa • --------M --
AH Trianthema triquetra • -- -- -- --- M - - -- --- -- -- -- AH Portulaca oligosperma • --------M --
AH Gomphrena conica • ------- M------------- AH Altemanthera nodiflora • -- --- -- M -- -- -- -- -- - -- --
AH Ptilotus spicatus * ------- M------------- AH Flaveria australasica • -- -- -- M----------------
AH Heliotropium spp_ • ------ M------------- AH Sa/sola kali -- -- -- M -- -- --- -- - -- -- --
AH Operculina aequisepa/a * ------- M------------- AH Ipomoea lonchophylla • ------M --------------
PH Evolvulus a/sinoides • -- -- -- - M -- -- -- -- - -- -- AH Crota/aria medicaginea • -- -- -- M - - -- -- -- - -- ---

FPH Cucumis me/a • - - - -- M -- -- -- -- -- - --- SH Abuti/on andrewsianum • -- -- - M -- - -- --- -- -- -- --
FPH Phyllanthus maderaspatensis * --------M ------------- PH Marsi/ea spp. • -- -- -- M -- -- -- -- --- -- - -

AH Alysicarpus rugosus • --------M ----------- AG Dacty/octenium radulans • -- -- -- M -- -- -- -- -- -- - --
AH Desmodium muelleri • -----M----------- AG Eragrostis tenellula • -- -- - M - - -- -- -- - -- ---
PH lndigofera trita -- -- -- --- M------------- AG Sporobolus australasicus • -- - -- M -- -- -- -- -- -- -- --
PH Rhynchosia minima • ------- M----------- AH Corchoros aestuans • ----M--------------
SH Sida fibulifera • ------- M----------- PH Crotalaria dissitiflora • -- -- -- M-------
AH Sida spinosa • ------- M------------- PH Glycine falcata * ------M-------
SH Sida trichopoda -- -- -- -- M -- - -- -- -- -- -- AH Cleome viscosa • -----M----
PH Boerhavia paludosa • ------M------------ AH lndigofera parviflora • ---M------
PG Astrebla pectinata • -------M--------- PH Goodenia fascicu/aris • ----M----
AG lseilema membranaceum • ------M----- PH Neptunia monosperma ------M----
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Table 3.9 {cont'd) 

Lifeform Species 1 2 3 4 5 6 7 8 9 10 11 12 Lifeform Species 1 2 3 4 5 6 7 8 9 10 11 12 

AG Chloris pectinata • -- M -- - PH Boerhavia burbidgeana M 
FPG Enneapogon polyphyllus ------M --- FPG Dicanthium affine • --M----------------

AG Tragus australianus • -----M -- -- -- AH Portulaca pilosa • -- M 
AH Pottulaca oleracea • ------M---- FPG Enneapogon avenaceus -- M 
AH Tribulus terrestris ------M------ AH Ipomoea sp. (GD) -- M 
AH Ammannia multiflora -- M -- -- SH Enchylaena tomentosa - M 

FPH Cypems gilesii -- -- - M -- -- SH Sclerolaena lanicuspis -- M 

AH Aeschynomene indica - --- M -- -- FPH Cullen cinereum • - M 
TR Eucalyptus microtheca ------M---- PH Solanum tumulicola -- M 
AG Brachiaria giles! - -- -- M -- -- AH He!iotropium cunningham!! -- M 
SH Ma/vastmm americanum -- -- M --- -- -- -- --- -- -- -- -- AH Cyperus !ria -- M 
AH Amaranthus mitchelltl * ----M-------- FPG Uranthoecfum truncatum -- M 
PG Eragrostis setifolia • ----M-------- SH Hibiscus brachysiphonius M 

PG Eragrostis xerophila • ----M------- SH Dipteracanthus australasicus M 
PH Streptoglossa adscendens ---M------ SH PI/lotus nobilis M 
SH Senna attemisiodes ----M----- SH Plilotus obovatus M 
SH Chenopodium auricomum -- -- M --- -- -- SH Rhagodia spinescens M 
AH Ipomoea po/ymorpha -- -- M - --- TR Acacia georginae * M 
PG Sporobolus mitchelli -- -- M------ SH Eremophila maculata M 

FPG T ripogon Joliifonnis * - -- M------ PG T rtraphis mol/is M 
AG Aristida contot1a ---M---
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Table 3.10 (a) Vectors for environmental and plant summary variables fitted to the ordination 
of 'typical' cracking-clay sites (Fig. 3.10). SSH1-3 give the location of the head of vector in 
ordination space (vectors have unit length) and R the correlation, with probability from the 
permutation test indicated by asterisks(*, <0.05; **, <0.01; ""*, <0.001) (n=62 for all variables). 

vector SSH1 SSH2 SSH3 R 

NDVI1 NDVI rat"1ng (sample year) 0.92 -0.39 -0.07 0.91 ••• 

CRACK index of crack width -0.81 0.36 -0.46 0.83 u• 

RAIN mean annual rainfall -1.00 0.07 0.03 0.83 ••• 

SHF shrub frequency 0.98 -0.06 0.18 0.74 HO 

PGAGF ratio of perennial : annual grass frequency -0.61 0.44 0.66 0.74 ••• 

PGF perennial grass frequency -0.43 -0.13 0.89 0.73 ••• 

LONG longitude 0.75 0.23 -0.62 0.73 ••• 

AGF annual grass frequency 0.46 -0.88 -0.11 0.72 ••• 

PHS perennial herb richness 0.05 -0.42 0.91 0.71 ... 

PHAHF ratio of perennial : annual herb frequency 0.50 -0.23 0.84 0.70 ••• 

FPGF facultative perennial grass frequency 0.98 -0.04 0.22 0.70 ... 

TOTS total richness 0.40 -0.57 0.71 0.69 ••• 

NDVI-3 NDVI rating (3 year mean) 0.97 0.04 0.25 0.69 ••• 

SHS shrub richness 0.83 0.24 0.51 0.68 ••• 

FPGS facultative perennial grass richness 0.79 -0.39 0.47 0.67 ... 

PHAHS ratio of perennial : annual herb richness 0.02 -0.15 0.99 0.64 ••• 

PGAGS ratio of perennial : annual grass richness -0.63 0.31 0.72 0.63 ••• 

PGS perennial grass richness -0.38 -0.40 0.84 0.62 ... 

PHF perennial herb frequency 0.54 -0.54 0.64 0.60 ••• 

ow distance to perennial water -0.81 0.57 -0.13 0.59 u• 
TOTF total frequency 0.61 -0.78 0.13 0.59 ••• 

AGS annual grass richness 0.46 -0.88 -0.10 0.57 H> 

GRAVEL gravel cover 0.96 0.22 -0.16 0.55 ••• 

MGSOF frequency of Mitchell grass species {fidelity >"'50%) 0.13 -0.61 -0.78 0.54 •• 

MG10S richness of Mitchell grass species (fidelity >=10%) 0.50 -0.79 0.35 0.47 ••• 

MG10F frequency of Mitchell grass species (fidelity >=10%) 0.38 -0.80 -0.47 0.44 •• 

CATI cattle impact score 0.83 -0.50 0.25 0.43 •• 

TRF tree frequency 0.57 0.17 0.80 0.40. 

FPHS facultative perennial herb richness 0.20 0.32 0.93 0.38 • 

AHF annual herb frequency 0.28 -0.64 -0.72 0.35 ns 

AHS annual herb richness -0.03 -1.00 -0.05 0.26 ns 

TEXT soil texture -0.88 0.47 -0.02 0.23 ns 

TRS tree richness 0.68 -0.09 0.73 0.21 ns 

ROCK total rock cover 0.91 -0.38 -0.18 0.18 ns 

FPHF facultative perennial herb frequency -0.11 0.63 0.77 0.17 ns 

(b) Pearson correlation coefficients between environmental variables fitted as vectors. 
Correlations in bold are significant (p<O.OS). 

TEXT LONG RANN NDVI-1 NDVI-3 ow GRAVEL ROCK CRACK 

LONG -0.09 

RANN 0.19 -0.62 

NDVI-1 -0.07 0.45 -0.82 

NDVI-3 -0.04 029 -0.62 0.72 

ow 0.06 O.Q3 0.37 -0.56 -0.34 

GRAVEL -0.01 0.32 -0.57 0.41 0.24 -0.32 

ROCK -0.48 0.28 -0.26 0.05 0.02 0.09 0.22 

CRACK 0.20 -0.18 0.68 -0.65 -0.51 0.49 -0.24 -0.18 

CATT -0.08 -0.19 -0.10 0.34 0.35 -0.73 0.07 -0.09 -0.48 
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Table 3.11 Predictive models for plant summary variables. The table gives the parameter estimate and significance (Wald statistic: * p<0.05, ** p<0.01, "** 
p<0.001, a p>O.OS but term contributes to a significant improvement in model) for each term in the minimum adequate model, plus the proportion of total 
deviance explained by the model. All models used a Poisson error distribution and log link, except those indicated by'+' which used a normal distribution and 
identity link. Predictor variables are described in Table 3.2. Response variables are the cover, frequency and richness (spp) of ag, annual herb; fph 
facultative perennial herb; ph, perennial herb; ag, annual grass; fpg, facultative perennial grass; pg, perennial grass; sh, shrub; tr, tree; tot, all species; mgSO, 
Mitchell grassland-faithful species (50% level); mg10, Mitchell grassland-faithful species (50% level); pgag, ratio of perennial to annual grass. 

variable RAIN RAIN' NDVI-1 NDVI-3 ow ow' ROCK CRACK UPCOV BV SAMP model% 

agcov 0.019 a -0.00001 a 0.111 •••• -0.042 a -0.017 .... -0.03 • -0.033 a 0.491 • 0.183 a 50.9 

agfreq 0.011 * -0.00001 * 0.037 •••• -0.032 * -0.007 •• -0.018 •••• -0.059 •••• 0.174 • 57.3 

agspp 0.019 ••• -0.03 • 22.4 

ahcov 0.031 • -0.00004 • -0.095 a -0.022 a 0.539 • 24.6 

ahfreq 0.022 •• -0.00003 •• 0.011 a -0.182 * 0.021 a -0.023 •• -0.081 •••• 0.175 a 0.308 • 61.0 

ahspp 0.012 •• -0.00001 • 0.02 ••• -0.029 • 0.007 • -0.017 • 0.192 • 0.408 *HO 65.6 

mgSOcov 0.039 a 0.00001 a -0.265 •• 0.022 • 0.068 • 1273 ••• 62.0 

mgSOfreq 0.028 •• -0.00003 •• 0.049 ••• -0.035 a -0.195 a 0.02 a -0.085 •• 0.005 .. -0.088 .... 0.574 •• -0.524 •• 57.4 
mgSOspp 0.019 • 0.016 **** 0.302 •• 37.1 

mg10spp 0.015 •••• -0.031 ••• -0.007 • 0.003 • 0.271 •••• 55.5 

mg10cov 0.014 a -0.00001 a 0.04 ••• 0.108 a -0.011 a -0.062 •• 0.005 a -0.034 • 0.189 a 0.155 a 45.9 

mg10freq 0.008 * -0.00001 • 0.016 •• -0.115. 0.012 a -0.039 ...... 0.003 a -0.078 ..... 0.143 • 0.084 a 73.9 

fpgcov -0.086 ........ 0.001 ..... 0.386 .... -0.049 ...... 54.8 

fpgfreq -0.063 ••• 0.00007 ..... -0.148 .. -0.04 •••• 0.494 a 55.3 

fpgspp -0.037 •• 0.00004 •• -0.029 •••• 49.0 

fphcov -0.046 • 0.00005 • 12.3 

fphfreq __ -0.016 a 0.00002 * 0.007 a -0.088 .... 1.554 •••• 49.3 

fphspp 0.003 .... 0.044 • 0.794 ...... 40.6 

pgcov -0.013 a 0.00001 a -0.021 a 0.5 •• -0.04 a -0.028 a -0.309 • 29.7 

pgfreq -0.001 a -0.052 • 0.267 • 0.025 a -0.008 a -0.299 • 14.5 

pgspp -0.058 * -0.007 •• -0.372 .... 0.189 • 22.2 

phcov 0.028 • -0.00003 a 0.12 •• -0.047 a 0.081 .... 0.428 • 31.6 

phfreq 0.003 •• 0.012 a 0.039 a -0.065 • -0.03 •• -0.009 •• -0.022 a 0.141 • 28.9 

phspp 0.305 •••• 17.7 

shcov 0.066 •• -0.0001 •• 0.165 ... -0.018 •• 0.159 •••• 0.77 •• 73.5 

shfreq -0.03 a 0.00003 a 0.041 a -0.114 • -0.04 • -0.013 • -0.024 a -1.128 • 0.689 a 59.1 

shspp -0.006 •••• 0.409 •• -0.046 • -0.009 •• 0.06 •••• -1.022 .... 0.859 .... 67.2 
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Table 3.11 cont'd. 

variable RAIN RAIN' NDVI-1 NDVI-3 ow ow' ROCK CRACK UPCOV BV SAMP model% 

totcov 0.002 H 0.024 *** -0.03 ••• -0.003 a 0009 a 0.149 • 35.5 
totfreq 0.007 a -0.00001 a 0.016 H -0.01 a -0.061 a 0.006 a -0.019 •••• -0.0031 a -0.045 .... 0.049 a 0.159 •• 55.2 
totspp 0.001 •• 0.008 • -0.002 * 0.325 •••• 548 
trcov -0.092 •••• 0.0001 .... -0.057 * -0.02 •• 0.203 ..... -0.411 • 76.1 
trfreq -0.052 ••• 0.00007 ••• -0.021 •• 0.149 •••• 63.8 
trspp -0.045 ••• 0.00002 ••• -0.03 •••• 0.046 • 49.3 
rJgagcov+ -0.004 •• -0.049 •••• 0.119 ... -0.378 ... 58.3 
rJgagfre + -0.002 • -0.020 •• 0.067 •• 0.023 • -0.207 .. 22.1 
ogagspp+ -0.006. 0.000006. -0.015 .... 0.002. -0.088 •• 20.5 
ohahcov + 0.022 ... -0.169 •••• 28.6 
Dhahfre + -0.016 .... 0.00002 ...... 0.032 •• -0.006 ••• -0.145 •• 59.2 
ohahspp+ -0.005 • 0.000007 '* 0.014 • -0.002 •• -0.074 • 36.0 



Table 3.12 Predictive models for relative abundance of indiv{dual plant species {recorded in at least 5 clay sites). Table indicates parameter estimate and 
significance (Wald statistic: * p<O.OS, ** p<0.01, ""* p<0.001, a p>O.OS but inclusion of term significantly reduces residual deviance) for each term in the 
minimum adequate model, plus the proportion of total deviance explained by the model. All models used a Poisson error distribution and log link. Predictor 
variables are described in Table 3.2. Letters before species indicate lifeform: AH, annual herb; FPH, facultative perennial herb; PH, perennial herb; AG, 
annual grass; FPG, facultative perennial grass; PG, perennial grass. Asterisks indicate fidelity to Mitchell grasslands:"* >50%," >10%. The number of sites 
from which the species was recorded is given by 'n'. 
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Table 3.12 cont'd -----------

AH Corchorus aestuans 38 -0.000006 a -0.204 a -0.009 a -0.117 * 1.518 a 34.3 

PG Astrebla squarrosa . 37 -0.091 • 0.0001 • -0.138 .... 0.379 • -0.177 a ' -0.185 a -0.646 a 49.2 

PH Glycine falcata . 36 0.036 a -0.00005 a -0.086 • 0.229 .... 0.517 a -0.085 a -0.714 .... -0.031 •• -0.4 H 0.933 •• 58.4 

PG Chrysopogon fa/lax 35 0.101 •• 0.0001 • 0.046 a -0.146 a -0.039 • -0.039 •••• -0.137 • 40.9 

PH Evolvulus alsinoides 35 0.00001 • 0.111 • -0.299 *** 0.739 a -0.115 a -0.281 * -0.024 • 37.2 

AH Abelmoschus ficulneus • 35 0.306 • -0.0003 • 0.084 a 0.181 a -0.025 a 0.032 a 1.731 a 67.5 

AH Spennacoce brachystema 34 0.085 * -0.0001 • -0.125 • 0.3 • -0.03 • -0.12 a 0.205 • 0.894 H 63.1 

PH Cyperus victoriensis 33 0.00002 ••• 0.058 a 0.192 a 0.016 a 0.07 * 1.344 HO 42.3 

AH Desmodium muelleri • 33 -0.00001 a -0.093 • 0.275 • -1.33 •• 0.166 ... 0.016 a 0.265 a 0.624 a 40.1 

AH lndigofera parviflora . 33 -0.00002 '* -0.527 a 0.071 • 0.024 • -0.168 a 29.7 

PH Goodenia fascicularis . 32 -0.00001 a -0.076 a -0.115 a -0.054 a -0.808 a 52.3 

AG Dac!yloctenium radulans 31 -0.041 • 0.00005 * 0.046 a 0.015 a -0.051 •••• 1.16 • 71.5 

AH Portulaca oleracea 30 0.116 •• -0.0001 •• 0.215 ••• -0.321 .... -0.563 ** 0.078 •• -0.045 •• -0.049 •••• 68.8 

AG lseilema windersii .. 29 0.01 ** -0.261 a 0.534 a -0.137 a -0.198 a -0.027 a 1.24 a 62.0 

PH lndigofera trtta 29 -0.263 • -0.139 a 11.2 

AG Paspa/idium retiglume .. 29 0.095 • -0.0001 • 0.144 •• -0.054 a -0.292 a 0.044 • 55.5 

AH Striga multiflora 28 0.013 •• 0.131 • -0.261 • 20.0 

AH Sa/sola kali 27 0.125 • -1.737 *** 0.211 •• 0.049 a -0.053 •• -0.159 * 51.6 

SH Abutilon andrewsianum • 27 -0.106 **** 0.0001 **** 0.145 .... -0.094 ** 65.1 

AG Chloris pectinata • 25 0.083 a -0.0001 a 0.196 • -0.945 • 0.108 • 0.024 a 34.4 

FPG Dicanthium affine 25 -0.191 ••• 0.0002 *** 0.15 a -0.676 • -0.064 •• -0.031 ... 78.4 

PH Streptog/ossa adscendens . 24 0.037 .... 17.9 

FPG Dicanthium sericeum 22 0.203 a -0.0002 a 1.92 a -0.28 a 52.0 

PG Panicum decompositum 21 -0.126 ••• 0.00014 ... 0.294 a 1.434 • 46.0 

FPH Trichodesma zeylanicum 21 0.282 *** -0.003 ••• 0.1 • 0.217 • -0.187 a 44.7 

AH Altemanthera nodiflora • 21 0.159 * -0.0002 • 0.121 a 0.033 a 0.027 a -1.315 • 34.3 

AH Euphorbia drummondii 20 -0.00002 • -0.129 ••• 0.967 a -0.148 • -0.635 a 29.5 

AG Eragrostis tenellula . 20 0.084 a -0.0001 a 0.3 • -1.024 • 0.1334 • -1.848 • 35.2 

FPH Wedelia asperrima . 20 0.44 a -0.001 a 0.131 a 0.597 a 0.929 a -0.15 a 0.032 a 2.571 a 56.6 

AH Polyga/asp 19 0.008 • 0.28 • 0.295 a 1.11 • 18.4 

AH Portulaca pi/osa 19 -0.00006 ••• -0.331 • -1.283 •• 0.207 •• -0.131 • -0.076 .... 72.0 

PH Commelina ensifolia 18 0.312 ... -0.0003 ••• 0.075 a 0.019 a 1.089 •• 39.2 

PH Streptog/ossa bubakii . 18 -0.175 •••• 1.117 * -0.109 a 52.1 

SH Malvastrum americanum • 18 0.454 a -0.16 a -1.059 a 0.096 a -0.143 a 67.5 

SH Sida trichopoda • 17 none 



Table 3.12 cont'd 

PG Eulalia aurea 17 -0.261 a 0.028 a -0.067 H~· -1.046 • 58.0 

AH Sesbania simpliuscula 17 0.024 ~H· 0.193 •• 68.0 

PG Eragrostis setifolia . 17 -0.00002 ·~ 0.295 • 0.067 u -0.05 ••• 0.085 • 57.3 

AH lndigofera linifolia 16 0.019 •••• 0.081 a -0.066 ••• 59.9 
AH Bulbostylis barbata 15 0.321 a -0.0003 a 0.151 a -0.656 a 0.026 a -1.419 a 49.0 

PH Desmodium campylocaulon . 15 0.00001 a 0.092 a -0.459 a 1.616 a -0.166 a 0.033 a 38.3 

AG Tragus australianus 15 0.151 • -0.0002 • -0.085 H 1.638 • -0.157 a -0.083 •••• 73.0 
AH Aeschynomene indica . 15 0.181 a -0.218 a 0.08 a 0.056 a 30.4 

AG lseilema fragile . 15 0.229 • 0.038 ••u -2.988 HH 80.7 

AG Chionachne hubbard/ana • 14 0.178 a -0.0002 a -0.194 a -0.801 a 63.5 

AH Rostellularia adscendens 14 0.028 • -0.131 • 9.2 
PH T eucrium integrifolium .. 14 0.242 a -0.554 a -0.042 ~ 34.7 

FPG Enneapogon avenaceus 13 0.111 a 0.168 a 1.165 a -0.157 a -0.045 •• -0.124 a 39.8 

AH Amaranthus mitche/lii • 13 -0.00002 ••• 23.6 

FPH Cullen cinereum . 13 ·0.024 H 0.00003 •• 18.8 

PH Marsilea spp 13 0.223 • -0.0002 • 0.321 ~ 0.159 •• 51.0 

SH Carissa lanceolata 12 0.063 • -0.135 • 80.8 

AH Polymeria longifolia .. 12 -0.245 ••• 0.274 a -1.391 H 0.17 • -0.026 • -0.55 a 42.2 

AH Crotalaria montana 11 0.237 a -0.191 a 0.032 a 0.161 a 64 9 
TR Atalaya hemiglauca 11 0.074 H 38.9 

TR Acacia victoriae . 11 none 

PH Neptunia monosperma . 11 -0.702 a -0.585 • 42.4 

AG Sorghum timorense . 11 0.0365 ••• -0.00004 •• 0.12 •• 0.571 h 18.1 

AG Spathia neurosa .. 11 0.025 HH -0.00003 •••• 0.053 OH~ -0.079 .... 0.206 • -0.031 H 0.009 HH 38.6 

AH Tribulus terrestris 11 -0.044 • -0.014 •• -0.006 •• -0.031 •• 17.6 

PH Boerhavia coccinea 10 -0.306 ••• 0.433 ·~·· -0.133 .... 84.1 

FPG Enneapogon polyphyllus 10 -0.143 • 0.251 • 0.029 •• -0.128 •••• 84.5 

AH Portulaca oligosperma . 10 0.616 a -0.001 a 0.17 a -0.837 a 4.955 a -0.458 a -0.147 a 0.132 a -2.73 a 89.9 

TR Eucalyptus coolibah 10 0.00002 ••• -0.033 • 0.267 •••• 69.1 

PG Bothriochloa ewartiana 9 -0.944 • 8.085 a -1.163 a 0.213 • -3.732 •• 79.3 

AG Digitan·a ctenantha 9 "" none 

TR Acacia georginae . 9 -0.104 • 0.173 •• 88.2 

SH Chenopodium auricomum . 9 0.189 .... 29.2 

AH He/iotropium brachythrix 9 0.036 •••• -0.00004 ... 0.072 •••• -0.11 *" .. 0.01 • 32.6 

SH Sclerolaena lanicuspis • 9 none 
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AH Trianthema triquetra 9 0.108 * 0.00015 * -0.4 H 0.039 •• -0.036 • 0.159 •••• -0.339 •• 72.1 

PH Vigna lanceolata 8 none 

SH Enchylaena tomentosa 8 none 

PH Flemingia paucifiora . 8 -0.279 •••• 21.3 

SH Senna al1emisiodes 7 none 
AH Portulaca filifolia . 7 -0.177 • 0.069 • -0.066 •• 59.0 

AH Corchorus tridens . 7 -0.049 • 0.004 • 0.027 • 13.6 

PH Polymeria ambigua 7 0.291 • -0.0003 • 0.412 •••• 1.104 • -0.198 • -0.204 •• 70.2 

SH Acacia famesiana . 7 0.201 • 34.8 

AH Ammannia multiflora . 7 0.368 a -0.429 a -0.335 a 0.122 H 67.8 

AH Ipomoea polymorpha 7 0.06 • 0.07 • 26.6 

AG lseilema ciliate 7 0.072 ** 2.108 ** -0.2243 • 0.315 *** 0.064 •• 87.7 

SH Jacquemontia browniana 7 0.131 ** 0.5 H 0.112 •• 77.7 

AH 0/den/andia mitrasacmoides 7 0.25 • -0.0003 • 1.031 • 0.04 • 2.596 • 50.5 

PH Stemodia glabella .. 7 -1.468 • 25.7 

PH Sauropus trachyspermus 6 0.015 • -0.046 • 0.201 •• 50 6 
AG Elytrophuros spicatus 6 0.014 a 0.375 a -0.497 a -0.132 a 0.079 a 0.1 a 55.1 

SH Rhagodia spinescens 6 none 
TR Terminal/a arostrata 6 none 
TR T erminalia vo/ucris 6 none 
FPH lndigofera colutea 5 0.188 a 26.5 

TR Excoecaria parvifolia 5 0.018 • 34.7 

FPH lndigofera linnaei • 5 -0.381 .. -0.232 • -0.138 ... 89.1 

SH Galotropis procera 5 none 
PG Eragrostis xerophila . 5 -0.031 * -0.126 •• 71.1 

AH Euphorbia schizolepis 5 0.0465 • -0.053 * 61.5 

AH Fimbristylis schultzii 5 0.032 • 55.4 

AH Ipomoea coptica 5 none 
AH Leptopus decaisnei . 5 -0.681 • 12.0 

SH Ptilotus obovatus 5 none 
PH Solanum esuriale 5 0.008 a -0.058 a 0.064 a 36.7 

PG Sporobolus mitchelli 5 4.263 a 1.007 a 0.271 • 74.8 

FPG Tripogon loliiformis 5 -0.012 •• 0.045 .. -0.106 .. 85.8 



Table 3.13 Summary of predictive models for plant summary variables. For each predictor 
variables, the table lists the models in which it appeared as a significant term; models are listed 
according to decreasing absolute size of the parameter estimate. Asterisks indicate the 
significance of the individual term in the model according to the Wald statistic(*, p<0.05; 
'"',p<0.01; ***,p<0.001; ••••,p,0.0001; a, p>0.05 but inclusion of the term significantly reduces 
residual deviance). Full models are listed in Table 3.9. 

SAMPLE RAIN NDVI-1 NDVI-3 DW 

+ve .,. +ve +ve ... 
FPH FRE .... FPH SPP ••• AG COV •••• SH COV ** FPG COV •• 
SH SPP •••• PH FRE •• MGSO FRE *** PH COV ** PG:AG COV ••• 
FPH SPP OHO TOT COV •• SH FRE a FPH SPP * FPH FRE a 
SH COV •• TOT SPP •• MG10 COV ••• PH FRE a PG:AG FRE ** 
SH FRE a AG FRE **** PH:AH FRE •• 
AH COV * ... TOT COV ••• PH:AH SPP * -ve 
PH COV • SH SPP .... AH SPP •u MGSO COV •• 
AH SPP •••• PG:AG COV •• AG SPP ••• -ve AGCOV"" 
TOTSPP .... PG:AG FRE • MGSO SPP • FPG FRE * AG FRE ** 
AH FRE • PG FRE a MG10 FRE ** PG SPP * SH FRE • 
PH SPP .... TOT FRE •• PG FRE • AH COV a 
MG10 SPP •••• lnt MG10 SPP •••• AG COV a PH FRE * 
PG SPP * SH COV •• PH FRE a MG50 FRE a 
AG COV a AH COV * AH FRE a AG FRE • lnt 
TOT FRE •• PH COV • TOTSPP • MG10 SPP .... SH SPP •• 
MG10 COV a MG50 FRE •• AG SPP * PG COV ** 
TOTCOV • AH FRE •• -ve AH SPP • PG FRE • 
PH FRE • AH SPP •• TRCOV * TOT FRE a MG10 COV a 
MG10 FRE a AG FRE * PG:AG COV •••• 

MG10 FRE • PG COV a oxt 
-ve MG50 COV a PG:AG FRE .. AH FRE * 
MG50 FRE •• AG COV a PG:AG SPP •••• MG50 FRE a 
PH:AH FRE ** MG10 COV a MG10 FRE * 
PH:AH SPP * TOT FRE a TOT FRE a 

Ext 
FPG cov OH 

TR COV •••• 
PH:AH FRE •••• 
FPG FRE ••• 
TR FRE **• 
PH:AH SPP •• 
PG:AG SPP • 
FPH COV * 
FPG SPP •• 
SH FRE a 
TRSPP ... 

FPH FRE * 
PG COV a 
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Table 3.13 (cont'd) 

ROCK CRACK UPCOV BARKLY _, +ve +ve +vo 
FPH FRE *" MGSO COV • TR COY •••• MGSOCOV ... 
MGSO FRE H MGSO SPP .... SH COY **** MGSO FRE ** 
MG10 COY .. MG50 FRE * TR FRE .... AG COY * 

PH COY a MG10COV a PH COY ***" MGSO SPP •• 
SH FRE • MG10 SPP • MGSO COY * AH SPP * 
MG10 FRE *"* MG10 FRE a SH SPP "*** MG10 COY a 
TOT COY ••• TR SPP * AH FRE a 
PH FRE •• -ve PG:AG FRE * AG FRE * 
AG COY * FPG COY •••• PH;AH COY ••• MG10 FRE • 
PG COY a FPG FRE **** TOTCOV a TOT FRE a 
AH FRE •• TR SPP •••• 

AH COY a FPG SPP •••• -ve -ve 
TOT FRE **** TR FRE .. MGSO FRE *** SH FRE * 
AG FRE •••• TRCOV •• AH FRE ,.,. .. SH SPP **** 
PG FRE a SH COY •• MG10 FRE .... FPG FRE a 
AH SPP * SH FRE * AG FRE .... TR COY • 
MG10 SPP • SH SPP ** TOT FRE •••• PG:AG COY ••• 

PH FRE H MG10COV * PG SPP •••• 

PG SPP ** AG COY a PG COY* 
PH:AH FRE ••• SH FRE a PG FRE * 

TOT FRE a PH FRE a PG:AG FRE •• 

TOT COV a AH SPP • PH:AH cov HH 

TOT SPP • PG:AG SPP •• 

PG:AG SPP • 

PH: AH SPP •• 
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Table 3.14 Summary of predictive models for individual species (recorded in at least 5 clay 
sites). For each predictor variables, the table lists the species for which it appeared as a 
significant term; species are listed according to decreasing size of the parameter estimate in the 
model. Asterisks indicate the significance of the individual term in the model according to the 
Wald statistic(*, p<O.OS; "*,p<0.01; ***,p<0.001; "***,p,0.0001; a, p>O.OS but inclusion of the 
term significantly reduces residual deviance). For RAIN and OW, 'int' indicates a negative 
quadratic term and a positive first-order term; 'ext' indicates a positive quadratic term and 
negative first-order term. Full models for each species are listed in Table 3.1 0. 

RAIN 

+ve -ve int ext 
Jacquemontia browniana -- Acacia georginae - Trichodesma zeylanicum Dicanthium affme ... ... 
lseilema ciliate •• Eragrostis xerophila . Po11ulaca oligosperma a Trianthema triquetra • 
Euphorbia schizo/epis • Crotalan·a medicaginea .. Wede/ia asperrima a Panicum decompositum . .. 
lndigofera linifolia ••• Tripogon loliiformis •• Bulbostylis barbata a Abutilon andrews/anum .... 
Excoecaria parvifolia • Ipomoea /onchophylla .. /seUema membranaceum ' Astrebla squarrose . 
Sauropus trachyspermus . Sida fibulifera .... Commelina ensifolia ••• Cucumis melo *** 
Elytrophurus spicatus a Astreb/a pectinate •••• Abelmoschus ficu/neus . Heliotropium spp . . 
Striga multiflora •• Portulaca pilose ... Polymeria ambigua • Dactyloctenium radulans . 
Fimbristylis schultzii . Cleome viscose .... Oldenlandia Rhynchosia minima • 

mitrasacmoides • 

Sesbania simpliuscula •••• Amaranthus mitchellii ... Dicanthium sericeum ' Boerhavia paludosa * 
/seilema windersii •• lndigofera parviflora .. Chionachne hubbard/ana a Astreb/a elymoides a 
Solanum esuriale a Eragrostis set/folia .. Hibiscus trionum .. Cullen cinereum •• 

Polygala spp. • Euphorbia drummondii • Marsi/ea spp. . Brachyachne convergens . 
Neptunia dimorphantha •• Flaven·a australasica a Altemanthera nodiflora . 
Cyperus victoriensis ••• Desmodium muelleri a Tragus austral/anus . 
Eucalyptus coolibah ••• Goodenia fascicularis a Eragrostis tenellula a 
Desmodium campylocaulon Sporobolus australasicus Chloris pectinate a 

' 
.... 

Evolvulus alsinoides • Corchorus aestuans a Ptilotus spicatus a 
Phyllanthus Operculina aequisepala a 
maderaspatensis a 

Gomphrena conica ... 
Portulaca o/eracea •• 
Alysicarpus rugosus ••• 

' Euphorbia cogh/anii ••• 
Chrysopogon fa/lax •• 
Paspalidium retiglume • 

Spermacoce brachystema . 
Side spinose a 
Crotalaria dissttiflora a 
Glycine falcate a 
He/iotropium brachythrix 
•••• 
Sorghum timorense ••• 

lseilema vaginiflorum .. 
Spathia neurosa **** 
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Table 3.14 (cont'd) 

NDVI-1 

+ve 
Ma/vastrom americanum a 

Polymeria ambigua •••• 

Elytrophurus spicatus a 

Ammannia multiflora a 
Marsilea spp_ * 
Eragrostis tenellula • 

Crotalaria montana a 
Portulaca oleracea ••• 

Sesbania simpliuscula •• 

Aeschynomene indica B 

Portulaca o/igosperma a 
Bulbostylis barbata a 
Dicanthium affine a .... Abutilon andrewsianlJm 

Paspalidium retig/ume •• 
Wedelia asperrima a 
Striga multiflora * 
Sa/sola kali • 

Altemanthera nodiflora a 
Gomphrena conica •••• 

Enneapogon avenaceus a 
Evolvulus alsinoides • 

Rhynchosia minima •• 
Panicum laevinode •••• 

Trichodesma zeylanicum • 

Desmodium campylocaulon 

' 
Hibiscus trionum • 

Abelmoschus ficulneus a 

lndigoferalinifolia a 

Opercu/ina aequisepala a 

Commelina ensifolia a 

Heliotropium brachythrix 

Alysicarpus rugosus • 

Crotalaria dissffiflora a 

•••• 

Cyperus victoriensis a 

Phyl/anthus maderaspatensis .. 
Spathia neurosa ~·u 

Chrysopogon fa/lax a 

Dactyloctenium radulans a 

Ipomoea lonchophylla • 

Brachyachne convergens •• 

Streptoglossa adscendens .... 
Aristida latifolia a 

/seilema vaginiflorum a 

138 

-ve 
lndigofera linnaei •• 

Polymeria /ongifolia •u 

Portulaca filifolia • 

Streptoglossa bubakii •••• 

Astrebla squarrosa u 

Euphorbia drummond!! ••• 

Spermacoce brachystema * 

Heliotropium spp. ••• 

Flaveria austra/asica a 

Desmodium muelleri • 

Glycine falcata • 

Tragus australianus •• 

Sida spinosa • 

Goodenia fascicularis a 

Crotalaria medicaginea • 

Astrebla pectinata a 

lseilema membranaceum a 

NDV1-3 

+ve I -ve 
0/denlandia mitrasacmoides I Bothriochloa ewartiana • 

Wede/ia asperrima a 
Spermacoce brachystema • 

Eragrostis setifolia • 
Polyga/a sp * 
Desmodium muelleri * 

Polymeria longifolia a 
Flaveria australasica a 

Teucrium integrifolium a 

Glycine falcata •• 

Chloris pectinata • 

Cyperus victoriensis a 

Abelmoschus ficulneus a 

Sorghum timorense •• 

Alysicarpus rugosus a 

Boerhavia paludosa • 

Sida spinosa a 
Astrebla pectinata a 

Portulaca oligosperma a 
Neptunia monosperma a 

Dicanthium affine • 

Bulbostylis barbata a 

Elytrophurus spicatus a 
Aristida latifolia ••• 

Desmodium campy/ocaulon 

' 
Ammannia multiflora a 

Trianthema triquetra •• 

Portulaca pilosa • 

Portulaca o/eracea •••• 
Boerhavia coccinea ••• 

£volvulus alsinoides ••• 

C/eome viscosa •••• 

lseilema windersii a 

Eulalia aurea a 

Striga multiflora • 

Aeschynomene indica a 
Chionachne hubbardiana a 

Crotalaria montana a 

Astrebla elymoides •• 

Enneapogon avenaceus a 

Malvastrum amen·canum a 

Enneapogon polyphyl/us • 

Phyllanthus maderaspatensis .. 
•••• 

Ipomoea lonchophylla • 

He/iotropium brachythrix 

Operculina aequisepala a 

Spathia neurosa •••• 

Panicum Jaevinode a 

Sporobolus australasicus • 

Paspalidium retig/ume a 

lseilema vaginiflorum a 
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Table 3.14 (cont'd) 

ow 
+ve -ve int ext 
Boerhavia coccinea .... Teucrium integrifolium a Bothriochloa ewartiana a Sa/sola kali • •• 
Astrebla squarrose . Neptunia monosperma . Sporobolus mitcheJ/i a Portulaca pilose .. 
Panicum decompositum a Ammannia multiflora a Portulaca oligosf)f3rmB a Polymeria longifolia .. 
Portulaca filifo/ia • lndigofera trita • Dicanthium sericeum a Desmodium muelleri •• 

Eragrostis setifolia •• Solanum esuriale a lseilema ciliata •• Cucumis malo •u 

Enneapogon polyphyl/us • Side fibulifera .. Polymeria ambigua • Eragrostis tenellula . 
Carissa Janceolata • Crotalaria dissitiflora a Desmodium campylocaulon Chloris pectinate • 

a 
Ipomoea polymorpha . Flaveria australasica a Operculina aequisepala •• Malvastrum americanum a 
fseilema fragile • Spermacoce brachystema . Tragus australianus ~ Portulaca oleracea •• 

Trichodesma zeylanicum • Elytrophorus spicatus a Enneapogon avenaceus a Sida spinosa a 

Trianthema triquetra .. Abelmoschus ficu/neus a Wedelia aspenima a lndigofera parviflora a 
Alternanthera nodiflora a Neptunia dimorphantha a Euphorbia drumrnondii a Brachyachne convergens .. 
Crotalana montana a Chrysopogon fa/lax a lseilema windersii a Gomphrena conica • 

Eulalia aurea a Panicum /aevinode a Evolvulus alsinoides a 
Ipomoea Jonchophy/Ja • Corchorus tridens * Streptoglossa bubakii • 
Dactyloctenium radulans a Tribulus terrestris • Glycine falcata a 

Phyllanthus Aristida /atifolia a 
maderaspatensis • 

He/iotropium brachythrix • Astrebla pectinata . 
Astrebla elymoides • Sporobolus australasicus a 

Spathia neurosa • 
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Table 3.14 (cont'd) 

UPCOV BARKLY 

+ve -ve +ve -ve 
Sporobolus mitchelli • Goodenia fascicularis a 0/den/andia mitrasacmoides Bothrioch/oa ewartiana *' 

Eucalyptus coolibah •••• 

Bothrioch/oa ewartiana • 
Sauropus trachyspermus •• 

Acacia farnesiana * 
Chenopodium aun·comum 
***' 
lndigofera colutea a 
Acacia georginae •• 
Marsi/ea spp. •• 
Portulaca oligosperma a 
Elytrophurus spicatus a 

Eragrostis setifolia • 

Cyperus victoriensis • 
Rostellularia adscendens • 

Corchorus tridens • 

Chionachne hubbard/ana a 
Ptilotus spicatus a 
Polymeria longifolia a 

/sei/ema membranaceum a 
Crotalaria medicaginea •• 

Glycine falcata •• 

Trianthema triquetra •• 

Alysicarpus rugosus a 
Polygala sp a 
Desmodium muelleri a 
Heliotropium spp. a 
Aristida l8tifolia 8 

Wedelia asperrima a 
Abelmoschus ficu/neus a 
Flaveria australasica a 
Gomphrena conica • 

Corchorus aestuans a 

Cyperus victoriensis ... 

lseilema winders!! a 
Dactyloctanium radulans • 

Polygala sp * 
Commelina ensifolia •• 

Operculina aequisepala • 

Alysicarpus rugosus •• 

Glycine talcata •• 

Spermacoce brachystema •• 

Euphorbia coghlanii • 

Crotalaria dissitifiora • 

F/8veria australasica 8 

Gomphren8 conica a 
Spermacoce brachystema 

Trichodesma zeylanicum a 
Astreb/a squarrosa a 
lndigofera parviflora a 
Sa/sola kali • 

Panicum /aevinode u 

Malvastrum americanum a 
lndigofera trita a 

Chrysopogon fa/lax • 

lseilema vaginiflorum ••• 

Enneapogon avenaceus a 

Corchorus aestuans • 

Ipomoea lonchophylla • 

Boerhavia paludosa •• 

Abuti/on andrews/anum •• 

Astreb/a elymoides a 

• Desmodium muelleri a 
Boerhavia pa/udosa a 
Sorghum timorense •• 

Ipomoea lonchophylla a 
Panicum /aevinode a 
/seilema vaginiflorum a 

Sida spinosa a 

Brachyachne convergens •• 

C/eome viscosa • 

Sporobo/us 8ustralasicus • 

Rhynchosia minima a 

Sida fibulifera a 

Phyllanthus 
maderaspatensis a 
Astrebla pectinata a 
Tribulus terrestris •• 
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lseilema fragile •u• 
Portulaca oligosperma a 
Eragrostis tenellula • 

Aristida /atifolia ••• 

Panicum decompositum • 

Bulbostylis barbata a 
Alternanthera nodiflora • 

Eulalia aurea • 

Crotalaria dissitiflora ••• 

Cucumis malo • 

Astrebla elymoides •• 

Astrebla squarrosa a 
Ptilotus spicatus a 
Sida fibulifera a 
Fleming/a pauciflor8 •••• 

Rostellu/8ria 8dscendens • 
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Chapter 4. The terrestrial vertebrate fauna of the Mitchell grasslands in 

the Northern Territory: biogeography and environmental relations. 

Introduction 

The imperative for active conservation management directed toward the preservation of the 

Australian vertebrate fauna is firmly established. The extraordinary rate of decline and 

extinction of the Australian mammal fauna is well documented (Burbidge et at. 1988, 

Burbidge & McKenzie 1989, Morton 1990a, Short & Smith 1994) and this may soon be 

matched by a similar scale of decline and extinction in the avifauna (Recher & Lim 1990, 

Recher 1999, Garnett & Crowley 2000). In recognising the magnitude of this conservation 

problem, it would be comforting to think that the status of most Australian vertebrates was 

well known and the processes that threaten them understood. In broad terms, perhaps this 

is the case for the agricultural regions of the south-east, where the effects of habitat loss, 

fragmentation and degradation are clearly seen (eg. Ford eta/. 2001 ). In much of the 

Australian rangelands, however, environmental changes have been far less visible but just 

as damaging to the vertebrate biodiversity (Morton 1990b). Even in the structurally intact 

savannas of northern Australia, there is disturbing evidence of widespread declines in 

many bird and mammal species (Franklin 1999, Woinarski eta/. 2001b). Unfortunately, our 

ability to effectively manage many rangeland and savanna environments is severely 

restricted by a lack of basic knowledge about the patterns of distribution of vertebrates 

within these environments and the status of many species, let alone a detailed 

understanding of the nature of threatening processes (James eta/. 1995, Woinarski 

1999b). Targeted biological surveys, therefore, remain an essential component of 

biodiversity conservation management (Burbidge 1991 ). 

In the Mitchell grasslands of northern Australia, complacency about the status of its 

vertebrate fauna (eg. Orr & Holmes 1984) has been founded on ignorance, rather than 

compelling evidence of security. To some extent this is understandable, given that much 

of the mammal and reptile fauna is all but invisible to the casual observer. Nonetheless, a 

conspicuous decline in the iconic species of this environment- the Flock Bronzewing 

Phaps histrionica (MacGillivary 1932, Higgins & Davies 1996)- in the 50 years following 

pastoral settlement should have dispelled this complacency and emphasised the need for 

ecological studies. However, the vertebrate biota of the Mitchell grasslands has remained 

extremely poorly known. 
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Prior to the current study, there have been no broad-scale and systematic inventories of the 

terrestrial vertebrate fauna in the core area of the Mitchell grasslands in northern Australia, 

although a number of studies have considered small discrete areas of Mitchell grassland 

and some of the related communities embedded within the matrix of Mitchell grasslands. 

Brief inventories of the vertebrate fauna within two small conservation reserves on the 

Barkly Tablelands are described by Johnson eta!. (1982) (Connell's Lagoon Conservation 

Reserve) and Fleming et at. (1983) (Junction Reserve), while cursory wildlife surveys have 

also been undertaken in Mitchell grassland habitats within some reserves in Queensland 

(Biadensberg, Diamantina, Forest Den and Lochern National Parks; B. Wilson, QDEH, 

pers. comm.). Fauna surveys have also been carried out in a small area of Mitchell 

grassland near Long reach (CSIRO 1992, QDEH 1994) and brief assessments of the 

vertebrate fauna on a number of Northern Territory pastoral leases are described by Low & 

colleagues 0/V.A. Low Ecological Services 1984, Low & Strong 1984, Low & Strong 1985, 

Low & Strong 1986a, Low eta!. 1988, Low & Dobbie 1989) . More detailed data are 

available for areas of Mitchell grassland on stony and ashy downs in south western 

Queensland (refer Fig. 1.1 ), from fauna surveys of the Bulloo Shire (McGreevy 1977), 

Diamantina region (Atherton et at. unpubl) and Channel Country Bioregion (McFarland 

1992a). McFarland (1992) listed 155 vertebrate species recorded in "Mitchell Grass" 

habitat in the Channel Country Bioregion, of which 10 (4 reptile and 6 bird species) 

occurred preferentially in that habitat. While sampling intensity was not necessarily 

comparable, these totals were lower than for any of the other ten habitat types described in 

that region. Other fragmentary glimpses of the Mitchell grassland fauna are provided by 

the accounts of explorers, collectors and local naturalists (eg. Barnard 1914, Ingram 1907, 

Mathews 1909, Maher 1995, Hall1974, Dawson & Morgan 1974). The historical 

perspective that some of these accounts provide is revisited in Chapter 8. This 

accumulation of observations, along with national-scale studies of bird distribution (Biakers 

et at. 1984, Baker-Gabb & Steele 1999) have allowed the compilation of qualitative 

accounts of the vertebrate species of the Mitchell grasslands (Fisher 1994, Johnson 1997 

and see Chapter 2) but details of the distribution and relative abundance of most 

vertebrate species within this extensive biome have remained unknown. 

In contrast to the grasslands proper, the bird fauna of the intermittent wetlands of the black

soil plains of the Barkly Tableland and southern VRD has been relatively well and 

systematically documented (Jaensch 1994a,b,c,d, Jaensch & Bellchambers 1995, Chatto & 

Whitehead 1996), and these areas have been shown to support a diverse assemblage of 

migratory waders and waterbirds, some in numbers that are internationally significant 

(Chatto & Whitehead 1996). The vertebrate fauna of Chenopodium swamps in the Barkly 
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Tablelands has also been subject to systematic inventory (Brock 2000) in a companion 

study to the one described here. 

Other accounts provide information regarding specific taxa inhabiting the Mitchell 

grasslands, including Spencer's Monitor Varanus spenceri (Pengilley 1981; VaJentic & 

Turner 1997), Yellow Chat Ephthianura crocea (Reynolds et al. 1982, Strong & Fleming 

1987), Flock Pigeon Phaps hfstrionica (MacGillivary 1932, McAIIan 1996), Ingram's Brown 

Snake Pseudonaja ingrami (Cermak 1986, Phillips 1993), Julia Creek Dunnart Sminthopsis 

douglas/ (Woolley 1992) and Long-haired Rat Rattus villosissimus (Carstairs 1974, 

Carstairs 1976). Tyler eta/. (1983) also described the frog fauna of the Barkly Tableland, 

based on roadside collections made during the wet season. 

In this Chapter, I describe the results of a systematic survey of the vertebrate fauna of the 

Mitchell grasslands in the Northern Territory, that was carried out in conjunction with that 

for vascular plants and ants (Chapter 5). In describing the fauna, I pay particular attention 

to the distribution and relative abundance of vertebrate species that were shown by the 

broad biogeographic analysis (Chapter 2) to have a fidelity to Mitchell grassland 

communities. In a manner similar to that described in the previous chapter for vascular 

plants, I analyse spatial variation within the vertebrate fauna and, in particular, consider 

whether richness, community composition and the relative abundance of individual species 

varies in a predictable fashion with environmental variation at both regional and local 

scales. 

It is evident from some of the specific accounts (above) that components of the vertebrate 

fauna show great temporal and spatial variability, related to between-year variation in 

rainfall and consequently food resources (some examples are discussed further below). 

The ability to capture this variation within the scope of a study such as this one is obviously 

limited, and dependent more on chance than design, but temporal variation was not entirely 

ignored in this study. In order to account for within-year variation in species distribution or 

abundance, each site was sampled for vertebrate fauna in two seasons. As described for 

plants, a relative "greenness" index was also used to assess the recent rainfall history of 

the sample locations, and this index was included in analyses to test whether it could 

account for some of the variation in faunal composition between sites. 

This is the second of three chapters describing the vegetation and flora; vertebrate fauna; 

and invertebrate fauna of the Mitchell grasslands. In Chapter 6, I compare the diversity and 

distribution patterns of these three groups of organisms and examine the implications of the 

results for the design of a representative reserve system. In Chapter 8, I also draw on the 
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results of the survey described here to examine the effects of pastorallanduse on the 

vertebrate fauna. 

Methods 

Sample sites 

Vertebrates were sampled at the same sites as vascular plants, described in Chapter 3. A 

total of 106 sites at 12 locations were sampled (Fig 3.1 ), comprising 69 sites that were 

'typical' grassland or very sparse woodland on cracking-clay soils, 7 sites that were 

grassland on gravel rises, 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 8 sites in eucalypt and acacia woodlands on non-clay soils adjacent to the cracking

clay plain. Sites within each location were chosen to sample local variation in landscape 

position, vegetation structure and intensity of land use. 

Sites were sampled between November 1994 and April 1997. Each site was sampled 

twice for fauna- once in the early dry season (March to June) and once in the late dry 

season (September to December). Vertebrate fauna was also sampled, in only one season, 

at an additional16 sites scattered amongst the 12 locations as well as an additional 

location at Limbunya (Fig. 3.1 ). The latter data are not included in analyses described 

here, but were included in the dataset used for biogeographic analyses in Chapter 2. 

Vertebrate survey methods 

Vertebrate survey methods were adapted from standard procedures used in the Northern 

Territory (eg. Woinarski & Fisher 1995, Woinarski et al. 1999) with modification to allow for 

the general sparsity of vertebrate fauna in this particular environment and to adequately 

census cryptic, ground-dwelling bird species. Vertebrate sampling occurred over a five-day 

period at each site, with all sites in a location sampled concurrently. Twenty Elliott box 

traps and four wire cage traps were placed around the perimeter of a 1 ha (1OOm x 1OOm) 

quadrat and baited with a mixture of oats, peanut butter, honey, cat biscuits and tinned 

tuna. Four 1Om drift-fences of 30cm high aluminium mesh were scattered within the 

quadrat. Two of the drift-fences had 20 litre buckets at either end, one fence had a central 

20 litre bucket and one had a central 5 litre bucket. Traps were left open for 4 days and 

nights and checked several times per day, and Elliott and cage traps were rebaited each 

afternoon. Three daytime searches of 10 minute duration were made within each quadrat, 

involving raking through litter, turning rocks and logs, searching through grass, under bark, 
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etc. Two 10 minute searches were also made at night using head-lamps. The nocturnal 

searches proved unproductive in grassland sites and so were only continued throughout 

the study period in rocky or wooded sites. 

Birds were censused within the quadrat by eight "instantaneous" counts during the five day 

period, the majority in the early morning. In practice, it was necessary to walk a brief 

zigzag course through the quadrat in order to flush ground-dwelling species. In addition, 

bird species were recorded within a 1 km x 100m strip transect through equivalent habitat 

surrounding the quadrat, which was walked twice during the five day period, in the early 

morning. The transect was divided into 250m segments and the presence of each species 

within each segment noted; counts were combined to give a frequency score for each 

species (the number of segments the species occurred within, to a maximum of eight). In 

both quadrat and transect census, birds flying overhead were only recorded if they were 

actively hunting over the site. 

Two measures of the relative abundance of bird species were derived- the sum of all 

counts within the quadrat (equivalent to eight times the mean density ha"\ and the sum of 

the frequency of records within the quadrat and from the transects (a score ranging from 0 

to 16). As the density of most bird species was very low and the frequency measure 

showed greater variation between sites, the latter measure is adopted for analyses of bird 

composition and abundance. A measure of relative abundance for mammal, reptile and 

frog species was derived as the sum of all counts within the quadrat for each species. 

Species deduced to have been present in the quadrat from scats, bones, tracks or other 

signs were given an abundance of one. Voucher specimens for vertebrates posing any 

identification or taxonomic problems are lodged with the Museum and Art Gallery of the 

Northern Territory in Darwin. Vertebrate nomenclature follows Stanger et at. (1998) and in 

this text I use standard common names for birds (scientific names are listed in Table 4.2* 

[tables and figures marked with an asterisk are at the end of the chapter]). Field 

identification of the small rodent Leggadina spp. from the mid-latitudes of the Northern 

Territory is problematic and here they are all referred to L. forresti, although some or all 

records may beL. lakedownensis (Cole & Woinarski 2000). It also proved difficult to 

reliably separate three species of corvid present in the area (Little Crow, Torresian Crow 

and Australian Raven) and these were combined to a single taxon for analysis. 

Incidental sightings of vertebrates were recorded, with location details, while travelling 

between sites, from other locations that were briefly visited (Including dams and 

waterholes), and during nocturnal vehicle-based searches along station tracks. 

Microchiropteran bats were captured at some locations, usually near dams or waterholes, 
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using harp traps or mistnets. Echolocation calls of microbats were also recorded using an 

Anabat detector (Titley Electronics, Ballina, NSW), analysed using ANABAT5 software and 

identified by comparison with a reference call library for Northern Territory species (D. 

Milne, PWCNT, pers. comm.; de Oliveira 1998). These incidental records were added to 

the dataset used in the biogeographic analyses described in Chapter 2, but are not 

considered in this Chapter. 

Frogs were inadequately sampled in this survey due to the highly seasonal rainfall and 

difficulty in accessing sites during the Wet season. Bats were also not systematically 

sampled within the quadrats and both these groups are excluded from most analyses. The 

limitations of the sampling methods in relation to some other vertebrate taxa are addressed 

in the Discussion. 

Analysis 

The analysis pathway generally follows that described in Chapter 3 for vascular plant data. 

Therefore, analyses are described in summary here, and greater detail provided where 

methods diverge from the approach described in Chapter 3. Environmental variables used 

in the analyses are the same as those in the previous chapter (apart from separate terms 

for 1-year NDVI scores in the year of early Dry sampling and late Dry sampling) and these 

are reprised in Table 4.1 

The number of species and total abundance were tallied for each quadrat according to 

vertebrate class (bird, mammal, reptile); reptile family (gecko, skink, agamid, varanid, 

pygopodid, elapid) and bird foraging guild (sensu Root 1967; Table 4.2). These are 

collectively referred to as 'vertebrate summary variables'. An initial comparison was made 

Table 4.1 Summary of environmental variables measured at or derived for each sample site and 
used in analyses. (L) indicates the variable was measured in the late Dry season. Further 
details are given in Table 3.2. 

LAT: latitude 

LONG: longitude 

RAIN: estimated mean annual rainfall 

NDVI-E1: relative NDVI score ("greenness") for year of 
early dry season sample 

NDVI-L 1: relative NDVI score for year of late Dry 
season sample 

NDVI-LJ: relative NDVI score for year of late Dry 
season sample and two preceding years 

DW: distance from permanent water 

CATT: index of recent cattle use (derived from late Dry 
sample) 

TEXT: soil texture (an ordinal index of clay content) 
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ROCK: total surface rock cover 

GRAVEL: surface gravel cover 

CRACK_W: index of the size of soil cracks (L) 

CRACK_N: index of the number of soil cracks (l) 

UPCOV: crown cover of the upper storey (trees & 
shrubs >1m) 

USE: projective foliage cover of the ground layer in the 
early Dry 

USL: projective foliage cover of the ground layer in the 
late Dry 

PGF: index of the frequency of perennial grasses 

LITTL: litter cover (l) 
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of total richness and mean site richness values between the four broad site types (cracking

clay grasslands, gravel rises, clay woodlands, non-clay woodlands) and the significance of 

variation in site richness was tested using one-way ANOVA (log-transformed data). 

Seasonal variation 

Site richness of vertebrates, and site richness and site abundance for birds, mammals and 

reptiles were calculated separately for early and late Dry samples from each site, and 

seasons were compared using Wilcoxon matched-pairs tests. Seasonal variation was 

similarly tested for the abundance of individual vertebrate species recorded from at least 4 

sites. For all subsequent analyses, data from the two sample periods were pooled. 

Faunal groups 

Sites were classified according to their vertebrate species composition, using abundance 

data that had been range-standardised. The composition of each faunal group defined 

during the classification was characterised by calculating the mean abundance of all 

species within each group (for all species occurring in at least 3 sites}, as well as the mean 

value of all vertebrate summary variables. The mean value of each environmental variable 

was calculated for each group, and the significance of variation amongst groups in each of 

these variables tested by Kruskal Wallis one-way AN OVA. The total number of species in 

each group, the number of species unique to each group and the number of 'Mitchell 

grassland' species in each group was also tallied. 

Ordination and vector fitting 

Compositional similarity between sites was portrayed using ordination, and vector fitting 

was used to determine vectors of maximum correlation within the ordination space for 

environmental and vertebrate summary variables. A series of ordinations was calculated 

using all sites: all sites on clay soils; and treeless grassland sites on cracking-clay soils, in 

order to determine whether the relative importance of factors influencing species 

composition altered in an increasingly homogeneous environmental context. Major 

environmental and compositional gradients revealed by the ordination were investigated by 

calculating the mean frequency of each species within segments of the relevant 

environmental vector or ordination axis. 

Predictive models 

Generalised linear modelling was used to quantify the relationship between environmental 

variables and vertebrate summary variables, and the abundance of individual species. 

Predictor variables were RAIN, NDVI-Et, NDVI-L 1, NDVI-L3, DW, ROCK, CRACK-W, 

UPCOV and BV (a categorical variable indicating whether the site was in the Barkly 
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Tableland or VRD), and quadratic terms were introduced for RAIN and DW. There are 

some significant correlations between variables used in the models (Table 4.13), so care is 

needed in interpretation. Abundance data were assumed to have a Poisson error 

distribution and the log link was used in all models, with a correction for overdispersion 

when required (Crawley 1993). Models were constructed for all species occurring in at 

least 5 sites and terms were dropped from models for less frequent species in the order 

described in the previous chapter. In each of the final models, DW was also substituted by 

USL and USE to test whether this gave an improvement in model adequacy. Models were 

constructed using all sites on clay soils other than sites within Connell's Lagoon 

Conservation Reserve (n=SS). 

Results 

The vertebrate fauna 

A total of 186 vertebrate species were recorded from the 106 sites, comprising 111 bird , 61 

reptile, 12 mammal and 2 frog species. However, 40 species were recorded only from the 

small number of non-clay sites (Table 4.3), so that a total of 146 species were recorded 

from the 98 clay sites (93 bird, 42 reptile, 9 mammal and 2 frog species). Of this clay 

fauna, 53% of species were not shared with the non-clay sites. Within the clay sites, 

vertebrate diversity was higher within the woodlands and shrublands (122 spp in 22 sites) 

than the grasslands (93 spp in 76 sites). The low vertebrate diversity of the cracking clay 

grasslands (84 spp from 69 sites) is starkly illustrated by comparison with the total richness 

(108 spp) of only 8 sites in Acacia and eucalypt woodlands on loam and sandy soils 

adjacent to the clay plains. 

Table 4.3 Summary of vertebrate species richness within the four a priori types of site: 1, 
'typical' Mitchell 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 foams & sandy foams). 'Unique species' are those recorded from a 
single site type. The F-statistic for one-way AN OVA is given for mean site richness variables; 
site types that share the same superscript are not significantly different (p<0.05, Scheffe 
multiple comparison test). 

site type 

1 2 3 4 1&2 1&2&3 

number of sites 69 7 22 8 76 98 

total species 84 45 122 108 93 146 

unique species 10 2 34 40 14 78 

mean species 1 site 1 2 3 4 F p 

all vertebrates 10.4. 14.1 • 21.6 b 30.5 b 44.8 <.001 

birds 4.9. 6.4 b 14.4 ° 18.6 ° 31.2 <.001 

reptiles 3.9. 6.1 a,b 5.5. 9.6 b 11.6 <.001 

mammals 1.6 1.6 1.6 2.3 1.2 0.32 
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Differences in overall richness between site types is reflected by site richness values {Table 

4.3), which are approximately 3 times greater for non-clay sites than cracking-clay 

grasslands, and twice as high in clay woodlands than cracking-clay grasslands. 

Differences in site richness are most pronounced for birds, with typical grassland sites 

having a mean richness of only 5 species, compared to 14 species in clay woodlands and 

19 species in non-clay woodlands. Reptile richness in typical grassland sites is also low, 

but is not significantly higher in clay woodlands. Bird and reptile richness on gravel rises 

tends to be higher than that in surrounding cracking-clay areas. Mammal richness was 

universally low across all sites. 

The frequency distribution of vertebrate species recorded from the clay sites is strongly 

skewed {Fig. 4.1 ). Approximately 30% of species were recorded from a single site, and 

(a) 
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Figure 4.1 Frequency distribution of vertebrate species amongst (a) sites and (b) locations, for 
all clay sites (n=98). Values on the x-axes of (a) are upper limits of intervals; note the uneven 
scale. 
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Figure 4.2 Relationship between 
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40% of species from a single location, while 63% of species were restricted to less than 6 

sites and 3 or fewer locations. Interestingly, species that were 'rare' (ie. infrequently 

recorded) were generally present at a number of locations, rather than being 'rare' because 

of a geographically restricted distribution (Fig. 4.2). A small number of species are 

frequent and widespread in the Northern Territory Mitchell grasslands (Table 4.4). The 

majority of the most frequent species have a high fidelity to Mitchell grasslands. In fact, the 

Mitchell grassland fauna is characterised by the virtually ubiquitous presence of a small 

group of habitat-specific species: Singing Bushlark, the dasyurid Planigale ingrami, the 

skinks Ctenotus joanae and Proablepharus kinghomi and the dragon Tympanocryptis 

lineata. 

Table 4.4 Species recorded from ~20 sites or ~a locations (clay sites only). Asterisks indicate 
species with a high fidelity to Mitchell grasslands(", 10% level;"" 50% level). Values are 
number of sites, number of locations. 

Singing Bushlark •• 77 12 Delma tincta • 24 8 
Planigale ingrami •• 74 12 Nankeen Kestrel 22 11 
Tympanocryptis lineata '* 64 11 Macropus rufus * 21 6 
Ctenotus joanae •• 61 8 Menetia greyii 21 9 
Proab/epharus kinghomi •• 52 9 Willie Wagtail 21 10 
Heteronotia binoei 37 10 Singing Honeyeater 18 8 

Sminthopsis macroura • 37 11 Galah 16 8 
Little Button-quail • 36 10 Magpie-lark 16 8 

Zebra Finch 34 11 Crested Pigeon 16 10 
Flock Bronzewing •• 32 8 Brown Songlark * 15 8 

Black-faced Woodswallow 29 10 Black-faced Cuckoo-shrike 15 10 
Red-chested Button-quail •• 28 7 Cryptoblephams plagiocephalus 13 8 
Diplodactylus tessellatus •• 27 6 Australian Bustard 12 9 
Budgerigar 26 10 Diamond Dove 11 9 
Crow species 25 10 Yellow-throated Miner 10 8 
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Seasonal variation 

Total site richness did not vary seasonally (Table 4.5). However, the relative abundance of 

many bird and reptile species did vary and this resulted in higher bird richness in the early 

dry season, and higher reptile richness in the late dry season. The two most frequent 

mammal species were also significantly more abundant in the early dry season. 

Raptors were noticeably more abundant throughout the study region in the early Dry 

season, and four raptor species had significantly higher site abundance for this period. The 

most marked seasonal variation, however, was for the Flock Bronzewing, which was 

recorded from 31 sites in the early Dry season, but from a single site in the late Dry. Large 

decreases in frequency of occurrence between early to late Dry samples were also evident 

for Little Button-quail, Budgerigar and Brown Song lark, while Tree Martin and Crimson Chat 

were recorded only during the early Dry season. A few bird species were significantly more 

abundant in the late Dry season. For species that shelter within the ground cover (eg. 

Singing Bushlark), this may merely reflect greater observabi!ity in the late Dry season. 

Red-chested Button-quail, however, were recorded from far more sites, as well as being 

more abundant, during the late Dry; a pattern which is the reverse of that for Little Button

quail. 

Mean abundance values for many of the more common reptile species were 2 to 5 times 

greater in the late Dry than the early Dry. For most species, this increase reflects both an 

increase in the number of sites at which they were recorded and higher relative abundance 

at each site. Only two reptile species were significantly more abundant in early Dry 

samples. 

Table 4.5 Seasonal differences between sites for vertebrate fauna. Final columns gives z
statistic for Wilcoxon matched-pairs test and associated probability. (a) Mean site richness 
and total abundance of vertebrate classes 

early dry late dry 
' p 

season season 

site richness birds 5.9 4.5 4.24 <0.001 

reptiles 2.6 3.7 4.97 <0.001 

mammals 1.2 1.0 1.68 0.093 

vertebrates 9.6 9.2 1.01 0.314 

total abundance birds 16.8 15.6 0.85 0.396 

reptiles 4.9 87 5.93 <0.001 

mammals 2.3 1.6 2.61 0.009 
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Table 4.5 (b) Mean abundance of individual species, for all species recorded in at least 4 sites 
(means are calculated from the subset of sites in which each species was recorded during at 
least one season). An abundance of '0.0' indicates a mean <0.05, whereas'-' indicates the 
species was absent from all sites. 

" early late ' p 

more abundant in early dry season 

reptiles 

Carlia triacantha Three-spined Rainbow Skink 4 3.0 0.5 1.8 0.068 
Demansia torquata Collared Whip Snake 10 0.9 0.2 1.8 0.074 
birds 

Milvus migrans Black Kite 10 2.3 0.1 2.8 0.005 
Ha/iastur sphenurus Whistling Kite 5 2.2 0.0 2.0 0.043 
Circus assimi/is Spotted Harrier 12 0.9 0.2 2.1 0.034 
Falco cenchroides Nankeen Kestrel 25 1.3 0.1 3.8 <0.001 
Tumixvelox Little Button-quail 36 1.1 0.6 1.8 0.075 
Phaps histrionica Flock Bronzewing 32 1.7 0.0 4.8 <0.001 
Cacatua roseicapilla Galah 18 1.9 1.0 1.7 0.088 
Melopsittacus undulatus Budgerigar 29 2.5 0.2 4.1 <0.001 
Smicromis brevirostris Weebill 14 52 3.1 2.3 0.02 
Lichenostomus virescens Singing Honeyeater 26 3.6 2.1 2.5 0.013 
Epthianura tricolor Crimson Chat 5 1.2 - 2.0 0.043 
Rhipidura /eucophrys Willie Wagtail 27 3.2 0.7 30 0.003 
Corvus spp. Crow spp. 30 1.5 0.7 2.2 0.028 
Hirundo nlgricans Tree Martin 10 1.7 - 2.8 0.005 
Cinc/oramphus crura/Is Brown Songlark 15 1.5 0.1 3.1 0.002 
mammals 

Planigale ingram/ Long-tailed Planigale 75 1.8 1.1 2.9 0.004 
Sminthopsis macroura Stripe-faced Dunnart 37 1.6 0.8 2.2 0.028 

more abundant In late dry season 

reptiles 
Dip/odacty/us immacu/atus Immaculate Gecko 7 0.3 1.6 1.9 0.063 
Diplodactylus tessellatus Tessellated Gecko 27 0.5 1.2 1.9 0.059 
Tympanocryptis lineata Lined Earless Dragon 64 0.9 2.1 3.8 <0.001 
Ctenotus inomatus Plain Ctenotus 6 - 22 2.2 0.028 
Ctenotus joanae Black-soil Ctenotus 61 1.7 3.3 3.1 0.002 
Ctenotus rimacola VRD Black-soil Ctenotus 8 0.5 2.3 1.9 0.052 
Proablepharus kinghomi Kingham's Snake-eyed Skink 52 1.0 2.9 4.3 <0.001 
Proablepharus tenuis Slender Snake-eyed Skink 4 0.5 2.0 1.8 0.068 
birds 

Turnix pyrrhothorax Red-chested Button-quail 28 0.3 1.4 3.1 0.002 
Stiltia isabella Australian Pratincole 10 1.4 2.7 1.8 0.074 
Geopelia cuneate Diamond Dove 12 0.5 2.3 2.2 0.029 
Daphoenositta chrysoptera Varied Sittella 5 0.2 1.6 2.0 0.043 
Mirafra javanica Singing Bushlark 77 6.7 93 4.6 <0.001 

Faunal groups 

After inspection of the full dendrogram, it was truncated to define 10 faunal groups (Fig. 

4.3). Unlike the classification by plant composition, most groups contained sites from 

several locations, and only one group represented a single location (Mt Sanford). The 

classification had a pronounced primary division between species poor, clay grassland 

sites (groups 1-4) and sites on both clay and non-clay soils that have some upper storey, 

and are relatively species-rich (groups 5-1 0). Within this primary division, most individual 

groups were quite heterogeneous. The distribution of vertebrate species between groups 
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Figure 4.3 Dendrogram from classification of sites by vertebrate composition, truncated at the 
10-arouo level. 

is shown in Table 4.6* and the variation between groups for environmental and vertebrate 

summary variables on Table 4.7*. Groups are described below (in an order reflecting the 

relationship between groups): 

Clay grassland groups 

Group 1. This group contains sites from 5 location on the Barkly Tableland, including most of the 

sites from Rockhampton Downs. All sites are treeless grasslands on cracking clay soils and shrubs 

are also virtually absent. The mean NDVI rating is low for both early and late Dry season samples 

and mean ground layer cover in both season is lower than most other groups, although perennial 

grass frequency is relatively high. 

The group has a low total richness and the lowest site richness of all groups for birds and all 

vertebrates. It has a low mean abundance for birds (85.2% of mean bird abundance is due to 

Singing Bushlark) but a relatively high abundance of reptiles. The group is characterised more by 

s~ecies that are lacking than those present, but it has a high mean abundance for the dasyurid 

Sminthopsis macroura and the widespread skink Ctenotus joanae. 

Group 2. A large group with sites from seven locations, including all grassland sites from the 

southern VRD (Birrindudu and Kirkimbie). All sites are on cracking clay soils, except for two gravel 

rise sites from Connell's lagoon. Tree cover is virtually absent, but a few sites had a very sparse 

shrub cover. Ground layer cover, and the cover and frequency of perennial grasses, is higher than 

most other groups. Although they are negative, mean NDVI ratings are also higher for this group 

than most others. 

More mammal species were recorded in this group than any other, and also more species with a high 

fidelity rating for Mitchell grassland (but it is also the largest group). Mean site richness and bird 

richness is higher than Group 1. This group has high (but not the highest) mean abundance for 

Singing Bushlark (contributing 82.3% of bird abundance), Flock Pigeon and little Button-quail, but is 

not notable for high abundance of any mammal or reptile species other than Ctenotus pu/chel/us 

(which occurred at only 2 sites in the group). 

Group 3. A relatively homogeneous group containing 9 sites from Connell's lagoon and a single site 

from West Ran ken, all of which are treeless grasslands on cracking clay soils. This group is notable 

for very high soil crack width and a very low NDVI rating for the early Dry sample, but a positive NDVI 

rating for the late Dry sample. As 5 of the sites were inside Connell's lagoon Conservation Reserve, 
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distance to water is high and cattle impact low. Mean ground cover in the early dry season is only 

moderate but a high proportion of this is perennial grass, and late Dry cover is relatively high. 

Although group richness is !ow, site richness in this group is slightly higher than groups 1,2 and 4. 

The group is notable in having the highest site richness and abundance of Mitchell grassland 

species, and the highest number of Mitchell grass species as a proportion of group richness. Three 

of the most frequently recorded bird species· Singing Bushlark (77% of mean bird abundance), Red· 

chested Button.quail and Flock Bronzewing- have their highest mean abundance in this group, the 

latter two markedly so. The group also has relatively high mean abundance of the most commonly 

recorded mammal, Planigale ingrami, as well as the skink Ctenotusjoanae and the pygopodid Delma 

tincta. 

Group 4. A large group which contains sites from 6 locations, but mostly from the south·east of the 

Barkly Tableland (Alexandria, Soudan and Georgina Downs). Most sites are 'typical' grasslands with 

no upper storey cover, but one site on the margin of a Chenopodium swamp and four sites on gravel 

rises have a sparse shrub layer. Mean crack width is lower than Groups 1-3 and rock cover is 

higher. These sites have very low scores for all 3 NDVI ratings, the lowest mean distance to water 

and a high mean cattle impact score. Although mean ground layer cover in the early Dry is 

moderate, this largely consisted of annual grasses, and perennial frequency and late Dry season 

cover are very low for this group. 

This group is notable for a higher group richness than the previous 3 groups, including considerably 

more bird species, a high number of species unique to the group (although all but one of these occur 

in only a single site), and a high number of species with a fidelity to Mitchell grasslands. However, 

mean site richness is not higher than for groups 1-3, and mean bird abundance is lower in this group 

than any other. In fact, no bird species were recorded from four sites at Georgina Downs during 

either sample period! Species with highest mean abundance in this group include Australian 

Pratincole and Oriental Plover and three lizard species, Tympanocryptis lineata, Pogona vitticeps 

and Varanus spenceri. Compared to groups 1·3, sites in this group have a low mean abundance of 3 

characteristic Mitchell grassland species, Singing Bushlark, Ctenotusjoanae and Proablepharus 

kinghorni. 

Clay woodland groups 

Group 10. This group contains all of the sites from Mt Sanford, and has the most northerly mean 

latitude and highest mean rainfall of all groups. All sites in this group were on cracking clay soil and 

had some trees and shrubs, so that mean upper storey cover is higher than for groups 1-4 (although 

lower than most of the following groups). This group is also notable for high NDVI scores, reflecting 

the good seasons in the VRD at the time of sampling. Ground layer cover in the early Dry season 

was highest in this group, although cover in the late Dry season is only moderate. 

This group has a higher mean site richness than groups 1-4, due to a higher richness of birds. Bird 

abundance is also higher than groups 1-4, and mean mammal abundance is highest in this group. 

While site richness and abundance of Mitchell grassland species is comparable to that of groups 1-4, 

the total number of Mitchell grassland species in this group is lower, and they constitute a small 

proportion of the group fauna. A number of bird species are most abundant in this group, mostly 

species with very broad distributions (e.g. Pied Butcherbird, Yellow Throated Miner, Magpie Lark) but 

including one species characteristic of dense grasslands {Golden.headed Cisticola). Three species 

characteristic of Mitchell grasslands were also most abundant in this group, the dasyurid Planigale 

ingrami and two skink species, Proablepharus kinghomi and Ctenotus rimacola. The latter species is 

restricted to cracking clay soil in the VRD Horner & Fisher 1998, while a distinct form of P. kinghorni is 
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also found in the VRD (pers. obs.). The burrowing frog Cyclorana cultripes was also recorded from 

many sites in this group after significant rain fell during the late Dry season survey. 

Group 9. This group contains all of the cracking-clay sites from Hayfield, all of which had a tree layer 

of Eucalyptus microtheca and Excoecaria pmvifolia; and three cracking-clay sites from Connell's 

Lagoon, two of which had a similar tree layer and the other patches of Acacia victoriae. These sites 

had a moderate ground cover in both seasons, but a relatively low frequency for perennial grasses. 

This group has the highest site richness of all the groups containing sites from cracking clay soils, 

due to a higher richness of both birds and reptiles. Site richness of Mitchell grassland species is 

comparable to the previous groups, although Mitchell grassland species comprise a lower proportion 

of the group fauna than in typical grassland groups. Two widespread parrots (Budgerigar and Gatah) 

were abundant in these sites, as well as Rufous-throated Honeyeater, a species characteristic of the 

drier woodlands of northern Australia. An interesting observation at Hayfield was large flocks of Red

Tailed Black Cockatoos foraging on the ground on the cracking-clay plain. Three reptile species 

characteristic of Mitchell grasslands had high mean abundance in this group (Delma tincta, 

Dip/odactylus tessellatus and Pseudonaja guttata) as did the small skink Menetia greyii, a species 

more typically associated with woodlands on non-clay soils. 

Group 6. This is a group of only three sites, from different locations. All the sites are on hard 

gravelly clay and were heavily used by cattle, with a very sparse ground cover of short annual and 

perennial grasses. Although the sites themselves had only a very sparse upper storey cover, they 

were all situated close to patches of woodland. Two sites were in the far south of the Barkly 

Tableland and the third in the far south of the VRD, so mean annual rainfall was lower than most 

other groups. 

As would be expected from such a small group, the total number of species recorded was lower than 

other groups. The group is, however, notable for having the lowest site richness and abundance for 

reptiles, with only two reptile species recorded from the three sites combined. Site richness of birds 

is higher than for the grassland groups, although bird abundance is relatively low. Site richness of 

Mitchell grassland species is lower than any of the groups containing sites with cracking-clay soil. 

Species with high abundance for this group include two birds characteristic of open ground 

(Richard's Pipit and Ground Cuckoo-shrike) and the Black Kite, which in the study area was usually 

associated with habitation or areas of high cattle activity. Small flocks of Crimson Chat were also 

observed foraging in the sites in the southern Barkly Tableland. Singing Bushlark occurred in these 

sites at notably lower abundance than in previously-described groups. Red Kangaroo were observed 

frequently in these sites, and appear to favour the short grasses found there. 

Group 7. This is the largest of the 'woodland' groups and contains sites from 4 locations, mostly in 

the south-east of the Barkly Tableland. Sites include Acacia georginae woodlands at Lake Nash and 

Georgina Downs; Acacia cambagei and eucalypt woodlands from West Ranken; and one site from 

Kirkimbie that had dense patches of Acacia victoriae. All sites are on cracking clay soils apart from 

two sites at West Ran ken which were on hard clays found on the margin of the cracking-clay plain. 

This group has the highest mean tree cover, although it has a lower shrub cover than groups 5 and 

8. Mean rock cover is also high, although it is highly variable between sites in the group. The three 

NDVI ratings are low for this group, mean distance from water is low and the mean cattle impact 

score is relatively high. Ground layer cover is lower than most other groups for both early and late 

Dry season samples. 

Total group richness is considerably higher than for any of the other groups with cracking- clay sites, 

as is the number of species unique to the group. Site richness is considerably higher than for the 

grassland groups, due to a higher bird richness, and is comparable to mean richness in group 9. 
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Although the total number of Mitchell grassland species recorded for this group is comparable to 

other cracking-clay groups, the mean site richness and abundance of Mitchell grassland species is 

lower than in these other groups. A number of widespread bird species were most abundant in this 

group (eg. Diamond Dove, Australian Magpie, Masked Woodswallow, Varied Sitella, Red-brewed 

Pardalote) and bird species unique to this group included a number characteristic of arid woodlands 

(Red-capped Robin, Inland Thombill, Southern Whiteface, Painted Finch). Mean abundance of 

Singing Bushlark was notably low in this group compared to other groups with cracking-clay sites. 

Reptile species with high abundance in this group included arboreal species (Cryptoblepharus 

plagiocephalus, Gehyra variegate) and species with an arid zone distribution (Morethia boulengeri, 

Tympanocryptis cephalus, Ctenophorus nucha/is, Ctenotus leonhardit). 

Non-clay woodland groups 

Group 5. This group contains sites on loam or sandy-loam soils from Hayfield and Kirkimbie, as well 

as two woodland sites on gravelly clay soils adjacent to cracking-clay plains at Birrindudu and Helen 

Springs, and one site on a narrow ecotone between cracking-clay and loam soils at Kirkimbie. This 

group represents a more northerly (higher rainfall) set of sites than the other non-clay group (group 

8), with a greater variety of vegetation communities. Mean upper storey cover is highest in this 

group, and most of the sites have a significant shrub layer. Ground cover is primarily perennial 

grasses, and late Dry season ground cover is higher than groups with cracking-clay sites. 

Reflecting the high habitat diversity, a very large number of species were recorded in this group, with 

reptile diversity particularly notable. Mean site richness was also highest in this group for birds, 

reptiles and all vertebrates combined. By contrast, overall richness and mean site richness of 

Mitchell grassland species were lower than all other groups except group 8. A large number of bird 

and reptile species was most abundant in this group, generally species widely distributed in tropical, 

semi-arid, and arid woodland habitats. Some 'Mitchell grassland' species that are listed in this group 

were only recorded from the sites on clay soils (Singing Bushlark, Little Button-quail, Demansia 

torquata, Delma tincta, Ctenotus pulcheflus). One interesting record in this group of sites was 

Onychogalea unguifera (Northern Nailtail Wallaby), which is a common macropod in the VRD, where 

it appears to favour the margins of the Mitchell grass plains. 

Group 8. This group contains 4 sites on sandy loam soils on the southern margin of the Barkly 

Tableland. All sites were open eucalypt and/or acacia woodlands, with an understorey dominated by 

Triodia spp. Evidence of cattle use in these sites was sparse, and although the NDVI ratings for 

these sites are very low, the mean ground layer cover was higher than for any other group. Although 

this is a small group, the total number of species recorded for the group is higher than the large clay 

grassland groups, and mean site richness is higher than all groups other than group 5. Very few 

Mitchell grassland species were recorded from these sites. This group had a prominent arid zone 

component in the reptile and mammal fauna (Ctenophorus isolepis, C. nucha/is, Ctenotus 

pantherinus, Ctenotus piankai, Tiliqua multifasciata, Sminthopsis youngsoni, Pseudomys 

hermannsburgensis, Notomys alexis) but several birds most abundant in this group were also widely 

recorded at clay sites during the study (Black-faced Woodswallow, Crow spp., Tree Martin, Brown 

Falcon, Spotted Harrier). 

One of the most obvious differences between groups is in both the mean site richness and 

composition of birds. This is reflected in marked variation in the relative importance of 

different bird foraging guilds between groups (Table 4.8). In the cracking clay grasslands 

(groups 1-3) there is a simple bird fauna dominated by granivore/insectivore (Singing 

Bushlark) and granivore species (Button-quails, Flock Bronzewing, Zebra Finch). By 
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Table 4.8 Comparison of bird community structure between faunal groups. Data are the mean 
number of species or mean number of individuals per site in each of four broad foraging guilds, 
expressed as a percentage of the site total. Broad guilds amalgamate some foraging guild 
listed in Table 4.1: aerial and foliage insectivores, AI+FI+FIN; ground insectivores, 
GJ+GUI+GIO; granivores, GR+GIG; raptors, RA. Aquatic and nectarivore guilds are excluded 
because they are a small component in any site. 

Faunal Group 

Bird guild 1 2 3 4 10 9 6 7 5 8 H 

Proportion by species 

Aerial and foliage insectivores 7 3 1 10 20 35 23 39 40 42 70.2 ..... 

Ground insectivores 10 15 6 25 38 9 28 20 23 25 27.6 H 

Granivores 78 73 85 43 33 46 32 31 20 19 64.0 ... 

Raptors 4 9 8 21 8 10 17 7 15 13 20.6 • 

Proportion by abundance 

Aerial and foliage insectivores 3 1 ' 3 13 37 18 50 47 45 82.4 ••• 

Ground insectivores 3 5 3 21 29 5 24 16 22 29 48.6 u• 
Granivores 93 93 96 59 47 52 45 30 19 18 70.8 ••• 

Raptors 1 1 1 15 11 5 13 3 11 7 38.5 ·-

contrast, non-clay woodland sites (groups 5 & 8) have a more diverse bird assemblage with 

the four broad guilds all well represented, and aerial and foliage insectivores make the 

greatest contribution to both richness and abundance. The bird community structure in 

woodlands on clay soils (groups 6,7,9, 1 0) is more similar to the non-clay woodlands than 

the grasslands, although granivorous species are more prominent in the clay than the non

clay woodlands. Community structure in group 4 is unusual. Although most of these sites 

are cracking-clay grasslands, abundance of Singing Bushlark is relatively low, and raptors 

and ground-feeding insectivores (eg. Australian Pratincole, Brown Songlark) are a more 

p~ominent component of the bird fauna. This appears to reflect the very dry conditions in 

these sites, associated with low perennial grass cover and high cover of bare ground. 

Ordination and gradient analysis 

A two dimensional ordination of all sites by vertebrate composition (Fig. 4.4) indicates that 

non-clay sites (groups 5 and 8) are clearly separate from cracking clay grasslands (groups 

1-4), with groups 1-3 forming a tight cluster. Woodlands on clay soils (groups 6,7, 9, 10) 

occupy an intermediate position in the ordination. Two major environmental gradients are 

strongly associated with the variation in vertebrate composition (Table 4.9). The first is 

mean annual rainfall (or other climatic factors associated with the latitudinal gradient), 

which is aligned with the first axis of the ordination. Aligned with the second axis is a 

composite gradient associated with soil texture and crack width (in a positive direction), and 

upper storey cover (in a negative direction). Vectors for the richness of Mitchell grassland 

species (positive direction) and total richness (negative direction) are also aligned with this 

axis. Increasing the dimensionality of the ordination reduces the ordination stress, but 
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gives the same picture of two dominant environmental gradients. The distribution of 

individual species along these two gradients was examined by calculating the weighted 

mean rainfall and rainfall range from all sites at which each species was recorded; and by 

calculating the mean abundance of each species within seven equal segments of axis 2 of 

the ordination. 

The distribution of species in relation to mean annual rainfall is shown in Table 4.1 0*. Four 

general patterns of distribution in relation to rainfall are evident. Some species were 

restricted to the wetter end of the gradient, typically species that are common in the drier 

woodlands or grasslands of the Top End of the Northern Territory (Rufous-throated 

Honeyeater, Golden-headed Cisticola, Pied Butcherbird, Brown Quail, Onychogalea 

unguifera) but also including species restricted to the Mitchell grasslands in the VRD 

(Ctenotus rimaco/a). A second set of species with broad Australian arid-zone distributions 

were recorded only in lower-rainfall sites (Masked Woodswallow, Red-brewed Pardalote, 

Variegated Fairy-wren, Crimson Chat, Red-capped Robin, Macropus rufus, Gehyra 

variegata, Morethia bou/engeri). Interestingly, the Mitchell grassland-endemic goanna 

Varanus spenceri was not recorded in the high rainfall margin of the Barkly Tableland (it is 

also absent from the VRD). Another set of species was widespread along the rainfall 

gradient but had significantly higher abundance at intermediate levels of rainfall. Many of 

these were Mitchell grassland species that were most common in 'typical' Mitchell 

grasslands in the central portion of the Barkly Tableland (eg. Singing Bushlark, Flock 

Pigeon, Ctenotus joanae, Delma lt"ncta). A final group of species were widespread 

throughout the study region and had no clear relationship between annual rainfall and 

relative abundance (eg. Little Button-quail, Willie Wagtail, Zebra Finch, Suta suta, 

Oipfodactylus tessellatus, Cryptoblepharus plagiocephalus, Tympanocryptis fineata). The 

distribution of some species was idiosyncratic, reflecting the effects of vegetation structure 

overlying those of rainfall. For example, Singing Honeyeater were abundant in the gidgee 

woodlands in the far south of the study area, but were also common in sparse woodlands in 

the northern sites in the VRD. 

The distribution of species in relation to the composite soil texture I tree cover gradient is 

shown in Table 4.11 *. This gradient corresponds to a transition from treeless grassland on 

widely-cracking clay soils, through sparse woodlands and then denser woodlands on 

cracking-clay and non-cracking clay soils, to woodland on loam or sandy loam soils. The 

table lists a very small set of bird and mammal species that are most abundant on the 

cracking clay grassland/sparse woodland end of the gradient (segments 1-4) and a 

somewhat larger set of reptile species. This set of species almost exactly corresponds with 

the classification of species according to their fidelity to Mitchell grassland communities 
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Figure 4.4 Two-dimensional ordination of all sites by vertebrate composition (standardised 
abundance data). Numbers indicate fauna groups to which sites belong. Arrows show vectors 
for selected environmental and vertebrate summary variables that have a high correlation within 
the ordination space (Table 4.8). 

Table 4.9 Vectors for environmental and vertebrate summary variables fitted to the 2-
dimensional ordination of all sites (n=106) by vertebrate composition (Fig. 4.4). SSH1 & 2 are 
the coordinates of the head of vector in ordination space (vectors have unit length) and R the 
correlation coefficient; probability from the permutation test is indicated by asterisks(*, <0.05; **, 
<0.01; *"*, <0.001 ). Only vectors with R > 0.4 are shown. 

vector SSH1 SSH2 R vector SSH1 SSH2 R 

upper storey cover -0.08 -1.00 0.77 ... vertebrate richness -0.24 -0.97 0.88 ••• 

latitude -1.00 -0.05 0.73 ••• bird richness -0.23 -0.97 0.88 ••• 

soil crack- width -0.57 0.82 0.72 ... bird abundance -0.64 -0.77 0.77 ••• 

annual rainfall -0.99 -0.11 0.71 ou MG50 abundance -0.60 0.80 0.76 ••• 

soil texture -0.15 0.99 0.69 ••• MG10 abundance -0.55 0.83 0.71 ••• 

NDVI-L3 -1.00 0.08 0.68 ••• MG50 richness -0.27 0.96 0.67 ••• 

longitude 0.97 0.23 0.57 ••• MG1 0 richness -0.16 0.99 0.52 ••• 

soil crack- number -0.71 0.70 0.55 OH reptile richness -0.20 -0.98 0.51 .... 

NDVI-E1 -0.99 -0.16 0.49 *H reptile abundance -0.13 -0.99 0.41 •• 

litter cover -0.79 -0.62 0.47 ••• 

ground cover (early Dry) -1.00 0.05 0.46 ••• 

NDVI-L1 -0.94 0.34 0.46 u* 

ground cover (late Dry) -0.98 -0.20 0.44 •• 

from the broad biogeographic analyses in Chapter 2. A larger set of bird and reptile 

species are most abundant in the woodland on both clay and loam soils (segments 5-7). 

Several other interesting patterns are evident in this table: 

• species that are characteristic of clay soils (including bird, mammal and reptile taxa) 

tend to have relatively broad distributions across the gradient, and are usually entirely 
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absent only from the non-clay extreme of the gradient. There are no species that are 

completely restricted to sites that are treeless grasslands or on the most widely 

cracking clay soils. 

• there are very few species with a restricted distribution in the centre of the gradient (ie. 

occur in woodlands on clay soil but are absent from grasslands and non-clay 

woodlands). For the few species that do fit this category, this probably reflects 

inadequate sampling of non-clay woodlands rather than a genuine preference. For 

example, within the cracking-clay plains, White-plumed Honeyeater was recorded only 

from riparian woodlands, but the species occurs in riparian woodlands on other soil 

types. In the semi-arid region of the Northern Territory, the Ground Cuckoo-shrike 

appears to favour open grasslands with a sparse tree-cover (pers. obs.), but it also has 

a broad distribution outside clay-soil habitats. The skink Morethia boufengeri was 

recorded only from gidgee woodlands on cracking clay soils within the study area, but 

is found in a wide variety of habitats in the arid zone (Gagger 2000). 

• reptiles that are most abundant in non-clay sites (segments 6 & 7) are generally entirely 

absent from cracking clay soils. Indeed, this observation is actually more pronounced 

than is evident from Table 4.11 *, as many reptile species recorded from non-clay soils 

were too infrequent to be included there. As a result, the reptile fauna of clay 

woodlands is characterised by 'Mitchell grassland' species. The exception to this is a 

few reptile species with very broad habitat ranges (eg. Heteronotia binoei, Menetia 

greyi1]. 

• by contrast, many bird species that are most abundant in non-clay sites also occur in 

the clay woodlands. As a result, the bird fauna of the clay woodlands is dominated (at 

least in terms of richness), by non-Mitchell grassland species. A smaller number of 

bird species have habitat ranges that extend to the cracking clay grasslands, typically 

raptors (eg. Spotted Harrier, Nankeen Kestrel) but also including corvid species, 

Australian Bustard and Zebra Finch. 

Compositional similarity amongst clay-soil sites was examined in more detail by removing 

members of groups 5 and 8 before recalculating the ordination (Fig. 4.5). This ordination 

indicates that the clay soil sites fall into four broad groups, although these groups have 

poorly defined boundaries: woodlands in the south of the Barkly Tableland (group 4; 

primarily gidgee woodlands): woodlands in the north of the study region (groups 9 & 1 D): 

sparse or annual-dominated grasslands, mostly in the southern half of the Barkly Tableland 

Figure 4.5 {following page) Two-dimensional ordination of clay sites by vertebrate 
composition {standardised abundance data), showing vectors for selected environmental and 
vertebrate summary variables (Table 4.12). Numbers indicate fauna groups to which sites 
belong. (a) All vertebrate taxa; (b) birds only; (c) reptiles and small mammals only. 
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{group 4); and typical Mitchell grasslands {groups 1 to 3). O.fthese broad groups, the 

gidgee woodlands are most dissimilar to the typical grasslands. Vector-fitting indicates that 

the approximately orthogonal gradients associated with upperstorey cover and annual 

rainfall are still strongly associated with vertebrate composition {Table 4.12). 

In the multivariate analyses described to date, data for all vertebrate taxa has been 

analysed simultaneously. However, it is likely that some environmental factors will 

differentially influence bird, mammal and reptile species. Separate multivariate analyses for 

the three taxa are generally avoided in this Chapter because of the low number of mammal 

and reptile species in many sites, and the low number of bird species in most grassland 

sites. However, to test whether a differential response to environmental variation was 

evident, separate ordinations were derived for clay soil sites using bird species only, and 

reptile and small mammal {ie. dasyurid and rodent) species only. Environmental vectors 

were fitted and the results compared to these described in the previous paragraph {Table 

4.12). The general arrangement of sites within the ordination by bird composition is simi Ia( 

to that for all vertebrates {Fig. 4.5). However, vector-fitting indicated that latitude or mean 

annual rainfall were not significant vectors. Rather, upper-storey cover was (markedly) the 

strongest vector, and vectors relating to soil crack width, late dry season ground cover and 

'greenness' were secondarily important. The ordination of sites by reptile and mammal 

composition showed that there was generally continuous variation between sites, although 

sites from group 7 {southern clay woodlands) are distinct from the remainder. In contrast to 

birds, the most significant vectors for this ordination were latitude and mean annual rainfall, 

and vectors for soil characteristics and ground cover were also important, while upper 

storey cover was less significant. 

Finally, compositional similarity between clay grassland sites was examined in more detail 

by removing woodland sites (groups 5-10) and recalculating the ordination, using all 

vertebrate taxa (Fig. 4.6). The ordination indicates that variation between these clay 

grassland sites is continuous and groups defined in the classification do not form distinct 

clusters, with the exception of most of the sites from group 4. The most significant 

environmental vectors in the ordination are approximately collinear, and relate to 

understorey cover, mean annual rainfall and 'greenness' {Table 4.13). Approximately 

orthogonal to these factors are vectors for soil crack width and {in the opposite direction) 

cattle use. 

164 Chapter 4. Vertebrates of Mitchell grasslands 



Tabltl1.2 Comparison of vector-fitting of environmental and vertebrate summary variables to 
ordinations of clay soil sites by composition of: all vertebrate species; bird species only; reptile 
and mammal species only (Fig. 4.5). Values are the correlation of the vector in the ordination 
space; only vectors with a correlation ~ 0.35 are shown. 

All vertebrates I Birds I Reptiles & Mammals 

environmental variables 

latitude 0.74 upper storey cover 0.69 latitude 0.66 
annual rainfall 0.72 soil crack • width 0.46 annual rainfall 0.65 
upper storey cover 0.70 ground cover (late) 0.43 soil crack· width 0.56 
soil crack- width 0.61 NDVIL 1 0.39 long 0.55 
ground cover (late) 0.58 distance to water 0.39 ground cover (early) 0.53 
ground cover {early) 0.54 cattle use 0.38 ground cover (late) 0.50 
NDVI-L 1 0.50 CRACKN 0.49 
soil crack- number 0.49 upper storey cover 0.47 
NDVI-E1 0.48 soil texture 0.44 
soil texture 0.38 NDVI-E1 0.44 
litter cover 0.35 litter cover 0.35 

vertebrate summary variables 

bird spp 0.81 FIN spp 0.76 gecko spp 0.68 
vertebrate spp 0.80 Flspp 0.74 reptile spp 0.66 
Fl spp 0.78 MG50 abn 0.73 agamid spp 0.63 
FIN spp 0.75 bird spp . 0.72 skink spp 0.58 
bird abn 0.71 MG10 abn 0.70 vertebrate spp 0.58 
MG50 abn 0.69 Alspp 0.66 reptile abn 0.57 
Alspp 0.68 vertebrate spp 0.66 MG50 abn 0.43 
MG10 abn 0.62 MG50 spp 0.60 MG10 abn 0.37 
GR spp 0.61 GIG spp 0.55 mammal abn 0.35 
GIGspp 0.56 Gl spp 0.51 pygopodid spp 0.35 
gecko spp 0.52 RA spp 0.50 
agamid spp 0.52 GRspp 0.48 
Gl spp 0.50 MG10 spp 0.46 
Skink spp 0.47 bird abn 0.43 
MG50spp 0.46 GIOspp 0.38 

RAspp 0.42 

GIO spp 0.36 
reptile spp 0.35 
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Figure 4.6 Two-dimensional ordination of cracking-clay grassland sites by vertebrate 
composition (standardised abundance data), showing vectors for selected environmental and 
vertebrate summary variables (Table 4.13). Numbers indicate fauna groups to which sites 
belong. 

Table 4.13 Vectors for environmental and vertebrate summary variables fitted to the 2-
dimensional ordination of cracking clay grassland sites (n=63) by vertebrate composition (Fig. 
4.6). SSH1 & 2 are the coordinates of the head of vector in ordination space (vectors have unit 
length) and R the correlation; asterisks indicate significance of the correlation (randomisation 
test*, <0.05; **, <0.01; ***, <0.001 ). Only significant vectors are listed. 

vector SSH1 SSH2 R vector SSH1 SSH2 R 

ground cover· late 0.75 0.66 0.65 ••• GIG spp 0.59 0.81 0.67 ••• 

annual rainfall 0.73 0.69 0.63 ... bird abn 0.88 0.47 0.64 ••• 

longitude -0.88 -0.47 0.55 H. bird spp 0.80 -0.60 0.57 ••• 

NDVI-L 1 0.93 0.36 0.54 ••• GR spp 1.00 -0.09 0.52 •• 

ground cover- early 0.98 0.18 0.50 •• MG50 abn 0.56 0.83 0.50 •• 

NDVI-E1 1.00 -0.08 0.49 •• Glspp 0.53 -0.85 0.49 .. 

soil crack width 0.07 1.00 0.48 •• vertebrate spp 0.83 -0.56 0.47"* 
gravel cover -0.73 -0.68 0.46* agamid spp -0.34 -0.94 0.46 ** 
soil texture -0.58 0.82 0.41 ** MG10 abn 0.81 0.59 0.43 •• 

upper storey cover 0.49 -0.87 0.41 •• RAspp 0.18 -0.98 0.43* 
cattle use -0.09 -1.00 0.33. mammal abn 0.97 -0.25 0.35. 

distance to water 0.45 0.89 0.29. mammal spp 0.99 -0.15 0.34. 
pygopodid spp -0.11 0.99 0.33 •• 

MG10 spp 0.83 -0.56 0.32. 
- -
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Predictive models - summary variables 

Predictive models were derived for all vertebrate summary variables other than varanid 

richness or abundance, although only 12 of the 39 models explained more than 50% of the 

variation in the response variable (Tables 4.15" & 4.17"). Almost invariably, models based 

on abundance had lower residual deviance than the equivalent model based on richness, 

suggesting that the quantified environmental factors have a greater role in regulating the 

number of individuals, rather than the number of species, at a site. 

Most vertebrate summary variables had a significant rainfall term, with overall richness, 

richness of birds and reptiles and richness of many guilds positively related to mean annual 

rainfall. Mammal richness and agamid richness were negatively related to rainfall, while 

the richness and abundance of groups associated with the tree layer (eg. foliage 

insectivores and geckos) showed a concave relationship with rainfall, reflecting the 

concentration of woodland sites at the extremes of the rainfall gradient. A large number of 

summary variables also had significant terms relating to relative 'greenness' of the sites at 

the time of sampling. Interpretation of these effects is complicated because the three NDVI 

terms are significantly correlated with each other, as well as with mean annual rainfall 

(particularly NDVI-L3). Of most interest is the fact that many response variables have a 

positive NDVI-L 1 term (including vertebrate richness, reptile richness and abundance, and 

richness and abundance of Mitchell grasslands species), but no response variables have a 

negative term for this predictor. It is notable that significant NDVI terms in models relating 

to Mitchell grassland species are also all positive. 

The richness and/or abundance of a large number of vertebrate groups was positively 

associated with upper storey cover and negatively associated with soil-crack width, 

reflecting the relatively low richness (or virtual absence) of these groups in cracking-clay 

grassland sites. The reverse trend was shown by mammals, Mitchell grassland species 

Table 4.14 Spearman Rank correlation between variables used in predictive models (clay sites 
only, n-88). Variables are described in Table 4.1. Values in bold are significant (p<O.OS). 

RAIN NDVI-E1 NDVI-L 1 NDVI-L3 DW UPCOV ROCK CRACK USE 

NDVI-E1 0.60 

NDVI-L 1 0.52 0.42 

NDVI-L3 0.89 0.43 0.44 

DW -0.02 -0.23 0.20 0.14 

UPCOV 0.03 0.12 -0.08 0.05 -0.19 

ROCK -0.30 -0.04 0.16 -0.25 0.03 0.13 

CRACK 0.45 0.07 0.39 0.39 0.17 -0.39 -0.50 

USE 0.53 0.53 0.34 0.49 0.05 -0.07 -0.21 0.19 

USL 0.44 0.17 0.51 0.52 0.49 -0.13 -0.18 0.41 0.56 
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and ground insectivore/granivore birds, the latter response variable largely reflecting the 

high abundance of Singing Bushlark in grassland sites. 

Interestingly, richness and abundance of reptiles tended to be higher in Barkly Tableland 

than VRD sites, associated with higher richness and/or abundance of elapid, pygopodid, 

gecko and skink species. The richness of Mitchell grassland species was also higher for 

Barkly sites, reflecting the absence of a number of habitat-specific reptiles species from 

Mitchell grasslands in the VRD. 

A total of 15 of the models had significant terms for distance from water, with a range of 

response types. This relates to the effects of land use on the vertebrate fauna (whether 

through cattle grazing, provision of water or other factors) and is discussed further in 

Chapter 8. When understorey cover was substituted for distance from water, there was a 

decrease in residual deviance in many of the models, and some additional response 

variables had a significant understorey cover term. Many vertebrate groups had a 

significant positive term for understorey cover in the late Dry season, particularly for model 

describing abundance, and only agamid abundance was negatively related to understorey 

cover. 

Predictive models - individual species 

Predictive models were developed for 52 of the 56 vertebrate species recorded from at 

least 5 sites, accounting for between 18% and 92% of the variation in relative abundance 

(Tables 4.16*, 4.17"). Supporting the interpretation of major environmental gradients from 

the ordination analyses, the most common terms in the species models were for rainfall, 

upper storey cover and soil crack width. A variety of responses to rainfall was evident, in 

line with the patterns illustrated in Table 4.1 0*. The large number of species with positive 

terms for upper storey cover and/or negative terms for soil crack width are generally those 

identified in Table 4.11 as being most abundant in (clay and non-clay) woodlands. 

However, the predictive models provide some additional detail on habitat preference of 

species characteristic of the cracking clay grasslands. For example, although Ctenotus 

joanae and Tympanocryptis fineata have a negative relationship with upper storey cover, 

they also have a negative relationship with crack width. 

The predictive models identify 11 species that had a higher relative abundance in Barkly 

Tableland sites, and 4 species that had higher abundance in VRD sites, although it should 

be noted that this term was not included in models for less frequent species (ie. in :s; 10 

sites). Of the species recorded in at least 5 sites, 11 were not recorded in the VRD 
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(Ctenotusjoanae, Diplodacty/us tesselatus, Pogona vitticeps, Gehyra variegata, 

Pseudonaja guttata, Varanus spenceri, Ctenotus pulchellus, Tree Martin, Variegated Fairy

wren, Masked Woodswallow, Macropus rufus) although only the 7 reptile species are 

actually absent from that region (data presented in Chapter 2, Gagger 2000). Conversely, 

only one lizard species (Ctenotus rimacola) was frequently recorded in the VRD and does 

not occur on the Barkly Tablelands. Some other species with Torresian distributions were 

recorded infrequently from clay sites in the VRD and are known from non-clay habitats 

immediately north of the Barkly Tableland, but have not been recorded from clay soils there 

(eg. Gehyra australis, Pseudomys nanus, Proablepharus tenuis). 

A total of 21 species had a significant term for distance from water in the predictive model, 

with 4 response types evident. The abundance of ten species was positively related to 

distance, and that of 4 species was negatively related. However, some species were most, 

or least, abundant at intermediate distances from water. A larger number of species had 

significant terms for understorey cover in the models, although in some cases this 

represented a poorer model than one with a distance-from-water term. As for the 

vertebrate summary variables, the most common response amongst individual species was 

a positive relationship with understorey cover in the late Dry season. These responses to 

landuse effects are explored further in Chapter 8. 

Discussion 

This systematic survey has clearly illuminated two significant features of the Mitchell 

grasslands vertebrate fauna: it is one of strikingly low local and regional richness; but 

nonetheless it is a distinctive fauna which, rather than comprising merely a depauperate set 

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

habitat-specific species. 

Species richness 

The alpha-diversity (site-richness) of cracking-clay grassland sites was very low compared 

to both clay woodland and non-clay woodland sites. This was mostly due to very low bird 

richness in the grassland sites, although reptile richness for all clay sites was lower than for 

the non-clay sites sampled in this study. In a study of variation in vertebrate composition 

in relation to soil texture and rainfall in the tropical savannas of the Northern Territory, 

Woinarski eta/. (1999) noted a low species richness of reptiles on clay soils throughout the 

rainfall gradient, and a very low bird richness on clay soils at low rainfall sites. Woinarski et 
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a/. (1999) found bird alpha-diversity was high on clay soils at high rainfall sites, but these 

sites were Melaleuca woodlands rather than grasslands. The low bird richness in Mitchell 

grasslands is likely primarily related to the low structural diversity of the vegetation, which is 

well documented as an important predictor of bird diversity (MacArthur & MacArthur 1961, 

Recher 1969, and see discussion in Wiens (1989) pp. 129-134).1n this case, site richness 

of birds was remarkably sensitive to upper storey cover, with richness increasingly 

markedly with even a very sparse (c. 1 individual per hectare) layer of small trees, due to 

the presence of species such as Black-faced Woodswallow, Black-faced Cuckoo-shrike, 

Singing Honeyeater, White-winged Triller, Yellow-throated Miner and Pied Butcherbird (Fig. 

4. 7). Thus, representatives from a number of foraging guilds that are well represented in 

eucalypt and Acacia woodlands in northern Australia- aerial insectivores, foliage 

insectivores and nectarivores- are virtually absent from the Mitchell grasslands, and the 

bird fauna is dominated (in richness and abundance) by a small number of species of 

granivore and insectivores and omnivores that feed on the ground or in low vegetation. In 

fact, a single species, Singing Bushlark, contributes 66% of the total bird abundance across 

all grassland sites in this study. The bird fauna of the Mitchell grasslands therefore 

resembles that of other tussock grasslands both in Australia and elsewhere (eg. Udvardy 

1958 , Wiens 1974, Bock et al. 1977, Goriup 1988 and references therein) in a 

combination of low species richness and a predominance of ground-nesting and 

granivorous species. Although they separate two major Australian avian biogeographic 

regions (Whitehead et al. 1992, Chapter 2) the Mitchell grasslands also lack a number of 

species characteristic of arid hummock grasslands (Grasswren spp., Emu-wren spp., 

Spinifexbird), while species characteristic of tropical grasslands are also absent (Tawny 

Grassbird) or only occasionally present (Red-backed Fairy-wren, Golden-headed Cisticola). 

Relatively low reptile richness in Mitchell grassland is partly explained by the absence of 

primarily arboreal species (notably geckos and Cryptoblepharus plagiocephalus), which 

were present in eucalypt and acacia woodlands on cracking-clay soils. Low richness of 

reptiles has also been reported from native tussock grasslands in temperate Australia 

(Osborne et al. 1993) However, some other Australian grasslands support a very high 

diversity of reptiles, notably the hummock grasslands on sandy soils in central Australia 

(Pianka 1981, Morton & James 1988). A number of factors may account for the 

pronounced differences in diversity between these two grassland habitats. The perennial 

tussocks in the Mitchell grasslands do not offer the same level of structural complexity as 

large Triodia hummocks. Moreover, while Triodia is relatively impervious to drought, a 

series of low-rainfall years may reduce the perennial tussocks to butts with very little foliage 

cover over large areas of Mitchell grassland (as was the case in the Georgina Downs area 

during this study). The pronounced seasonality within the Mitchell grasslands, including a 
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Figure 4.7 Relationship between upperstorey cover (including trees and shrubs>1 m tall) and 
bird species richness, for clay soil sites (n=99). Fitted regression line is shown (R2=0.73, 
F=116.9, p<0.001 ). Abbreviations along top of graph are bird species, indicating minimum 
upperstorey cover at which that species was recorded: ML, Magpie Lark; BFCS, Black-faced 
Cuckoo-shrike; DO, Diamond Dove; RBFW, Red-brewed Fairy-wren: WW, Willie Wagtail; SH, Singing 
Honeyeater; CP, Crested Pigeon; MB, Mistletoebird; PBB, Pied Butcherbird; WWT, White-winged Triller; 
W, Weebill; CK, Cockatiel; RTH, Rufous-throated Honeyeater; YTM, Yellow-throated Miner; VS, Varied 
Sitella; RCR, Red-crowned Robin: GHH, Grey-headed Honeyeater; VFW, Variegated Fairy-wren; RBE, 
Rainbow Bee-eater; PC, Pallid Cuckoo; RBP, Red-brewed Pardalote; WPH, White-plumed Honeyeater; 
RW, Rufous Whistler. 
53 sites with zero upper storey cover are not shown, but had a mean bird richness of 3.3 
species. Bird species recorded most frequently at sites with zero upper storey cover were: 
Singing Bushlark, Zebra Finch, Black-faced Woodswallow, Budgerigar, Little Button-quail, Crow spp., 
Nankeen Kestrel, Galah, Red-Chested Button-quail, Flock Bronzewing, Australian Magpie, Australian 
Pratincole, Brown Falcon, Black Kite, Spotted Harrier, Whistling Kite, Tree Martin. 

period in most years when the surface soil is saturated may restrict the ability of many 

reptile species to tolerate this habitat. There is also evidence that diversity and productivity 

of at least some invertebrate groups (ants: Chapter 5, termites: Dawes-Gromadski, 

CSIRO, pers. comm.) is low in Mitchell grasslands compared to adjacent loamy and sandy 

soil habitats, which may also restrict reptile diversity. The reptile fauna of the Mitchell 

grasslands is therefore limited to a small set of mostly habitat-specific species that have 

adapted to these particular challenges. 

Unlike both the flora (Chapter 3) and ant fauna (Chapter 5) of the Mitchell grasslands, 

gamma-diversity within the vertebrate fauna is low (see Chapter 6). The less-frequently 

recorded vertebrate species are mostly not restricted to a single location, and consequently 

the marked 'location effect' reported for both plants and ants is not evident for the 

vertebrate fauna (other than where locations have distinct vegetation or environmental 
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characteristics, as is the case for Mt Sanford and Lake Nash). At a regional scale, 

vertebrate diversity within the broad crackingwclay biome arises mostly from the much 

higher bird diversity in patches of woodland and shrubland embedded in the grassland 

matrix, and the diversity of waterbirds and waders associated with wetland areas. In this 

respect, the Mitchell grassland region is also similar to the 'prairie' of central USA and 

southern Canada, where wetland and woodland species associated with limited (natural) 

areas of atypical habitat constitute the bulk of the regional bird diversity (McNichol! 1988, 

Knopf 1988). The shrublands and wetlands within the Mitchell grasslands make little 

contribution to reptile and mammal diversity, however, as they contain a depauperate 

subset of the assemblages found in the surrounding grasslands (Brock 2000). 

Wetlands aside, the vertebrate fauna of the of the Mitchell grassland region sampled during 

this study (ie. encompassing both Mitchell grasslands proper and the related woodland and 

shrubland communities) cannot be said to be a rich fauna. Comparisons at a regional 

scale are inevitably confounded by differences in area, habitat diversity and sampling 

adequacy, but two comparisons are drawn here to illustrate this point. The Wakaya Desert 

is a quite homogeneous area of sand plain covered by low acacia and eucalypt woodland 

with a hummock grass understorey, immediately to the south of the Bark!y Tableland and 

occupying about half the area of the crackingwclay plains of the latter. A relatively brief 

survey of this area (Gibson & Wurst 1994) recorded a total of 66 reptile species

compared to the 42 species recorded from all clay sites throug~out the Mitchell grasslands. 

Immediately to the north and north-east of the Barkly Tableland, the Sturt Plateau supports 

extensive eucalypt woodlands with perennial tussock grass understorey, on red loam soils 

(Wilson et al. 1990a). A total of 185 vertebrate species (excluding bats) were recorded in 

these woodlands from the same number of sites that were sampled in the current study 

(Fisher, unpubl. data)- compared to 146 species from this study. Total richness for the 

Sturt Plateau was higher for all vertebrate classes, but proportionally this was most 

pronounced for mammals (18 species, compared to 9 species for this survey). 

Mitchell Grassland species 

The most frequently recorded species during the survey, and the most abundant species of 

each vertebrate class, were species with a high fidelity to Mitchell grasslands. Only a small 

set of habitatwgeneralist species that are widespread throughout the Australian arid and 

semiwarid zones are also common within the Mitchell grasslands (notably the gecko 

Heteronotia binoei and bird species such as Zebra Finch, Budgerigar and corvid species). 

The results of the survey therefore strongly support the analyses described in Chapter 2, 

showing that the Mitchell grasslands are a distinct biogeographic zone at a subwcontinental 
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scale. Furthermore, the survey confirms that grasslands and sparse woodlands on basalt~ 

derived clays in the VRD and described as map unit 97 (Wilson eta/. 1990a) (sampled by 

sites in group 10, above) contain a vertebrate assemblage that is distinct from that of the 

'typical' Mitchell grasslands, primarily due to the inclusion of a number of Torresian bird 

species. The broad-scale biogeographic analyses had insufficient resolution to determine 

the affinities of Mitchell grasslands in the southern VRD, occurring on Tertiary sediments, 

but multivariate analyses described here grouped the sites from this area with 'typical' 

grasslands from the Barkly Tableland. The survey also confirmed that an Eyrean faunal 

element is more prominent in gidgee woodlands in the far south of the Barkly Tableland, 

although most of the species characteristic of Mitchell grasslands are also present, which is 

no doubt related to the retention of a ground layer largely similar to the typical Mitchell 

grasslands. 

Seasonal variation and relative 'greenness' 

The significant seasonal variation in abundance exhibited by many vertebrate species 

(Table 4.5) emphasises the value of repeated sampling of sites. Increased reptile richness 

and abundance in late dry season samples probably reflects higher night-time 

temperatures in this period and possibly increased reptile activity related to breeding. The 

variation in abundance of some bird species results from well-documented seasonal 

migration or movement (eg. Australian Pratincole, Tree Martin, Blakers et af. 1984) and for 

some species (such as Singing Bushlark) higher apparent abundance may result from 

greater visibility during the breeding season (Bourke 1947). Regular seasonal movements 

in a number of Australian diurnal raptors have been described (Marchant & Higgins 1993, 

Baker-Gabb & Steele 1 999), with movements from southern to northern Australia during 

winter described for Whistling Kite, Nankeen Kestrel and Spotted Harrier. Other bird 

species listed in Table 4.5, however, appear to move irregularly according to environmental 

conditions and variation in food resources Blakers eta/. 1984. Differences in the pattern of 

seasonal abundance between the two species of Button-quail inhabiting the Mitchell 

grassland are interesting. Little Button-quail were less abundant in spring, and a number of 

authors suggest that there is a spring movement to southern Australia, although the extent 

and scale of movement has also been related to patterns of rainfall and food availability 

(see references in Higgins & Davies (1996)). By contrast, Red-chested Button-quail were 

substantially more abundant in the late dry season. This species is generally poorly known 

(Higgins & Davies 1996), but movements have been described as erratic Blakers et af. 

(1984) or nomadic Storr (1973) and some populations as sedentary Morris & Kurtz (1977). 
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The most dramatic seasonal difference in abundance, however, was observed for the Flock 

Bronzewing, which was virtually absent from the study area in the tate dry season. This 

species, which has a distribution centred on the Mitchell grasslands, is not reported to have 

regular seasonal movements (Btakers eta/. 1984, Higgins & Davies 1996) but rather is 

highly mobile and appears to disperse to areas where environmental conditions are most 

suitable, particularly where there has been good rainfall (MacGillivary 1932, Storr 1977, 

Storr 1 984a, Storr 1 984b, Read 1991 ). Rainfall was generally poor in the Barkty Tableland 

during the sample period (Chapter 3). Flock Bronzewings may have moved into this region 

in the early dry season of each year to feed on whatever seed was available, but moved 

elsewhere in the late Dry season because food resources were inadequate to sustain 

significant numbers of individuals throughout the year. This species had higher relative 

abundance at sites with a higher 3-year greenness rating, which are also likely to be the 

more productive sites. 

The use of relative NDVI scores to account for variation in relative abundance of vertebrate. 

species showed promise, although the correlation between relative NDVI rating and the 

mean annual rainfall at sites (a coincidence of the actual distribution of rainfall during the 

study period) tended to obscure the results. The relative "greenness" of sites in the year of 

late Dry season sampling was a highly significant predictor of abundance of a number of 

reptile, bird and mammal species and appeared to be a more important factor than 

"greenness" in the year of early Dry season sampling. This is sensible, as the impacts of 

poor rainfall and subsequently plant growth on vertebrate populations are likely to be most 

pronounced late in the Dry season, both in terms of a reduction in ground cover and a 

scarcity of food resources. Further investigation of the use of NDVI data to predict 

changes in the abundance of vertebrate species is warranted, and this may be a useful tool 

in accounting for movements of highly mobile species such as the Flock Bronzewing. 

Noteworthy species 

Some of the results of this survey serve to emphasise both the lack of previous work within 

the study area and the value of pit-traps as a sample method. The survey lead to the 

description of Ctenotus rimacola (Horner & Fisher 1 998), which is the most common large 

skink in the Mitchell grasslands in the VRD. Similarly, the most common small skink in this 

area is Proablepharus kinghornii, a species whose distribution was not previously known to 

extend west of the Barkly Tableland (Wilson & Knowles 1988, Cogger 2000). Interestingly, 

both of these species were subsequently collected from the clay floodplains of the Ord and 

Keep Rivers, to the northwest of the study area (Ecologia 1998). 
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Use of pit~traps was essential to revealing the high abundance of Planigale ingrami in the 

study area, where it was recorded from all sample locations and 76% of sites on clay soils. 

The small size and extremely flattened skull of this dasyurid would allow it to shelter and 

forage in even quite narrow cracks in the clay soils, and observations of pit trap captures 

show that it will attack even large centipedes and spiders. Although the sample methods 

do not allow for accurate estimation of absolute abundance, the numbers of animals caught 

suggest that the mean density of P. ingrami throughout the (Northern Territory) Mitchell 

grassland is of the order of 2ha·1
• This species has previously been described as "rare, 

scattered" (VanDyck 1995). The form P. ingrami brunneus is generally regarded to be 

restricted to the Mitchell grasslands in the vicinity of Richmond, Queensland (Troughton 

1928, VanDyck 1995) .. However, Archer (1976), dismissed the cranial features that 

purported to separate this form from typical ingrami, leaving only the brown basal fur as a 

distinctive character. In fact, fur colour is quite variable in P. ingrami from the Northern 

Territory Mitchell grasslands and encompasses the range described for both ingrami and 

brunneus, so that the identity of the latter form must be considered doubtful, and a single 

form of this species probably occurs throughout the northern Australian Mitchell grasslands. 

Some other records from this survey are worthy of comment. In the Northern Territory, the 

Red-chested Button~quail is known from relatively few scattered records throughout the 

(PWCNT Fauna Database). This study substantially increased the number of records and 

established that the Mitchell grasslands is an important habitat for the species. Scattered 

sightings of Inland Dotterel in the Barkly Tableland were well to the north of the generally 

df!scribed distribution of this species (eg. Simpson & Day 1996, Blakers et al. 1984). As 

suggested by some previous records (PWCNT Fauna Database), Stubble Quail appear to 

be widespread on the Barkly Tableland and, although not frequently seen, are more 

abundant in this region than Brown Quail, the common large quail in northern Australia. 

The skink Ctenotus pufchelfus was previously mostly known from stony hills with a 

hummock grassland ground layer (Wilson & Knowles 1988, Cogger 2000). However, this 

survey has shown that it is widespread in the Barkly Tablelands, where it is more abundant 

on hard gravelly clay soils than on the cracking~clay plain. 

Mitchell grassland species underrepresented in the survey 

Not all vertebrate species identified as having high fidelity to Mitchell grasslands (Chapter 

2) were frequently recorded during the survey and, indeed, some were not seen during the 

period of the study. The majority of bird species with high fidelity to Mitchell grasslands are 

waterbirds or species associated with swamps (Table 2.9) and were therefore poorly 

represented in this survey. The distribution of these species within Chenopodium 

Chapter 4. Vertebrates of Mitcheff grasslands 175 



shrublands, intermittent lakes and waterholes of the Barkly Tablelands is, however, well 

documented by Jaensch & Bell chambers (1995) and Brock (2000). Few frog species were 

recorded because of the timing of surveys, although a small number of observations 

following isolated rainfall events suggested that the burrowing frogs Cyclorana cultripes and 

C. vagita were abundant in the northern part of the study area, and large numbers of frogs 

have been recorded from inundated areas in the Barkly Tableland (Tyler eta/. 1983). 

Other "Mitchell grassland' species not, or very rarely, included in the quadrat data from this 

survey include several raptors (Grass Owl, Letter-winged Kite, Barn Owl, Black Falcon), the 

mammals Planigale tenuirostris, Rattus villosissimus, and three elapid snakes (Pseudonaja 

ingrami, Acanthophis antarcticus, Pseudonaja textilis). Planigale tenuirostrfs has a broad 

distribution in cracking clay soils in the eastern and southern arid region of Australia (Read 

1995, Blacket et al. 2000), but its distribution appears to extend to only the far eastern 

margin of the Barkly Tableland (Low & Strong 1986b). The survey method used in this 

study, based on intensive sampling in small quadrats is not the ideal method of sampling 

some vertebrates, notably large snakes and varanids, larger macropods, and mobile bird . 

species such as most raptors, Flock Pigeon and Australian Bustard (eg. Woinarski eta!. 

2000a ). However, the low number of records from the survey for the species mentioned 

above also reflects a pronounced temporal variability in their relative abundance in the 

study area, and is worthy of further comment. 

The core of the distribution of Rattus villosissimus appears to be in the Channel Country of 

south-western Queensland and adjacent parts of the Mitchell grasslands (Parker 1973, 

Carstairs 1974), although this species can be abundant in many habitats over a wide extent 

of central and northern Australia during periodic irruptions (Finlayson 1939, Plomley 1972, 

Newsome & Corbett 1975, Carstairs 1976, Cataby 1974, Predavec & Dickman 1994). 

Irruptions presumably occur in response to increased abundance of seed and green 

vegetation, although linking the timing of irruptions to variation in annual rainfall is 

problematic because of the spatial patchiness of rainfall and the fact that timing of rain may 

be more important to vegetation response than absolute magnitude (Carstairs 1974). 

'Plagues' of R. villosissimus can be spectacular, with hordes of rats diffusing across the 

landscape at the rate of several kilometres per day (Finlayson 1939 , Crombie 1944 ), and 

very high density of rats persisting in an area for 1-3 years before, equally dramatically, 

rapidly disappearing (Carstairs 1976). Paradoxically, R. vfllosissimus is a rare species 

between irruptions (e.g. Tate 1951), and presumably persists in localised, relatively mesic 

refugia. An analysis of the development of plagues (Carstairs 1974) suggested that 

populations persist in the Barkly Tablelands, as well as the vicinity of Camooweal, Julia 

Creek and Richmond in the Mitchell grassland region of Queensland. However, only a 

single R. villosissimus was recorded during this study, adjacent to the floodplain of Sturt 
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Creek in the southern VRD. Although only six sites in this study were in riparian or swamp 

situations, the species was also not recorded at all from 45 similar sites in Chenopodium 

swamps in the Barkly Tableland, sampled during 1999 (Brock 2000). 

Irruptions of Rattus vilfosissimus in the Mitchell grasslands are also associated with 

dramatic increases in the populations of predators, notably raptors, large elapid snakes 

and, at least in recent times, feral cats (although these species probably also respond to 

increased abundance of other prey items during good seasons) (Carstairs 1974, Hall1969, 

Rabig 1970, Morton et af. 1977, Covacevich & Tanner 1983, Phillips 1993, Marchant & 

Higgins 1993, Paltridge eta/. 1997). The core distribution of the LetterMwinged Kite closely 

aligns with that of R. vi/losissimus and this nocturnal raptor also exhibits dramatic 

expansions in abundance and extent of distribution (Marchant & Higgins 1993). There was 

an irruption of R. vilfosissimus in the central Bark.ly Tableland during 1993 (Berman, 

PWCNT, pers. comm.), following high rainfall in 1992/93. No Letter-winged Kite or Grass 

Owl, and few Barn Owl, were seen on the Barkly Tableland during the period of the survey 

(late 1994-1996), although small numbers of Letter-winged Kite were seen in the VRD. 

However, large numbers of raptor pellets, mostly containing hair and skulls of R. 

vif/osissimus, were found under trees at sample locations in the central Barkly Tableland. 

Although numbers of most raptors were observed to fluctuate substantially during the 

period of this study (Table 4.5), longMterm observations of diurnal raptors across Australia 

(Baker-Gabb & Steele 1999) showed that the Mitchell grasslands is an area of major 

importance, in terms of relative abundance, for this group. 

Only a single sighting of Pseudonaja ingram/ was made during the survey, although 

numerous station staff attested to the periodic abundance of large snakes, mostly observed 

near watering points ("ten to every bore"). Phillips (1993) described a high abundance of P. 

ingrami associated with a very localised population of R. viffosissimus in Mitchell 

grasslands in south western Queensland. The smaller P. guttata and Suta suta were 

abundant throughout the study period and these species, which presumably prey mostly on 

reptiles, are apparently not subject to pronounced fluctuations in abundance. When initial 

surveys were carried out in late 1994 large numbers of feral cats were seen, many in very 

poor condition, and far fewer cats were evident in subsequent years. A progressive 

irruption and disappearance of these groups (rats, raptors, snakes, cats) was also 

described to me by many station staff. 
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Conclusion 

This survey has illustrated several features of the distribution of vertebrate fauna in the 

Mitchell grasslands. There is a small number of species that occur widely throughout the 

Mitchell grassland biome in the Northern Territory, comprising a significant portion of the 

vertebrate richness at each site. In this sense, the fauna of the grasslands proper is 

relatively homogeneous over large areas, the major discontinuity in composition being 

between the Barkly Tableland and the Victoria River District. Another set of species occur 

infrequently throughout the grasslands, and their distribution is only partly predicted by the 

environmental variables quantified by this study. As for plant species, there is a gradual 

turnover of composition associated with a latitudinal climate gradient, which is evidenced by 

the intrusion into the Mitchell grasslands of tropical species in the northern and arid zone 

species in the southern extremes of the biome. However, at a local scale there are marked 

changes in vertebrate composition with even relatively minor variation in soil texture and 

overstorey, so that the inclusion of gravel rises, riparian woodlands and even stands of 

scattered trees in the grassland environment has a major influence on vertebrate diversity. 

Overlying all of these effects is a strong temporal component associated with variation in 

seasonal rainfall, so that the spatial distribution of at least some components of the 

vertebrate fauna is highly variable. The implications of these aspects of vertebrate 

distribution for conservation planning is pursued further in Chapter 6. 
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Table 4.2 Bird species recorded at all surveys sites, listed by foraging guilds (eg. Woinarski et 
a/. 1988). Abbreviations for guilds are used in other tables and in the text. 

Aquatic rAOl 
Chlidonias hybridus 
Himantopus himantopus 
Tringa nebular/a 
Ardea pacifica 
Anas gracilis 
Aythya australis 

Aerial Insectivore /All 
Merops omatus 
Eurostopodus argus 
Hirundapus caudacutus 
Apus pacificus 
Hirundo nigricans 
Hirundo ariel 
Rhipidura leucophrys 
Microeca fascinans 
Artamus personatus 
Artamus cinereus 
Artamus minor 

Whiskered Tern 
Black-winged Stilt 
Common Greenshank 
White-necked Heron 
Grey Teal 
Hard head 

Rainbow Bee-eater 
Spotted Nightjar 
White-throated Needletail 
Fork-tailed Swift 
Tree Martin 
Fairy Martin 
Willie Wagtail 
Jacky Winter 
Masked Woodswallow 
Black-faced Woodswallow 
Little Woodswallow 

Foliage Insectivore IFI) (includes trunk foragers) 
Cuculus pallidus Pallid Cuckoo 
Cacomantis variolosus Brush Cuckoo 
Chrysococcyx basalis Horsfield's Bronze-Cuckoo 
Pachycephala rufiventris Rufous Whistler 
Colluricincla harmonica Grey Shrike-thrush 
Coracina novaehollandiae Black-faced Cuckoo-shrike 
Lalage sueurii White-winged Triller 
Smicromis brevirostris Weebill 
Acanthiza apicalis Inland Thornbill 
Daphoenositta chrysoptera Varied Sittella 
Climacteris me/anura Black-tailed Treecreeper 
Pardalotus rubricatus Red-brewed Pardalote 
Pardalotus striatus Striated Pardalote 

Foliage lnsectivore/Nectarivore /FIN) 
Melithreptus gularis Black-chinned Honeyeater 
Rufous-throated Honeyeater 
Uchenostomus virescens 
Lichenostomus keartlandi 
Lichenostomus p/umulus 
Uchenostomus penicillatus 
Manorina flavigula 

Nectarivore INEl 
Certhionyx niger 
Certhionyx variegatus 

Ground Insectivore /Gil 
Vane/Ius miles 
Charadrius veredus 
Elseyomis melanops 
Charadrius australis 
G/areola maldivarum 
Stiltla isabella 
Petroica goodenovii 
Melanodryas cucullata 
Gra/lina cyanoleuca 
Oreoica guttura/1s 
Coracina maxima 
Pomatostomus temporalis 
Epthianura tricolor 
Epthianura crocea 
Aphelocephala leucopsis 
Cincloramphus crura/is 
Cincloramphus mathews! 
Struthidea cinerea 

Singing Honeyeater 
Grey-headed Honeyeater 
Grey-fronted Honeyeater 
White-plumed Honeyeater 
Yellow-throated Miner 

Black Honeyeater 
Pied Honeyeater 

Masked Lapwing 
Oriental Plover 
Black-fronted Dotterel 
Inland Ootterel 
Oriental Pratincole 
Australian Pralincole 
Red-capped Robin 
Hooded Robin 
Magpie-lark 
Crested Bellbird 
Ground Cuckoo-shrike 
Grey-crowned Babbler 
Crimson Chat 
Yellow Chat 
Southern Whiteface 
Brown Songlark 
Rufous Songlark 
Apostlebird 
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Ground/Low Undergrowth Insectivore /GUll 
Erem1omis carter! Spinifexbird 
Cistico/a exilis Golden-headed Cisticola 
Malurus leucopterus White-winged Fairy-wren 
Malurus lamberli Variegated Fairy-wren 
Malurus melanocephalus Red-backed Fairy-wren 

Ground Insectivore/Omnivore /GIOl 
Dromaius novaehollandiae Emu 
Ardeotis australis Australian Bustard 
Grus rubicunda Brolga 
Plegadis fa/cine/Ius Glossy Ibis 
Threskiomis spinicollis Straw-necked Ibis 
Centropus phasianinus Pheasant Coucal 
Gymnorhina tibicen Australian Magpie 
Corvus spp. Crows 

Ground lnsectivore/Granivore IGIGl 
Anthus novaeseelandiae Richard's Pipit 
Mirafra javanica Singing Bushlark 
Psophodes occidentalis Chiming Wedgebill 

Granivore (GRl 
Cotumix pectoralis 
Cotumix ypsilophora 
Tumix velox 
Turnix pyrrhothorax 
Geopelia striata 
Geopelia cuneate 
Phaps chalcoptera 
Phaps histrionica 
Ocyphaps lophotes 
Calyptorhynchus banksii 
Cockatoo 
Cacatua ga/erita 
Cacatua sanguinea 
Cacatua roseicapilla 
Nymphicus hollandicus 
Bamardius zonarius 
Melopsittacus undulatus 
Taeniopygia guttata 
Emblema pictum 

Frugivore IF\ 
Eudynamys sco/opacea 
Dicaeum hirundinaceum 

Raptor (RA\ 
Circus assimilis 
Circus approximans 
Accipiter fasciatus 
Accipiter cirrhocephalus 
Aquila audax 
Haliastur sphenurus 
Milvus migrans 
Hamirostra melanosternon 
Elanus scriptus 
Falco subniger 
Falco berigora 
Falco cenchroides 
Ninox novaeseelandiae 
Tyto alba 
Podargus strigoides 
Todiramphus pyrrhopygia 
Todiramphus sanctus 
Cracticus nigrogularis 

Stubble Quail 
Brown Quail 
Little Button-quail 
Red-chested Button-quail 
Peaceful Dove 
Diamond Dove 
Common Bronzewing 
Flock Bronzewing 
Crested Pigeon 
Red-tailed Black-

Sulphur-crested Cockatoo 
Little Corella 
Galah 
Cockatiel 
Australian Ringneck 
Budgerigar 
Zebra Finch 
Painted Finch 

Common Koel 
Mistletoebird 

Spotted Harrier 
Swamp Harrier 
Brown Goshawk 
Collared Sparrowhawk 
Wedge-tatled Eagle 
Whistling Kite 
Black Kite 
Black-breasted Buzzard 
Letter-winged Kite 
Black Falcon 
Brown Falcon 
Nankeen Kestrel 
Southern Boobook 
Barn Owl 
Tawny Frogmouth 
Red-backed Kingfisher 
Sacred Kingfisher 
Pied Butcherbird 

179 



Table 4.6 Distribution of vertebrate species amongst ten faunal groups (all species recorded from at least 2 
sites), showing the mean abundance within each group. Species are ordered in the table according to the 
group in which they are most abundant; the maximum abundance is in bold if abundance differs significantly 
between groups (Kruskai-Wallis one-way ANOVA, H-statistic: •, p<0.05; ** p<0.01; ***, p<0.001). Species 
with an asterisk have a fidelity to Mitchell grassland communities (Chapter 2: *,>1 0% of records; **, >50% of 
records). Groups have been re-ordered by rotation about the dendrogram axes in order to better reflect the 
relationship between groups. 

Group 

1 2 3 4 10 9 6 7 5 8 H 

n 15 20 10 18 7 9 3 13 7 4 

Birds 
Mirafra javanica Singing Bushlark •• 77 15.6 20.9 22.1 8.8 11.4 9.3 5.0 0.8 1.7 61.6 ••• 

Turnix pyrrholhorax Red-chested B.-quail*" 28 0.1 0.3 2.5 0.3 0.9 0.7 52.6 ••• 

Phaps histrionica Flock Bronzewing "* 32 04 0.8 1.9 0.2 1.0 0.1 42.3 ••• 

Stiltia isabella Australian Pratincole • 10 0.1 0.3 1.7 0.9 22 •• 

Charadrius veredus Oriental Plover • 3 0.2 15 
Cracticus nigrogularis Pied Butcherbird 12 4.6 0.4 0.7 0.3 3.3 41.7*** 

Manorine fievigula Yellow-throated Miner 12 4.0 0.4 1.2 2.7 31.4*** 

Grallina cyanoleuce Magpie-lark 18 2.4 0.7 1.0 2.3 2.3 43.6 ••• 

Cistico/a exilis Golden-headed Cisticola 4 0.1 0.1 1.3 15.8 

Nymphicus hollandicus Cockatiel 12 1.0 0.9 0.1 0.1 0.3 50.4 *** 

Cincloramphus crura/is Brown Songlark • 15 0.4 0.3 1.0 0.2 0.3 15.7 

Falco cenchroides Nankeen Kestrel 25 0.1 0.2 0.1 0.9 0.7 0.7 0.4 0.7 0.8 15.9 

Glareola maldivarum Oriental Pratincole • 2 0.4 28.6 ••• 

Cucu/us pal/idus Pallid Cuckoo 2 0.3 0.1 9.8 
Ardea pacifica White-necked Heron • 2 0 1 0 1 9.7 
Accipiter cirrhocephalus Collared Sparrowhawk 2 0.1 0.1 9.7 

Me/opsittacus undulatus Budgerigar 29 0.1 0.1 0.1 0.1 3.6 0.3 1.9 0.9 2.3 56.1 ••• 

Conopophila rufogularis Rufous-throated HE 9 2.3 0.4 67.8 *** 
Cacatua roseicapilla Galah 18 0.1 0.1 0.3 1 1 1.4 0.3 1.2 1.1 22.1 •• 

Ca/yptorhynchus banksii Red-tailed Black-Cockatoo 2 0.3 21.8 •• 

Hirundo ariel Fairy Martin 3 0.1 0.1 0.1 4.7 

Milvus migrans Black Kite 10 0.1 0.3 2.0 0.1 1.3 17.6. 

Epthienure tricolor Crimson Chat 6 1.3 0.2 0.5 43.7 HO 

Anthus noveeseelendiee Richard's Pipit 3 1.0 0.1 50.5 ••• 

Coracina maxima Ground Cuckoo-shrike • 3 0.7 0.1 47.7 ••• 

Aquila audax Wedge-tailed Eagle 4 0.2 0.3 0.1 13 
Lichenostomus penicillatus White-plumed Honeyeater 3 2.6 21.9 •• 

Geopelia cuneate Diamond Dove 12 0.1 0.1 2.1 0.6 0.3 36.6 ••• 

Gymnorhina tibicen Australian Magpie 10 0.1 0.3 1.2 0.6 24.2 •• 

Artemus personetus Masked Woodswallow 7 0.1 1.2 0.1 0.8 23.2 •• 

Plegadis fa/cine/Ius Glossy Ibis • 2 0.1 0.7 5.1 
Cacatua sanguinea Little Corella 4 0.1 0.1 0.7 0.1 5 
Elseyomis melanops Black-fronted Dotterer 2 0.6 14.4 

Daphoenositta chrysoplera Varied Siltella 5 0.5 0.3 22.6 •• 

Pardalotus robricatus Red-brewed Pardalote 4 0.5 0.3 21.6. 

Petroica goodenovii Red-capped Robin 2 0.2 14.4 

Merops ornatus Rainbow Bee-eater 3 0.1 0.2 0.1 88 
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Table 4.6 (cont'd) 
1 2 3 4 10 9 6 7 5 8 

Smicromis brevirostris Wee bill 15 39 1.3 9.1 03 60.2 .H 
Uchenostomus virescens Singing Honeyeater 26 2.0 0.7 5.8 6.7 1.3 76.2 ·~· 
Taeniopygia guttata Zebra Finch 40 0.1 0.4 0.5 0.3 3.0 4.0 4.5 6.0 3.5 52.6 ... 

Rhipidura leucophrys Willie Wagtail 27 0 1 0.1 0.6 1.0 4.1 4.9 2.0 57.9 ••• 

Pachycephala rutiventris Rufous Whistler 6 0.6 4.1 42.4 ••• 

Pomatostomus temporalis Grey-crowned Babbler 6 0.3 3.3 45.2 *** 
Ocyphaps lophotes Crested Pigeon 20 17 2.3 1.7 1.6 3.3 0.3 45.7 ••• 

Malurus melanocepha/us Red-backed Fairy-wren 11 0.2 0.1 1.4 0.3 0.2 3.3 17.5 * 
Oreoica guttura/is Crested Bellbird 7 0.1 3.1 0.5 56.6 ••• 

Lalage sueurii White-winged Triller 20 0.1 1.4 1.3 2.3 2.0 52.8 ••• 

Microeca fascinans Jacky Winter 2 1.9 28.6 ••• 

Geopelia striata Peaceful Dove 3 0.1 1.7 21.8 •• 

Artamus minor Little Woodswallow 4 0.1 1.3 34.3 *H 

Coracina novaeho//andiae Black-faced Cuckoo-shrike 17 0.4 1.1 1.1 1.1 40.7 ••• 

Tumix velox little Button-quail • 36 0.7 0.8 0.5 0 1 0.1 0.9 0.3 0.6 1.0 15.1 
Dicaeum hirundinaceum Mistletoebird 4 0.2 1.0 20.1 • 

Haliastur sphenurus Whistling Kite 5 0.2 0.3 0.6 9.7 
Struthidea cinerea Apostle bird 2 0.6 28.6 ••• 

Ardeotis australis Australian Bustard 13 0.3 0.2 0.3 0.2 0.6 0.3 12.2 
Dromaius novaeho/landiae Em" 2 0.3 0.4 23.3*' 
Eurostopodus argus Spotted Nightjar 3 0.4 0.3 26.5 •• 

Cacomantis variolosus Brush Cuckoo 2 0.4 28.6 ••• 

Coturnix ypsilophora Brown Quail 7 0.2 0.1 0.3 16.4 
Podargus strigoides Tawny Frogmouth 3 0.1 0.3 21.5. 

Centropus phasianinus Pheasant Coucal 2 0.3 28.6 ··~ 
Melanodryas cucullata Hooded Robin 2 0.3 28.6 ••• 

Hamirostra melanostemon Black-breasted Buzzard 2 0.1 0.3 8.7 
Chrysococcyx basalis Horsfield's Bronze-Cuckoo 2 0.1 0.3 9.8 
Artamus cinereus Black-faced Woodswallow 37 0.1 0.1 0.1 1.3 3.2 2.7 2.0 2.9 4.3 70.8 ••• 

Malurus Iamberti Variegated Fairy-wren 11 1.5 2.4 2.8 45.4 ••• 

Corvus spp. Crow spp. 30 0.1 0.5 0.6 1.6 0.2 0.3 0.9 1.6 2.5 25.2 ... 

Hirundo nigricans Tree Martin 10 0.3 0.1 0.3 1.5 29.5 ••• 

Malurus leucopterus White-winged Fairy-wren 3 0.1 1.0 36.8 .... 

Me/ithreptus gu/aris Black-chinned Honeyeater 2 0.1 1.0 19.1 • 

Uchenostomus keartlandi Grey-headed Honeyeater 3 0.8 1.0 17" 

Falco berigora Brown Falcon 13 0.2 0.6 0.1 0.6 0.8 30.2 ••• 

Colluricincla harmonica Grey Shrike-thrush 3 0.4 0.8 26.5 •• 

Circus assimilis Spotted Harrier • 12 0.2 0.3 0.1 0.1 0.3 0.5 13.9 
Todiramphus pyrrhopygia Red-backed Kingfisher 3 0.2 0.1 0.3 15.0 ••• 

Mammals 
Sminthopsis macroura Stripe-faced Dunnart • 37 1.6 1.0 0.1 1.5 0.3 0.1 1.0 0.8 29.5 ••• 

Planigale ingram! Long-tailed Planigale •• 75 2.0 2.6 4.4 1.1 4.4 2.7 0.7 1.2 0.3 47.5 ·~· 
Leggadina forrest! Forrest's Mouse 11 0.5 0.6 0.3 34.2 ..... 

Macropus rufus Red Kangaroo • 26 0.2 0.1 0.4 0.3 3.3 1.5 0.6 1.3 41.1 .... 

Onychogalea unguifera Northam Nailtail Wallaby 11 0.1 0.1 0.1 1.0 66.9 .... 

Sminthopsis youngsoni Desert Dunnart 2 1.3 51.5 .... 

Pseud. hermannsburgensis Sandy Inland Mouse 2 0.4 0.5 18.9. 

Pseudomys desertor Desert Mouse 3 0.1 0.1 0.5 12.9 
Felis catus Cat 4 0.2 0.3 15 
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1 2 3 4 10 9 6 7 5 8 

Reptiles 
Ctenotus joanae Black-soil Ctenotus •• 61 6.7 1.8 5.0 3.6 4.8 0.3 0.5 57.5 .... 

Demansia torquata Collared Whip Snake • 10 0.2 0.1 0.1 0.1 0.1 0.1 01 0.1 1.8 
Suta suta Curl Snake • 15 0.4 0.2 0.1 0.2 0.1 15.5 
Tympanocryptis lineata Lined Earless Dragon •• 64 1.5 1.1 1.5 5.1 1.4 2.0 1.5 52.1 H. 
Pogona vitticeps Central Bearded Dragon • 12 0.1 0.5 0.1 0.2 20' 
Varanus spenceri Spencer's Goanna •• 10 0.1 0.2 0.4 0.1 18.7. 
Diplodactylus immaculatus Immaculate Gecko • 7 0.2 02 0.1 0.2 0.1 0.1 3.6 
Proab/epharus kinghomi Kinghorn's Skink •• 52 2.4 2.1 1.7 0.7 9.9 2.9 0.2 45.8 .... 

Ctenotus rimacola VRD Black-soil Ctenolus •• 8 02 2.6 57.2 ••• 

Gehyra australis Northern Dtella 2 0.7 0.3 13.3 
Menetia greyii Grey's Menetia 26 0.6 2.1 0.5 1.7 2.0 40.6 ••• 

Delma tincta Excitable Legless Lizard • 24 0.2 0.5 1.2 0.3 0.6 1.6 0.6 18.7. 
Diplodactylus tesse/latus Tessellated Gecko •• 27 0.5 0.4 04 0.3 1.2 0.8 20.2. 
Pseudonaja guttata Speckled Brown Snake •• 11 0.3 0.1 0.1 0.6 30.4 ••• 

Gehyra variegate Tree Gecko 11 0.1 2.3 0.4 57.2 ••• 

Crypt. plagiocephalus Arboreal Snake-eyed Sk. 15 0.1 0.6 1.9 1.4 40 ••• 

Morethia boulengeri Boulanger's Skink • 3 0.7 21.9 •• 

Tympanocryptis cephalus Big-headed Earless Dr. • 3 0.3 0.3 17. 

Gehyra purpurascens Purple Tree Gecko 7 0.1 2.9 78.4 ••• 

Morethia storri Storr's Snake-eyed Skink 4 2.9 . 58.2 ••• 

Heteronotia binoei Bynoe's Gecko 38 1.3 0.4 0.4 0.6 0.7 1.2 0.5 2.0 8.4 
Ctenotus inomatus Plain Ctenotus 6 1.9 89 ••• 

Carlia triacantha Three-spined Rainbow Sk. 4 0.3 0.1 1.1 8.3 
Oiplodactylus stenodactylus Crowned Gecko 3 1.0 43.2 -· 
Ctenotus pu/che//us Pretty Ctenotus •• 8 0.9 0.4 0.2 1.0 7.6 
Menetia maini Main's Menetia 3 0.1 0.9 20.2. 
Proablepharus tenuis Slender Snake-eyed Sk. 4 0.1 0.2 0.9 15.4 
Diplodactylus ciliaris Spiny-tailed Gecko 3 0.7 0.5 37.6 ••• 

Dip/odactylus conspici/Jatus Fat-tailed Gecko 2 0.7 0.5 18.9. 
Rhynchoedura ornata Beaked Gecko 8 0.2 0.7 05 33.8 ••• 

Ctenotus militaris Military Ctenotus • 2 0.7 28.6 *u 

Lophognathus gilbert! Gilbert's Dragon 6 0.1 0.1 0.2 0.4 21.6. 
Lerista greer! Greer's Sandslider 2 0.4 28.6 ••• 

Diporiphora Jal/iae Lally's Dragon 2 0.3 28.6 ••• 

Pygopus nigriceps Hooded Scaly-foot 2 0.1 0.1 9.2 
Ctenophorus isolepis Military Dragon 4 12.0 105 ••• 

Ctenotus panther/nus Leopard Ctenotus 4 7.5 105 ••• 

Ctenotus piankai Pianka's Ctenotus 3 2.0 78 ••• 

Lerista bipes Two-toed Lerista 2 1.3 51.5 ••• 

Morethia ruficauda Red-tailed Snake-eyed Sk. 3 0.3 1.0 38.1 ••• 

Ctenophorus nucha/is Central Netted Dragon 4 0.5 0.8 30.8 ••• 

Varanus acanthurus Ridge-tailed Goanna 3 0.1 0.1 0.5 13.3 
Ctenotus leonhardii Leonhardi's Ctenotus 3 0.1 0.3 0.5 10.7 
Tiliqua multifasciata Centralian Blue-tongued L. 2 0 1 0.5 16.9 
Delma borea Phlegmatic Legless Lizard 2 0.1 0.3 19' 
Ramphotyph/ops diversus Northern Blind Snake 2 0.1 0.3 15.5 

Frogs 
Cvclorana cultrives Knife-footed Froq • 5 1.3 0.1 48 ••• 
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Table 4.7 Summary of environmental variables, group richness, and ant summary variables for the 
faunal groups. All values are group means, with the exception of group richness variables and soil 
texture. The latter represents mode texture class within the group: CC, cracking-clay; C, non-cracking 
clay; SL; sandy-loam. The H-statistic indicates the significance of variation amongst groups (Kruskal 
Wallis ANOVA; "p<O.OS, "* p<0.01, '""' p<0.001 ). To assist interpretation, the maximum value of each 
variable is bold and the minimum value is underlined. 'MGSO' & 'MG10' refer to species with a high 
fidelity to Mitchell grasslands, at a 50% and 10% level respectively. Note that the groups have been 
(validly) reordered to better represent the relationship between groups. For vegetation cover, '0.00' 
means <0.005 and '-' means entirely absent. 

Faunal Group 

1 2 3 4 10 9 6 7 5 8 H 

no. of sites 15 20 10 18 7 9 3 13 7 4 

no. of locations 5 7 2 6 1 2 3 4 4 2 

environmental variables 

soil texture cc cc cc cc cc cc c cc suuc SL 63.3 *** 

crack width 57.8 63.5 70.8 40.3 55.4 71.1 19.3 26.1 4.3 0.5 57.1 *** 

crack number 43.8 57.4 55.2 36.3 96.4 47.1 10.3 17.4 3.4 lU 47.6 ••• 

gravel cover 0.4 0.2 02 1.2 2.5 QJ. 5.2 0.8 5.8 0.6 59.5 *** 

total rock cover 1.8 2.8 2.2 8.0 7.6 Q& 8.7 7.1 6.3 4.5 34.4 *** 

longitude 135.73 133.57 136.49 137.05 130.90 134.72 134.82 136.70 131.14 136.17 55.2 ••• 

latitude -19.11 -18.71 -18.91 -19.96 -17.18 -17.75 -20.43 -20.60 -17.74 -19.80 65.1 ..... 

annual rainfall 389 419 405 354 560 501 330 :l2Q 497 344 64.4 ... 

NDVJ_E1 -7.5 -4.3 ~ -7.3 7.3 -8.2 -8.0 -7.6 -2.8 -6.9 34.4 ... 

NDVI_L1 -8.9 -3.6 1.0 -9.2 -2.2 -6.2 -9.7 -9.1 -5.8 -12.1 41.3 ••• 

NDVI_L3 -0.1 1.1 0.8 obl' 3.9 2.1 -2.2 -3.9 2.1 -3.9 61.7*** 

distance to water 4.4 4.9 8.3 ;)Jl 3.2 5.3 3.9 ll 4.5 8.6 24.2 *** 

cattle impact 1.0 1.0 0.4 1.8 1.1 1.1 1.9 1.4 0.8 0.3 29.9*** 

vegetation structure 

tree cover - 0.00 0.01 - 1.36 3.61 0.04 7.12 7.00 4.00 95.7 ••• 

shrub cover 0.01 0.09 - 0.23 0.30 0.08 0.05 1.40 5.o7 3.00 53.1 ••• 

total cover upper layers 0.01 0.09 0.01 0.23 1.67 3.69 0.09 8.52 12.07 7.00 79.6 ••• 

ground layer cover· E 15.2 26.0 21.2 17.4 39.7 21.4 4.5 11.2 22.3 27.2 34.9 ••• 

ground layer cover- L 10.6 17.3 17.8 3.6 17.3 12.9 2.0 4.4 20.8 29.1 52.4 ••• 

perennial grass cover- E 10.4 16.4 15.9 4.8 14.0 13.1 2.4 6.0 18.6 27.9 30.1 ••• 

perennial grass frequency 12.4 13.0 12.3 !lJ1 10.6 9.9 11.0 9.4 11.5 15.3 20.3. 

litter cover M 2.3 2.0 2.6 9.4 3.4 1.4 2.1 8.8 4.4 42 *** 

-group richness 
total species 30 44 27 49 44 58 25 81 104 57 

birds 16 19 13 31 26 38 19 56 65 30 
mammals < 8 3 3 4 3 4 4 5 7 
reptiles 12 17 11 15 12 16 < 21 34 20 

unique species Q 2 Q 10 6 3 Q 12 31 13 
% species unique 0.0 4.5 JlJ! 20.4 13.6 5.2 00 14.8 29.8 22.8 

MG50 species 10 11 10 10 5 9 4 9 2 1 
%species MG50 33.3 25.0 37.0 20.4 11.4 15.5 16.0 11.1 1.9 il 

MG10 species 16 23 18 29 17 20 8 23 11 1 
%speciesMG10 53.3 52.3 66.7 59.2 38.6 34.5 32.0 28.4 10.6 7.0 

mean site richness 
all vertebrates 8.9 9.9 10.1 9.7 15.1 21.4 13.0 19.8 33.9 25.3 69.2 ... 

birds 3.2 4.1 4.5 42 8.6 13.8 9.7 13.0 22.6 14.3 73.9 ••• 

reptiles 4.1 ll 4.4 4.2 4.0 6.2 1.3 4.9 9.6 8.5 33.3 ••• 

mammals 1.6 1.9 u u 1.9 1.3 2.0 1.9 1.7 2.5 16.3 
MG50 species 5.5 4.6 7.2 4.4 4.3 6.0 2.0 2.5 0.6 0.3 65.6 ••• 

MG10 species 7.1 6.9 8.8 7.3 7.4 8.3 4.3 5.3 2.3 .L!l: 44.5 ••• 

mean site abundance 

birds 18.3 25.4 28.7 1§.,1 38.3 43.7 24.3 47.5 87.1 32.5 54.6 ••• 

reptiles 13.5 9.1 10.8 12.4 15.4 17.2 2.3 11.2 25.7 31.8 32.6 ••• 

mammals 3.6 4.6 4.6 3.1 5.4 3.1 5.3 3.5 2.3 5.0 13.4 
MGSO species 29.5 31.0 39.8 20.9 29.1 24.6 8.0 5.3 2.7 03 65.6 uo 

MG10 species 32.4 34.7 42.5 27.3 34.9 28.4 13.3 10.5 6.9 2.3 59.5 ••• 
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Table 4.10 Distribution of vertebrate species in relation to the rainfall gradient through the 
study area (divided into 50mm segments). "M" indicates weighted mean of annual rainfall at all 
clay sites at which a species was recorded; dashes indicate the range between the lowest and 
highest rainfall sites. Asterisks indicate fidelity of species to Mitchell grasslands(* 10%, **50%) 
and '+' indicates species for which rainfall was a significant term in the predictive model. Only 
species occurring in at least 2 clay sites are listed. 

rainfall (mm) 

(lower limit of segment) 

n 250 300 350 400 450 500 550 

Birds 

Conopophi/a rufogu/aris Rufous-throated Honeyeater + 8 -- -- M --
Cistico/a exilis Golden-headed Cisticola 4 -- -- M -
Cracticus nigrogularis Pied Butcherbird + 8 --- -- M -
Nymphicus hollandicus Cockatiel+ 10 --- --- M --
Hirundo ariel Fairy Martin 3 --- M --- --
Cotumix ypsilophora Brown Quail 6 --- M -- -
Malurus melanocephalus Red-backed Fairy-wren+ 8 - -- --- M -- --
Cincloramphus crura/is • Brown Songlark 15 --- -- --- M -- --
Smicromis brevirostris Weebill + 10 -- --- --- M --- --
Manorina flavigula Yellow-throated Miner+ 9 -- -- --- --- M -- --
Cacatua roseicapilla Galah + 15 -- --- --- --- M --- --
Arc(eotis australis Australian Bustard + 11 --- --- M -- --- --
Tumix pyrrhothorax •• Red-chested Button-quail + 28 -- --- M --- -- --
Grallina cyanoleuca Magpie-lark + 15 --- --- M --- -- --
Stiltia isabella • Australian Pratincole 10 -- --- M --- --- --
Phaps histrionica •• Flock Bronzewing + 32 --- --- M --- -- ---
Falco berigora Brown Falcon 9 --- --- M -- -- ---
Falco cenchroides Nankeen Kestrel + 22 ---- --- --- M -- - --
Artamus cinereus Black-faced Woodswallow + 28 -- --- --- M -- - ---
Coracina novaehollandiae Black-faced Cuckoo-shrike + 15 -- --- --- M -- - --
Ocyphaps lophotes Crested Pigeon + 15 --- --- --- M -- - ---
Me/opsittacus undulatus Budgerigar+ 25 --- --- --- M -- -- ---
Mirafra javanica '"" Singing Bushlark + 76 -- --- --- M -- -- --
Lalage sueurii White-winged Triller + 13 -- --- --- M --- -- -
CONUS spp. Crow species 25 -- --- --- M --- -- ---
T umix velox • Little Button-quail 36 --- --- -- M --- -- --
Circus assimi/is • Spotted Harrier 10 --- --- M ---
Milvus migrans Black Kite+ 10 --- --- M 

Gymnorhina tibicen Australian Magpie 8 ---- --- M - -- -- --
Rhipidura/eucophrys Willie Wagtail 20 --- --- M -- -- -- ---
Taeniopygia guttata Zebra Finch 34 --- --- M -- - -- --
Charadrius veredus • Oriental Plover 3 -- M ---
Ha/iastur sphenurus Whistling Kite 5 --- M --
Geopelia cuneata Diamond Dove 11 - M -- -- -- - -
Lichenostomus virescens Singing Honeyeater + 17 --- M -- --- -- -- -
Cacatua sanguinea Little Corella 3 M --- --- --
Hirundo nigricans Tree Martin + 7 M -- --
Artamus personatus Masked Woodswallow + 5 --- M -- -
Coracina maxima • Ground Cuckoo-shrike 3 --- M - --
Anthus novaeseelandiae Richard's Pipit 3 --- M --- ---
Lichenostomus penicillatus White-plumed Honeyeater 3 --- M 

Aquila audax Wedge-tailed Eagle 4 --- M 

Pardalotus rubricatus Red-brewed Pardalote 3 M ---
Malurus Iamberti Variegated Fairy-wren + 5 M ---
Epthianura tricolor Crimson Chat 4 M 
Daphoenositta chrysoptera Varied Sittella 3 M 
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Table 4.10 (con!' d) 
n 250 300 350 400 450 500 550 

Mammals 

Leggadma forresti Forrest's Mouse 11 -- M -- --
Onychogalea unguifera Northern Nailtail Wallaby + 6 -·- M -- --
Planiga/e ingram! •• Long-tailed Planigale + 74 ---- --- --- M --- -- --
Felis catus c" 3 -- M ---
Sminthopsis macroura • Stripe-faced Dunnart + 37 -- -- M -- --- --- ----
Macropus rufus • Red Kangaroo + 21 -- M -- ---
Reptiles & Frogs 

Cyclorana cultripes • Knife-footed Frog 5 M 
Ctenotus rimacola ** VRD Black-soil Ctenotus + 8 -- M ---
Pseudonaja guttata •• Speckled Brown Snake 11 --- --- M --- ---
Proablepharus kinghomi •• Kinghorn's Snake-eyed Skink + 52 -- -- --- --- M --- ---
Gehyra purpurascens Purple Tree Gecko 3 M --- ---- ---
Menetia greyii Grey's Menetia + 21 --- --- --- M - -- --
Delma tincta • Excitable Legless Lizard + 24 - --- -- M --- -- --
Suta suta • Curl Snake 15 -- -- ---- M --- -- --
Demansia torquata • Collared Whip Snake 10 --- -- -- M -- -- --
Lophognathus gilbert! Gilbert's Dragon 3 -- - -- M --- -- -
Heteronotia binoei Bynoe's Gecko + 36 -- --- -- M --- --- ---
Ctenotus pulchel/us .. Pretty Ctenotus 8 -- -- -- M 
Carlia triacantha Three-spined Rainbow Skink 4 M 
Diplodactylus tessellatus ** Tessellated Gecko 27 -- -- M -- -- -- --
Ctenotus joanae •• Black-soil Ctenotus + 61 - - M --- -- -- ---
Pogona vitticeps * Central Bearded Dragon 12 -- - M -- -- --- ---
Dip/odactylus immaculatus • Immaculate Gecko 7 --- --- M -- -- --- --
Cryptoblepharus plagiocephalus Arboreal Snake-eyed Skink 13 -- -- M --- -- --- ---
Tympanocryptis lineata •• Lined Earless Dragon 64 -- -- M --- -- -- -
Varanus spencer!** Spencer's Goanna 10 -- -- M ---
Rhynchoedura ornata Beaked Gecko 4 -- -- M ---
Gehyra variegate Tree Dtella + 11 --- M --- --
Morethia boulengeri • Boulanger's Snake-eyed Skink 3 M 
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Table 4.11 Distribution of species along a soil/tree cover gradient (all sites). Data is mean 
frequency of species from sites within 7 equal segments of axis 2 of the ordination (Fig. 4.5). 
Each segment is characterised by soil texture (mode and range), mean soil crack width and mean 
upper storey cover. The significance of variation in abundance between segments was tested with 
Kruskal Wallis one-way AN OVA(; "p<0.05, "" p<0.01, """ p<0.001 ). Only species with significant 
variation or occurring in >5 sites are listed. Species marked with asterisks have a fidelity for 
Mitchell grassland communities (Chapter 2: .. ,>1 0% of records; .... , >50% of records). 

1 2 3 4 5 6 7 p 

soil texture (mode) cc cc cc cc cc c SL 

soil texture (range) - - C-CC C-CC C-CC SL- SL-L 
cc 

mean upper layer cover(%) 0.04 0.02 0.21 1.39 8.45 7.71 11.71 

mean soil crack width 65.7 60.4 49.2 45.2 41.8 17.8 0.0 

birds n 

Flock Bronzewing Phaps histrionica •• 32 1.3 0.4 04 0.8 0.1 .. 
Red-chested Button-quail Turnix pyrrhothorax '"" 26 1.0 0.6 0.4 0.6 .. 
Singing Bushlark Mirafra javanica H 77 17.3 18.5 13.3 10.4 0.8 1.4 ... 
Australian Pratincole Stiltia isabella • 10 0.3 1.5 0.2 . 
Brown Songlark Cincloramphus crura/is • 15 0.1 0.1 0.7 0.2 0.2 • 
Little Button-quail Turnix velox • 36 0.4 0.5 0.5 1.0 0.5 0.7 "' Ground Cuckoo-shrike Coracina maxima • 3 0.2 0.1 • 
Willie Wagtail Rhipidura /eucophrys 27 0.1 0.3 4.0 3.6 2.9 ... 
Yellow-throated Miner Manorina flavigula 12 0.7 2.8 2.1 0.9 ... 
Pied Butcherbird Cracticus nigrogularis 12 1.1 2.6 1.0 1.9 ••• 
Masked Woodswallow Artamus personatus 7 0.0 1.3 0.2 0.4 . 
Cockatiel Nymphicus hollandicus 12 0.5 0.8 0.2 0.1 ... 
Red-browed Pardalote Pardalotus rubricatus 4 0.5 0.1 .. 
Varied Sittella Daphoenositta chrysoptera 5 0.4 0.3 0.3 .. 
Crimson Chat Epthianura tricolor 6 0.2 0.3 0.2 0.1 • 
Zebra Finch Taeniopygia guttate 40 0.1 0.1 0.5 3.2 3.8 5.3 3.6 ... 
Crested Pigeon Ocyphaps lophotes 20 1.3 1.6 3.6 1.9 ... 
Magpie-lark Grallina cyano/euca 18 0.2 0.8 1.7 3.5 0.6 H. 

White-plumed Honeyeater Lichenostomus penicillatus 3 0.3 3.1 . 
Budgerigar Melopsittacus undulatus 29 0.2 2.0 1.9 2.4 0.7 ... 
White-winged Triller La/age sueurii 20 0.8 1.1 2.2 1.9 ••• 
Crow species Corvus spp. 30 0.1 0.2 0.9 0.4 0.7 2.0 1.4 •• 
Galah Cacatua roseicapilla 18 0.1 0.0 0.3 0.2 1.5 1.8 0.9 .. 
Diamond Dove Geopelia cuneata 12 0.0 0.1 1.3 1.7 0.1 H 

Black-faced Cuckoo-shrike Coracina novaehol/andiae 17 0.1 0.4 0.9 1.3 0.7 ••• 
Black Kite Milvus migrans 10 0.1 0.0 0.2 0.5 1.0 "' Nankeen Kestrel Falco cenchroides 25 0.1 0 1 0.5 0.4 0.3 1.0 0.4 . 
Australian Magpie Gymnorhina tibicen 10 0.0 0.1 0.8 1.0 0.4 •• 
Rufous-throated Honeyeater Conopophila rufogularis 9 0.7 0.5 0.9 0.3 .. 
Australian Bustard Ardeotis australis 13 0.1 0.2 0.3 0.2 0.4 0.1 "' Spotted Harrier Circus assimi/is • 12 0.1 0.2 0.1 0.1 0.1 0.3 0.1 "' Rainbow Bee-eater Merops omatus 3 0.3 0.1 • 
Weebill Smicromis brevirostris 15 1.6 1.7 3.4 6.4 ... 
Singing Honeyeater Lichenostomus virescens 26 2.3 4.4 3.5 5.4 ... 
Rufous Whistler Pachycephala rufiventris 6 0.3 0.5 4.1 ... 
Black-faced Woodswallow Artemus cinareus 37 0.4 2.3 2.4 2.3 3.9 ••• 
Variegated Fairy-wren Malurus Iamberti 11 1.5 0.6 3.4 ... 
Grey-crowned Babbler Pomatostomus tempore/is 6 0.1 0.2 3.3 ... 
Crested Bellbird Oreolca gutturalis 7 0.1 0.2 3.1 .H 

Red-backed Fairy-wren Malurus melanocephalus 11 0.5 0.5 0.3 0.7 2.3 • 
Peaceful Dove Geopelia striata 3 0.1 1.7 .. 
little Woodswallow Artemus minor 4 0.2 1.1 •• 
Mistletoebird Dicaeum hirundinaceum 4 0.1 0.1 1.0 • 
Tree Martin Hirundo nigricans 10 0.1 0.3 0.2 0.2 0.9 • 
Grey Shrike-thrush Colluricincla harmonica 3 0.9 ... 

186 Chapter 4. Vertebrates of Mitchell grasslands 



Table4.11 (cont'd) 
n 1 2 3 4 5 6 7 p 

Brown Falcon Falco berigora 13 0 1 05 0.1 0.2 0.7 ••• 
Spotted Nightjar Eurostopodus argus 3 0.6 ... 
Red-backed Kingfisher Todiramphus pyrrhopygia 3 0.2 0.3 .. 
Brown Quail Cotumix ypsilophora 7 0.1 0.1 0 1 0.1 0.1 "' 
mammals 
Stripe-faced Dunnart Sminthopsis macroura * 37 1.2 0.9 1.2 04 05 05 "' Long-tailed Planigale Planigale ingrami ** 75 1.9 2.5 3.0 2.2 2.5 0.3 ... 
Forrest's Mouse Leggadina forrest/ 11 0.2 0.1 0.3 0.2 • 
Red Kangaroo Macropus rufus * 26 0.1 0.1 1.0 1.6 10 1.3 ... 
Northern Nailtail Wallaby Onychogalea unguifera 11 0.0 0.2 0.1 0.3 0.6 ... 
reptiles 
Lined Earless Dragon Tympanocryptis /mea/a •• 64 2.6 1.9 21 2.1 16 0.1 ... 
Curl Snake Suta suta * 15 04 0.1 0.1 0.3 0.1 "' Central Bearded Dragon Pogona vitticeps • 12 0.3 0.1 0.1 0.1 0.1 0.1 "' Spencer's Goanna Varanus spencer/ •• 10 0.3 0.1 0.0 0.1 . 
Black-soil Ctenotus Ctenotus joanae .. 61 29 5.0 3.2 3.4 0.8 04 ... 
Collared Whip Snake Demansia torquata • 10 0.2 0.2 0.0 0.1 0.1 0.1 "' VRD Black-soil Ctenotus Ctenotus rimacola •• 8 0.1 0.1 0.6 0.3 0.1 "' Kinghorn's Snake-t!yed Skink Proab/epharus kinghomi H 52 2.0 1.8 3.1 3.3 0.9 04 • 
Excitable Legless Lizard Delma tincta • 24 0.8 0.3 0.3 1.6 04 . 
Pretty Ctenotus Ctenotus pulchellus •• 8 0.2 0.3 1.3 0.1 0.9 "' Tessellated Gecko Diplodactylus tessellatus •• 27 0.1 0.5 0.5 0.8 0.7 0.5 . 
Immaculate Gecko Dip/odactylus immaculatus • 7 0.1 0.1 0.1 0.6 "' Speckled Brown Snake Pseudonaja guttata •• 11 0.1 0.1 0.0 0.3 0.2 "' Boulanger's Snake-eyed Skink Morethia boulengeri • 3 0.8 ... 
Tree Dtella Gehyra van·egata 11 0.1 0.6 2.6 ... 
Arboreal Snake-eyed Skink Crypt. plagiocepha/us 15 0.2 1.3 2.1 0.6 ... 
Bynoe's Gecko Heteronotia binoei 38 0.3 0.9 0.9 1.1 0.2 1.5 04 "' Storr's Snake-eyed Skink Morelhta storri 4 1.4 0.9 • 
Central Netted Dragon Ctenophorus nucha/is 4 0.7 04 .. 
Spiny-tailed Gecko Diplodactylus ci/1aris 3 0.6 0.1 • 
Big-headed Earless Dragon Tympanocryptis cephalus • 3 0.4 0.1 . 
Military Dragon Ctenophorus isolepis 4 0.7 5.9 ... 
Leopard Ctenotus Ctenotus pantherinus 4 14 2.3 ... 
Grey's Menetia Menetia greyii 26 0.2 0.2 1.6 04 1.2 2.0 ... 
Purple Tree Gecko Gehyra purpurascens 7 0.1 0.9 1.6 ... 
Plain Ctenotus Ctenotus inomatus 6 0.5 1.1 ... 
Crowned Gecko Diplodactylus stenodactylus 3 1.0 ... 
Pianka's Ctenotus Ctenotus piankai 3 0.2 0.9 .. 
Main's Menetia Menelia maini 3 0.0 0.9 .. 
Slender Snake-eyed Skink Proablepharus tenuis 4 0.1 0.2 0.9 • 
Beaked Gecko Rhynchoedura ornata 8 0.2 0.4 0.6 ... 
Ridge-tailed Goanna Varanus acanthurus 3 0.0 0.4 .. 
Red-tailed Snake-eyed Skink Morethia ruficauda 3 0.3 0.4 . 
Gilbert's Dragon Lophognathus gilberti 6 0.1 0.3 0.1 0.3 • 
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Table 4.15 Predictive models for vertebrate summary variables. The table gives the parameter estimate and significance (Wald statistic: • p<0.05, 
*" p<0.01, ..... p<0.001, a p>0.05 but term contributes to a significant improvement in model) for each term in the minimum adequate model, plus the 
proportion of total deviance explained by the model. All models used a Poisson error distribution and log link. Variables are described in Table 4.1. 
Quadratic terms are indicated by '11-2'. 

RAIN RAIN"2 NOVI·E1 NDVI-t 1 I NDVI-L3 ow 0WA2 I ROCK CRACK UPCOV BV I %dev 

richness variables 

vertebrates 0.003 ••• -0.02 • 0.015 . -0.009 ••• 0.051 ..... 59.2 
birds 0.003 ••• -0.0111 ..... 0.068 ..... 48.9 
mammals -0.003 • -0.389 •• 27.3 

reptiles 0.004 ••• -0.032 ·~ 0.029 ••• -0.01 ••• 0.027 •• 0.239 •• 44.7 

MG50spp. 0.002 •• 0.034 •• -0.05 H 0.318 ... 53.5 

MG10 spp. -0.025 • 94 

aerial insectivore 0.00001 ... -0.113 . -0.017 •• 0.073 ••• 29.8 
foliage insectivore -0.055 * 0.00009 ... -0.122 .. 0.135 . -0.247 . -0.043 ••• 0.161 ••• 65.7 

foliage insect./nectarivore -0.059 * 0.00008 •• -0.139 •• 0.137 . -0.028 •• 0.145 ••• 51.1 
ground insectivore 0.00001 ••• -0.038 ... -0.023 ••• 35.2 

ground/undergrowth insect. -0.121 •• 0.00014 ... 0.216 . 21.5 

ground insect/omnivore 0.061 •• -0.015 •• 15.8 

ground insect.fgranivore 0.034 * -0.00004 * 25.9 

granivore 0.00005 ••• -0.049 •• 0.037 • -0.009 ** 0.067 ... 30.0 

raptor 0.006 ••• -0.492 • 0.066 • -0.055 .. 0.035 ... 31.8 

agamid -0.000004 • 7.6 
elapid 0.202 .. 0.667 • 16.4 

geckonid -0.038 • 0.00004 • 0.063 • 0.204 *** -0.015 ••• 0.064 ... 0.569 .. 35.5 

pygopodid 0.322 • 11.2 

skink 0.002 •• 0.037 • 17.9 

varanid 



Table 4.15 (cent' d) 

abundance variables 

birds 

I RAIN I RAIN'2 I I NDVI-L1 I I DW I DW'2 I ROCK I j UPCOV j BV j %dev 

0.016 
-0.022 

0.016 

~ 0.016 

0.01 a 0.222 * -0.021 a 0.018 J.098 

0.0002 * 0.035 * 0.006 a 
I a -0.021 a 0.018 a 0.008 a -0.012 

-0.036 a -0.217 a 
0.204 a 
0.144 0.015 a 0.04 a 0.049 * 0.012 • 0.003 a -0.102 

to.021 * O.Q35 a 0.151 * -0.013 a 0.019 ••• 0.005 • -0.05! 

60.2 
21.9 

37.1 

70.4 

67.4 

*"* -l--0.068 *" 0.081 *"* -0.154 ... -0.019 * -0.029 ••• 0.119 ••• 4L.U 
'0.166 ... 75.4 1.208 ••• I -0.29 *H I -0.082 ••• -0.07 ••• 

.197 ..... -1.366 ... 67.1 1.181 •• .j.-0.369 •• .j.-0.644 a 0.102 a 0.042 ... 0~ 
-0.042 •• 0.049 *** U. I ••• r-g;QUnd i 

ground/1 

ground i 

ground i 
granivor 

rap tor 

1 insect I -0.149 '""I 0.00016 u 0.202 a---- 0.481 •• 0.131 .. _f-1.128 • 

I agamid 

I elapid 
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skink 

varanid 

0.06 

0.009 ..... 

0.039 •• 

1 o.o29 •• 

--
J.OOC ... 

-0.00004 •• 

0.00001 

.131 ••• -0.1 • -0.011 a 0.069 •• 

.024 a 0.34 •• -0.032 • 0.015 a 0.005 a -0.277 ••• 0.128 a 
•1.053 •• 0.081 a 0.012 a -0.014... 0.116 ••• 40.1 

-0.096 •• 

0.053 

10.113 • 

-0.145 •• 

114 
J.24 *** l._<>gs7_ 

[0:377 
1 o.o92 

l-0.14 • 

-0.029 H< 0.101 *** -0.332 * j_ 61.;' 

-0.011 • 

1 -o.o21 a -o.o28 .... 1 o.o53 

1 -o.o22 
1 -o.oo1 1 o.o4z 

1 o.47 •• 
0.891 •• 

0.879 a 

I 0.188 a 

30.3 

43.0 

27.6 

30.1 

32.4 
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Table 4.16 Predictive models for relative abundance of individual vertebrate species. Table indicates parameter estimate and significance (Wald statistic: * p<0.05, ** 
p<0.01, *** p<0.001, a p>O.OS but inclusion of term significantly reduces residual deviance) for each term in the minimum adequate model, plus the proportion of total 
deviance explained by the model. All models used a Poisson error distribution and log link. Variables are described in Table 4.1. Quadratic terms are indicated by '"2'. 

GIG 

Sminthopsi~ 

Turnix velox ' 

' .. 

GEK Heteronotia binoei 

GR Taeniopygia guttata 

AI 

I GIO Corvus spp. 

GR 
GR 

IGEK 
RA FalCO( 

GR 
AI 

FIN 
I MAC Macropus rufus 

sc 
GR 

I PYG Delma tincta • 

GR 
Gl Grallina ( 

Gl 

Sinaina E 

li H ·"'' 

Jttle E 

~ebra Finch 

Flock I 

---
Gecko 

1 Kestrel 

Willie Wagtail 

Singing I 

Redt 

Grey's Menelia 

Galah 

Excitable Legles~ 

Crested Pigeon 
Magpie-lark 

S • Brown~ 

n RAIN RAIN"2 NDVI-E1 I NOVI-L 1 NOV-ILJI OW DW"2 I ROCK I CRACK I UPCOV BV % 
dev. 

-0.0001 ••• 

).031 • 0.058. 
~0.334**-+-0.032"-+0.015 a 0.005 a 0.284 ... 0.134 a 76.9 

0.013 • 0.397 * 21.4 

23 

22 
21 0.026. 

1· -0.068 a 

116 

I -o.o95 • --
).017 ** 

---) 092 ••• o.538 •• I o.o61 • 
I -o.ooo1 ••• -0.097 ••• 

1 a 0.062 •• 0.151 

i -0.0001 • -!---0.141 a -0.165 a 

1-0.0001 

).00007 

).00001 

---
3.00001 

-0.182. 

-0.092. 

-0.122. 

0.194 * 

f=Q.168. 

I -o.3o3 • 

).088* 0.153 .. 1.277 .. 

0.165. 

-0.123. 

0.124. 

0.103. 

I 0.124-* 

0.094 a 
-0.232. 

0.21 a 
-0.327 ... 0.181 a 

I o.1o2 

-0.307 • -0.439 • 

I o.o32 · 

-0.011* -0.071* 28.1 
-0.006. -0.08 •• 7.74 ••• 53.7 

0.015 * 57.5 
I 0.017 a -0.08 a -1.409 ••• 44.0 

----
-0.63. 

-0.034 ••• 0.109. 

~-0.05 a -0.033 :· 0.085 • 
-0.017 0.07 

0.6 

41.7 

l-0.125' 

I o.o37 

0.024 a 
-nn?R .. 'i 0.146' 

-0.022. 

-0.076. 
-0.044. 

0.083 
-0.418. 

0.125' 

0.144' 

~ 
IM97 

I fl-:-665-·~· 37.5 

23.8 
1.317 ... 45.8 

R* 2 
. 

~ 6L 
0.964 a 31.6 

0.091 a 53.8 

~0.171*** -1.09*** ~ 

21.8 



Table 4.16 (cont'd) 

n RAIN RAIN"2 NDVI-E1 NDVI-l1 NDV-IL3 ow 0W"2 ROCK CRACK UPCOV BV % 
dev. 

Fl Coracina novaehollandiae Black-faced Cuckoo-shrike 14 0.00001 .,.. -0.023 •• 0.168*** 44.6 
SCI Crypt. plagiocephalus ArbOfeal Snake-eyed Skink 13 0.139 •• 0.209 ••• 0.808 • 74.4 

Fl Lalage sueurii White-winged Triller 12 0.00002 ••• 1.592 • -0.256. -0.062 ••• 0.217 ... 1.997*** 70.3 
ELA Suta suta * Curl Snake 12 
GIO Ardeotis australis Australian Bustard 12 0.008 • 0.282 • 15.8 
GR Geopelia cuneata Diamond Dove 11 -0.089. -0.029. 0.197 HO 54.3 

AGA Pogona vitticeps * Central Bearded Dragon 11 0.05 ••• 17.4 
GEK Gehyra variegate Tree Dtella 11 -0.00003 H 0.116 • 0.052 • -0.081 ••• 0.174HO 7.963 ••• 77.5 

Fl Smicromis brevirostris Weebill 10 0.00004 OH •0,248 H 0.260 ••• -0.322 •• ·0.150 H 0.072 ••• 0.170 H~ 64.3 

FIN Manorina flavigula Yellow-throated Miner 10 0.015 ••• 0.186** 0.047 • -0.017 a 0.256 H* 61.1 

MUR Leggadina foffesti Forrest's Mouse 10 
Gl Stiltia isabella • Australian Pratinc~e 10 0.528 HO -0.099 •• 0.145 *H 0.058 •• 3.00 ... 73.6 

RA Milvus migrans Black Kite 10 -0.00003 a 0.195 a 0.485 • 0.033. 60.3 

RA Falco berigora Brown Falcon 8 -1.031. 0.154. -0.041 •• 27.2 

GR Nymphicus hollandicus Cockatiel 8 0.045 •• 0.567 H 2.797 • -0.47 • 0.24 •• 2.515 • 75.6 
ELA Pseudonaja guttata •• Speckled Brown Snake 8 -0.201 • 0.078 • 29.9 

RA Cracticus nigrogularis Pied Butcherbird 8 0.398 •• -0.0001 H 0.36 ••• 0.071 • -0.031 •• 0.384 ··~ 91.8 

GIO Gymnorhina tibicen Australian Magpie 8 -0.159 •• 0.123 ... 47.8 

VAR Varanus spenceri •• Spencer's Goanna 8 

SCI Ctenotus rimacola •• VRD Black-soil Ctenotus 8 0.05 HO 0.572 • 0.515 H -0.172. 88.7 

GUI Ma/urus melanocephalus Red-backed Fairy-wren 7 0.00002 ••• 0.382 •• -0.145. -0.051 HO 49.7 

RA Circus assimilis • Spotted Harrier 7 0.201 • -1.377. -0.046. 33.3 

AI Hirundo nigricans Tree Martin 7 -0.009 a -1.61 H 0.159 • 39.9 

ELA Demansia torquata • Collared Whip Snake 7 

FIN Conopophila rufogularis Rufous-throated HE 7 0.029 ••• -0.27 •• 77.9 

SCI Ctenotus pulchellus •• Pretty Ctenotus 7 0.301 • -0.116 ••• 66.7 

MAC Onychogalea unguifera Northern Nailtail Wallaby 6 0.385 • -0.0004 • -0.058 •• 62.4 

GR Cotumix ypsilophora Brown Quail 6 0.467 • 22.4 

GUI Ma/urus Iamberti Variegated Fairy-wren 5 -0.038 OH 0.511 • 0.186 ... 68.4 

AI Artamus personatus Masked Woodswallow 5 -0.026. 0.309 ••• 0.059 • 0.215 ••• 65.9 

RA Haliastur sphenurus Whistling Kite 5 -0.036. 0.195""" 45.8 
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Table 4.17 Summary of models for vertebrate summary variables and individual species that lists, for 
each environmental variable, the response variables for which they were significant predictors. 
Response variables are listed in descending order of the absolute size of the parameter estimate; 
asterisks indicate the significance of the predictor variable in the respective model (Wald statistic: * 
p<0.05, ** p<0.01, *** p<0.001, a p>0.05 but inclusion of term significantly reduced residual deviance). 
For RAIN and OW, 'int' indicates a negative quadratic term and a positive first-order term; 'ext' indicates 
a positive quadratic term and negative first-order term. For USE and USL, response variables in 
brackets are those for which these predictors gave a poorer model than OW. 

RAIN 
+ve -ve int .,, 
raptor ABN ••• mammal SPP • ground insect./graniv. ABN -· groundlundergr. insect. ABN •• 
granivore SPP u• agamid SPP • agamid ABN '* groundlundegr. insect. SPP •• 

raptor SPP *** ground insect./graniv. SPP • foliage insect./nectariv. ABN •• 
reptile SPP *** skink ABN * foliage insect./nectariv. SPP •• 
bird SPP *** M50 species ABN •• foliage insectivore SPP •• 

vertebrate SPP **" bird ABN ** foliage insectivore ABN *** 
aerial insectivore ABN ••• MG10 species ABN •• gecko SPP * 
aerial insectivore SPP ••• reptile ABN • mammal ABN •• 

pygopodid ABN * 
granivore ABN ••• 

ground insectivore SPP *** 
M50 species SPP •• 
skink SPP •• 

Ctenotus rimacola *** Variegated Fairy-wren ••• Pied Butcherbird •• Crested Pigeon •• 

Cockatiel ** Masked Woodswallow • Onychogalea unguifera * Singing Honeyeater a 
Rufous-throated Honeyeater ••• Tree Martin a Sminthopsis macroura • Black-faced Woodswallow • 
Red-chested Button-quail ••• Black Kite a Singing BushlarK ••• Planigale ingrami • 

Magpie-larK •• Macropus rufus ••• Ctenotus joanae ••• 

Yellow-throated Miner ••• Gehyra variegata H Heteronotia binoei •• 

Menetia greyii ••• Flock Bronzewing * Proablepharus kinghomi • 

Australian Bustard • 

Weebill*** 
Galah • 

Budgerigar**" 
White-winged Triller ••• 
Red-backed Fairy-wren ••• 

Nankeen Kestrel ••• 

Black-faced Cuckoo-shrike ••• 
Delma tincta • 

ow 
+ve -ve int .,, 
ground/undergr. insect. ABN ** ground insectivore ABN •• elapid ABN * foliage lnsect./nectariv. ABN a 
pygopodid ABN * ground insectivore SPP •• ground insect./graniv. ABN •• raptor SPP * 
pygopodid SPP • bird ABN * 

skink ABN * MG1 0 species ABN • 

reptile ABN a 
granivore ABN a 
M50 species ABN * 

Ctanotus rimacola •• Magpie-lark • Cockatiel* Tree Martin •• 

Variegated Fairy-wren* Galah a White-winged Triller • Brown Falcon* 
Delma tincta * Australian Magpie H Little Button-quail •• Tympanocryptis Jineata •• 

Ctenotus pulche/Jus * Australian Pratincole •• Singing BushlarK ** 

Australian Bustard * 
Budgerigar a 
Nankeen Kestrel ** 
Zebra Finch a 

Proablepharus kinghomi * 
Gehyra variegate * 
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I CUI<> "'To II \..oVIIIU 

NOV!· E1 NOVI·L1 NOVI· L3 

••• -·· ••• -·· • •• -·· ground insect.lomnivore ABN ...... foliage insect./nectariv. ABN *** ground/undergr. insect. SPP • elapid ABN ••• foliage insect.lnectariv. ABN •• 
ground insectivore ABN ••• foliage insectivore ABN *** foliage insectivore ABN ••• gecko SPP ...... foliage insectivore ABN ••• 

ground insect./omnivore SPP •• foliage insect./nectariv. SPP •• groundlundergr. insect. ABN a elapid SPP ** foliage insectivore SPP • 

mammal ABN • foliage insectivore SPP •• foliage insect./nectariv. ABN •• gecko ABN *** aerial insectivore ABN ••• 

ground insect./granivoreABN a agamid ABN •• foliage insect./nectariv. SPP • M50 species ABN a agamid ABN •• 

MG10 species ABN • aerial insectivore ABN •• foliage insectivore SPP • MG1 0 species ABN a aerial insectivore SPP • 

bird ABN a granivore ABN •• pygopodid ABN * ground insect./omnivore ABN • 

granivore SPP •• aerial insectivore ABN ••• 

reptile SPP H gecko SPP • 

reptile ABN a gecko ABN • 

vertebrate SPP • granivore SPP • 

M50 species SPP •• 
reptile SPP H* 

reptile ABN a 

M50 species ABN a 

vertebrate SPP * 

Australian Pratincole ...... Singing Honeyeater ••• Ctenotus rimacola • Pseudonaja guttata • Black Kite • Red--chested Button-quail • 

Black Kite a Rufous-throated Honeyeater •• Cockatiel ** Sminthopsis macroura a Brown Quail * Galah a 
Crow species ••• Weebill** Red·backed Fairy·wren •• Crow species • Flock Bronzewing a Budgerigar •• 

Cryptob/epharus p/agiocephalus •• Heteronotia binoei ..... Pied Butcherbird ••• Little Button-quail * Little Button-quai! •• Weebill** 
Brown Songlark ••• Budgerigar ...... Masked Woodswallow *** Diplodacty/us tessel/atus • Magpie·lark • 
Proablepharus kinghomi •• Menetia greyii •• Weebill ••• Zebra Finch a Black-faced Woodswallow • 
Planiga/e ingrami • Black.faced Woodswallow • Red-chested Button-quail *** Singing Honeyeater a 

Singing Bushlark a Crested Pigeon a Singing Honeyeater • Sminthopsis macroura a 
Ctenotus joanae ...... Spotted Harrier • 

Tympanocryptis /ineata *** Yellow-throated Miner •• 

Zebra Finch • Black-faced Woodswallow •• 

Diamond Dove • Menetia greyii ** 
Delma tincta • 
Diplodactylus tessellatus *** 

Flock Bronzewing • 

Gehyra variegata • 
Budgerigar• 

Planigale ingrami • 
Willie Wagtail a 
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Table 4.17 (cont'd) 

ROCK CRACK 

+ve ~· 
+ve -ve 

ground insectivore ABN H* foliage insectivore ABN *** mammal ABN a foliage insectivore ABN ••• 

MG10 species ABN ••• raptor SPP ** ground insect.fgraniv. ABN a foliage insectivore SPP ••• 

bird ABN *** gecko ABN a MG1 0 species ABN * foliage insect.fnectariv. ABN 

---
ground insect./graniv. ABN a aerial insectivore ABN • M50 species ABN a raptor SPP *"* 

granivore ABN a aerial insectivore ABN "'* 

MSO species ABN * raptor ABN *'* 
gecko ABN *"* 
foliage insect./nectariv. SPP •• 

ground insectivore SPP ••• 
pygopodid ABN * 
aerial insectivore SPP ** 
gecko SPP ••• 

ground insect/omnivore SPP .. 
granivore ABN •• 
reptile ABN ••• 

bird SPP *** 
ground insect./omnivore ABN 

' 
agamid ABN • 

reptile SPP ••• 

vertebrate SPP .... 
granivore SPP •• 

skink ABN * 

Australian Pratincole ••• Spotted Harrier • Pseudonaja guttata * Ctenotus pu/chel/us u• 

Pied Butr.:herbird * Ctenotus rimacola •• Australian Pratincole •• Gehyra variegata ••• 

Masked Woodswallow * Weebill** Flock Bronzewing a Rhynchoedura ornata •• 

Pogona vitticeps ••• Red-backed Fairy-wren • Sminthopsis macroura a Crested Pigeon •• 

Yellow-throated Miner • Dip/odactylus tessel/atus • Proablepharus kinghorni • Weebill*** 

Brown Songlark • Black-faced Woodswallow a Planigale ingram! • White-winged Triller *** 
Singing Bushlark a Singing Bushlark a Onychogalea unguifera •• 

Red-backed Fairy-wren ••• 

Spotted Harrier • 

Magpie-lark ••• 

Brown Falcon •• 

Macropus rufus •• 

Galah • 

Singing Honeyeater ••• 

Whistling Kite • 

Zebra Finch ... 

Black-faced Woodswallow •• 

Black Kite • 

Pied Butcherbird •• 

Diamond Dove • 

Willie Wagtail •• 

Budgerigar •• 

Black-faced Cuckoo-shrike •• 

Delma tincta • 

Menetia greyii • 

Yellow-throated Miner a 

Crow species • 

Nankeen Kestrel • 

Heteronotia binoei • 

Tympanocryptis lineata • 

Ctenotus joanae • 
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Table 4.17 (cont'd) 

UPCOV BV ... ~· Barkly VRD 

foliage insect.lnectariv. ABN *'• ground insect.lgraniv. ABN ••• elapid ABN ** foliage insect.fnectariv. ABN ••• 

foliage insectivore ABN ••• M50 species ABN .... pygopodid ABN a ground/undergr. insect. ABN * 

foliage insectivore SPP ••• MG10 species ABN ... elapid SPP * mammal SPP** 
foliage insect./nectariv. SPP ••• M50 species SPP H gecko SPP •• raptor ABN • 
ground/undergr. insect. ABN •• mammal ABN a gecko ABN •• mammal ABN a 
aerial insectivore ABN ••• MG10 species SPP • M50 species SPP ••• 
granivore ABN •u reptile SPP ** 

raptor ABN ••• reptile ABN a 
ground insectivore ABN ••• skink ABN a 
bird ABN *** MG10 species ABN * 
aerial insectivore SPP ••• M50 species ABN • 
ground insect./omnivore ABN •• ground insect.lgranivore ABN a 
bird SPP ••• 

granivore SPP ••• 
gecko SPP ••• 

gecko ABN • 
vertebrate SPP ••• 

skink ABN * 
skink SPP • 

reptile ABN * 
reptile SPP ** 

Pied Butcherbird m Red-chested Button-quail • Diplociactylus tesse/latus ••• Sminthopsis macroura ••• 

Yellow-throated Miner••• Singing Bushlark ••• Gehyra variegata ••• Singing Honeyeater •• 

Cockatiel** Sminthopsis macroura a Ctenotusjoanae ••• Magpie-lark ••• 

White-winged Triller ••• Tympanocryptis lineata • Australian Pratincole ••• Heteronotia binoei • 

Masked Woodswallow ••• Ctenotus joana a •• Cockatiel • 
Crypt. plagiocephalus ••• White-winged Triller ••• 
Diamond Dove ••• Red-chested Button-quail ••• 
Whistling Kite ••• Delma tincta a 
Variegated Fairy-wren ... Crypt. plagiocephalus • 

Gehyra variegata ••• Planigale ingram! • 

Magpie-lark ••• Singing Bushlark a 
Weebill H• 
Menetia 'greyii ••• 

Black-faced Cuckoo-shrike ••• 

Lophognathus gilbert! ** 
Rhynchoedura omata • 

Budgerigar ••• 
Singing Honeyeater ... 

Willie Wagtail*** 
Australian Magpie *H 

Zebra Finch ••• 
Galah • 

Crested Pigeon a 
Black-faced Woodswallow •• 

Nankeen Kestrel • 

Crow species ** 
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Table 4.17 (cant' d) 

USE USL ... ... . .. . .. 
foliage insectivore SPP ** ground/undergr. insect. ABN agamid ABN **• ... 
aerial insectivore ABN * foliage insectivore SPP •• 

(ground insectivore ABN H) ground/undergr. insect. SPP 
•• 

foliage insectivore ABN • (pygopodid ABN *} 
(ground insectivore SPP *} (pygopodid SPP *} 
granivore ABN a granivore ABN • 

bird ABN a aerial insectivore ABN a 

bird SPP a foliage insectivore ABN a 
gecko ABN • 

skink ABN ••• 

bird ABN •H 
(ground insect.tgraniv. ABN 
***} 

reptile ABN •• 

M50 species ABN *H 

MG10 species ABN ••• 

bird SPP a 

(Gehyra variegate ••; White-winged Triller •H White-winged Triller ••• Australian Pratincole • 

Diamond Dove • Magpie-lark ••• Masked Woodswallow •• Diamond Dove •• 

Red-chested Button-quail ••• Australian Magpie H* Leggadina forresti •• Sminthopsis macroura ••• 

Singing Honeyeater a Crested Pigeon a Red-backed Fairy-wren ••• Tympanocryptis lineate ••• 

(Delma tincta a) Leggadina forresti • Budgerigar •• 

Ctenotus joanae a Rufous-throated Honeyeater Crested Pigeon a ... 
Budgerigar •• Heteronotia binoei ••• 

Yellow-throated Miner a Yellow-throated Miner a 

Galah * Ctenotus pu/chellus • 

Weebill** Magpie-lark • 

Black-faced Woodswallow a (Australian Bustard**} 

(Little Button-quail *} 

(Ctenotus rimaco/a •; 

(Zebra Finch a} 

Singing Bushlark ••• 

(Proablepharus kinghomi a) 

Planigale ingrami a 
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Chapter 5. The ant fauna of Mitchell grasslands in the Northern Territory: 

biogeography, community structure and environmental relations. 

Introduction 

Traditionally, "biodiversity surveys~ have considered vascular plants and some or all 

classes of vertebrate animals (eg. Margules & Austin 1991). Such an approach may be 

reasonably criticised for ignoring invertebrates, which constitute the bulk of non-microbial 

biodiversity (in term of species richness and biomass) in most environments, and have 

important roles in many ecosystem processes. Increasing attention is now being paid to 

the representation of invertebrate groups in terrestrial biological surveys, and to the 

assessment of insect biodiversity as an important facet of conservation planning (Majer 

1987, Kremen 1992, ~earson & Cassola 1992, Kremen etaf.1993, Kremen 1994, Sparrow 

eta/. 1994. Heywood 1995. Oliver & Beattie 1996. Landsberg eta/. 1997. New 1998. Oliver 

eta/. 1998, Oliver eta/. 1999). Nevertheless, there remain significant impediments to 

biodiversity assessments for many invertebrate taxa (New 1996), most notably uncertainty 

about appropriate timing and methods for sampling; excessive time and expense involved 

in sorting and identification of samples; taxonomic uncertainties; and the lack of 

biogeographic and ecological context within which to interpret survey results. One solution 

to this problem is to sample a small number of taxa, usually selected because some or all 

of these impediments are less pronounced, that may also serve as a surrogates for a much 

broader array of invertebrates. The terrestrial invertebrates most frequently promoted to fill 

this role in Australia are ants, particularly within rangeland environments (Majer 1983, 

Greenslade & Greenslade 1984, Andersen 1990, Landsberg eta/. 1999b). 

Ants are a conspicuous component of the Australian fauna, particularly in arid and 

seasonally arid areas where they are very diverse and abundant (Greenslade & 

Greenslade 1989, Andersen 2000). A number of authors have noted the ecological 

importance of ants in these environments, because of their roles in ecosystem processes 

such as soil turnover and nutrient recycling (de Bruyn & Conacher 1990, de Bruyn & 

Conacher 1994) and seed harvesting & dispersal (Morton & Davidson 1988, Andersen 

1991 b, Andersen eta/. 2000); in structuring invertebrate and plant assemblages 

(Greenslade 1976, Buckley 1982, Huxley & Cutler 1991, Andersen 1995a); and as food for 

vertebrate species (Abensperg-Traun & Steven 1997, Read 1999). Research on ants in 

Australia has particularly focused on their value as bioindicators (Greenslade & Greenslade 

1984, Andersen 1990), primarily in relation to impacts associated with mining (Read 1996, 

Hoffmann eta/. 2000) and minesite restoration (Majer 1983, Majer eta/. 1984 , Majer 1985 
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Jackson & Fox 1996, Andersen 1993b, Andersen & Sparling 1997, Andersen 1997a, 

Andersen et al. 1998) but also other disturbances such as fire (Andersen 1991a, York 

1994, Vanderwoude et al. 1997) and grazing (Landsberg et al. 1997, Read & Andersen 

2000). Although the Australian ant fauna remains relatively poorly known at species-level 

(indeed, most known species remain undescribed and many more are, presumably, 

uncollected), there is nonetheless a better understanding of broad biogeographic patterns 

and community dynamics than for any other terrestrial invertebrate group (Andersen 1995a, 

Andersen 1997a) with the possible exception of Lepidoptera. This has included the 

recognition of functional groups of species, which are categorised according to their 

response to environmental stress and disturbance, and role in structuring ant communities 

(Greenslade 1978, Andersen 1990, Andersen 1995a). Description of ant communities in 

terms of functional group composition potentially overcomes some of the problems 

associated with lack of species-level information, allows meaningful comparison of faunas 

that have few species in common, and assists in the ecological interpretation of changes in 

community structure. Such an approach seems to work well when ch'anges in composition 

are dramatic, such as the case following open-cut mining (Andersen 1997a). However, the 

conservatism of functional group composition across arid and semi-arid Australia and 

apparent resilience to less severe disturbance may reduce the utility of the functional group 

approach for monitoring the effects of pastoral use in rangelands (Landsberg eta/. 1997, 

Hoffmann 2000, Hoffmann eta/. 2000, Read & Andersen 2000). This issue is considered 

further in Chapter 8. 

When this study commenced, nothing was known about the ant fauna of the Mitchell 

grasslands, although Hoffmann (2000) has recently described changes in ant composition 

along a short (c. 2km) grazing gradient at Mt Sanford in the Victoria River District (close to 

the location sampled during this study; Fig. 3.1 ). The composition of ant communities in 

many other major environments in the arid, semi-arid and seasonal tropical rangelands is 

somewhat better known from the accumulation of mostly localised inventories and 

monitoring studies (Andersen 1993a, Andersen & Spain 1996, Andersen & Clay 1996, 

Landsberg et al. 1997, Andersen eta/. 1998, Hoffmann 2000, Hoffmann eta/. 2000, Read 

& Andersen 2000, Andersen 2000, and refer Table 1 and references in Andersen 1995a), 

and this provides valuable context to the results of this study. 

In this chapter, I describe the results of a systematic survey of the ant fauna of the Mitchell 

grasslands in the Northern Territory that was carried out in conjunction with that for 

vascular plants and vertebrate animals. I examine the extent to which the Mitchell 

grasslands support a distinctive ant fauna, and compare the Mitchell grassland fauna to 

that described for other rangeland environments in Australia in terms of richness, functional 
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group composition and biogeographic affinities. In a manner similar to that previously 

described for vascular plants and vertebrates, I also analyse spatial variation within the 

Mitchell grassland ant fauna. In particular, I examine whether richness, community 

composition and the abundance of individual species varies in a predictable fashion with 

environmental variation, including broad-scale climatic gradients and finer-scale variation in 

substrate, vegetation structure and rainfall history. 

This is the last of three chapters describing the vegetation and flora, vertebrate fauna, and 

invertebrate fauna of the Mitchell grasslands. In Chapter 6, I compare the diversity and 

distribution patterns of these three groups of organisms and examine the implications of the 

results for the design of a representative reserve system. In Chapter 8, I also draw on the 

results of the survey described here to examine the effects of pastorallanduse on the ant 

fauna. 

Methods 

Sample sites 

Ants were sampled at the same 121ocations as vertebrates and plants, described in 

Chapter 3 (Fig. 3.1 ). Although a total of 106 sites from the 12 locations were sampled, ant 

samples from only 90 clay soil sites have been sorted and identified and the analyses 

presented here is therefore limited to those data. As a consequence, variation of the ant 

fauna within the Mitchell grassland environment is analysed in detail, but comparisons with 

other habitats rely on published data. Of the 90 sites, 69 were 'typical' grassland or very 

sparse woodland on cracking-clay soils, 7 were grassland on gravel rises and 14 sites 

were woodlands, open woodland or shrublands on hard clay or cracking-clay soil 

(equivalent to the 'related communities' described in Chapter 1 ). 

Sampling methods 

Ant sampling methods followed Andersen (1990, 1997b). Fifteen pitfall traps (75ml vials 

with a 45mm aperture) were used in each quadrat, arranged in a 5 x 3 grid with 10m 

spacing between pits (and therefore effectively sampling an area of approximately 0.15 ha). 

Pitfalls were left open for 48 hours, and partly filled with a preservative of 20% ethylene 

glycol and 1% glacial acetic acid. Ants were sorted and identified by staff at CSIRO 

Tropical Ecosystems Research Centre (TERC). The abundance of each species in each 

pitfall was scored on a 6-point scale (1 =1 individual, 2=2-5, 3=6-10, 4=11-20, 5=21-50, 
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6=>50), in order to reduce distortions arising from large numbers of individuals falling into 

some traps placed near nests or foraging trails (Andersen 1991a). Scores were then 

summed across pitfalls to give a relative abundance for each species in each quadrat. 

Sites were sampled between November 1994 and April 1997. Each site was sampled 

twice for ants- once in the early dry season (March to June) and once in the late dry 

season (September to December). 

While ants can generally be reliably identified to morphospecies, the majority of taxa 

remain undescribed. Here, most undescribed taxa are referred to by the generic name and 

a specific code letter and, for the larger genera, the species-group to which the 

morphospecies is attributed (Andersen 2000). Code letters are standardised with those 

used in the ant collection at TERC and voucher specimens for each taxon are retained at 

that collection. Because of uncertainty of their identity, 5 rarely recorded morphospecies (3 

Jridomyrmex, 1 Melophorus and 1 Monomorium) were removed from the analyses. 

Analysis 

The analysis pathway generally follows that described in Chapters 3 and 4 for vascular 

plant and vertebrate data. Therefore, methods are described in summary here, and greater 

detail provided where these diverge from the approach described in Chapter 3. 

Four attributes were given to all ant taxa: 

1. Biogeographical affinity (Bassian, Eyrean, Torresian, Widespread), based on the distribution 

patterns of the species-group to which the taxon belongs (Andersen 2000); 

2. Functional group (Greenslade 1978; Andersen 1990, 1995), which describes the response of 

groups of species to environmental stress and disturbance, and their role in structuring ant 

communities. Six functional groups were present in this ant fauna (descriptions follow Andersen 

1997b): 

200 

Dominant Dolichoderinae- abundant, active and aggressive species with a strong 

competitive influence on other ants (eg. lridomyrmex) 

Subordinate Camponotini- ubiquitous and diverse group, behaviourally submissive to 

Dominant dolichoderines (eg. Camponotus) 
Hot Climate Specialists- arid-adapted species with a range of specialisations that reduce 

their interaction with other ants (eg. Melophorus) 

Opportunists- Unspecialised, poorly competitive species characteristic of disturbed or high

stress sites (eg. Rhytidoponera) 

Generalized Mymicinae- ubiquitous and abundant in most habitats. Although individuals 

are not aggressive, they recruit rapidly to rich food sources and can defend them from 

dominant species (eg. Pheidole) 
Specialist Predators- usually large and solitary species that have a specialist diet of other 

arthropods (eg. Odontomachus). 
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3. Specificity 1? clay soils. Based on previous studies and the experience of A. Andersen 

(CSIRO, pers. comm.), each species was attributed to one of five classes: recorded mostly on 

non-clay soils; recorded mostly on clay soils; recorded exclusively on clay soils; recorded 
exclusively on clay soils but only known from this study and from <6 sites and <3 locations; or 

uncertain (members of unresolved species-groups of Monomorium and Pheidofe). 

4. Distribution. Based on specimens in the TERC collection and the experience of A. Andersen 

(CSIRO, pers. comm.), the known distribution of each species was described as one of 6 

classes: arid; semi-arid (ie. more widely than the Mitchell grasslands); Mitchell grasslands only; 

monsoonal; introduced; or uncertain (members of unresolved species-groups of Monomorium 

and Pheidofe). The semi-arid class was further subdivided (Western Australia; Northern 

Territory; Queensland; throughout northern Australia, eastern and southern Australia) and these 

data are presented in Table 5.2, but these subdivisions were not used in other analyses. 

For each of these four attributes, the proportion of species in each class, and the proportion 

of total abundance in each class, were calculated for each site. Along with total site 

richness and total site abundance, these data are referred to hereafter as 'ant summary 

variables'. The proportion of species, and the proportion of total ant abundance, within 

each class of the four attributes, were also calculated for the dataset as a whole. 

Environmental variables used in the analyses are the same as those in the previous two 

chapters and are reprised in Table 5.1 

Seasonal variation 

Site richness and total abundance were calculated separately for early and late dry season 

samples from each site and seasons were compared using Wilcoxon matched-pairs tests. 

Seasonal variation was not tested separately for each species, but the relative richness and 

abundance of each functional group was compared between sampling times using 

Wilcoxon matched-pairs tests. For all other analyses, data from the two sample periods 

were pooled. 

Table 5.1 Summary of environmental variables measured at or derived for each sample site and 
used in analyses. (l) indicates the variable was measured in the late Dry season. Further 
details are given in Table 3.2. 

LAT: latitude 

LONG: longitude 

RAIN: estimated mean annual rainfall 

NDVI·E1: relative NDVI score {"greenness") for year of 
early dry season sample 

NDVI·L1: relative NDVI score for year of late Dry 
season sample 

NDVI-L3: relative NDVI score for year of late Dry 
season sample and two preceding years 

OW: distance from permanent water 

CATT: index of recent catUe use (derived from late Dry 
sample) 
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ROCK: total surface rock cover 

GRAVEL: surface gravel cover 

CRACK_W: index of the size of soil cracks (L) 

CRACK_N: index of the number of soil cracks (L) 

UPCOV: crown cover of the upper storey (trees & 
shrubs >1m) 

USE: projective foliage cover of the ground layer in the 
early Dry 

USL: projective foliage cover of the ground layer in the 
late Dry 

PGF: index of the frequency of perennial grasses 

LITTL: lrtter cover (L) 
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Faunal groups 

Sites were classified according to their species composition, using abundance data that 

had been range-standardised. The composition of each faunal group defined by the 

classification was characterised by calculating the mean abundance of all species within 

each group, as well as the mean value of all ant summary variables. The mean value of 

each environmental variable was calculated for each group, and the significance of 

variation amongst groups in each of these variables tested by Kruskal Wallis one-way 

ANOVA. The total number of species in each group and the number of species unique to 

each group was also tallied. 

Ordination and vector fitting 

Compositional similarity between sites was portrayed using ordination and vector fitting 

used to determine vectors of maximum correlation within the ordination space for 

environmental and plant summary variables. As non-clay sites were not included in the 

dataset, and the arrangement of sites within the ordination was not dominated by a few 

anomalous or unusual sites, a single 4-dimensional ordination was sufficient to examine 

variation within the data. MaJor environmental and compositional gradients revealed by the 

ordination were investigated by calculating the mean frequency of each species within 

segments of the relevant environmental vector or ordination axis. 

Predictive models 

Generalised linear modelling was used to quantify the relationship between environmental 

variables and ant summary variables or the abundance of individual species (recorded from 

at least 5 sites). Predictor variables were RAIN, NOVI-E1, NOVI-L 1, OW, ROCK, CRACK

W, UPCOV and BV (a categorical variable indicating whether the site was in the Barkly 

Tableland or VRD), and quadratic terms were used for RAIN and OW. NDVI-L3 was not 

included because it is so strongly correlated to RAIN for this dataset (Table 5.8). 

Abundance data were assumed to have a Poisson error distribution and the log link was 

used. However, apart from site richness and abundance, ant summary variables were in 

the form of proportions, so an arc-sine transformation was applied and a simple identity link 

used for these models. Modelling otherwise proceeded as described in Chapter 3. In each 

model, OW was also substituted by USL and USE to test whether this gave an 

improvement in model adequacy. 
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Results 

The ant fauna 

A total of 107 morphospecies from 5 subfamilies and 21 genera were recorded from the 90 

sites (Table 5.2* [tables and figures marked with an asterisk are at the end of the chapter]). 

23 morphospecies (21.5% of the total) were not represented in the TERC ant collection and 

probably represent taxa that have never previously been collected. In common with ant 

faunas elsewhere in inland Australia, the majority of species come from a small number of 

speciose genera (Table 5.3). The genera Melophorus, /ridomyrmex, Rhytidoponera and 

Monomorium dominate the overall ant fauna, comprising 51% of all species and 81% of 

total ant abundance. More exactly, the fauna is numerically dominated by Rhytidoponera, 

this genus contributing 44% of the total ant abundance and including 4 of the 5 species with 

highest total abundance (Table 5.4). 

Table 5.3 Genera with the greatest 
contribution to total richness and 
total abundance for all sample sites 
combined. 

%of total species 

Melophorus 

/ridomyrmex 

Rhytidoponera 

Monomorium 

Camponotus 

Merenoplus 

Pheidole 

T etramorium 

Polyrhachis 

Opisthopsis 

17.8 

14.0 

9.3 

9.3 

9.3 

6.5 

56 

4.7 

4.7 

2.8 

% of total abundance 

Rhytidoponera 43.6 

lridomyrmex 20.6 

Melophorus 9.3 

Monomorium 7.5 

Odontomachus 5.5 

Camponotus 4.7 

Pheidole 4.6 

Tetramorium 2.0 

Meranoplus 09 

Tapinoma 0.5 

Table 5.4. (a) Ant species making the greatest contribution to total abundance from all sites 
combined; (b) Species recorded most frequently during the study (from> 25% of sites or >50% 
of locations). Functional group abbreviations (as per Table 5.2) precede species names. 

l•l %of (b) no. of no. of. 
total sites locs 
abn. 

OP Rhytidoponera taurus 13.8 GM Pheido/e sp. B (group D) 73 12 

OP Rhytidoponera sp. D (tenuis gp) 10.4 sc Camponotus sp. A (discors gp) 59 9 
OP Rhytidoponera ?pi/osu/a 7.8 HC Monomorium sp. B (rothsteini gp) 53 12 

DO lridomyrmex sp. A (rufoniger gp) 4.7 OP Rhytidoponera sp. D (tenuis gp) 53 8 

OP Rhytidoponera sp. nr. rufithorax 44 HC Melophorus sp. E (group A) 52 12 
DO lridomyrmex sp. F (suchieri gp) 4.3 OP Rhytidoponera ?pilosule 49 10 

HC Me/ophorus sp. E (group A) 4.2 DD lridomyrmex sp. F (suchieri gp) 43 9 
GM Pheidole sp. B (group D) 4.1 SP Odontomachus sp. B (ruficeps gp) 43 8 

DO lridomyrmex sp. Y {anceps gp) 4.1 OP Rhytidoponera taurus 40 7 
SP Odontomechus sp. B {ruficeps gp) 3.7 

HC Monomorium sp. B (rothsteini gp) 3.6 

DD lridomyrmex sanguineus 3.2 

OP Rhytidoponera sp. C {mayri gp) 2.9 
GM Monomorium sp. A (sordidum gp) 2.7 

sc Camponotus sp. A (discors gp) 26 
OP Rhytidoponera sp. P (group A) 2.1 
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The frequency distribution of species amongst sites and locations is strongly skewed (Fig. 

5.1 ). 24% of species were recorded from but a single site, and 59% from 5 sites or fewer. 

39% of species were found at only one of the 12 locations sampled, and 66% of species at 

one or two locations. A few species were widespread throughout the study area, with 12 

species recorded from more than 25% of sites, and 13 species from more than 50% of 

locations (Table 5.4) Four of the 10 most frequently recorded species are apparently 

restricted to Mitchell grasslands (Camponotus sp. A. (discors gp), Rhytidoponera sp. D. 

(tenuis gp.), Odontomachus sp. A (ruficeps group), lridomyrmex sp. A (rufoniger gp)) , and 

most of the other frequent species are known only from clay soil environments in the semi

arid zone of northern Australia (Pheidole sp. B (group D), Melophorus sp. E (group A), 

Rhytidoponera ?pi/u/osa, lridomyrmex sp. F (suchieri gp), Odontomachus sp. B (ruficeps 

gp), Camponotus sp. B (nigroaeneus gp), Monomorium sp. D (laeve gp)). Rhytidoponera 

taurus, which was recorded from 7 of the 12 locations and had the highest total abundance 

of any species, occurs in a range of habitats in the central and northern arid zones of 

Australia, as well as the southern margins of the monsoonal zone. Two species with broad 

distribution in monsoonal Australia were also frequently recorded during this study -

Tapinoma spA and the northern meat ant lridomyrmex sanguineus. 

In terms of both species richness and relative abundance, the ant fauna is dominated by 

ants from species-groups with Eyrean affinities (Fig. 5.2), but it also has a substantial 

component of species with Torresian affinities. There are relatively few species from 

Widespread species-groups, and only one with Bassian affinities (Doferomyrma sp. A); 

these two biogeographic groups also contribute minimally to total ant abundance. 

However, when the distribution patterns (as far as they are known) of individual species 

are considered (Fig. 5.3), the ant fauna is strongly dominated by species restricted to the 

Mitchell grasslands (28% of species and 27% of total abundance) and those occurring 

more widely in the Australian semi-arid zone (35% of species and 43% of total abundance). 

The latter group includes 12 species previously recorded only from Queensland (eg. 

Rhytidoponera ?pilufosa, Tetramorium sp. D (striolatum gp), Tetramorium sp. H (spininode 

gp)) and 13 species known only from the semi-arid zone of the Northern Territory (eg. 

Pheidole sp. B (group D), Melophorus sp. E (group A), lridomyrmex sp. F (suchieri gp), 

Odontomachus sp. B (ruficeps gp)), as well as a number of species with a wider distribution 

in semi-arid northern Australia (eg. Monomorium sp. D (laeve gp), Monomorium sp. A 

(sordidum gp), lridomyrmex ?hartmeyeri, Rhytidoponera sp. nr. rufithorax, Camponotus 

fieldae). One species (Camponotus sp. nr. tricoloratus) also occurs in the semi-arid 

regions of eastern and southern Australia. 21% of the species recorded have a monsoonal 

distribution (notably lridomyrmex and Camponotus spp) but, apart from lridomyrmex sp. Y 
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No. of locations 

Figure 5.1 Frequency distribution of ant species amongst (a) sites (n=90); and (b) locations 
(n=12). Values on the x-axes of (a) are upper limits of intervals; note the uneven scale. 

(anceps gp) and/. sanguineus, monsoonal species make a minor contribution to total 

abundance. Only 9% of species have an arid distribution (mostly lridomyrmex spp.), 

including a number of species widespread through arid Australia (lridomyrmex viridianeus, 

lridomyrmex agilis, Opisthopsis rufithorax, Melophorus bagott). Most arid species were 

recorded with low abundance, but due to the very high abundance of Rhytidoponera taurus, 

the contribution to total abundance by arid species is relatively high. 

Approximately half of the species recorded during the study were classed as having a low 

fidelity to clay soils (including the most abundant species Rhytidoponera taurus) (Fig. 5.4). 

The fidelity to clay soils of 22 species could not be confidently assessed, as they have been 

recorded only from Mitchell grasslands but from very few sites or very few locations (and 

may occur at similar low frequencies in other habitats that have been sampled less 

comprehensively). The total abundance of these uncertain species was, however, 

generally low. Conversely, species that can be more confidently described as restricted to 
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clay soils included many of the species that were most abundant in this study and the 'clay

specialist' class contributes approximately half of the total abundance of ants. 

The functional group composition of the ant fauna as a whole is portrayed in Fig. 5.5. Apart 

from Specialist Predators, species richness is quite evenly distributed between the other 

five functional groups, with Hot Climate Specialists (28 spp.) and Opportunists (21spp) the 

most speciose. Functional group composition is more commonly considered in relation to 

a) richness 
b) abundance 

T 

T 

E 
E 

Figure 5.2 Biogeographic profiles of the ant fauna from all clay sites (n=90), according to (a) 
total richness; (b) total abundance. Biogeographic affinities of species-groups: E, Eyrean; T, 
Torresian; B, Bassian; W, Widespread. 

a) richness ? AR b) abundance ? I 

MG 

SA 

MN 

Figure 5.3 Distribution profiles of the ant fauna from all clay sites (n=90), according to (a) total 
richness; (b) total abundance. Species distributions: AR, arid; SA semi-arid; MN, monsoonal; 
MG, Mitchell grasslands; ? , unknown (species with unresolved taxonomy); t, introduced. 
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relative abundance. In this case, Opportunists are by far the largest functional group (46% 

of total abundance), followed by Dominant Dolichoderinae (21%) and Hot Climate 

Specialists (14%). 

a) richness ' b) abundance ' 

s 

s 

M 

Figure 5.4 Environmental distribution of the ant fauna from all clay sites (n=90), according to (a) 
total richness; (b) total abundance. Species were classed according to the extent to which they 
have been recorded from clay soils: S, seldom; M, mostly; E, exclusively; X, exclusively but very 
few records; ? , unknown (species with unresolved taxonomy). 

a) richness SP b) abundance SP 

sc sc 

Figure 5.5 Functional group composition of the ant fauna from all clay sites (n=90), according to 
(a) total richness; (b) total abundance. DO, Dominant Dolichoderinae; SC, Subordinate 
Camponotini; HC, Hot Climate Specialists; OP, Opportunists; GM, Generalised Myrmicinae; SP, 
Specialist Predators. 
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Site richness and seasonal variation 

Mean site richness from individual samples (ie. seasons considered separately) was 8.3 

(sd = 3.4) and ranged from 0 to 19 species. When samples from the two season were 

combined, mean site richness was 11.9 (sd=3.6) and ranged from 4 to 23 species. 

Fewer total species and fewer total ants were recorded in late dry season samples than 

early dry season samples (Table 5.5), and the mean site richness and mean site 

abundance were significantly lower also. However, late dry season samples were not 

merely depauperate subsets of early dry season samples, as combining samples across 

seasons results in a significant increase in mean site richness. The variation between 

seasons in the relative richness and abundance of individual species is reflected by 

significant changes in the functional group composition at a site level (Table 5.5). In the 

late dry season, Hot Climate Specialists and Opportunists make up a greater proportion of 

the species at a site, at the expense of Dominant Dolichoderinae, Subordinate Camponotini. 

and Generalised Myrmicinae. 

Classification of sites by ant composition 

Following inspection of the full dendrogram, it was truncated to define 11 ant faunal groups 

(Fig. 5.6). These groups are summarised according to their composition in Table 5.6* and 

the variation in environmental and ant summary variables between groups is shown in 

Table 5.7*. As with the classification of sites by plant composition, sites from each location 

are generally grouped together, and most groups contain sites from one or few locations. 

Table 5.5 Comparison of richness, abundance and functional group composition between 
samples in the early and late Dry season. The z-statistic refers to Wilcoxon matched-pairs tests 
between seasons (* p<O.OS, ** p<0.01, "*" p<0.001 ). 

early late ' 
total species 96 88 

total abundance 9969 5912 

mean site richness 9.4 7.3 4.99 ~·· 

mean site abundance 110.8 65.7 6.74 ••• 

functional group% n"chness abundance 

early late ' early late ' 
Dominant Dolichoderinae 17.2 17.0 0.12 22.0 13.7 4.16 ..... 

Generalised Myrmicinae 14.5 10.4 3.18 ••• 11.1 8.0 2.58 * 
Hot Climate Specialists 15.9 20.6 2.51 • 9.1 18.8 4.19 *** 
Opportunists 27.7 33.6 2.57 •• 44.4 50.0 2.25. 

Subordinate Camponotini 14.3 8.5 3.93 ••• 6.0 3.4 3.69*** 

Specialist Predators 9.3 9.7 0.13 7.3 6.1 1.87 
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group 1 
group 2 
group 3 
group 4 
group 5 
group 6 
group 7 

group 8 I 
group 9 I 
group 10 I 
group 11 I 

fusion level 1.2 1.6 2.0 

Figure 5.6 Dendogram from classification of sites by ant species composition, truncated at an 
11-group level. Groups are described in Tables 5.6 and 5.7. 

Inspection of the dendogram shows that the classification divides the dataset into 4 coarse 

groups at a high level of dissimilarity: a small number of sites from Georgina Downs (group 

11 ); the majority of sites from the most northerly locations (Mount Sanford, Hayfield, Helen 

Springs- groups 8 to 10); the majority of sites from the southern VRD (Birrindudu and 

Kirkimbie- group?); and the remainder of sites from the Barkly Tableland (groups 1-6). 

Each group is described further below. 

Group 1: A relatively large and heterogeneous groups with sites from 5 locations. In addition to 

Mitchell grassland sites from Alexandria and West Ranken, the group includes one grassland site 

from the southern VRD, two sites in riparian locations and one on the margin of a bluebush swamp. 

Sites in this group have low site richness and site abundance. The group has the lowest relative 
richness of Opportunist species and a low relative abundance of Opportunists, which can partly be 

attributed to the absence of Rhytidoponera taurus, a species which is abundant in most other groups. 
The group also has a low relative abundance of Hot Climate Specialists, but has the highest relative 

abundance of Specialist Predators, due to a high mean abundance of Odontomachus sp. B (ruficeps 
gp). There is a high relative richness and abundance of exclusively-clay soil species and a high 

abundance of Mitchell grassland species, and a low richness and abundance of both arid and 
monsoonal species. One species of Rhytidoponera has a high mean abundance in this group and 

occurs in only one other group. 

Sites in this group have widely-cracking soils and low mean ground layer cover in both early and late 

Dry seasons, with a notably low cover and frequency of perennial grasses. 

Group 2: This group contains sites from West Ranken, Soudan and Georgina Downs. Most of the 

sites are treeless grassland, but one site is a Acacia georginae woodland and one site is a 

Eucalyptus coo/ibah open woodland with a Chenopodium shrub layer. Mean site richness and 

abundance is relatively low. The functional group composition is notable for a low richness and 

abundance of Dominant Dolichoderinae and a relatively high richness and abundance of Generalised 
Myrmicinae. This group has the highest relative richness of exclusively clay-soil species and a high 
richness of Mitchell grassland species. Only a single species has its highest abundance in this 

group, and the group is notable for the absence of Tapinoma sp. A, which is represented in all other 

groups. 
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Sites in this group are generally on less widely cracking soils than Group 1 but have similar low mean 

cover and frequency of perennial grass. This group had the lowest 3-year NOVI rating of all groups, 

and ground layer cover at the time of late Dry season sampling was very low. Mean ground cover in 

the early Dry season was higher than in many other groups, due to high covers of annual grasses. 

Group 3: This group contains all of the sites sampled from Lake Nash as well as one site on gravelly 

clay soil at Soudan. Sites at Lake Nash include those with an open tree layer of Acacia georginae 

(up to 11% crown cover) as well as virtually treeless grasslands occurring in a mosaic with the 

gidgee woodland. The group has a high total richness and a high number of species recorded only 

from this group. Although mean site richness is moderate, mean site abundance is relatively low. 

Functional group composition is notable, as the group has the lowest relative abundance of 

Opportunist species and the highest abundance of Generalised Myrmicinae (although the relative 

richness of both groups is intermediate in comparison with other groups). The former can be 

attributed to low mean abundance of several Rhytidoponera spp that are abundant in many of the 

other groups, and the latter almost entirely to the high abundance of Monomorium sp. A (sordidum 

gp), which is also abundant in group 2 sites. This group contains a higher proportion of species 

with Eyrean affinities and a lower proportion with Torresian affinities than most other groups, and a 

lower relative abundance of exclusively-clay soil species than groups 1 and 2. A number of species 

have their highest abundance in this group, mostly species that are not clay specialists. 

Along with group 11, this group contains the most southerly and lowest annual rainfall sites. At the 

time of sampling, sites in these two groups were extremely dry and group 3 has the lowest mean 1-

year NDVI rating. Soils at these sites are brown rather than gray clays, and crack less widely than 

at more northerly locations. Although the sites were very dry and late dry season ground cover was 

relatively low, mean perennial grass frequency was highest in this group. Mean distance from water 

is also relatively high, and the cattle use index low. 

Group 4: This small group consists of five sites from Alexandria and Connell's Lagoon, an of which 

were on gravelly rises. The group has a high richness relative to the number of sites, and mean site 

richness is {appreciably) higher in this group than all others. Mean site abundance is also relatively 

high. Functional group composition is notable for a high richness and abundance of Hot Climate 

Specialists, and seven species from this functional group (Melophorus, Monomorium and 

Meranoplus spp.) reach their maximum mean abundance in this group. This group also has the 

lowest relative richness and abundance of Generalised Myrmicinae, and a lower relative abundance 

of Opportunists than most other groups. It also has the lowest relative abundance of exclusively clay 

soil and some of the species reaching their highest abundance in this group are abundant and widely 

distributed in the monsoonal zone {lridomynnex sanguineus) or semi-arid tropics (Camponotus 

fieldeae). One interesting feature of the gravel rise sites is the high abundance of Odontomachus sp. 

A on gravel rises at Alexandria. On adjacent sites on the cracking clay plain {some within a few 

hundred metres), this species is absent and Odontomachus sp. B occurs with high abundance. 

Although the two taxa occur parapatrically at Alexandria, they are found in the same sites at 

Connell's Lagoon, where the latter species is generally less abundant than at Alexandria. 

The gravel rise sites have a clay soil that generally does not crack and a much higher rock cover 

than sites in other groups. Ground layer cover and perennial grass frequency are moderate, 

although ground cover is more spatially patchy than in typical Mitchell grassland. Although the mean 

distance to water for this group is high, cattle use is also relatively high, as stock preferentially graze 

on the gravel rises. 

Group 5: This is the largest of the 11 groups but contains sites from only two locations- most of the 

sites at Connell's Lagoon and two sites from Helen Springs. Sites are treeless grassland other than 
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two sites with a sparse cover of Acacia victoriae and two sites near a drainage line that had an open 

canopy of low trees. Total richness is highest in this group, but this is unsurprising given the large 

number of sites and mean site richness (and site abundance) are only moderate. This group has the 

highest relative abundance of Dominant Dolichoderinae, due to high abundance of the clay-exclusive 

lridomyrmex sp. F, as well as the widespread/. sanguineus. It also has the lowest relative 

abundance of Hot Climate Specialists, although many of the species characteristic of Group 4 are 

also present in this group. The group has a relatively high richness and abundance of clay-exclusive 

species, and three of the clay-exclusive species most frequently recorded during the study have high 

abundance in this group (Camponotus sp. A, lridomyrmex sp. F, Rhytidoponera sp. D). 

Sites in this group had relatively good rainfall in the year of late Dry season sampling, and mean late 

dry season ground cover was highest for this group. Ground cover had a high perennial grass 

component and nearly half the sites in the group were inside Connell's Lagoon Conservation 

Reserve and not subject to grazing by cattle. 

Group 6: This group contains all the sampled sites at Rockhampton Downs, which were all treeless 

grasslands. This is a relatively homogeneous group, with moderate site richness but very low total 

group richness. The group has a higher relative richness and abundance of Opportunists than 

groups 1-5, most notably due to high abundance of the widespread Mitchell grassland species 

Rhytidoponera sp D (tenuis gp), as well as the arid zone species R. taurus. The group also has a 

notably low relative abundance of Hot Climate Specialists and Generalised Myrmicinae. In contrast 

to groups 4 & 5, the monsoonal species lridomyrmex sanguineus is absent from these sites, and is 

replaced by the common arid zone species I. viridianeus. Due to the contribution of the two arid 

zone species mentioned, the proportional abundance of arid species is highest in this group, and the 

abundance of clay-exclusive species is relatively low. Curiously, the mean abundance of the 

widespread monsoonal species Tapinoma sp. A is also greatest at these sites. 

This location was relatively dry at the time of sampling, and had a very low cover in the early dry 

season with little contribution from annual species. However, late dry season cover and perennial 

grass frequency is moderate in comparison with other groups, and current cattle use levels were 
relatively low. 

Group 7: This group comprises sites from Birrindudu and Kirkimbie, in the south of the VRD. All 

are treeless grasslands with the exception of one site that was in an indistinct drainage line and had 

scattered patches of Acacia victoriae. Mean annual rainfall at these sites is higher than for the Barkly 

Tableland locations that occupy groups 1-6. Although the NDVI rating for the year of sampling is 

slightly negative, the two preceding seasons had above-average 'greenness'. Rock cover at these 

sites is very low, and the soils crack very widely. Ground layer cover in the early Dry season and 

perennial grass cover were greater than the mean values for groups 1-6, and a relatively high ground 

cover was retained in the late Dry season. However, the mean cattle use index is relatively high. 

This group has a moderate total richness, but a relatively high proportion of species unique to the 

group. Site richness and abundance is also moderate in comparison to the other groups. Functional 

group composition in groups 7 and 8 is very similar and is notable for a very high contribution to total 

abundance from Opportunist species, and a small contribution from Dominant Dolichoderinae and 

Hot Climate Specialists. The ant fauna at these sites is numerically dominated by Rhytidoponera sp. 

nr. rufithorax, a species widespread on non-clay soils in the semi-arid tropics, but which is absent 

from all other groups. A clay-exclusive species of Tetramorium is also abundant at these sites and 

absent or sparse in all other groups. Interestingly, the species of Rhytidoponera that are frequent 

and abundant in many of the other groups are entirely absent from sites in group 7. Reflecting the 

dominance of Rhytidoponera sp. nr. rufithorax, the proportional abundance of non-clay specialist 
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species is greatest in this group, although the relative richness of non-clay specialists is also high. 

The relative richness and abundance of species known only from Mitchell grasslands is very low for 

this group, as many of the clay-exclusive species have also been reported from clay habitats to the 

north of the extent of the Mitchell grasslands. 

Group 8: This group contains the five sites sampled at Hayfield, on the northern margin of the 

Barkly Tableland. All of these sites have a tree layer of E. microtheca and Excoecaria parviflora, 

ranging from scattered tress to a low woodland, and the mean upper storey cover is highest for this 

group. With Mt Sanford (group 1 0), this location has the highest mean annual rainfall of all the study 

sites. The sites had poor rainfall years at the time of sampling, and the mean level of cattle use is 

highest for this group. Although the mean ground cover in the early Dry is moderate, cover in the 

late Dry season is low and perennial grass frequency is also low. Mean site richness in this group is 

very low and the total group richness is also lower than all other groups. Functional group 

composition is very similar to the previous group, with a very high relative abundance of Opportunist 

species. However, species composition is not similar to Group 7, and the high richness of 

Opportunists is due to widespread Rhytidoponera species that are also well represented in other 

groups (R. ?pilulosa and R. taurus) This group also has the highest relative richness of Subordinate 

Camponotini and two monsoonal species from this functional group ( Camponotus sp. D and 

Polyrhachis craw/eyt) have high mean abundance. Group 8 has the highest relative richness of 

species with Torresian affinities and species with a monsoonal distribution, although the latter are 

not also abundant. In fact, because of the prevalence of R. taurus, the contribution to relative 

abundance of arid species is high. As with group 7, the proportion of ~Mitchell grassland" species in 

this group is very low. Again, this is not because of a low richness or abundance of clay specialist 

species, but rather that species such as R. ?pilosula are known from other clay environments. 

Group 9: All sites in this group are treeless grasslands at Helen Springs. Along with Mt Sanford, 

this group has the highest 3-year NDVI rating, although the 'greeness' of the year of sampling was 

below average. The mean ground cover for the early Dry season is high, reflecting both a high 

perennial grass cover and a strong growth of annuals. 

This group has a high mean site richness but a low total richness, and correspondingly a high level of 

similarity between sites. This group has a very high mean site abundance, which is largely due to 

very high mean abundance of the widespread species R. taurus, as well as a species of lridomyrmex 

apparently restricted to Mitchell grasslands (lridomyrmex sp. A (rufoniger gp)). No species are 

unique to the group, although a number of the more frequently recorded species have their maximum 

abundance here. Functional group composition is similar to group 6, and is very close to the mean 

composition across all sites. Nearly all of the species recorded from this site are also represented in 

a large number of other groups. 

Group 10: This group contains all of the sites from Mt Sanford, a relatively high rainfall location in the 

VRD. All sites have a very sparse tree layer (mostly Terminalia spp), other than two sites on 

drainage lines which have a higher upper storey cover. This location had a high greenness rating in 

the year of early Dry season sampling, and the general area had experienced a series of good 

rainfall years. This group has the highest mean ground cover in the early Dry season and retained a 

relatively high ground cover in the late Dry season. Soil characteristics differ slightly from other 

locations, reflecting the derivation of these soils from basic volcanic rocks. The group richness is 

fairly high, and this group has the highest number and proportion of unique species. Mean site 

richness and site abundance are also high. This group has the lowest proportional richness but 

highest proportional abundance of Dominant Dolichoderinae, and Opportunist species make a lower 

contribution to total abundance than most other groups. The most abundant species at these sites is 

fridomyrmex sp. Y (anceps gp), which has a monsoonal distribution and is not a clay soli specialist, 
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while f. sanguineus is virtually absent. Some of the Rhytidoponera spp that are abundant in other 

groups (R. taurus, R. sp. D) are absent from this location, and are replaced by Rhytidoponera sp. P 
(group A), which is unique to the group. The relative richness of exclusively-clay soil species is low 

in this group, although clay soil specialists still comprise over 50% of total ant abundance. Virtually 

all of these species have, however, been recorded outside the extent of the Mitchell grasslands. 

Group 10 has a high richness of species with a monsoonal distribution and a much greater relative 

abundance of monsoonal species than all other groups. 

Group 11: This is another relatively homogeneous group which comprises all of the sites from 

Georgina Downs in the southeast of the study region. All sites were treeless grasslands on brown 

clay soils. This location has a low mean annual rainfall and was extremely dry at the time of 

sampling. Although perennial grass frequency is not as low as some other sites, ground layer cover 

was extremely low at both sampling times. 

Group richness is low, as are mean site richness and abundance. No species are unique to the 

group, but the group is distinguished by the high abundance of Rhytidoponera sp. C (mayri gp), a 

taxon known only from this survey and recorded from only one other site in group 2. The abundance 

of this species strongly influences the functional group composition, which has a very high relative 

abundance of Opportunists. However, unlike groups 7 & 8, group 11 has a relatively high richness of 

Dominant Dolichoderinae, the most abundant of which are the arid zone species/. viridianeus and I 

agilis. Group 11 is also notable for the highest relative richness and abundance of species with 

Eyrean affinities, and the highest relative abundance of both clay soil specialists and species known 

only from Mitchell grasslands. This group has no close affinities with any of the other groups, but 

shares the most species with groups 1-3. 

Relationship between faunal and environmental variation 

Ordination & environmental vectors 

Similarity between sites according to ant composition (standardised abundance data) was 

portrayed in a four dimensional ordination (Fig 5.7). The ordination demonstrates that while 

some of the faunal groups described above are quite discrete (particularly groups 7 and 

11 ), there is generally continuous variation in composition between the sites. Many of the 

environmental vectors were strongly related to the arrangement of sites in the ordination 

space (Table 5.8*, Fig. 5.7), although measured environmental variation can only explain 

variation between sites in some directions in the ordination. For example, separation of 

sites in the direction of the first axis of the ordination is strongly related to the richness of 

Generalised Myrmicinae (positive direction) and the abundance of species with an arid

zone distribution (negative direction); but is only tangentially related to variation in 

environmental variables. Examination of the distribution of individual species along the first 

axis of the ordination suggests that the arrangement of sites is strongly influenced by the 

relative abundance of a few frequent and relatively abundant species (Table 5.9). 

The most clearly defined environmental gradient through the ordination is related to the 

strongly correlated factors of annual rainfall, latitude and longitude, and is aligned with the 
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Table 5.9 Distribution of ant species between 6 equal segments of the first axis of the 
ordination in Fig. 5.7. Data is mean frequency of each species in sites falling into each 
segment; only species with significant variation in abundance are shown (Kruskal Wallis 
ANOVA; * p<0.05, u p<0.01, """ p<0.001). 

Axis 1 segment (+veto -ve) 

Species n 1 2 3 4 5 6 p 

GM Pheidole sp. B 73 16.5 8.5 7.8 5.9 4.7 1.1 ... 
OP Rhytidoponera sp. E 7 10.0 02 0 1 1.0 .. 
HC Melophorus sp. T 8 16 6.7 36 0.2 . 
GM Pheidole impressiceps 7 2.3 0.8 • 
GM Monomorium anderseni 5 1.5 1.0 0.1 . 
GM Monomorium sp. A 14 0.2 3.9 12.0 7.4 1.6 • 
OP Rhytidoponera taurus 40 0.8 24.4 25.3 52.3 30.4 ... 
HC Melophorus sp. E 52 0.4 4.2 6.1 9.9 13.7 6.8 . 
DO lridomyrmex sp. F 43 0.3 4.7 8.7 10.7 13.2 2.5 • 
SC Camponotus sp. B 33 0.5 0.6 1.6 4.1 1.5 .. 
HC Melophorus sp. F 19 0.6 1.1 4.1 2.8 .. 
OP Tetramorium sp. B 24 0.1 0.1 0.4 0.8 2.4 1.8 . 
OP Tapinoma sp. A 33 0.2 0.6 0.8 1.7 1.1 .. 
SP Cerapachys sp. B 11 0.4 0.1 0.5 • 
OP Rhytidoponera sp. C 7 4.0 09 36.4 ... 
DO lridomyrmex viridianeus 14 2.2 4.4 5.8 8.7 • 
DO lridomyrmex agilis 6 0.4 1.2 ... 
HC Melophorus sp. R 5 0.5 0.7 . 

second axis of the ordination. Also aligned with this axis are strong vectors for the richness 

and abundance of Mitchell grass species and the richness of clay specialist species 

(negatively), and the richness of species that are not clay specialists and the richness of 

species with a monsoonal distribution (positively). The distribution of ant species along the 

rainfall gradient through the study is shown Table 5.10a*. Many ant species have wide 

rainfall ranges (ie. were recorded at both the wettest and driest sites), although variation in 

frequency and relative abundance may result in wide ranging species having weighted 

means toward one end of the gradient. Some species with characteristically monsoonal 

distributions were recorded at the driest sites (eg. Monomorium disetigerum, Tapinoma sp. 

A, lridomyrmex sanguineus) and, conversely, arid-zone species were recorded at the 

wettest sites (Opisthopsis rufithorax, Rhytidoponera taurus, lridomyrmex agilis). However, 

sets of species were restricted to either end of the rainfall gradient, while a third set was 

either recorded only from, or were significantly more abundant at. sites toward the middle of 

the gradient. Variation in species composition along the rainfall gradient was also evident 

in each of the most speciose genera (Table 5.10b*). Species of Crematogasterand 

Leptogenys were only recorded at the wetter locations, but no genera were restricted to the 

driest locations. 

As noted in the description of faunal groups, few ants known only from Mitchell grasslands 

were recorded in the wettest (most northerly) locations. Most of the clay specialist species 
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Figure 5.7 Four-dimensional ordination of sites according to ant species composition 
(standardised abundance data). Numbers indicate the fauna group to which sites belong. 
Arrows indicate the direction of vectors for environmental or ant summary variables. Only the 
most significant vectors are shown (Table 5.8). 
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recorded at these locations have previously been recorded from the relatively well-sampled 

clay habitats in the Victoria River region to the north of the extent of the Mitchell 

grasslands. Clay specialist species restricted to the central portion of the rainfall range are 

almost inevitably classed as "Mitchel! grassland" species, because clay soils in this region 

are predominantly occupied by Mitchell grassland communities. Clay soil habitats in the 

remainder of the arid zone have been poorly sampled for ants, so it is likely that clay soil 

specialists found at the drier locations will also be classified as ~Mitchell grassland" species. 

Nonetheless, the proportion of site richness made up of non-clay specialists is significantly 

related to annual rainfall. However, this relationship is complex (Fig. 5.8). Sites in the VRD 

have higher proportions of non-clay specialists than Barkly sites, especially at Kirkimbie, 

and this effect cannot be explained solely by rainfall (see predictive models below). 

Variation between locations in the Barkly Tableland is muted, except for relatively high 

proportions of non-clay specialists at the driest (lake Nash) and wettest sites (Hayfield). 

Although they are on heavy clay soils, most sites at both of these locations are open 

woodlands, rather than treeless grasslands. 

The third axis of the ordination separates sites in the southern VRD (group 7) and sites on 

gravel rises (group 4) from the remainder of sites. Both these groups have an unusual 

species composition, as described above. 

A number of environmental variables (soil crack width, NDVI rating for the year of late Dry 

season sampling, distance from water, late Dry season cover) are closely aligned with the 

fourth axis of the ordination (Fig 5.7). Vectors for the abundance of Hot Climate Specialists 

(negative), and the richness and abundance of Specialist Predators and Subordinate 

Camponotini are also aligned with this axis. The distribution of species along segments of 

the 41
h axis is shown in Table 5.11*. Some of this variation appears to relate to the effects 

of land use, which is investigated further in Chapter 8. 

Classification of sites by their ant composition suggested that there is a strong 'location 

effect', similar to that described by plants, whereby sites from each location tend to form 

clusters. This is confirmed by plotting the position of centroids for each location in the 

ordination (Fig 5.1 0). Although there is considerable overlap along individual axes, 

locations tend to separate in 4-dimensional space. This diagram also emphasises the 

separation of the four northern locations from the majority of locations in the Barkly 

Tableland (with Helen Springs occupying an intermediate position); and the dissimilarity 

between Kirkimbie (and to a lesser extent, Birrindudu and Lake Nash) and the other 

locations. 
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Figure 5.8 Comparison between locations of the mean proportion per site of non-clay specialist 
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Figure 5.9 Comparison between locations of the mean proportion per site of Torresian species. 
Locations are arranged in order of (increasing) mean annual rainfall and those in the VRD are 
indicated by an asterisk. Whiskers are two standard errors. 
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Predictive models for summary variables 

The influence of measured environmental variation on site richness and abundance, and on 

the composition of the ant fauna at each site in terms of functional groups, biogeographic 

affinity, clay soil fidelity and species' distribution patterns is summarised in Tables 5.12* 

and 5.14*. Only 5 models (of a total of 38) explained more than 50% of the deviance in the 

response variable and 17 explained less than 25%. 

Site richness does not vary with rainfall or relative greenness, but is higher in sites in the 

Victoria River District than the Barkly Tableland. Richness and abundance are also 

negatively related to soil crack width, which is mostly because of high richness and 

abundance values on gravel rise sites. Site abundance generally declines with declining 

annual rainfall, but there is a significant quadratic term for rainfall because of extremely 

high abundance values at Helen Springs, and relatively low values at Hayfield. The 

strongest models for functional group composition are for Specialist Predators. Although 

two species of Odontomachus are widespread in the study area, they are only abundant at 

sites in the middle of the rainfall range, particularly at Alexandria. Relative abundance of 

Specialist Predators is also positively related to distance from water (see Chapter 8). The 

relative abundance of Hot Climate Specialist species is positively related to rock cover, 

reflecting the high abundance of the group on gravel sites. This group also has a positive 

quadratic term for rainfall, as Hot Climate Specialists are relatively abundant at both lake 

Nash and Mt Sanford sites. Although Opportunist species are a prominent part of the 

Mitchell grass ant fauna, variation in the relative importance of this group is only weakly 

Rredicted by environmental variation. Opportunist richness and abundance declines 

slightly as upper storey cover increases, and is also negatively related to distance from 

water. The contribution of Dominant Dolichoderinae to functional group composition did not 

vary greatly between faunal groups and it is also not strongly associated with measured 

environmental variation. In contrast to Opportunists, relative abundance of Dominant 

Dolichoderinae increases with upper storey cover. 

The relationship between rainfall and ant composition according to biogeographic affinity is 

interesting (Fig. 5.9). While the proportion of species with Torresian affinities increases 

with rainfall in both the VRD and Barkty, the proportion of Torresian species-groups in the 

Barkly fauna is considerably higher than in the VRD (apart from Helen Springs, which 

occupies an intermediate position). In terms of relative abundance, Eyrean species-groups 

overwhelmingly dominate sites in the southern VRD in a similar fashion to the most 

southerly sites in the Barkly Tableland, although the former have a far higher annual 

rainfall. 
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As discussed above, the models show that the relative richness and abundance of species 

restricted to clay soils is greater on the Barkly Tableland than the VRO, and also is 

negatively related to annual rainfall. The relative richness and abundance of species 

currently considered to be restricted to Mitchell grassland communities shows a similar 

pattern. As may be expected, the richness of monsoonal species is positively related to 

rainfall, and is also positively related to distance from water and upper storey cover. 

However, rainfall is not a significant term in the (very weak) model for Arid species 

richness. The relationship between rainfall and the relative abundance of arid zone species 

is idiosyncratic, with very high values for sites at Rockhampton Downs and Hayfield (the 

wettest site). The relative abundance of monsoonal species is very much higher at Mt 

Sanford sites than sites from other locations. 

Predictive models for individual species. 

Predictive models were developed for 40 of the 46 species occurring in at least 5 sites 

(Tables 5.13* and 5.14*). In contrast to models for the summary variables, many of the 

species models were strong, with 29 explaining over 50% of deviance and some over 

90%. Models were often complex, with up to 9 significant terms. The importance of each 

of the environmental variables in the species models is summarised in Table 5.12, although 

the effect of individual terms is best considered in the context of other significant terms in 

each model. 

Rainfall was a significant term for many ant species, and can be related to the distribution 

of species along the rainfall gradient shown in Table 5.1 0. The majority of these species 

had an 'intermediate' response to rainfall (ie. a negative quadratic term), although this 

included species that were restricted to either drier or wetter sites (eg.Jridomyrmex 

viridianeus and Jridomyrmex spY) as well as species most abundant at intermediate levels 

of rainfall (eg. Odontomachus spp.). A large number of species had significant terms 

relating to relative greenness of the sites, with an approximately even spread of negative 

and positive responses to NOV! ratings in the years of both early and late Dry season 

sampling. These results are difficult to interpret as there is little understanding of the 

dynamics of ant populations in relation to rainfall history. Species with positive terms for 

NDVI (early Dry season sample) tend to be species with Eyrean affinities, non-clay 

specialists and species with semi-arid distributions. Species with positive terms for NDVI 

(late Dry season sample) tend to be Torresian species, Generalised Myrmicinae and 

Dominant Dolichoderinae, whereas those with a negative term tend to be Hot Climate 

Specialists. Given the strong location effect and the fact that NDVI ratings within each 

location are constant it may be that differences in greenness between locations is an 

important causal factor underlying the location effect. Alternatively, the significant NOV! 
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terms for many of the species may merely be an artefact of other, unexplained, differences 

between locations. 

A large number of species also had significant terms for distance from water in the model, 

suggesting that the relative abundance of these species is influenced by intensity of cattle 

grazing. In many cases, better models result when ground-layer cover is substituted for 

distance from water as an explanatory variable. These factors are examined in more detail 

in Chapter 7. 

As would be expected, many of the species characteristic of gravel rises (mostly Hot 

Climate Specialists) had positive terms for rock cover and/or negative terms for soil crack 

width. However, variation in substrate characteristics also appears to be a significant factor 

in the distribution of many ant species in the remainder of the clay sites, with species that 

are not exclusive to clay soils more abundant on soils that are less widely cracked (and the 

reverse for clay-specialist species). Upper storey cover is a significant term for only a small 

number of species, and is strongly influenced by species abundance at a small number of 

sites where there is significant tree or shrub cover. In some cases (eg. Rhytidoponera 

?pifosula) this reflects high abundance of the species throughout a location where most 

sites have some tree cover (in this case, Hayfield). However, tree cover may also be 

associated with local variation in ant composition. For example, at Connell's Lagoon there 

are 6 species (including lridomyrmex sp. A) that are significantly more abundant at the 4 

sites with sparse ~ree cover than in the other 16 sites, although there is minimal associated 

variation in understorey composition and structure. 

The models indicate that 6 of the most frequent species were more abundant in Barkly 

Tableland sites (independent of other factors such as rainfall), while 5 frequent species 

were more abundant in VRD sites. This factor was only included in the construction of 

models for the more frequent species (occurring in >10 sites). In fact, 63% of species 

recorded in the Barkly Tableland were not recorded in the VRD, while 37% of species 

recorded in the VRD were absent from Barkly sites. 
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Discussion 

The ant fauna 

The Mitchell grasslands support a distinctive ant fauna. 36% of all species recorded in the 

study are known only from clay soils, and 28% of all species have been recorded only from 

Mitchell grasslands. While further sampling of the ant fauna in the semi-arid zone of 

Northern Australia may show that some of the rarer species in these two categories 

actually have wider habitat distributions, many of the Mitchell grassland-specific species 

were sufficiently widespread and abundant in my sampling to be confident that they have 

not been merely overlooked in collections from other habitats. The degree of habitat 

specificity of the ant fauna cannot be directly compared to that for the plant and vertebrate 

faunas of the Mitchell grasslands because of differences in knowledge of species 

distributions and the way fidelity has been rated. However, if the 'exclusive' category for 

ants is considered equivalent to the '50%' fidelity category for vertebrates and plants, then, 

the degree of habitat specificity in the ant fauna is much higher (Table 5.15). Habitat 

specificity between the 3 taxa is similar if the rarest ants recorded only in Mitchell 

grasslands are excluded from calculations. 

The Mitchell grassland ant fauna differs quite markedly from that reported from most other 

Australian rangeland habitats in terms of site and regional richness, biogeographic profile 

and functional group composition. 

Richness 

Comparison between studies of local or site richness for ants is hampered by differences in 

sample methods, intensity and area. However, comparisons can be drawn with a number 

of studies where roughly comparable methods were used, several of which are in the semi

arid regions of northern Australia (Table 5.16). Site richness of ants recorded during this 

study is exceptionally low, particularly from 'typical' grassland sites in the Barkly Tableland 

(mean= 11 species/site). By contrast, up to 75 species per site have been recorded from 

eucalypt open woodlands on red calcareous loams at Kalkarinji {c. 20km from the Mount 

Sanford location of this study). Where geographically close sites on a variety of soil types 

have been sampled (Andersen 1993a, Andersen & Spain 1996, Andersen et al. 

unpublished data), ant richness is generally substantially lower for clay soil sites than those 

on loamy or sandy soils {although richness may also be low on very rocky sites: Andersen 

1993a, Hoffmann eta/. 2000). However, site richness in Mitchell grasslands is lower than 

that recorded for cracking-clay soil communities in the tropical savannas, with the notable 
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Table 5.15 Comparison between major taxa of the proportion of all species recorded that are 
restricted to (ants), or have high fidelity to (vertebrates and plants), Mitchell grassland 
communities. Comparisons were made for all sites on clay soils where the 3 taxa were 
sampled, and a subset of 'typical' grassland sites on cracking-clays. 

clay sites clay grasslands 
(n=90) (n=56) 

vertebrates total species 129 63 

% species with >50% fidelity score 9 17 

vascular plants total species 249 156 

% species with >50% fidelity score 6 7 

'""' total species 107 63 

% species recorded only from Mitchell grasslands 28 34 

% species recorded only from Mitchell grasslands & 9 16 
excluding rare species 

exception of sites on the floodplain of the Adelaide River near Darwin (Andersen et al. 

unpubl data). Very low site richness for ants has also been reported from arid chenopod 

shrubland on red duplex soil in South Australia (Landsberg et al. 1997). The low richness 

values for Mitchell grasslands are also comparable to those from minesites within the 

tropical savannas, at an early stage of rehabilitation (Andersen 1997a). 

A total of only 107 ant taxa were recorded from all clay sites during this study (with an 

additional 5 morphospecies of uncertain identity discarded). The number of species 

recorded at each location varied between 16 and 40 (median, 25 species). I am aware of 

no other equivalent study where a single broad habitat type was sampled over an extensive 

geographic range, but available evidence suggests that this total is also exceptionally low in 

comparison to other habitats. Landsberg et al. 1997 recorded between 35 and 101 species 

from individual grazing gradients (each with 6 sites having a total geographic spread of 8-

15km) within mulga woodlands and chenopod shrublands in arid and semi-arid southern 

Australia. Totals of 55 and 42 species were recorded from dune Acacia shrublands on 

dunes and inter-dune chenopod shrublands within an area of 2km2 in arid South Australia 

(Read & Andersen 2000); and Hoffmann et al. (2000) recorded 97 and 138 species from 

rocky ridge and alluvial plain habitats, respectively, in the vicinity of Mt lsa. A total of 85 

species were recorded from a single 1 ha site on red calcareous loams at Kidman Springs, 

Table 5.16 (following page) Summary of some studies that report site richness for ant 
species, in the monsoonal tropics, northern semi-arid zone and arid zone of Australia. All 
reported studies sampled ants with an array of small pit-traps within a 1-5ha area. Variation 
from the methodology of the current study (45mm diameter vials, 15 traps/site, open for 48h, 
sites sampled twice) are described. Andersen eta!. (unpublished data) refers to sampling of 
ants along the North Australian Tropical Transect at sites described by Williams eta/. (1996) 
and Woinarski eta/. (1999). For the study at Mt lsa (Hoffmann et af. 2000), site richness is 
estimated from their Fig. 3 (control sites only). 
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Source Region annual Broad environment Difference in methods No. of Site richness 
rainfall sites 

Mean Range 

This study VRD,NT 420-560 Mitchell grassland, cracking clay soil 15 12 7-20 
Barkly Tableland, NT 290-440 Mitchell grassland, cracking clay soil 50 11 4-17 
Barkly Tableland, NT 410 mixed grassland, gravelly clay rises 5 15 10-23 
Bar1dy Tableland, NT 280 Acacia georginae woodland, cracking clay soil 6 14 8-19 

Andersen eta/. (1998) Kakadu National Park, NT 1400 mos~ eucalypt woodland on sandy to loamy soils 3 sample times 22 33 19-52 

Hoffmann (2000) Kidman Springs, NT 640 eucalypt open woodland, calcareous loam soi! 30 traps 5 28 33-42 
Mt Sanford, NT 475 Mitchell grassland, cracking clay soils 30 traps, 1 sample time 6 19 14-26 

Hoffmann eta/. (2000) Mt lsa, QLD 400 eucalypt open woodland on rocky ridges 1 sample time 8 c. 25 c. 15-35 
Acacia cambagei woodland on alluvial plains 8 c. 37 c. 25-50 

Andersen (1993) lawn Hill, OLD 540 eucalypt woodland or shrublands, mostly on sandy clay loams 10 traps, 3 sample 6 36 24-42 
low open woodland or hummock grassland on rocky outcrops times 2 18 16-19 

mixed grassland on cracking clay 1 23 -
Andersen & Spain Bowen Basin, OLD 600 Eucalypt open woodland on sandy soil 8 traps + baits + 2 32 25-38 
(1996) Brigalow woodland on clay soil searches 3 23 14-32 

Andersen et at. Annaburroo, NT 1410 Eucalypt open forest, sandy soil larger traps, 3 sample 2 71 68-74 
(unpubl data) Eucalypt open forest, loamy soil times 2 69 63-74 

Melaleuca woodland, cracking clay soil 2 14 13-14 
Douglas-Daly, NT 1140 Eucalypt woodland, sandy soil 2 73 61-84 

Eucalypt woodland, loamy soil 2 50 43-56 

Melaluca woodland, cracking clay soil 2 32 25-38 
Willeroo, NT 720 Eucalypt woodland, sandy soil 2 72 64-75 

Eucalypt open woodland, loamy soil 2 50 46-53 
Mixed grassland, cracking day soil 2 47 46-48 

Kidman Springs, NT 640 Eucalypt woodland, sandy soil 2 72 66-77 
Eucalypt open woodland, loamy soil 2 81 77-85 
Mixed grassland, cracking clay soil 2 30 27-33 

Kalkarinji, NT 470 Eucalypt open woodland, sandy soil 2 49 46-51 

Eucalypt open woodland, loamy soil 2 73 71-75 
Mitchell grassland, cracking clay soil 2 21 20-21 

Landsberg et at. 1997 Kulgera, NT 200 Acacia aneura woodland, sandy learns 5ha sites, 20 traps, 6 38 32-51 
north-western NSW 290 Acacia aneura woodland, sandy loams larger traps, open for 5 6 52 36-63 

Ouilpie, OLD 285 Acacia aneura woodland, alluvialloams days, sampled once 
6 48 39-57 

Ouilpie, OLD 300 Acacia cambagei woodland I chenopod shrubland, alluvial plains 6 31 21-42 
Carnarvon, WA 200 Chenopod shrubland on duplex soils & Acacia woodland on sandy dunes 6 47 40-57 

Lake Gairdner, SA 185 Chenopod shrubland, calcareous earths 6 40 23-54 

Lake Torrens, SA 180 Chenopod shrubland, red duplex soils 6 16 11-22 

Nullarbor Plain, WA 280 Chenopod shrubland, calcareous soils 6 27 25-31 



close to the northern extent of Mitchell grassland communities in the VRD (Andersen et al., 

unpubl. data). In the open eucalypt forests of the tropical savannas there may be 100 

species within a 20X40m plot (Andersen 1992). Ant richness in other faunas is positively 

related to the abundance of competitively dominant ants (Dominant Dolichoderinae and 

Generalized Myrmicinae) (Andersen 1995b), and these groups make up a relatively small 

proportion of the Mitchell grassland fauna (community structure is discussed further below). 

Biogeographic profile 

The Mitchell grasslands lie on the southern margin of the monsoonal zone (sensu 

Andersen 2000) and the northern margin of the arid zone. The biogeographic profile of the 

Mitchell grassland ant fauna (ie. the biogeographic affinities of the species-groups to which 

the component species are attributed) shows a strong influence of Eyrean species, which 

constitute 63% of the total fauna. This is comparable to other central Australian ant faunas, 

and a larger Eyrean component than is found in the monsoonal fauna (c. 40% of the total). 

However, the links to the monsoonal fauna are shown by the substantial component of 

species with Torresian affinities. Ant faunas in other parts of the semi-arid zone of 

Australia have at least one third of their species from Widespread species groups (see Fig. 

6 in Andersen & Spain 1996). This contrast with the Mitchell grassland fauna, where the 

Widespread component is small and the Eyrean component far larger. One of the factors 

related to the large Eyrean component is the high number of Mitchell grassland-specific 

species, three-quarters of which have Eyrean affinities (mostly species of Melophorus, 

Rhytidoponera and Meranoplus). The Mitchell grasslands is structurally a very different 

e_nvironment to other semi-arid environments in Australia, which are typically eucalypt and 

acacia woodlands on sand or loam soils, and must present a combination of environmental 

conditions that species from Widespread species~groups are unable to tolerate. 

Functional group composition 

Although there may be substantial variation between individual sites, functional group 

composition of 'composite' ant faunas (ie. combined data from a number of sites within a 

locality or region, often from a number of habitats) is quite consistent throughout the 

Australian rangelands (Andersen & Spain 1996, Read & Andersen 2000, Hoffmann 2000). 

However, the Mitchell grasslands fauna is again unusual, with a considerably higher 

proportional contribution to total abundance from Opportunist species than has been 

reported elsewhere, and a correspondingly lower proportion of Subordinate Camponotini 

and Climate Specialists. This discrepancy may arise, at least partly, because other 

composite faunas incorporate samples from a number of habitat types, and comparisons at 

the individual site level may therefore be more valuable. Andersen (1995a) has developed 
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a classification scheme for Australian ant communities, primarily based on the relative 

abundance of Dominant Dolichoderinae (hereafter 'DO'), and secondarily on the relative 

abundance of Generalized Myrmicinae ('GM') and Opportunists ('OPP'). When classified 

according to this scheme (Table 5.17), sample sites from this study were fairly evenly 

spread amongst groups based on the relative abundance of DD species, although 

communities without abundant DD (DOD) were the most frequent. However, on the 

secondary classification 83% of sites fell into the OPP groups, with very few sites having a 

high abundance of GM species. This contrasts with a 'typical' community structure of 

D02GM on sandy and loamy soils in inland Australia. Interestingly, 4 sites did not 

comfortably site within Andersen's classification, with the relative abundance of Specialist 

Predators or Subordinate Camponotini far exceeding that of any other group. 

Ant community structure may be related to the influence of stress, disturbance, and 

competition (Andersen 1995a) in an analogous fashion to that proposed for plants by Grime 

(1979) . Opportunist ant species are equivalent to ruderal species (Grime 1979) and are 

characteristic of sites where stress or disturbance limit ant productivity and diversity 

(Andersen 1995a, Andersen 1997a). OOOOPP & D010PP structural types (ie. 50% of the 

Mitchell grassland sites) are equivalent to ruderal communities and in other Australian 

environments are associated with highly disturbed or very shady sites. 0020PP and 

DD30PP types (34% of sites) can be regarded as competitive-ruderal communities and 

occur under a range of conditions, including highly disturbed sites and hot open sites with 

stony soils (Andersen 1995a). The relative abundance of Dominant Dolichoderinae varies 

significantly between the 11 faunal groups described above (Table 5.7), but most groups 

contain sites belonging to 3 or 4 of the four DD structural types. Predictive models (Table 

5.14) showed that relative abundance of DD is positively related to 'greenness' rating for 

late dry season samples. Further analysis confirms that the NDVI-L 1 score differs 

significantly between sites from the two broad structural groups (000/001 vs 002/003), 

as do the related variables of late dry season ground cover and cattle use (Fig. 5.13). 

Table 5.17 Classification of sample sites according to the scheme of Andersen (1995). The 
primary classification depends on the relative abundance of Dominant Dolichoderinae (000, 
<10%, 001<20%, 002<30%, 003<70%) and the secondary classification on the relative 
importance of Generalised Myrmicinae (GM), Opportunists (OPP) or Climate Specialists (HCS). 
'X' indicates sites that did not comfortably fit the secondary classification. 

secondary classification 

GM OPP HCS X total 

DOO 4 24 2 30 
primary DD1 1 20 21 
classification DD2 1 16 17 

DD3 3 15 2 2 22 

total 9 75 2 4 90 
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Figure 5.11 Comparison between sites with low abundance of competitively dominant ants 
(types DDO & 001) and sites with high abundance (types 002 & 003) for: (a) NDVI rating for 
year of late dry season sample; (b) ground layer cover in late dry season; (c) recent cattle use. 
Data is mean and two standard errors, but differences were tested with Mann-Whitney U-test (a, 
p<.001; b, p=0.002; c, p=0.008). Differences between the two groups for other environmental 
variables (as used in predictive models) were not significant. 

Do the Mitchell grasslands represent (from an ant perspective) a highly disturbed or high 

stress environment? Andersen (1995a) emphasised the difference between disturbance 

(factors causing the removal of biomass of ants) and stress (factors limiting the productivity 

of ants, primarily low temperature), although in reality the two may be difficult to 

disentangle. A number of features of the Mitchell grassland environment may lead to high 

levels of disturbance and or stress. The primary driver of low ant productivity is probably 

waterlogging of the surface soil for extended periods in at least some years, and this 

appears to limit richness and abundance of other soil macrofauna such as termites 

(Dawes-Gromadzki, CSIRO, pers. comm.). Additionally, the shrink-swell action of the clay 

soils means that there is considerable mechanical disturbance to the upper soil layer, as 

deep soil cracks develop during the dry season. Plant productivity (and presumably food 

availability for ants) is highly variable between years due to temporal and spatial patchiness 

of rainfall and, even in the absence of grazing, both vegetation structure and composition 

are subject to considerable temporal variation (Chapters 1 and 3). This combination of 

factors may have militated against a fauna dominated by ecologically specialised species 

and promoted one with a large component of unspecialised Opportunist species. A 

contrasting argument, however, is that the singularity of the Mitchell grassland environment 

may favour specialists at the expense of ecological generalists. This seems to be reflected 

by the high proportion of species that are apparently restricted to the Mitchell grasslands. 

Overlying these 'natural' high-stress features of the environment is widespread and 

relatively intensive grazing by introduced herbivores, which results in further mechanical 

disturbance of surface soil and increased within-year variation in ground cover (by 

removing ground cover through the dry season, but also in some areas by promoting high 
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annual cover in the early dry season- see Chapter 7). Although the relative abundance of 

Opportunist species was negatively related to distance from water, the ruderal nature of 

the Mitchell grassland ant fauna cannot be solely attributed to the disturbance or stress of 

cattle grazing, as Opportunist species are an abundant component at sites at all levels of 

grazing pressure. Nevertheless, the amount of perennial grass cover at the end of the dry 

season appears to be important for ant community structure (Fig. 5.13) and this is 

dependent upon both seasonal variability in rainfall and grazing pressure. The effects of 

cattle grazing on the ant fauna are discussed further in Chapter 8. 

Conclusion 

In common with both the flora and vertebrate fauna, the Mitchell grasslands supports a 

distinctive ant fauna, with a set of relatively frequent species that are largely restricted to 

this habitat. In fact, the proportion of high· fidelity species is greatest for ants, although 

further inventory in other semi-arid environments may extend the known habitat distribution 

of some of the species collected during this study. Some features of the distribution of ant 

species within the Mitchell grasslands are also similar to those described for plants and 

vertebrates, notably the turnover in species composition associated with the latitudinal 

climate gradient, and the intrusion of tropical species into the most northern locations, and 

arid·zone species into the most southerly sites, particularly the gidgee woodlands. One 

interesting feature of the ant fauna, however, is that locations in the southern VRD are 

compositionally distinct form those in the Barkly Tableland, contain few Mitchell grassland

specific species and a relatively high proportion of species with Eyrean affinities. This may 

relate to the relatively limited extent of the clay plains in the southern VRD, which occur as 

patches within the extensive matrix of Eucalyptus open-woodland on sandy-loam soils, a 

habitat which is contiguous with the Tanami Desert to the south. 

The distribution of the more frequent ant species (recorded from at least 5 sites) could be 

relatively well predicted from the measured environmental variables. Nonetheless, a 

majority of recorded species occurred in fewer than 5 sites and at only 1 or 2 locations. 

Consequently, a strong 'location effect' was evident, similar to that observed for plants. 

This may arise form a combination of factors, (see also the discussion in Chapter 3): 

• a relatively rapid turnover in species along the climate gradient, or in response to other 

environmental differences between locations that I was unable to quantify; 

• high temporal lability of composition in response to variation in seasonal rainfall; 

• high sensitivity to differences in land-use history at a property scale; 

• a high turnover in species composition between sites that is solely a function of 

geographic distance. 
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I investigate the relationship between species turnover and geographic distance between 

sites in the following Chapter. The pronounced 'location effect' observed for both ants and 

plant clearly has implications for conservation management, as the biotic variation within 

the Mitchell grasslands cannot be readily represented within a single reserve. In Chapter 6, 

I further compare the diversity and distribution patterns of plants, ants and vertebrates, and 

examine the implication of these patterns for the selection of representative 'reserves'. 
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Table 5.2 Summary of all species recorded during the survey. Listed for each species are the 
functional group (FG), biogeographic affinity (BA), exclusivity to clay soil (CI), distribution (Dist), 
the number of sites from which it was recorded {NS), the number of locations (NL), and 
distribution between locations. FG: DO, Dominant Dolichoderinae; GM, Generalised Myrmicinae; 
HCS, Hot Climate Specialist; OP, Opportunist; SC, Subordinate Camponotini; SP, Specialist 
Predator. BA: B, Bassian; E, Eyrean; T, Torresian; W, Widespread. Cl: S, seldom (recorded from 
clay soils); M, mostly; E, exclusively; X, exclusively but very few records;?, uncertain. Dist: 
ARID, arid zone; INT, introduced; MONS, monsoon zone; MGNT, Mitchell grasslands in the 
Northern Territory(* indicates only from this survey); SA, semi-arid zone (N, northern Australia; 
Q, Queensland; T, Northern Territory; W, Western Australia; S, eastern & southern Australia); 
?, uncertain. Locations: A, Alexandria; B, Birrindudu; C, Connell's Lagoon; G, Georgina Downs; 
Ha, Hayfield; HS, Helen Springs; K, Kirkimbie; L, Lake Nash; M, Mt Sanford; R, Rockhampton 
Downs; S, Soudan; W, West Ranken. 

Species FG BA Cl Dist Ab" NS NL A B c GHaHSK L M R s w 
subfamily CERAPACHYINAE 

Cerapachys clarki SP E s ARID 1 1 1 • 
Cerapachys sp. B (singu/aris gp) SP E s MONS 20 11 3 • • • 
subfamily DOLICHODERINAE 

Doleromyrma sp. A OP 8 M SAQ 3 1 1 • 
/ridomyrmex ?hertmeyeri DO E s SAN 57 12 4 • • • • 
lridomyrmex agilis DO E s ARID 20 ' 2 • • 
lridomyrmex sp. nr. mayri DO E s ARID " 3 2 • . -
lridomyrmex sanguineus DO E s MONS 516 23 7 • • • • • • • 
lridomyrmex sp. A (rufoniger gp) DO E E MGNT 741 20 7 • • • • • • • 
lridomyrmex sp. C (suchieri gp) DO E s ARID 34 5 2 • • 
/ridomyrmex sp. F (suchieri gp) DO E E SAT 689 " ' • • • • • • • • • 
lridomyrmex sp. J (pallidus gp) DO E ? SAM 7 1 1 • 
/ridomyrmex sp. K (rufoniger gp) DO E s ARID 62 12 4 • • • • 
lridomyrmex sp. L (maliroloi gp) DO w s MONS 2 1 1 • 
lndomyrmex sp. M (pellidus gp) DO E ? SAM 1 1 1 • 
lridomyrmex sp. P (anceps gp) DO T E MGNT m 12 5 • • • • • 
lridomyrmex sp. Q (anceps gp) DO T s SAT 6 2 2 • • 
lndomyrmex sp. Y (anceps gp) DO T s MONS 648 25 5 • • • • • 
lridomyrmex virid1aneus DO E s ARID 310 14 3 • • • 
Tapinoma sp. A OP w s MONS 71 33 11 • • • • • • • • • • • 
Tapinoma sp. B OP w s MONS 5 2 1 • 
subfamily FORMICINAE 

Camponotus fie/dee se T s SAN 70 6 3 • • • 
Camponotus sp. nr. tncoloratus se E s SAS 2 1 1 • 
Camponotus sp. A (d1scors gp) se w E MGNT 411 59 ' • • • • • • • • • 
Camponotus sp. B (nigroaeneus gp) se E M SAT 134 33 6 • • • • • • 
Camponotus sp. C (rubigmosus gp) se w X MGNT* 4 2 1 • 
Camponotus sp. D (novaehol/and1ae gp) se T s MONS 63 7 4 • • • • 
Camponotus sp. F (claripes gp) se w X MGNT* 10 1 1 • 
Camponotus sp. H (discors gp) se w s MONS 13 6 2 • • 
Camponotus sp. M (novaehollandiae gp) se T s MONS 20 7 1 • 
Camponolus sp. R (denticu/a/us gp) sc E s MONS 13 1 1 • 
Melophorus bagoti "C E s ARID 3 2 2 • • 
Melophorus sp. A "C E s SAO 1 1 1 • 
Melophorus sp. AB (group F) "e E X MGNT" 2 1 1 • 
Melophorus sp. AC (mjobergi gp) "e E E SAT ' 3 1 • 
Melophorus sp. AI (wheeleri gp) "e E s ARID 35 4 1 • 
Melophorus sp. AJ (fieldi gp) "e E X MGNT" 18 5 2 • • 
Melophorus sp. AK (group F) "C E X MGNT" 3 1 1 • 
Melophorus sp. AL (group F) "e E X MGNT" 118 11 2 • • 
Melophorus sp. AV (group F) "e E s SAO 15 2 1 • 
Melophorus sp. AW (wheeleri gp) "C E s SAT 2 1 1 • 
Melophorus sp. AY (group A) He E X MGNT* 35 6 1 • 
Melophorus sp. B (group F) He E E SAT 210 23 6 • • • • • • 
Melophorus sp. D (fieldi gp) "e E X MGNT* 2 2 2 • • 
Melophorus sp. E (group A} He E E SAT 6e? 52 12 • • • • • • • • • • • • 
Melophorus sp. F (mjobergi gp) He E E MGNT" 132 19 3 • • • 
Melophorus sp. J He E X MGNT" 6 2 2 • • 
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Table 5.2 (cont'd) 

Species FG BA Cl Oist Ab" NS NL A B c G Ha HS K L M R s w 
Melophorus sp. R HC e s SAO 16 5 2 • • 
Melophorus sp. T (fieldi gp) HC E s SAQ 188 8 2 • • 
Melophorus sp. X (eef!eovirens gp) HC E s MONS 12 4 2 • • 
Opisthopsis haddoni sc T s MONS 1 1 1 • 
Opisthopsis rufithorex sc T s ARID 23 5 2 • • 
Opisthopsis sp. B (diedemetus gp) sc T s SAO 3 1 1 • 
Peratrechine longicornis OP w s INT 5 4 2 • • 
Peratrechine sp. C (minutule gp) OP w s MONS 1 1 1 • 
Polyrhechis ?obtuse sc T s MONS 3 2 1 • 
Polyrhechis crawleyi sc T M MONS 15 4 2 • • 
Polyrhechis sp. nr. obtuse sc T s SAT 16 5 4 • • • • 
Polyrhechis sef"!ilis sc T s MONS 4 2 2 • • 
Polyrhechis sp. C (schwiedler!di gp) sc E s SAN 2 1 1 • 
subfamily MYRMICINAE 

Card<ocondyla sp. A (nuda gp) OP w s ? 4 3 3 • • • 
Crematogaster queens/andice GM w s MONS 6 2 2 • • 
Crematogestersp. C (laeviceps gp) GM w s MONS 22 3 2 • • 
Meranoplus ?pubescens HC E s SAN 4 2 2 • • 
Meranoplus nr.mif"limus HC E X MGNT" 9 2 2 • • 
Meranoplus nr.pubescens HC E X MGNT* 22 4 3 • • • 
Meranoplus sp. D (drversus gp) HC E E MGNT" 26 8 4 • • • • 
Meranoplus sp. I (diversus gp) HC E s SAQ 76 6 1 • 
Meranoplus sp. J HC E X MGNT' 3 2 1 • 
Meranoplus sp. K HC E X MGNT' 1 1 1 • 
Monomorium tmderseni GM E s "T 41 5 2 • • 
Monomorium diset<gerum GM E s MONS 18 6 2 • • 
Monomorium sp. A (sordidum gp) GM E s SAN 428 14 5 • • • • • 
Monomorium sp. B (rothsteini gp) HC E ? ? 5'5 53 12 • • • • • • • • • • • • 
Monomorium sp. C (Jaevegp) GM E s SAO 1 1 1 • 
Monomorium sp. D (/aavagp) GM E s SAN " 21 1 • • • • • • • 
Monomorium sp. K (Jaevegp) GM E X MGNT" 6 3 2 • • 
Monomorium sp. L (/eeve gp) GM E X MGNT" 23 3 2 • • 
Monomorium sp. M (/eave gp) GM E s MONS 12 2 2 • • 
Monomorium sp. S (rothsteif"li gp) HC E ? ? 16 1 1 • 
Pheidole impressiceps GM T s MONS 48 1 3 • • • 
Pheidole sp. A (group B) GM E X MGNT" 2 2 2 • • 
Pheidole sp. B (group D) GM E E SAT 605 13 12 • • • • • • • • • • • • 

. Pheidole sp. C (group A) GM w ? ? 4 1 1 • 
Pheidole sp. H (groupA) GM w ? ? 9 2 1 • 
Pheidole sp. K (group A) GM w X MGNT" 6 1 1 • 
Podomyrme sp. A TC T ? ? 1 1 1 • 
Tatramorium sp. A (slriolalum gp) OP E E SAT 148 11 4 • • • • 
Tetramorium sp. B (impressum gp) OP E E MGNT 83 24 6 • • • • • • 
Tetramorium sp. D (striolatum gp) OP E s SAQ , 12 5 • • • • • 
Tetramorium sp. E (stnoletum gp) OP E X MGNT" 1 1 1 • 
Tetramorium sp. H (spininode gp) OP T s SAO " 10 3 • • • 
subfamily PONERINAE 

Amx;hetus rectangularis " T s MONS 1 1 1 • 
Anochetus sp. A (rectangularis gp) SP T X MGNT* 1 1 1 • 
Leptogenys ad/erzj SP T s MONS 9 4 1 • 
Odontomachus sp. A (ruficeps gp) SP T E MGNT 286 32 6 • • • • • • 
Odontomechus sp. B (ruficeps gp) SP T E SAT 583 43 8 • • • • • • • • 
Platylhyrea sp. nr. parva SP T s SAW 10 2 1 • 
Rhyl<doponera ?eremite OP E M SAW 151 3 2 • • 
Rhytidoponera ?pilosu/e OP E E SAO 1241 49 10 • • • • • • • • • • 
Rhytidoponera sp. nr. rufithorax OP E s SAN 691 1 2 • • 
Rhytidoponere sp. A (meyri gp) OP E X MGNT" 3 1 1 • 
Rhytidoponera sp. C(mayrigp) OP E X MGNT* 466 1 1 • 
Rhylidoponere sp. D (tenuis gp) OP T E MGNT 1655 53 8 • • • • • • • • 
Rhytidopor!era sp. E (convex a gp) OP E s SAO 131 1 3 • • • 
Rhylidopor!era sp. G (group A) OP E X MGNT 34 2 1 • 
Rhytidoponera sp. P (group A) OP E E SAT 339 7 1 • 
Rhytjdoponera taurus OP T s ARID 2198 40 7 • • • • • • • 
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Table 5.6 Distribution of ant species amongst eleven faunal groups. Data are mean 
abundance in each group and species are ordered according to the group in which they are 
most frequent. Asterisks indicate significance of variation in abundance between groups 
(Kruskal Wallis AN OVA; * p<0.05, ** p<0.01, *** p<0.001 ). Abbreviation preceding species 
name indicates functional group, and the biogeographic affinity (B), specificity to clay soils (C), 
distribution (Dist) and total frequency (N) for each species are also shown (abbreviations as 
Table 5.2). 

Group 

1 2 3 4 5 6 7 8 9 10 11 

Species B c Dlst N 13 7 7 5 19 8 7 5 6 7 6 p 

OP Rhytidoponera sp. E E s SAO 7 8.6 27 .. 
GM Monomorium sp. L E X MGNT* 3 1.8 

HC Meranoplus nr.pubescens E X MGNT* 4 1.4 0.6 
GM Monomorium sp K E X MGNT• 3 03 03 

DO lridomyrmex sp. P T E MGNT 12 2.5 8.3 " 82 ... 
GM Monomorium sp. A E s SAN 14 0.2 17.9 33.3 03 11.0 ... 
HC Melophorus sp. B E E SAT 23 0.2 M 20.7 07 0.3 2.7 ... 
DO lridomyrmex sp. C E s ARID 5 1.0 3.9 ... 
DO lndomyrmex nr.mayri E s ARID 3 0.1 3.0 1.2 

HC Melophorus sp. R E s SAO 5 1..6 0.1 0.7 . 
HC Melophorus sp. X E s MONS 4 1..1 0.6 . 
SC Campo notus sp. C w X MGNT• 2 0.6 .. 
HC Melophorus sp. T E s SAQ 8 0.9 34.4 0.2 

... 
DO lridomyrmex sanguineus E s MONS 23 0.3 1.9 32.6 16.4 02 3.3 0.1 0.3 . 
HC Monomorium sp. B E ? UNR 53 5.3 89 23 19.4 6.5 7.5 08 " 6.2 10.1 3.8 

HC Melophorus sp. AL E X MGNT* " 0.6 19.4 0.7 ... 
OP Rhytidoponera ?eremita E M SAW 3 11.3 15.6 .. 
SC Camponotus fleldae T s SAN 6 0.1 13.4 0.1 0.1 .. 
SP Odontomachus sp. A T E MGNT 32 2.3 11.2 97 35 0.2 0.2 ... 
OP Tetramorium sp. H T s SAO 10 9.4 0.3 0.3 ... 
HC Melophorus sp. AI E s ARID 4 6.4 0.2 

DO lridomyrmex ?hartmeyeri E s SAN 12 0.3 0.4 6.2 0.9 0.1 .. 
HC Melophorus sp. AY E X MGNT" 6 4.4 0.7 . 
HC Melophorus sp. AJ E X MGNT" 5 0.1 3.2 01 ... 
HC Meranoplus sp. D E E MGNT" 8 1..0 1.4 0.6 0.2 . 
DD lridomyrmex sp. F E E SAT 43 0.8 0.3 1..9 3.4 26.4 12.6 1.0 4.3 2.0 ... 
SC Camponotus sp. A w E MGNT 59 2.4 4.7 2.7 2.0 10.4 6.5 87 0 1 27 ... 
SC Opisthopsis rufithorax T s ARID 5 1.2 0 1 

SC Camponotus sp. M T s MONS 7 0.1 02 0.9 

OP Rhytidoponera sp. D T E MGNT 53 25.9 12.4 6.9 8.2 38.7 47.1 30 2.0 ... 
DO lridomyrmex viridianeus E s ARID 14 04 31l.1 11.0 ... 
OP Tapinoma sp. A w s MONS 33 0.2 0.3 0.2 0.6 2.9 19 02 1.5 0.4 1.0 ... 
OP Rhytidoponera nr.ruf•thorax E s SAN 7 99.6 ... 
OP Tetramorium sp. A E E SAT " 0.3 19.9 1.0 ... 
GM Monomorium sp. D E s SAN 21 08 0.7 0.6 4.4 1.0 1.4 ... 
DO lridomyrmex sp. K E s ARID 12 2.6 0.3 0.4 3.3 ... 
SC Camponotus sp. H w s MONS 6 0.1 1.7 ... 
GM Monomorium disetigerum E s MONS 6 1.1 1.4 ... 
OP Paratrechina long•cornis w s INT 4 0.2 0.4 

OP Cardiocondyla sp. A w s UNR 3 01 0.3 0.1 

OP Rhytidoponera ?pilosula E E SAO 49 0.6 23.1 1.7 25.6 5.7 1.9 64.6 45.7 28.6 1.5 ... 
SC Camponotus sp. D T s MONS 7 1.2 1.6 03 7.0 .. 
GM Crematogaster sp. C w s MONS 3 0 1 4.2 . 
SC Polyrhachis crawleyi T M MONS 4 0.3 2.6 ... 
SC Polyrhachis nr.obtusa T s SAT 5 0.5 0.1 0.3 1.4 

OP Rhyt•doponera taurus T s ARID 40 9.7 0.9 37.4 35.3 53.0 62.4 88.5 ... 
DO lridomyrmex sp. A E E MGNT 20 15.2 6.0 13.1 1.6 10.6 44.7 53 .. 
SP Odontomachus sp. B T E SAT 43 13.5 0.6 1.3 " 62 14.3 5.9 19.2 07 ... 

GM Pheidole sp. B E E SAT 73 13.0 6.0 2.0 2.6 9.0 3.6 4.4 3.6 13.5 6.1 4.6 

HC Melophorus sp. F E E MGNT* 19 2.6 11l.2 3.7 ... 
SC Camponotus sp. B E M SAT 33 0.2 18 1.6 1.6 2.1 9.0 06 0.8 ... 
OP Tetramonum sp. 8 E E MGNT 24 0 1 1.1 3.4 0.1 0.9 5.2 1.7 ... 
SP Cerapachys sp. B E s MONS " 0.4 0.5 0.3 1.2 .. 
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Table 5.6 (cant' d) 

Group 

1 2 3 4 5 6 7 8 9 10 11 

Species B c Dist N " 7 7 ' 19 8 7 ' 8 7 8 p 

DO lridomyrmex sp. Y T s MONS " 08 3.0 3 1 08 133 68.6 ... 
DP Rhytidoponera sp. P E E SAT 7 48.4 ... 
HC Melophorus sp. E E E SAT " 03 " 98 08 08 58 137 14.6 24.7 27.6 3.7 ... 
HC Meranoplus sp. I E s SAQ 6 10.9 ... 
GM Monomorium anderseni E s SAT ' 0.1 5.7 ... 
GM Pheidole impressiceps T s MONS 7 07 5.0 ... 
OP Tetramorium sp. D E s SAO 12 0.2 0.4 0.4 1.0 2.6 ... 
SP Leptogenys adlerzi T s MONS 4 1.3 ... 
HC Melophorus sp. AC E E SAT 3 1.3 ... 
OP Rhytidoponera sp. C E X MGNT* 7 2.0 75.3 ... 
OD lridomyrmex agli1s E s ARID 6 1.6 2.0 ... 
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Table 5. 7 Summary of environmental variables, group richness, and ant summary variables for 
the 11 faunal groups. With the exception of group richness, all data are group means and 
asterisks indicate the significance of variation amongst groups (Kruskal Wallis AN OVA; 
* p<O.OS, "* p<0.01, u• p<0.001 ). To assist interpretation, the maximum value of each variable 
is bold and the minimum value is underlined. E, early dry season; L, late dry season. 

no. of sites 

no. of /ocaUons 

mean diSSimilarity 

environmental vana1:11es 

longitude 

latitude 

annual rainfall 

NDVI-E1 

NDVI-L1 

NDVI-L3 

soil cracks (width) 

soil cracks (number) 

upper storey cover 

ground layer cover (E) 

ground layer cover (L) 

perennial grass cover (E) 

perennial grass frequency 

litter cover (L) 

rock cover 

d<stance from water 

cattle usa index 

group r1cnness 

total species 

unique species 

%unique 

site richness & total richness 

site richness 

s1te abundance 

sne composnoon 17•1 

functional grou~~: !richness) 

Dominant Dolichoderinae 

Subordinate Camponotini 

Hot Climate Specialists 

Opportun1sts 

Generalised Myrmicinae 

Specialist Predators 

funcliQnal groul! {abungi!n!<e} 

Dominant Dolichoderinae 

Subordinate Camponotini 

Hot Climate Specialists 

Opportunists 

Generalised Mynnicinae 

Specialist Predators 

1 

" 5 

0.79 

t36.5 

-19.4 

382 
41 

o.2 

-2.4 

64 
53 
22 

16.1 

76 

5.9 

!U 
18 

" 34 

1.39 

41 

6 

14.6 

18 

14 

20 

"' 19 

9 

17 

4 

9 

36 

17 
17 

biogel!!l'l!l!hic affinit)l {s~~:ecies) 

Eyraan 

I "I Torresian 28 

Widespread 13 

blogeograehlc afflni!Y: {abundance} 

Eyrean 

I "I Torresian 48 
Widespread 3 

2 

7 

3 

0.70 

137.0 

-20.3 

323 
4.0 

-10 1 

.:.M 
31 

21 

3.4 

23.8 

2.8 

!U 
6.4 

3.3 

3.3 

3.0 

1.62 

29 

4 

13.8 

13 
9 

24 
28 
20 

7 

12 

3 
17 
46 

19 
3 

"I 19 
12 

"I 30 

4 

3 4 5 

7 5 19 

2 2 2 

0.76 0.68 0.69 

137.8 137.1 136.3 

:2.M -19.1 -18.8 

"-' 409 415 
-12.5 ~.3 -9.3 

.:1M -3.7 0.3 

4.0 <.6 1.7 
28 " 70 

16 ' 52 
40 0.6 0.5 

16.0 18.5 21.2 

7.4 11.4 19.7 

21.6 10.4 16.7 

15.6 10.1 13.3 

29 2.1 3.2 
18 31.0 1.9 
4.4 5.3 8.3 

1.07 1.57 0.64 

" 31 41 

7 4 5 
17.9 12.9 12.2 

20 16 19 

13 I 17 
26 36 17 
27 26 24 
13 ' 9 

2 9 " 
16 16 29 

5 8 9 

29 34 ' " 37 41 

25 1 5 

2 4 10 

"I ~I "I 15 34 

11 11 

"I "I "I 11 32 50 
4 1 7 

Group 

' 7 8 9 10 11 p 

8 7 5 ' 7 ' 
1 2 1 1 1 1 

0.39 0.60 0.56 0.39 0.59 0.49 

135.3 j2U 133.3 134.4 130.9 137.1 ... 
-19.3 -18.0 -16.9 -18.2 -17.2 -21.2 ... 

366 472 572 430 500 269 ... 
-9.8 <.8 •. 6 -2.7 7.3 -12.0 ... 

-10.6 -1.9 -12.2 -8.5 -2.2 -12.0 ... 
-0.1 15 2.6 3.9 3.9 -5.8 ... 

55 75 71 61 55 44 ... 
44 80 49 44 " 51 ... 
0.0 0.9 4.7 0.0 1.7 0.0 ... 

11.5 28.7 19.6 31.1 39.7 ,., ... 
11.2 18.1 4.9 11.3 17.3 1.1 ... 
7.8 21.5 7.8 19.3 14.0 6.3 ... 

14.1 14.7 6.0 13.8 10.6 10.8 ... 
0.8 2.0 30 1.0 9.4 'li ... 
1.2 0.1 "' 1.0 76 3.3 ... 
3.6 2.8 ;u 4.8 32 2.7 ... 

1.01 1.63 1.68 1.33 1.06 1.22 ... 

19 31 1!l 21 31 20 

1 6 1 Q 8 o.~ I 53 19.4 6.3 "' 25.8 

18 19 17 13 ' 21 " 14 12 19 14 I 12 " 13 ' 17 25 29 26 .. 
31 30 32 29 26 26 "' 8 24 15 ' 24 8 ... 
15 7 Q 13 4 6 ... 
22 9 ' 22 29 18 .. 

4 2 7 6 1 3 "' 7 8 10 13 22 10 ... 
55 71 72 48 37 61 ... 

2 7 6 , 11 8 .. 
10 4 Q 7 1 1 ... 

"I "I ~I "I "I T. 33 15 23 18 f! ••• 
16 17 9 8 13 • 

"I 9~ I "I "I "I 
9r· 61 45 41 32 2. ... 

5 3 3 1 3 "' 

' 
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Table 5.7 (cont'd) 

1 ' I 3 I 4 I ' I 6 I ' I ' I ' I " I 11 1 p 

clay soil fidelity !speCiHl 

Seldom 

I ': I ~I 3: I 4: I 3: I 3: I ~I 4: I ': I ·: I 'l. Mostly 4 . 
Exclusively 63 68 61 " 62 58 47 60 39 66 ••• 

clal£soil fidelilll (abundance} 

Seldom 

I 1~ I ': I 3: I ~I 3~ I 4: I 6: I 4: I 3: I 4: I 'T. Mostly 1 •• 

Exclusively 77 66 53 65 50 31 53 59 52 81 ••• 

distribution (sP:!cies} 

Arid 3 10 9 5 6 " 9 " 6 2 14 ... 
Monsoonal 9 ' " " " " 20 26 14 24 7 ... 
Semi-arid 45 39 46 " " " 60 " 40 64 " 

... 
Mitchell Grassland 34 37 31 31 33 26 7 14 32 2 39 ... 
distribution (abundance} 

Arid 3 12 7 " " 43 2 35 29 ' 10 ... 
Monsoonal 3 1 5 13 12 2 4 9 6 33 1 ... 
Semi-arid 45 47 64 43 31 " 67 50 39 61 " 

... 
Mitchell Grassland 44 31 23 20 37 29 6 5 24 ' 71 ... 
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Figure 5.8 (a) Vectors for environmental and ant summary variables fitted to the ordination of 
sites by ant composition (Fig. 5.7). SSH1-4 are the coordinates of the heads of the vectors in 
ordination space (all vectors have unit length) and R is the correlation coefficient; asterisks 
indicate the significance of the correlations according to permutation tests (; * p<0.05, ** p<0.01, 
*** p<0.001) 

vector SSH1 SSH2 SSH3 SSH4 R 

environmental variables 

longitude 0.08 -0.89 0.45 0.09 0.79 ..... 

latitude 0.05 0.95 0.24 0.21 0.77 ••• 

annual rainfall 0.04 0.98 0.20 0.04 0.76 ••• 

NDVI-L3 -0.22 0.86 0.23 0.39 0.70 ••• 

NDVI-E1 0.57 0.69 -0.19 -0.41 0.69 ••• 

soil cracks (width) -0.06 0.38 -0.31 0.87 0.68 ••• 

NDVI-L 1 0.43 0.42 0.17 0.78 0.59 HO 

distance from water -0.17 0.01 0.40 0.90 0.54 ••• 

rock cover 0.37 0.19 0.80 -0.44 0.52 HO 

ground layer cover (early Dry) 0.50 0.81 0.00 -0.30 0.43 •• 

ground layer cover (late Dry) 0.10 0.52 -0.11 084 0.42 ** 
litter cover (late Dry) 0.42 0.50 0.14 -0.75 0.40 •• 

cattle use index 0.26 0.00 0.03 -0.96 0.38 • 

upper storey cover 0.35 0.25 -0.39 -0.82 0.37 •• 

gravel cover 0.30 0.24 0.39 -0.84 0.37 • 

ant summary variables 

Mitchell Grassland distbn SPP 0.01 -0.95 0.27 0.15 0.80 ••• 

Generalised Myrmicinae SPP 0.73 0.25 -0.55 -0.32 0.70 HO 

Mitchell Grassland distbn ABN -0.14 -0.93 -0.16 0.30 0.69 ... 

Hot Climate Specialists ABN 0.25 0.02 0.29 -0.92 0.64 ••• 

Seldom clay SPP -0.10 0.87 -0.47 -0.10 0.64 *** 
Specialist Predators SPP 0.00 -0.13 0.34 0.93 0.62 ••• 

Specialist Predators ABN 0.39 0.23 0.04 0.89 0.59 ... 

site abundance -0.62 0.56 0.52 -0.13 0.59 ••• 

Eyrean ABN -0.12 -0.05 -0.61 -0.79 0.59 ••• 

Arid distbn ABN -0.80 0.23 0.52 0.21 0.59 ••• 

Monsoonal distbn SPP -0.16 0.97 -0.17 0.10 0.59 ••• 

Semi-arid distbn ABN 0.55 0.63 -0.49 -0.23 0.58 ••• 

Widespread SPP -0.15 -0.23 -0.85 0.46 0.57 ..... 

Torresian SPP 0.05 0.18 0.74 0.64 0.56 ••• 

Mostly clay SPP -0.77 0.46 0.25 0.37 0.56 ••• 

Semi-arid distbn SPP 0.32 0.87 -0.37 -0.07 0.55 ••• 

Generalised Myrmicinae ABN 0.68 -0.36 -0.36 -0.53 0.55 ••• 

Torresian ABN 0.17 0.08 0.68 0.71 0.54 ••• 

Exclusively clay SPP -0.01 -0.92 0.28 0.28 0.52 ••• 

Arid distbn SPP -1.00 -0.04 0.06 0.05 0.49 •• 

Hot Climate Specialists SPP 0.01 -0.09 0.66 -0.75 0.47 ••• 

Eyrean SPP 0.05 -0.07 -0.26 -0.96 0.46 •• 

Exclusively clay ABN 0.83 -0.15 -0.16 0.52 0.46 •• 

Monsoonal distbn ABN 0.18 0.80 0.44 -0.37 0.45 u 

Exclusively clay • ABN -0.81 -0.56 -0.19 -0.05 0.45 ** 

Seldom clay ABN -0.61 0.72 -0.04 -0.32 0.41 •• 

Widespread ABN -0.23 -0.16 -0.11 0.95 0.38 ** 
Subordinate Camponotini SPP -0.39 0.20 -0.19 0.88 0.37 •• 

Opportunists ABN -0.98 0.17 0.02 0.04 0.35 • 

Subordinate Camponotini ABN 0.09 0.17 0.20 0.96 0.34 • 

Opportunists SPP -0.87 -0.20 0.07 -0.45 0.33 • 
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Table 5.8 (cont'd) 

site richness -0.83 0.36 0.25 -0.34 0.32 "' Mostly clay ABN -0.39 -0.03 0.83 -0.39 0.30 "' Exclusively clay • SPP 0.66 -0.70 0.17 -0.20 0.29 "' Bassian SPP -0.57 0.34 -0.74 0.00 0.26 "' Bassian ABN -0.57 0.34 -0.74 0.00 0.26 "' Dominant Dolichoderinae SPP -0.57 -0.39 -0.28 0.67 0.22 "' Dominant Dolichoderinae ABN -0.56 -0.20 -0.05 0.80 0.20 "' 

Table 5.8 (b) Spearman Rank correlation between environmental variables fitted as vectors. 
Absolute values > 0.21 are significant (p<0.05) and absolute values > 0.5 are shown in bold. 

LONG LAT RAIN N-E1 N-L1 N-L3 DW UPC. GRL. RCK. CR.W CATI USE USL 
LAT -0.83 

RAIN -0.83 0.99 

NDVI-E1 -0.60 0.54 0.55 

NDVI-L 1 -0.33 0.47 0.48 0.12 

NDVl-L3 -0.75 0.88 0.89 0.36 0.45 

DW 0.09 0.04 0.02 -0.35 0.44 0.17 

UPCOV -0.03 0.08 0.07 0.07 -0.12 0.06 -0.21 

GRAVEL 0.44 -0.43 -0.43 -0.11 -0.23 -0.31 -0.13 0.11 

ROCK 0.38 -0.30 -0.29 -0.14 0.19 -0.23 0.10 0.06 0.72 

CRACK -0.35 0.48 0.49 0.09 0.51 0.42 0.28 -0.28 -0.46 -0.42 

CATI -0.01 -0.04 -0.03 0.41 -0.46 -0.19 -0.75 0.20 0.09 -0.11 -0.37 

USE -0.45 0.50 0.52 0.52 0.26 0.48 0.02 -0.02 -0.28 -0.11 0.15 -0.05 

USL -0.39 0.42 0.41 004 0.63 0.49 0.58 -0.09 .().34 -0.07 0.44 -0.66 0.49 

LITIL -0.13 0.29 0.27 0.18 0.14 0.26 -0.11 0.42 -0.04 0.01 -0.02 0.07 0.43 0.20 
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Table 5.10 (a) Distribution of ant species along the gradient of mean annual rainfall gradient. 
Rainfall values are the lower limits of 50mm intervals. 'M' indicates the weighted mean rainfall 
for all sites at which the species occurred, while asterisks indicate the range between the 
highest and lowest rainfall sites at which the species occurred. All species recorded from at 
least 3 sites are included; species marked with an asterisk had rainfall as a significant term in a 
predictive model (Table 5.1 0). Abbreviation preceding species name indicates functional group, 
and the specificity to clay soils (C) and distribution (Dist) for each species are also shown 
(abbreviations as Table 5.2). 

rainf<~ll (mm) 

Species c Dist n 250 300 350 400 450 500 550 

OP • Rhytidoponera sp. P E SAT 7 M 
HC * Meranoplus sp. I s SAO 6 M 
SP Leptogenys adlerzi s MONS 4 M 

HC Melophorus sp. AC E SAT 3 M 
sc Polyrhachis crawleyi M MONS 4 .... . ... M 
GM Crematogaster sp. C s MONS 3 .... .... . ... M 
GM • Monomorium anderseni s SAT 5 *H* .... .... .... .... . ... M 

GM • Pheidole impressiceps s MONS 7 .... •••• M . ... 
DO • lridomyrmex sp. Y s MONS 25 .... .... HH M .... 
OP • Tetramorium sp. D s SAO 12 .... . ... M . ... . ... 
OP Cardiocondyia sp. A s UNR 3 .... .... . ... M . ... . ... 
OP Tetramorium sp. A E SAT 11 .... .... .... . ... M . ... . ... 
OP Rhytidoponera ?pilosula E SAO 49 .... .... **H .... M . ... .. .. 
HC • Melophorus sp. E E SAT 52 .... .... . ... . ... M . ... . ... 
sc Camponotus sp. 0 s MONS 7 *H* .... . ... .... M . ... . ... 
sc Polyrhachis nr.obtusa s SAT 5 •••• .... **** .... M .... . ... 
sc Camponotus sp. H s MONS 6 .... M 
OP * Rhytidoponera sp. nr. ruf1thorax s SAN 7 .... M 

SC Opisthopsis rufithorax s ARID 5 M .... . ... .... 
SC Camponotus fieldae s SAN 6 M .... . ... .... 
GM • Monomorium sp. D s SAN 21 .... .... M *H* .... . ... 
DO *lridomyrmex sp. P E MGNT 12 .... .... M . ... •••• • ••• 
OP • Rhytidoponera taurus s ARID 40 .... .... . ... M • ••• .... . ... 
SC • Camponotus sp. B M SAT 33 •••• .... . ... M . ... .... . ... 
GM • Pheidole sp. B E SAT 73 .... .... •••• M . ... . ... . ... 
DO • lridomyrmex sanguineus s MONS 23 •••• ••u .... M • ••• .... . ... 
HC Monomorium sp. B ? UNR 53 .... .... . ... M . ... . ... . ... 
OP • Tapinoma sp. A s MONS 33 .... .... • ••• M . ... . ... • ••• 
DO • lridomyrmex agilis s ARID 6 H** .... . ... M .... . ... . ... 
GM Monomorium sp. K X MGNT* 3 M .... 
OP Tetramorium sp. H s SAO 10 M •••• 
OP Paratrechina longicomis s INT 4 .... . ... M . ... 
DO *lridomyrmex sp. K s ARID 12 .... .... . ... M . ... 
DO • lridomyrmex sp. F E SAT 43 .... .... . ... M . ... 
SC Camponotus sp. M s MONS 7 M 

HC Melophorus sp. AY X MGNT* 6 M 

HC Melophorus sp. AI s ARID 4 M 

HC Melophorus sp. AL X MGNT* 11 M 

HC Melophorus sp. AJ X MGNT* 5 M 

HC Melophorus sp. T s SAO 8 M 
SP • Cerapachys sp. B s MONS 11 .... M 
HC Melophorus sp. F E MGNT* 19 .... .... . ... M 

SP • Odontomachus sp. B E SAT 43 .... .... . ... M 

DO lridomynnex ?hartmeyeri s SAN 12 .... . ... • ••• M 

SP • Odontomachus sp. A E MGNT 32 .... .... . ... M 
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Table 5.10 (cant' d) 

rainfall (mm) 

Species c Dist n 250 300 350 400 450 500 550 

sc * Camponotus sp. A E MGNT 59 .... .... M HH .... .... . ... 
HC Melophorus sp. X s MONS 4 .... .... M .... .... .... • ••• 
GM * Monomorium disetigerum s MONS 6 .... .... M .... .... 
DD • lridomyrmex sp. A E MGNT 20 •••• •••• M .... •••• 
HC Meranoplus sp. 0 E MGNT* 8 .... M .... 
DD lridomyrmex sp. nr.mayri s ARID 3 .... M . ... 
OP Rhytidoponera ?eremita M SAW 3 .... M ~·· 
OP • Tetramorium sp. B E MGNT 24 .... .... M • ••• 
OP • Rhytidoponera sp. E s SAO 7 .... .... M .... 
OP • Rhytidoponera sp. D E MGNT 53 .... 

··~ M .... 
HC Melophorus sp. R s SAO 5 •••• M .... • ••• 
DD • lridomyrmex viridianeus s ARID 14 .... M .... 
GM Monomorium sp. L X MGNT* 3 M 

HC Meranoplus nr.pubescens X MGNT* 4 .... M 

HC • Melophorus sp. 8 E SAT 23 M ~·· 
.... .... .... . ... .... 

GM • Monomorium sp. A s SAN 14 M .... .... .... .... .... . ... 
OP • Rhytidoponera sp. C X MGNT* 7 M 

DD lridomyrmex sp. C s ARID 5 M 

sc Camponotus sp. C X MGNT* 2 M 
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Table 5.10 (b) Distribution along the rainfall gradient of species in the most speciose genera 
(reordered from the table above) 

rainfall (mm) (lower limit) 

species n 250 1300 I'" I"' l•so 1soo 1sso 
sc Camponotus sp. D 7 ** .. **** ** .. .... M .. .. **** 

sc Camponotus sp. H 6 ... * M 

sc Camponotus fieldae 6 M .... .... .... 
sc Camponotus sp. B 33 .... "*** .... M .... .... . ... 
sc Camponotus sp. M 7 M 

sc Camponotus sp. A 59 .... . ... M ** .. . k. ..k .... 
sc Camponotus sp. C 2 M 

DD hidomyrmex sp. Y 25 .... * ... . ... M . ... 
DD lridomynnex sp. P 12 .... ..... 

M .... . ... . ... 
DD lridomynnex sanguineus 23 .... .. .. .... M . ... . ... . ... 
DD lridomyrmex agilis 6 .... **** .... M .... . ... . ... 
DD lridomyrmex sp. K 12 .... . ... .. .. M .... 
DD lridomyrmex sp. F 43 .... . ... .... M .... 
DD lridomynnex ?hartmeyeri 12 .... .... .... 

M 
DD lridomynnex sp. A 20 .... . ... M .... .. .. 
DD lridomynnex nr.mayri 3 .k. M .... 
DD lridomynnex viridianeus 14 .... M dd 

DD lridomynnex sp. C 5 M 

HC Melophorus sp. AC 3 M 

HC Melophorus sp. E 52 .... . ... .... k .. M . ... . ... 
HC Melophorus sp. AY 6 M 
HC Melophorus sp. AI 4 M 

HC Melophorus sp. AL 11 M 

HC fvlelophorus sp. AJ 5 M 
HC Melophorus sp. T 8 M 
HC Melophorus sp. F 19 .... . ... . ... M 

HC Melophorus sp. X 4 .... . ... M . ... . ... . ... .... 
HC Melophorus sp. R 5 . k. M .... .... 
HC Melophorus sp. B 23 M .... . ... .... .... . ... . ... 
GM Monomorium anderseni 5 .... . ... .... . ... . ... . ... M 

GM Monomorium sp. D 21 .... . ... M .... •••• . ... 
HC Monomorium sp. B 53 •••• .... . ... M . ... . ... •••• I 
GM Monomorium sp. K 3 M .... 
GM Monomorium disetigerum 6 .... ••** M . ... . ... 
GM Monomorium sp. L 3 M 
GM Monomorium sp. A 14 M .... . ... .. k .... . ... .. .. 
OP Rhytidoponera sp. P 7 M 

OP Rhytidoponera ?pilosula 49 .... **** .... . ... M . ... . ... 
OP Rhytidoponera sp. nr. rufithorax 7 .... M 
OP Rhytidoponera taurus 40 .k. **** .... M .... . ... .... 
OP Rhytidoponera ?eremita 3 .k. M .... 
OP Rhytidoponera sp. E 7 .... .... M . ... 
OP Rhytidoponera sp. D 53 .... . ... M . ... 
OP Rhytidoponera sp. C 7 M 
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Table 5.11 Distribution of ant species between 6 equal segments of the fourth axis of the 
ordination in Fig. 5.7. Data are mean frequency of each species in sites falling into each 
segment; only species with significant variation in abundance are shown (Kruskal Wallis 
ANOVA; "p<0.05, "" p<0.01, "*" p<0.001). 

Axis 4 segment (+veto -ve) 

n 1 2 3 4 5 6 p 

DD lridomyrmex sp. F 43 21.0 17.1 8.4 0.3 0.3 1.1 ... 
SP Odontomachus sp. B 43 19.0 5.3 10.1 5.4 0.4 0.3 ... 
sc Camponotus sp. A 59 11.8 7.7 3.5 24 14 3.1 ... 
sc Camponotus sp. M 7 1.4 0.3 0.1 . 
OP Rhytidoponera sp. D 53 13.8 37.9 28.0 9.1 9.6 1.3 ... 
SP Odontomachus sp. A 32 5.9 7.6 1.7 2.4 1.7 0.7 .. 
HC Melophorus sp. AI 4 0.1 2.1 . 
HC Monomorium sp. B 53 0.2 1.3 9.7 8.9 7.6 7.8 .. 
OP Tapinoma sp. A 33 0.4 1.1 1.4 0.9 0.2 0.3 . 
OP Rhytidoponera taurus 40 0.7 40.4 31.1 40.8 15.4 3.6 • 
OP Rhytidoponera ?pilosula 49 29 4.4 65 24.9 23.9 22.2 . 
HC Melophorus sp. T 8 08 05 0.3 5.7 5.3 . 
HC Melophorus sp. F 19 21 2.4 3.1 02 . 
sc Camponotus sp. B 33 2.0 1.8 2.0 2.8 0.1 0.1 .. 
OP Tetramorium sp. B 24 0.7 2.3 1.1 1.6 • 
GM Monomorium sp. D 21 1.2 1.4 0.9 07 . 
sc Polyrhachis nr.obtusa 5 0.7 0.1 0.4 . 
DD lridomyrmex sp. C 5 1.4 1.0 . 
GM Monomorium sp. A 14 0.1 86 24.0 ... 
OP Rhytidoponera sp. P 7 5.6 2.2 18.8 .. 
HC Melophorus sp. E 52 0.6 1.3 7.6 9.6 8.7 16.7 .. 
HC Melophorus sp. B 23 0.3 0.2 3.8 11.6 ... 
HC Meranoplus sp. I 6 0.2 0.6 5.3 .. 
GM Monomorium anderseni 5 1.0 2.1 • 
HC Melophorus sp. X 4 1.0 ... 
SP Leptogenys adlerzi 4 0.8 ... 
sc Polyrhachis crawleyi 4 0.5 0.6 . 
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Table 5.12 Predictive models for ant summary variables. Table indicates parameter estimate and significance (Wald statistic: * p<O.OS, ** p<0.01, *** 
p<0.001) for each term in the minimum adequate model, plus the proportion of total deviance explained by the model. Response variables for all models 
other than site richness and abundance were arc-sine transformed. Variables are described in Table 5.1. Quadratic terms are indicated by '"2'. 

RAIN RAIN"2 NDVIE1 NOVIL1 ow DW"2 ROCK CRACK UPCOV BV "'oDEV 

site richness -0.072 u• -1.075 • 21.5 

site abundance 3.69 ••• -0.004 ~·* -3.774 * -1.361 u• 31.6 

functional group (richness) 

Dominant Dolichoderinae -0.005 • 5.2 
Subordinate Camponotini -0.009 .. 0.003 ••• 0.014 •• 29 
Hot Climate Specialists 0.004 ... 22.4 
Opportunists 0.009 • 7.3 

Generalised Myrmicinae 0.009 • -0.096 HO 21.3 
Specialist Predators 0.01 ••• -0.00001 ••• 0.007 • -0.01 • 46.2 

functional group (abundance) 

Dominant Dolichoderinae 0.011 •• 0.021 ••• 20.1 
Subordinate Camponotini 0.003 • -0.000004 • -0.009 .. 0.012 ••• 237 

Hot Climate Specialists -0.004 • 0.000005 • 0.008 • -0.009 • 0.011 ••• 41.2 

Opportunists -0.005 •• -0.024 ••• 18.9 
Generalised Myrmicinae -0.008 • -0.003 • 95 
Specialist Predators 0.012 ••• -0.00001 ..... -0.009 • 0.005 ..... 51.7 

biogeographic affinity (species) 

Eyrean -0.005 ... 0.000005 •• 0.01 •• -0.072 •• 40.3 

Torresian 0.001 ... 0.007 • 0.178 ou 55.2 
Widespread -0.000001 •• -0.006 •• -0 05 • 19.9 

biogeographic affinity (abundance) 

Eyrean -0.011 ••• 0.00001 ••• 0.235 ••• 47.3 

Torresian 0.01 H. -0.00001 •• 0.014 • 0.303 H* 49.6 

Widespread -0.006 •• 0.042 • -0.005 • -0.003 • 21.8 

clay soli fidelity (species) 

Seldom 0.001 ••• -0.015 ••• -0.002 •• -0.158 *H 45.5 
Mostly 0.0004 • 6.5 
Exclusively • -0.001 ••• 0.009 • 0.002 H 0.126 ••• 44.4 
Unresolved 0.006 • -0.003 *H 17.2 



Table 5.12 (con1'd) 

I RAJN I RAIN"2 I NOVIE1 NDVIl1 I ow I DW"2 I ROCK CRACK UPCOV I BV I "'oDEV 

clay soil fidelity (abundance) 

Seldom 0.013 OH -0.00001 ••• -0.029 ••• -0.022 ••• 0.024 • -0.005 **' -0.289 ••• 54.5 
Mostly 0 
Exclusively • -0.012 **' 0.00001 ..... 0.024 h• 0.012 • 0.006 HO 0.221 ••• 44.3 
Unresolved 0.011 *" 0.005 - 0.08 •• 21.7 

distribution (species) 

Arid -0.01 H 10.7 
Monsoonal 0.001 ••• -0.015 HO 0.002 • 0.013 •• -0.1 •• 47.3 
Semi-arid -0.103 ••• 29.9 
Mitchell Grassland -0.000001 H. 0.006 • 0.174 "** 72.9 
Unresolved 0.011 "* -0.016 • -0.002 H 0.067 • 28.5 

distribution (abundance) 

Arid 0.015 ••• -0.00002 HO -0.021 •• -0.021 "* -0.013 •• -0.005 • 37 
Monsoonal -0.004 • 0.000007 •• 0.012 •• 0.003 • -0.003 ••• 51 
Semi-arid -0.014 • 0.005 •• -0.267 ••• 36.5 
Mitchell Grassland -0.002 ••• 0.022 *"* -0.007 H. 0.228 ••• 65.1 
Unresolved 0.012 •• 0.005 •• 0.083 •• 22.1 
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Table 5.13 Predictive models for relative abundance of individual ant species, that were recorded from at least 5 sites . Table indicates parameter 
estimate and significance (Wald statistic: "'p<O.OS, ** p<0.01, *** p<0.001, a p>O.OS but inclusion of term significantly reduces residual deviance) for each 
term in the minimum adequate model, plus the proportion of total deviance explained by the model. All models used a log link. Variables are described in 
Table 5.1. Quadratic terms are indicated by 'A2'. 

FG Species " RAIN RAIN"2 NDVI-E1 NDVI-L1 ow DW 11 2 ROCK CRACK UPCOV BV %dev 

GM Pheidole sp. B 63 0.049 •• -0.00006 ** 0.089 • -0.067 a -0.038 a 0.285 a 23.9 
SC Camponotus sp. A 49 0.062 • -0.0001 • -0.08 a 0.044 a 0.776 • -0.107 * -0.056 a 1.838 a 48.3 
HC Melophorus sp. E 48 0.02 a -0.00002 a 0.116 ** -0.282 .... 0.475 a -0.044 a 0.021 * 0.048 a -0.792 * 51.1 
HC Monomorium sp. B 48 0.072 • 0.049 a -0.08 a 0.035 H* 0.649 • 27.7 
OP Rhytidoponera sp. D 44 0.197 **** -0.0003 .... -0.057 * 0.041 a -0.191 ** -0.072 * -0.02 • -0.048 a 50.9 
OP Rhytidoponera ?pilosula 40 0.197 •••• -0.12 .. 0.364 a -0.031 a 0.039 ** 0.051 a 0.789 • 32.4 
SP Odontomachus sp. B 38 0.253 **** -0.0003 **** -0.148 **** 0.177 ... -0.128 a 0.011 a 74.4 
DD lridomyrmex sp. F 33 0.133 a -0.0002 a -0.23 a 0.107 a -0.216 a 0.028 a -0.263 a -0.028 a -0.678 a 63.4 
OP Rhytidoponera taurus 32 0.19 •••• -0.0002 •••• -0.256 .... -0.16 .... 0.454 • -0.044 a -0.085 •• -0.04 ••• 58.6 
OP Tapinoma sp. a 29 0.1 ••• -0.0001 ••• -0.172 • -0.251 •• 0.14 a -1.585 ... 27.9 
SC Camponotus sp. B 25 0.142 ••• -0.0002 .... 0.119 a -0.158 •• 1.254 * -0.142 • -0.128 a 54.2 
SP Odontomachus sp. A 24 0.229 • -0.0003 * -0.251 •• 0.088 a 0.146 a 0.055 ... 58.1 
OP Tetramorium sp. B 24 -0.00001 H 0.215 •• -0.429 ••• 1.137 • -0.114 * -0.476 •• 0.027 a -0.178 • 52.6 
HC Melophorus sp. B 23 -0.142 a 0.00015 a 0.258 a -0.321 a 1.568 a -0.209 a 78.9 
DO lridomyrmex sp. Y 21 0.116 • -0.0001 • 0.212 ••• -0.379 a 0.059 a -0.02 • 74.4 
GM Monomorium sp. D 21 0.07 • -0.0001 * 0.097 a -0.255 H 1.133 • -0.123 a -0.352 •• -0.038 • 0.218 •••• -1.803 **** 64.1 
DD lridomyrmex san9uineus 18 0.145 • -0.0002 * 0.112 * -0.342 a 0.054 a -0.026 •• 2.164 a 49.5 
DD lridomyrmex sp. A 17 0.083 • -0.0001 • 0.116 a -0.184 • 1.759 •• -0.208 * 0.04 * 0.268 ••• 45.0 
HC Melophorus sp. F 16 no model 
DO lridomyrmex viridianeus 14 0.356 ... -0.0005 ••• -0.203 • 0.411 a -0.067 a -0.221 a 55.7 
GM Monomorium sp. A 14 -2.66 •• 0.003 .. 3.86 •• -0.86 ••• 1.303 • -0.248 •• 0.556 ... -0.208 .... 81.5 
DD lridomyrmex sp. K 12 -0.035 •••• 0.568 .... -0.898 • 0.146 * -0.413 •• -0.118 ••• -0.233 ** -3.918 •••• 78.3 
DD lridomyrmex sp. P 12 -0.154 a 0.00018 a 0.406 •• -0.76 • 0.107 • 2.392 • 82.5 
OP Tetramorium sp. D 12 0.127 • 0.0001 * -0.064 a -0.064 •• 44.0 
OP Tetramorium sp. A 11 -0.37 ...... -4.828 •••• 88.5 
HC Melophorus sp. Al 9 2.22 •••• -0.151 •••• 0.196 **** 87.8 
SP Cerapachys sp. B 8 0.353 • -0.0004 • -0.357 * 49.8 
DD lridomyrmex ?hartmeyeri 8 0.058 a 0.273 a 0.1 .... 56.9 



·~---------->----~-~--~----· 

Table5.13 (cont'd) 

FG Species " RAIN RAIN"2 NDVI·E1 NDVI-L1 ow DW"2 ROCK CRACK UPCOV BV "'odev 

SC Camponotus sp. 0 7 no model 

HC Melophorus sp. T 7 2.463 a -0.245 a -0.196 • 88.7 
OP Rhytidoponera nr.rufithorax 7 -0.00001 ••• 0.425 ...... 2.17 •••• -0.355 •••• -3.167 HH 91.2 
OP Rhytidoponera sp. C 7 -0.093 *"** 1.19 • -0.339 •• 0.114 • 77.8 
OP Rhytidoponera sp. E 7 0.157 a -0.0002 a -0.093 a -0.468 a 0.051 a -0.23 a 19.2 
OP Rhytidoponera sp. P 7 0.045 "*** 0.697 a -0.195 • 0.107 ••• 71.3 
OP Tetramorium sp. H 7 1.595 • -0.17 • 0.154 "*** 88.4 
SC Camponotus sp. H 6 no model 

DO lridomyrmex agilis 6 -0.459 •• 0.0005 •• -0.201 .... 67.0 
HC Meranoplus sp. 0 6 no model 

HC Meranoplus sp. 1 6 0.058 *"** 0.942 • -0.215 • 0.151 "*"* 75.0 
GM Monomorium disetigerum 6 -0.453 a 0.0005 a 0.791 a -3.277 a 53.0 
DO lridomyrmex sp. C 5 no model 
HC Melophorus sp. AJ 5 0.617 "* 0.153 **** 85.1 
HC Melophorus sp. R 5 -0.396 ** 0.461 * 33.0 
GM Monomorium anderseni 5 -0.713 *** 0.00086 ... 25.155 '*"* -2.597 ...... 0.78 **"* 94.8 
GM Pheidole impressiceps 5 0.0000001 a 0.267 a 0.572 a 74.2 
SC Polyrhachis nr.obtusa 5 no model 
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Table 5.14 Summary of models for ant summary variables and individual species listing, for each environmental variable, the response variables for which 
they were significant predictors. Response variables are listed in descending order of the size of the parameter estimate; asterisks indicate the significance of 
the predictor variable in the respective model (Wald statistic: * p<0.05, ** p<0.01, •u p<0.001, a p>O.OS but inclusion of term significantly reduced residual 
deviance). For RAIN and OW, 'int' indicates a negative quadratic term and a positive first-order term; 'ext' indicates a positive quadratic term and negative 
first-order term. For USE and USL, response variables in brackets are those for which these predictors gave a poorer model than OW. 

RAIN 

+ve -ve int ext 

Torresian SPP ••• Mitchell Grassland distbn ABN ... site abundance .... Exclusively clay ABN . .. 
Seldom clay SPP **" Exclusively clay SPP ... Arid distbn ABN u. Eyrean ABN *H 

Monsoonal distbn SPP ••• Mitchell Grassland distbn SPP ·- Seldom clay ABN ••• Eyrean SPP ••• 

Mostly clay SPP • Widespread SPP H Specialist Predators ABN ... Monsoonal distbn ABN .. 
Specialist Predators SPP ••• Hot Climate Specialists ABN • 

Torresian ABN *** 

Subordinate Camponotini ABN . 
HC Meranoplus sp. I ••• OP Rhytidoponera sp. C ••• DD lridomyrmex viridianeus .... GM Monomorium sp. A •• 

OP Rhytidoponera sp. P ••• DD lridomyrmex sp. K **" SP Cerapachys sp. B • GM Monomorium anderseni ••• 

GM Pheidole impressiceps a OP Rhytidoponera sp. nr. rufithorax ••• SP Odontomachus sp. B ••• DD lridomyrmex agilis •• 

OP Tetramorium sp. B •• SP Odontomachus sp. A • GM Monomorium disetigerum a 
OP Rhytidoponera sp. D ••• DD tridomyrmex sp. P a 

OP Rhytidoponera taurus *** HC Melophorus sp. B a 

OP Rhytidoponera sp. E a OP Tetramorium sp. D * 
DO lridomyrmex sanguineus • 

SC Camponotus sp. B *** 

DD lridomyrmex sp. F a 
DD lridomyrmex sp. Y • 

OP Tapinoma sp. A*** 

DD lridomyrmex sp. A • 

GM Monomorium sp. D • 

SC Camponotus sp. A • 

GM Pheidole sp. B •• 

HC Melophorus sp. E a 



, ____ ,_, ___ _,_,, __ , __ _ ·---

Table 5,14 (con1'd) 

NDVI-E1 NDVI-l1 

+ve -ve +ve -ve 

Exclusively clay ABN ••• Subordinate Camponotini ABN •• Mitchell Grassland distbn ABN *** site abundance * 
Torresian ABN * Subordinate Camponotini SPP u Monsoonal distbn ABN •• Seldom clay ABN **-

Unresolved distbn ABN •• Specialist Predators SPP * Exclusively clay ABN • Arid distbn ABN ** 

Unresolved clay ABN •• Widespread ABN •• Dominant Dolichoderinae ABN •• Semi-arid distbn ABN • 

Unresolved distbn SPP •• Dominant Dolichoderinae SPP * Torresian SPP • Arid distbn SPP ** 

Eyrean SPP *" Seldom clay ABN ••• Mitchell Grassland distbn SPP • Hot Climate Specialists ABN • 

Exclusively clay SPP • Arid distbn ABN u Specialist Predators ABN • 

Hot Climate Specialists ABN • Seldom clay SPP •** 
Unresolved clay SPP • Monsoonal distbn SPP ••• 

GM Monomorium sp. A •• OP Tetramorium sp. A ... GM Monomorium disetigerum a GM Monomorium sp. A ... 

HC Melophorus sp. B a OP Rhytidoponera taurus ••• DO lridomyrmex sp. K ... OP Tetramorium sp. B ••• 

OP Tetramorium sp. B •• SP Odontomachus sp. A •• OP Rhytidoponera sp. nr. rufithorax ...,. HC Melophorus sp. R •• 

DO lridomyrmex sp. Y ••• DD lridomyrmex sp. F a DO lridomyrmex sp. P .. SP Cerapachys sp. B • 

OP Rhytidoponera ?pilosula ••• OP Tapinoma sp. A • GM Pheidole impressiceps a HC Melophorus sp. B a 

SC Camponotus sp. B a SC Camponotus sp. A a DO lridomyrmex sanguineus • HC Melophorus sp. E ••• 

DD lridomyrmex sp. A a OP Rhylidoponera sp. D • DO lridomyrmex sp. F a GM Monomorium sp. D •• 

HC Melophorus sp. E u SP Odontomachus sp. A a OP Tapinoma sp. A •• 

GM Monomorium sp. D a DO lridomyrmex ?hartmeyeri a DO lridomyrmex viridianeus • 

GM Pheidole sp. B • HC Monomorium sp. B a DO lridomyrmex sp. A • 

HC Monomorium sp. B • SC Camponotus sp. A a OP Rhytidoponera taurus ... 

OP Rhytidoponera sp. 0 a SC Camponotus sp. B •• 

SP Odontomachus sp. B ... 

OP Rhytidoponera ?pilosula •• 

OP Rhytidoponera sp. E a 
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Table 5.14 (con1'd) 

DW 

+ve -ve int ext 

Specialist Predators ABN ... Mitchell Grassland distbn ABN *** Widespread ABN * 

Semi-arid distbn ABN ** Opportunists ABN ** 

Monsoonal distbn ABN • Unresolved distbn SPP * 

Monsoonal distbn SPP * 
Seldom clay ABN * 

HC Melophorus sp. AJ •• DD lridomyrmex sp. P • GM Monomorium anderseni ••• DD lridomyrmex sp. K • 

GM Pheidole impressiceps a DD lridomyrmex agilis "'* HC Melophorus sp. T a OP Rhytidoponera sp. E a 

HC Melophorus sp. R • OP Rhytidoponera sp. D •• HC Melophorus sp. AL H* DD tridomyrmex sp. Y a 
DD lridomyrmex ?hartmeyeri a HC Monomorium sp. B a OP Rhytidoponera sp. nr. rufithorax ••• DD lridomyrrnex sanguineus a 

SP Odontomachus sp. B *** GM Pheidole sp. B a DO lridomyrmex sp. A "* DD lridomyrmex sp. F a 

SP Odontomachus sp. A a OP Tetramorium sp. H • 

OP Tapinoma sp. A a HC Melophorus sp. B a 

GM Monomorium sp. A • 

SC Camponotus sp. B • 

OP Rhytidoponera sp. C • 

OP Tetramorium sp. B * 
GM Monomorium sp. 0 * 
HC Meranoplus sp. I • 

SC Camponotus sp. A * 
OP Rhytidoponera sp. P • 

HC Melophorus sp. E a 
OP Rhytidoponera taurus • 

DO lridomynnex viridianeus a 

OP Rhytidoponera ?pilosula a 



Table 5.14 (cont'd) 

ROCK CRACK 

+ve •VO +ve ·VO 

Hot Climate Specialists ABN H~ Arid distbn ABN _. Exclusively clay ABN ••• site abundance ••• 

Unresolved distbn ABN •• Generalised Myrmicinae ABN • Subordinate Camponotini SPP ••• site richness Ho 

Unresolved clay ABN •• Widespread SPP •• Exclusively clay SPP u Seldom clay ABN ••• 

Widespread ABN • Arid distbn ABN * 

Hot Climate Specialists SPP ••• 

Monsoonal distbn ABN ••• 

Unresolved clay SPP *H 

Generalised Myrmicinae ABN • 

Unresolved dislbn SPP •• 

Seldom clay SPP •• 

GM Monomorium anderseni ••• GM Monomorium disetigerum a DD lridomyrmex sp. A • DD lridomyrmex sp. K ••• 

GM Monomorium sp. A ••• OP Rhytidoponera sp. nr. rufithorax ••• OP Tetramorium sp. 8 a OP Tetramorium sp. D .. 
HC Melophorus sp. AL ••• OP Tetramorium sp. B H HC Melophorus sp. E • OP Rhytidoponera taurus •** 

OP Tetramorium sp. H ••• DD lridomyrmex sp. K •• SP Odontomachus sp. B a GM Monomorium sp. D • 

HC Melophorus sp. AJ ••• GM Monomorium sp. D •• DD lridomyrmex sp. F a 

HC Meranoplus sp. I ..... DD lridomyrmex sp. F a DD lridomyrmex sanguineus u 

OP Rhytidoponera sp. C • OP Rhytidoponera sp. E a OP Rhytidoponera sp. D • 

OP Rhytidoponera sp. P ... DD lridomyrmex viridianeus a DD lridomyrmex sp. Y • 

DD lridomyrmex ?hartmeyeri ... HC Melophorus sp. T • 

SP Odontomachus sp. A ••• SC Camponotus sp. B a 

OP Rhytidoponera ?pilosula •• SP Odontomachus sp. B a 

HC Monomorium sp. B ••• OP Rhytidoponera taurus •• 

OP Rhytidoponera sp. D • 

OP Tetramorium sp. D ' 
SC Camponotus sp. A a 

GM Pheidole sp. B a 

249 



250 

Table 5.14 (cont'd) 

UPCOV BV 
+ve ·ve Barkly VRD 
Dominant Dolichoderinae ABN -· Opportunists ABN *** Torresian ABN *H site richness • 

Subordinate Camponotini SPP •• Specialist Predators SPP * Mitchell Grassland distbn ABN ••• Seldom clay ABN h• 
Monsoonal distbn SPP •• Opportunists SPP • Exclusively caly ABN ••• Semi-arid distbn ABN *H 

Subordinate Camponotini ABN h* Torresian SPP ""* Eyrean ABN H* 

Generalised Myrmicinae SPP • Mitchell Grassland distbn SPP ••• Seldom clay SPP ••• 

Exclusively clay SPP ..... Semi-arid distbn SPP ••• 

Unresolved distbn ABN .. Monsoonal distbn SPP •• 

Unresolved clay ABN ** Generalised Myrmicinae SPP *"* 

Unresolved distbn SPP • Eyrean SPP •• 

Widespread SPP * 

DO lridomyrmex sp. A ••• DD lridomyrmex sp. F a DO lridomyrmex sp. P • OP Tetramorium sp. A ••• 

GM Monomorium sp. D •u DD lridomyrmex sp. K •• DO lridomyrmex sanguineus a DD lridomyrmex sp. K ••• 

DO lridomyrmex sp. P • GM Monomorium sp. A *H SC Camponotus sp. A a GM Monomorium sp. D ,.. .• 

OP Rhytidoponera ?pilosula a OP Tetramorium sp. B • OP Rhytidoponera ?pilosula • OP Tapinoma sp. A ••• 

HC Melophorus sp. E a OP Rhytidoponera sp. D a HC Monomorium sp. B • HC Melophorus sp. E • 

GM Pheidole sp. B a 



·---~-·~- '-·--~~·~><-.......---- ---------·--

Table 5.14 (cont'd) 

USE USL 

+ve -ve +ve -ve 

Seldom clay ABN * Dominant Dolichoderinae SPP ••• (site richness] * (Unresolved distbn SPP] ·• 
Subordinate Camponotini ABN • Dominant Dolichoderinae ABN •• Unresolved distbn ABN •• 
[Hot Climate Specialists ABN] • Dominant Dolichoderinae SPP •• Unresolved clay ABN u 

Arid distbn SPP • Unresolved clay SPP • 

GM Pheidole impressiceps *'* DO lridomyrmex viridianeus ••• (HC Melophorus sp. R] • GM Pheidole impressiceps ••• 
DO lridomyrmex sanguineus • DO lridomyrmex sp. F a DO lridomyrmex viridianeus •• [GM Monomorium sp. A] •• 
HC Meranoplus sp. D * [SP Odontomachus sp. B I • [GM Monomorium andersenil ••• HC Meranoplus sp. I ••• 
HC Meranoplus sp. I •• DO lridomyrmex sp. F a DO lridomyrmex sanguineus • 
DO lridomyrmex sp. A a DO lridomyrmex sp. K ... HC Monomorium sp. B • 
GM Monomorium sp. A a [HC Melophorus sp. AL •• [OP Rhytidoponera sp. D ] a 
[OP Tetramorium sp. B I* [HC Melophorus sp. B ] a DO lridomyrmex sp. Y a 
[SC Camponotus sp. A 1 a SP Odontomachus sp. A a [DO lridomyrmex sp. A] a 
OP Rhytidoponera taurus a [DO lridomyrmex ?hartmeyeril a 
SP Odontomachus sp. A a [SC Camponotus sp. B 1 a 
OP Rhylidoponera ?pilosula a [GM Monomorium sp. D 1 a 
OP Rhytidoponera sp. D a OP Rhytidoponera taurus a 

OP Rhytidoponera ?pilosula a 

[HC MEl!ophorus sp. E I a 
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Chapter 6. Comparison of distribution and diversity patterns of vascular 

plants, vertebrates and ants in Mitchell grasslands, and implications for 

conservation management 

Introduction 

An essential component of biodiversity conservation is selecting areas where conservation 

management effort will be concentrated. Most commonly, this refers to the selection of 

areas of land for National Parks or other conservation reserves, which have traditionally 

been the cornerstone of conservation management. In a broader sense, it may involve the 

identification of areas of land where some form of conservation management will be 

deliberately practised, either as the primary landuse or as part of a multiple-use strategy 

(eg. Morton eta/. 1995b). Because much of the literature refers to "reserve design" I have 

found it most convenient in this chapter to refer to these areas as "reserves", but this 

should be understood to also encompass areas identified for some form of conservation 

management outside a formal reserve system. 

The approaches applied in selecting reserves, in order of increasing complexity, can be 

characterised as (Margules & Usher 1981, Pressey et al. 1993, Reid 1999, Prendergast et 

a/. 1999): 

1) ad-hoc selection, determined by availability of land, values other than biodiversity, and 

political expediency; 

2) selection of areas to protect one or few threatened or charismatic species, which may 

also happen to benefit other species using the same areas; 

3) selection of biodiversity 'hotspots' with high species richness of certain taxa, particularly 

richness of threatened or endemic species; 

4) selection to maximise the 'representativeness' of the reserve systems, so that it 

contains examples of as many elements of biodiversity as possible. Representativeness 

may be assessed directly, using the known distribution of species and ecosystems, or 

indirectly through land classifications or other abiotic data that is believed to be a 

surrogate for biodiversity. This approach emphasises selecting reserves to maximise 

complementarity of the features they contain (Vane-Wright eta/. 1991, Pressey eta/. 

1993); 

5) elaboration of (4) to consider both representativeness and the priority for acquiring 

sites, based on distinctiveness (eg. Faith 1994, Woinarski & Price 1996) or degree of 

threat (eg. Pressey & Taffs 2001) and development of flexible selection processes that 

allow trade-offs with other landuses (eg. Faith eta/. 1996, Price eta/. 2000). 
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In the past, selection of reserves in most Australian jurisdictions has been largely ad hoc 

(eg. Woinarski 1992 , Pressey 1994). However, the establishment of a representative 

reserve system is now an explicit aim of Australian Commonwealth, State and Territory 

conservation and land management strategies (Anon 1992, Commonwealth Government 

1995, Commonwealth of Australia 1996, Anon 1998, ANZECC & ARMCANZ 1999). 

Methodologies for achieving representative reserve designs have received considerable 

scientific attention in the past two decades (eg. Margules eta/. 1988, Pressey & Nicholls 

1989a, Bedward eta/. 1992, Bel bin 1993, Scott 1993, Faith & Walker 1996b ,Pressey et al. 

1997, Woinarski & Price 1996, Cowling et af. 1999, Lombard eta/. 1999, Polasky et af. 

2000). 

Because comprehensive biodiversity data is rarely, if ever, available at scales at which 

reserve design proceeds (regional or greater), a small number of relatively well-known taxa 

(typically vascular plants, bird and/or mammals) are often used as surrogates or indicators 

for other elements of biodiversity (Landres eta/. 1988, Noss 1991 ), in the latter three 

approaches to reserve selection listed above. The extent to which patterns of diversity and 

distribution of the selected taxa actually serve as good surrogates for other taxa is 

obviously a crucial question for conservation planning, and to date there has been 

inadequate validation of these relationships (eg. Conroy & Noon 1996). In fact, studies that 

have investigated the value of different taxa as biodiversity surrogates have shown 

equivocal results, that have varied according to the taxa that were compared, the habitats 

in which they were studied and the scale at which comparison were made {Fiather eta!. 

1997, Reid 1999, Ferrier eta/. 1999). 

Richness 'hotspots' for one taxa do not necessarily correspond with those for other taxa. 

Correspondence tends to be greatest at coarse (continental) scales (eg. Pearson & 

Cassola 1992) but weaker at finer scales. There is not a good concordance for centres of 

species richness of mammals, birds, amphibians, reptiles, trees and cicindelid beetles in 

North America (Fiather eta!. 1997), nor in the distribution of hotspots for endangered 

species in different taxa (Dobson et al. 1997). Prendergast eta!. (1993) similarly found 

generally poor concordance of species rich grid-cells for different taxa (butterflies, 

dragonflies, liverworts, aquatic plants and breeding birds) in the UK, the greatest overlap 

being between butterflies and dragonflies. In South Africa, there is a good concordance of 

species-rich areas for some groups {frogs and bird), but poor concordance for many other 

combinations of taxa (Lombard 1995). At a more local scale, species richness patterns at 

individual sites in eucalypt forest in eastern Australia were generally uncorrelated between 

vertebrate taxa, vascular plants, and several groups of ground-active invertebrates (Oliver 

& Beattie 1996, Oliver eta/. 1998). Selected families of beetles, however, were good 
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surrogates for the richness of beetles from aU other families. Part & Soderstrom (1999) 

found only weak relationships between bird and vascular plant richness at local scales in 

semi-natural pastures in Sweden and a similar discordance occurs in deciduous woodlands 

in Norway (Saetersdal et al. 1993). In eucalypt forests, fern richness can be a good 

predictor of bryophyte and lichen diversity (Pharo et al. 1999), but richness of other 

vascular plants is not. Concordance between richness of different taxa may depend on the 

scale being considered. For example, correlation between butterfly and bird richness in the 

USA was weak at a regional and plot scale, but stronger at an intermediate scale (Murphy 

& Wilcox 1986). Insect taxa may be reasonable surrogates for each other in comparing 

richness between habitats, but not necessarily at finer scales within habitats (Hughes et al. 

2000). 

Of greater relevance to reserve design than simple patterns of richness, is the way that 

complementary sets of sites can be assembled in some optimal fashion so that collectively 

they maximise richness (Faith & Walker 1996a), or represent all species. The critical 

question then becomes whether a reserve system that represents an indicator taxa also 

provides representation of other taxa (Flather et al. 1997, Ryti 1992). Similar 

considerations apply to the use of land classifications or abiotic domains as surrogates for 

biodiversity more generally (Pressey 1993). If patterns of diversity and distribution differ 

between taxa, then different variables may be required to define domains for different 

groups and different levels of division within land classifications may be appropriate. The 

extent to which a complementarity-based approach can represent a range of taxa depends 

on the level of assemblage fidelity ( Faith & Walker 1996b, Oliver et al. 1998). High 

assemblage fidelity occurs when the spatial (and temporal) distribution of assemblages of 

different taxa closely coincide. Some authors have argued that variation in vegetation 

communities adequately represents variation in non-plant taxa (Scott eta/. 1987, Lesica 

1993, Specht eta/. 1995, Panzer & Schwartz 1998) but not all studies support this (Ferrier 

& Watson 1997, Ferrier eta/. 1999, French 1999, Oliver et af. 1998 , Oliver & Beattie 1996). 

Fore example, there was general assemblage fidelity amongst plant vertebrate and 

invertebrate assemblages in eastern Australian eucalypt forests, but fidelity amongst plants 

and invertebrates was low in several forest types (Oliver et al. 1998). In a similar 

environment, Pharo eta/. 2000 found that a set of sites that reserved 90% of vascular 

plants captured 65% of bryophyte species and 87% of lichen species, but a reserve design 

based on vascular plants may not capture individual sites that are important for l"lchen or 

bryophyte conservation. For a set of deciduous woodlands in Norway, only 20% of the 

area was required to represent all bird species, but 75% was required for all plant species 

(Saetersdal el a/. 1993). 
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One aspect of assemblage fidelity is the relative rates of species turnover between sites for 

different taxa, as a factor of either environmental or geographic distance between sites (eg. 

Cowling 1990, Harrison eta/. 1992). Relatively high turnover of species within invertebrate 

groups in some forest types in eastern Australia (Oliver et af. 1998, Ferrier eta/. 1999, 

French 1999) suggests that both vascular plant assemblages and bird assemblages may 

be poor surrogates for invertebrate assemblages, or at least that a representative reserve 

system needs to include a geographic spread of reserves within each vegetation class 

(Ferrier eta/. 1999). In some cases rates of turnover of different taxa may be clearly very 

disparate, such as vertebrates, plants and land snails in monsoon patches in northwestern 

Australia (Price et al. 1995, Price eta!. 1999, Solem & McKenzie 1991 ). 

Distribution and diversity patterns in Mitchell grasslands 

In the previous three chapters I described the patterns of distribution of vascular plants, 

vertebrates and ants in Mitchell grasslands in the Northern Territory. For each major taxor:~, 

I described species assemblages and investigated the environmental factors that 

influenced patterns of distribution and diversity. In this chapter, I explore the similarities 

and differences in the patterns of distribution and diversity between the three taxa. In 

particular, in relation to the issues raised above, I investigate the extent of assemblage 

fidelity between the three taxa, how effectively each may serve as an indicator for the 

others, and consequently whether differences between distribution patterns of the three 

taxa may require different approaches to conservation planning in this region. In order to 

do this, I proceed through a series of related analyses and comparisons between the taxa: 

a) I examine the correspondence between the classification of sample sites according to 

plant, vertebrate and invertebrate composition, as described in the previous chapters. 

This provides a simple analysis of assemblage fidelity between the three groups; 

b) I investigate the similarities in assemblage composition among sites further, by using 

Mantel tests to test the correlation between the dissimilarity matrices for each taxa; 

c) 1 use a simple minimum-set algorithm to select sets of sites that represent all species, 

separately for each taxon, and for all taxa combined. This is used to assess how 

representative a set of sites using one taxa is likely to be for the other taxa. At a more 

general level, it is also informative as to how the selection of conservation areas can be 

most effectively achieved. 1 contrast the outcome of the minimum-set selection with the 

result if sites are simply selected at random; 

d) I repeat the "reserve design" analysis for locations, rather than sites, as this is more 

representative of the scale at which conservation planning is likely to occur; 
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e) I test whether site richness (alpha-diversity) of each taxon is a good indicator for the 

other taxa, using simple correlation and a 'hotspot' analysis. I extend this comparison to 

some subgroups of the major taxa; 

f) I assess rates of species turnover within each taxon and some subgroups of the major 

taxa, using several measures (following the example of Oliver et al. 1998); 

g) for each taxon, I attempt to disentangle the relative contribution of environmental 

variation and geographic distance to compositional dissimilarity between sites. 

Environmental variation can be considered to contribute to beta-diversity, in the sense of 

species turnover between habitats or along environmental gradients; while gamma 

diversity describes species turnover between geographically separated areas of the 

same habitat (Cody 1993). This distinction is of some significance to conservation 

planning and reserve design. Reserves are typically selected to sample beta-diversity, 

particularty where environmental classifications are used as surrogates for biodiversity 

information. High levels of gamma-diversity, however, indicate that deliberate selection 

of geographically separate areas of the same habitat is appropriate. This may be of 

particular relevance to extensive, apparently homogeneous landscapes such as the 

Mitchell grasslands, where enormous areas of land may be represented by one or few 

land classes (eg. Wilson et at. 1990a). 

Methods 

The location of sample sites and methods for sampling plants, vertebrates and ants were 

described in Chapters 3, 4 and 5. For the first analysis below, I used compositional data 

from all sample sites. However, the other analyses were potentially hampered because not 

all taxa were sampled at all sample sites. Furthermore, patterns of distribution of species 

within the small number of woodland sites on non-clay soils (that were sampled to provide 

a contrast to the Mitchell grasslands and related communities), are of no interest in this 

chapter. Therefore, for the remaining analyses two standardised sets of sites were used: 

the 90 sites on clay soils common to the three datasets (which includes sites from the 12 

locations shown in Fig 3.1, and some sites that are woodlands or shrublands); and a subset 

of 56 sites restricted to treeless grasslands on clay soils from 7 locations in the Barkly 

Tableland (referred to as 'typical' Mitchell grasslands). 

Comparison of classifications 

Classification of all sites by their species composition (Bray-Curtis association measure, 

standardised abundance data) resulted in the description of 11 assemblages for vascular 
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plants (Chapter 3), 10 assemblages for vertebrates (Chapter 4), and 11 assemblages for 

ants (Chapter 5). For each pair of taxa, the correspondence of sites between assemblages 

was assessed by cross-tabulation. There was a perfect correspondence when the two 

assemblages shared all of their sites, and a strong correspondence was arbitrarily defined 

to occur when two assemblages had 80% of their constituent sites in common. 

Assemblage fidelity 

Compositional dissimilarity matrices were compared for each pair of taxa using simple 

Pearson correlations (Mantel tests: Legendre & Legendre 1998). The significance of the 

correlation values was tested by permutation tests using 2000 random starts (using the 

TRNA module in PATN, Belbin 1994a). A high correlation implies high spatial fidelity of 

assemblages between the respective taxa. Dissimilarity matrices for each taxa were 

calculated using the Bray-Curtis association measure (using PATN) and range

standardised abundance data. In each case, a second comparison was made using 

presence/absence data and the modified Bray-Curtis (Czeckanowski) dissimilarity 

measure. In order to assist interpretation of the results, the correlation coefficients from the 

Mantel tests were used as an association matrix for a 2-dimensional ordination (SSH MDS 

in PATN, data transformed by subtracting from 1 ). The distance between the position of 

taxa in the ordination visually represents the level of fidelity between taxa, closer points 

having higher fidelity. 

In addition to examining assemblage fidelity between the three major taxa (plants, 

vertebrates, ants), this was extended to five subsets of the major groups: annual plants 

(including facultative perennials), perennial plants (including trees and shrubs); birds; 

reptiles and small mammals combined; and ants in the genera lridomyrmex, Rhytidoponera 

and Melophorus combined (hereafter "IRM ants~). The latter subset was chosen to test 

whether a subset of the ant fauna could act as a surrogate for the entire fauna; the three 

genera were selected because they made a major contribution to the richness and 

abundance of ants at each sites, and represent three of the ant functional groups (Chapter 

5). Reptiles and small mammals (dasyurids and rodents) were considered together 

because there were too few mammals at most sites for them to be treated separately, 

although two of the mammal species were amongst the most frequent vertebrates in the 

study. 

Selection of minimum sets 

Minimum sets are the smallest number of sites that can be selected to achieve a given 

target- in this case, the inclusion of every recorded species at least once. I used a simple 
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iterative, heuristic algorithm based on rarity (eg. Margules et af. 1988). Rarity-based 

approaches tend to be more efficient at defining minimum sets than those based on site 

richness (Csuti et af. 1997). All such heuristic algorithms have been criticised because they 

do not necessarily define optimal solutions and linear programming methods may be 

preferred (Underhill1994, Csuti eta/. 1997), but heuristic algorithms have the advantage 

of being simple and flexible. 

Initially, the frequency of each species in the full dataset was calculated. A site was then 

selected that contained the rarest species (ie. the one with the lowest frequency). All 

species that were represented in this site were considered to be "reserved", and were 

removed from the sites remaining in the dataset. The frequency of each remaining 

species was recalculated and the selection process repeated. Iteration continued until all 

taxa were "reserved", and the cumulative number of species reserved at each step was 

recorded. An hierarchical set of rules were used to resolve ties in the selection process: 

1. select the site with the largest number of species having the minimum frequency; 

2. select the site with the largest total number of species; 

3. select the site with the largest number of species with a fidelity to Mitchell grasslands; 

4. select the site randomly. 

In practice, the random tie-breaker was rarely required. In most applications, the second 

tiebreaker was frequently called, so that the selection algorithm effectively combined both 

rareness and richness criteria. 

The selection process was repeated to select minimum sets of sites that represented all 

plant taxa, all ant taxa, all vertebrate taxa, and all taxa combined. In each case, the 

accumulation of plant, ant and vertebrate taxa at each iteration was monitored, so that the 

representation of each taxa at any target level (eg. 90% of vertebrate species) could be 

assessed. Minimum sets were developed using the full dataset (90 sites) and for the 

dataset limited to typical grassland sites (56 sites). For each minimum set, the number of 

sites represented from each location was tabulated. 

One potential weakness of the basic algorithm was that species were considered 

"reserved" if they occurred in a selected site, even if the abundance of the species was 

relatively low (ie. the site represented sub-optimal habitat for that species). An enhanced 

algorithm was developed to address this problem, whereby species were only considered 

"reserved" if their abundance in the selected site was greater or equal to the median 

abundance in all sites in which they occurred. If this condition was not met, the species 

was retained in the dataset for the next iteration. This condition was only applied to 
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species occurring in at least 4 sites. All minimum set selections were repeated using the 

enhanced algorithm. 

Minimum sets for locations 

Species data from sites within each location were pooled to define species lists for each 

location. There were many more sites at Connell's Lagoon Conservation Reserve (20) 

than at other locations, so sites on the western and southern boundary were pooled 

separately to form two locations, each with 10 sites. The basic algorithm was then used to 

select the minimum set of locations that represented all species, for the three taxa. This 

operation was repeated using the full dataset (12locations) and typical grassland sites (7 

locations). In each case, the number of species in each taxa that were restricted to a single 

locations was also calculated. 

Minimum set for Mitchell grassland species 

A significant proportion of the 'rare' species in the dataset are common or widespread in 

non-Mitchell grassland environments, but were infrequently encountered at sites in the 

study area. In selecting sites or locations for reserves, it may be appropriate to give priority 

to the reservation of species for which Mitchell grasslands and related communities are a 

significant habitat. The site-species database was reduced to include only species with a 

fidelity to Mitchell grasslands (plants and vertebrates- 10% of NT records (Chapter 2), ants 

- primarily recorded from Mitchell grasslands (Chapter 5)) and the minimum set selections 

for sites and locations were repeated using the reduced database. 

Random selection. 

The minimum-set selections were contrasted with one based on random selection of sites. 

From the full dataset, a set of n sites were selected and the number of species of plants, 

ants and vertebrates represented in these sites was calculated. The trial was carried out for 

n=1 ,2,3,4,5, 10, 15 ... 80,85 and repeated 20 times for each value of n, resulting in a mean 

and standard deviation of the number of species in each sample size. 

Species richness 

Simple correlations (Spearman Rank) were calculated between site richness of vascular 

plants, vertebrates and ants, as well as the five subsets of the major taxa described above. 

Three additional subsets were included in this comparison: plants with a Mitchell grassland

fidelity rating greater than 50%; vertebrates with a fidelity rating greater than 50%; and ants 
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restricted to Mitchell grasslands. Correlations were calculated using all sites and using 

typical grassland sites. 

A low correlation between site richness of different taxa across all sample sites may 

disguise the fact that a small number of particularly rich sites ('hotspots') are shared. 

Therefore, the richest sites for each taxon (as above) were identified and the number of 

species-rich sites in common for each pair of taxa was tabulated. Sites in the top decile of 

richness were included from the full dataset (ie. 9 richest sites) and for typical grassland 

sites (ie. 6 richest sites). 

Species turnover 

Three measures of species turnover between sites were used: 

a) the [3-diversity index of Whittaker (1960): (S/a -1 ), where Sis the total number of species across 

all sites and a is the mean site richness. Because site richness is so variable between sites for 

some taxa, a modified version of the index (Harrison eta/. 1992) was also calculated, where a is 

the maximum site richness. Low values of the index indicate tow turnover (many species are 

shared between sites), high values indicate high turnover; 

b) the mean dissimilarity between all pairs of sites, calculated from the Bray-Curtis dissimilarity 

matrix for each dataset; 

c) following classification of each dataset (using Bray-Curtis dissimilarity and flexible UPGMA in 

PATN), the number of groups created by truncating the dendogram at a set fusion level. Two 

fusion levels were used to give a coarse partition (ie. a small number of groups) and a finer 

partition (larger number of groups). The fusion levels used varied slightly between sets of 

comparisons (ie. abundance vs presence data and clay sites vs grassland sites) but were 

constant for all taxa within sets of comparisons. When truncation at a set fusion level results in a 

relatively large number of groups, this implies that there is relatively high species turnover for that 

taxon. 

Each measure was calculated separately for plants, vertebrates, ants, annual plants, 

perennial plants, IRM ants, birds, reptiles, and mammals, except that reptiles and small 

mammals were combined into a single group for measures (b) and (c) (there being too few 

mammals at most sites for them to be treated separately). 

Relationship between species turnover and geographic distance (gamma-diversity) 

For each of the major taxa, compositional dissimilarity between all pairs of sites was 

calculated using the Bray-Curtis association measure. Additional site-by-site matrices were 

prepared by calculating the geographic distance between all pairs of sites, and the distance 

between all pairs of sites for each of the environmental variables used in the predictive 
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models described in Chapters 3-5 . The environmental distance was calculated simply as 

the absolute value of the difference between values of the variable at the two sites. The 

relationship between compositional dissimilarity and environmental and geographic 

distance was analysed using the multiple matrix regression techniques outlined in 

Legendre & Legendre (1998, p.557) (a good description is also found in Ferrier et al. 

(1 999)). Each matrix was unfolded into a linear vector, and backward stepwise regression 

was used to construct regression models for the response vector (compositional 

dissimilarity). A minimum adequate model was first constructed using only environmental 

vectors as predictors and geographic distance was then introduced as an additional term to 

this model. The extent of improvement in explanatory power accompanying the 

introduction of distance was indicated by the increase in the R2 for the model, and the 

statistical significance of any improvement was tested by comparing the residual sums of 

squares between models with and without geographic distance (cf. Crawley 1993, p161). 

An initial test showed that log transformation of distance improved explanatory power, and 

log10(distance) was used in all cases. 

This procedure was followed for a total of 12 analyses for each taxa. Analyses were 

carried out separately for the full dataset (n=90) and for typical grassland sites (n=56). 

Each analysis was also done using dissimilarity matrices calculated from standardised 

abundance data and from presence-absence data. In order to test whether the relative 

importance of environmental and geographic difference depended on the spatial scale of 

comparisons, analyses were carried out using the full range of inter-site distance (up to 

1000km); restricted to site pairs separated by less than 200km; and restricted to site pairs 

separated by less than 10km. The latter case represents comparisons only between sites 

within each location. As rainfall and NDVI scores are invariant within locations, these terms 

were not included in the regression models for this case. 

Results 

Comparison of classifications 

There was a generally poor correspondence between the 10 vertebrate assemblages and 

11 floristic assemblages defined in previous chapters (Table 6.1 ). Individual vertebrate 

groups were represented within as many as seven floristic assemblages, and individual 

floristic assemblages contained as many as six faunal groups. However, there was a 

perfect match between one fauna and floristic group, that contained all the sites at Mt 

Sanford. 
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Table 6.1 Comparison of assemblages defined by classification of all sample sites according to 
the composition of ants (A1-A11 ), plants (P1-P11) and vertebrates (V1-V1 0). Data are the 
number of sites belonging to the particular combination of assemblages; shaded cells are 
assemblages with a strong correspondence of sites (better than 80% match). Ants were not 
sampled at sites attributed to AX, 'n' is the total number of sites in each group. 

a) plants and vertebrates 

P1 P2 P3 P4 P5 P6 P7 PB P9 P10 P11 n 

V1 3 1 1 7 3 15 

V2 6 1 3 1 3 2 4 20 
V3 9 1 10 

V4 3 5 1 B 1 18 

V5 3 4 7 

V6 1 1 1 3 

V7 1 3 4 5 13 

VB 4 4 
V9 5 4 9 
V10 l:!itli 7 

n 6 7 5 4 7 17 7 9 18 1B B 106 

b) ants and vertebrates 

A1 A2 A3 A4 .. A6 A7 A8 A9 A10 A11 AX n 

V1 3 1 1 7 3 15 

V2 2 1 1 2 4 1 6 3 20 

V3 2 B 10 

V4 4 3 1 3 2 5 18 

V5 7 7 

V6 1 1 1 3 
V7 2 2 4 1 4 13 

VB 4 4 
V9 4 5 9 

V10 7 

n 13 7 7 5 19 8 7 5 6 I 1 6 16 106 

c) plants and ants 

P1 P2 P3 P4 P5 P6 P7 PB P9 P10 P11 n 
A1 6 1 3 1 2 13 

IA2 1 3 3 
IA3 1 i 

A4 5 5 
I ,.. 2 19 
I AS 

~ 
8 8 

I .: 1 7 

rAs 
I I± I A9 

I A10 7 
I 1111 1 5 6 

lAX 6 1 9 16 
n 6 5 4 7 I 11 7 9 18 118 8 1106 
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There was similarly a poor correspondence between vertebrate assemblages and ant 

assemblages, with the one perfect match between groups again the groups containing all 

the Mt Sanford sites. Sites making up two of the vertebrate assemblages were not 

sampled for ants, but these were mostly woodlands on non-clay soils. 

There was a stronger correspondence between plant and ant assemblages, which is 

expected as many of these assemblages were location-specific (Chapter 3 & Chapter 5). 

There were perfect matches for two assemblages (from sites at Mt Sanford and cracking 

clay sites at Hayfield), and matches better than 80% for 4 other assemblages (from 

cracking clay soils in the southern VRD; sites at Lake Nash; cracking clay grassland sites 

at Helen Springs; cracking clay grassland and open woodland sites at Connell's Lagoon). 

In fact, nine of the eleven ant assemblages had at least 80% of their constituent sites in a 

single vegetation assemblage, and eight of the 11 vegetation assemblages contained a 

maximum of two ant assemblages and had 75% or more sites matched with a single ant 

assemblage {one of the other vegetation assemblages contained only sites with no ant 

data). The plant assemblages that had little correspondence with ant groups were a 

heterogeneous group from many locations on stony non-cracking clay soils (plant group 6); 

and a group with sites from four locations on the Barkly Tableland that were dominated by 

annual grasses (plant group 1 0). 

Table 6.2 Correlations between dissimilarity matrices (Mantel tests) for vascular plants, 
vertebrates and ants, and selected subsets of the major taxa. Comparisons were made for 
(a) all sites on clay soils common to the three datasets (n=90); (b) typical grassland sites (n=56). 
The lower left of each matrix shows the results for abundance data and the upper right for 
presence data. All correlations are significant (p<0.001: 2000 random permutations). 

a) clay sites plants annual peren. ants IRM verts birds rep!. & 
plants plants ants mamm. 

plants 0.94 0.81 0.63 0.48 0.45 0.26 0.40 
annual plants 0.95 0.57 0.61 0.45 0.40 0.20 0.39 

perennial plants 0.79 0.59 0.49 0.41 0.37 0.25 0.28 
ants 0.56 0.53 0.45 0.81 0.37 0.27 0.32 

IRM ants 0.45 0.43 0.37 0.86 0.26 0.22 0.24 
vertebrates 0.46 0.40 0.41 0.39 0.32 0.73 0.77 

birds 0.34 0.26 0.35 0.35 0.28 0.81 0.23 
reptiles & mammals 0.37 0.36 0.25 0.30 0.27 0.66 0.22 

b) grassland sites plants annual peren. ants IRM verts birds rep!. & 
plants plants ants mamm. 

plants 0.94 0.76 0.53 0.49 0.34 0.19 0.34 
annual plants 0.97 0.49 0.48 0.42 0.35 0.19 0.36 

perennial plants 0.75 0.58 0.42 0.46 0.18 0.12 0.17 
ants 0.55 0.51 0.48 0.84 0.27 0.30 0.22 

IRM ants 0.49 0.46 0.42 0.87 0.24 0.30 0.19 
vertebrates 0.33 0.30 0.27 0.37 0.35 0.61 0.81 

birds 0.19 0.15 0.21 0.40 0.38 0.77 0.12 
reptiles & mammals 0.33 0.34 0.20 0.24 0.23 0.72 0.22 

264 Chapter 6. Comparison of distribution and diversity patterns 



Assemblage fidelity 

Correlations between dissimilarity matrices were significant for all comparisons, but 

correlation coefficients were less than 0.5 for most comparisons. Comparisons made 

using abundance data or presence absence data gave similar results. Assemblage fidelity 

was very high between some major taxa and subsets of that taxon, particularly between 

annual plants and all plants, and between ants and species in the genera lridomyrmex, 

Rhytidoponera and Melophorus (Table 6.2, Fig. 6.1 ). In comparisons between major taxa, 

assemblage fidelity was always highest between plants and ants and lowest between 

vertebrates and ants. Fidelity between vertebrates and plants was generally higher than 

that between vertebrates and ants, although this was not the case for clay grassland sites 
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Figure 6.1 Two-dimensional ordinations portraying the extent of assemblage fidelity (Mantel 
test correlations) between vascular plants, vertebrates, ants and subsets of the major taxa: ants 
from the genera lridomyrmex, Rhytidoponera and Mefophorus (irm ants); annual plants (ann pi); 
perennial plants (perr pi); birds; reptiles and mammals. Taxa which are closest in the 
ordination have the most similar patterns of species composition amongst sites. (a) All clay 
sites (n=90) and abundance data; (b) all clay sites and presence data; (c) typical grassland 
sites (n=56) and abundance data; (d) typical grassland sites and presence data. 
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using abundance data. Birds had slightly higher correlation with all vertebrates than 

reptiles & mammals if abundance data was used, but the reverses was true for presence 

data. Assemblage fidelity between birds and reptiles & mammals was low. 

Minimum set selections 

Minimum sets for sites 

A comparison of the basic and enhanced minimum-set algorithms showed that the latter 

was slightly more 'expensive' (ie. a greater number of sites were required to reserve the 

same proportion of species), but the species-accumulation curves were similar in shape for 

the two algorithms (Fig. 6.2* [figure marked with an asterisk are at the end of the chapter]). 

The expense was also minor, amounting to an additional1-3 sites at any level of 

representation for plants and ants, and a negligible increase for vertebrates. As the 

enhanced algorithm is intuitively more satisfactory (it does not consider species to be 

reserved if they are represented within sub-optimal sites), only results from this algorithm 

are discussed hereafter. 

To represent all species occurring in the full dataset (90 sites on clay soils), a total of 39 

sites were required for plants, 25 sites for ants, 29 sites for vertebrates and 53 sites for all 

taxa combined (Table 6.3). Plots showing the cumulative reservation of each taxa in each 

minimum set are shown in Fig. 6.3*. Although the order of selection is primarily 

determined by rare species, for each taxon 50% of species were reserved in the first 5 sites 

selected. In fact, 20 sites was sufficient to reserve close to 90% of species for each taxon, 

so that reserving the remaining 10% required considerably more sites for plants (18 sites) 

than for ants (6 sites) or vertebrates (10 sites). The success of the minimum-set selection 

for each target taxon in reserving the other taxa is also illustrated in these figures and Table 

6.3. The minimum set for plants contained a higher proportion of all ant species (93%) 

than all vertebrate species (82% ); while the minimum set for ants better represented plant 

species (82%) than vertebrate species (76%). The minimum set for vertebrates 

represented plants and ants approximately equally, although for lower reservation targets, 

selection using vertebrates always represented plants better than ants. Interestingly, site 

selection using plants as the target taxon initially represented vertebrates very well, but the 

rate of accumulation of vertebrate species declined markedly after 10 sites. Comparisons 

at a level of 90% representation for each target taxon are useful because this required a 

similar number of sites in each case. At this level, between 70 and 77% of the non-target 

taxa were represented, with no taxon serving consistently better as a surrogate. 
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Table 6.3 Results of using minimum·set algorithm to select sets of sites that contain 100%, 
95%, or 90% of target taxon (plants, ants, vertebrates or all taxa). The table shows the 
number of sites required to meet the reservation target for a taxon, and the percentage of 
species in other taxa that are included in the selected set. The analysis was carried out for all 
sites and for typical grassland sites in the Barkly Tablelands. 

all sites (n;;90) typical grassland sites (n .. 56) 

plants '"ts verts '" plants ants """ '" 
100% reserved 

no. of sites 39 25 29 53 25 17 16 36 

%plant spp. (100) 82 82 (100) (100) 82 75 (100) 

%ant spp. 93 (100) 84 (100) 87 (100) 74 (100) 

%vertebrate spp. 82 76 (100) (100) 90 84 (100) (100) 

95% reserved 

no. of sites 31 23 25 35 20 15 14 24 

%plant spp. (95) 80 81 94 (95) 78 74 96 

%ant spp. 89 (95) 75 95 82 (95) 71 92 
%vertebrate spp. 79 73 (95) 95 86 84 (95) 94 

90% reserved 

no. of sites 21 19 19 25 15 14 13 18 
%plant spp. (90) 76 77 87 (90) 78 72 91 
%ant spp. 75 (90) 70 93 76 (90) 71 89 
%vertebrate spp. 73 71 (90) 92 71 83 (90) 90 

For the subset of 56 cracking clay grassland sites, 25 sites were required to represent all 

plant species, 17 sites for all ant species, 16 sites for all vertebrate species and 36 sites for 

all taxa combined (Table 6.3, Fig. 6.4*). Expressed as percentage of the total number of 

sites, this was 3.6% fewer sites than required for the full dataset for vertebrate species, but 

1.3%, 2.6% and 5.4% more sites for plants, ants and all taxa, respectively. The minimum 

set for plants did a better job of representing the non-target taxa than did the minimum set 

for ants, which in turn did a better job than that for vertebrates. However, if the 

comparison was made at the 90% reservation level (where the number of selected sites is 

similar for each target taxon), ants did a better job of representing the non·target taxa than 

either plants or vertebrates. For the clay grassland sites, the species accumulation curve 

for the minimum set selection based on all taxa combined was strongly logarithmic. While 

64% of sites were required to represent all species from all taxa, 32% were required to 

represent 90% of species and only 19% to represent 80% of species. 60% of species 

were represented in the first 5 grassland sites selected, even using a potentially non

optimal algorithm. 

Examination of the identity of sites selected by each minimum set algorithm is informative. 

For the full dataset, three sites were common to the first five selected for each taxa. All 

three sites are riparian woodlands and two are from the geographic extremes of the sample 

area (Mt Sanford and Lake Nash). For each taxa, these sites were both species rich and 

contained a relatively high number of infrequently recorded species. In the first 20 sites 
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Table 6.4 Representation of sites from each location in the minimum set that represents all 
plant species, ants species or vertebrate species. Data is the percentage of sites in the 
minimum set that are from each location; 'n' is the total number of sites in each minimum set 
and at each location. (a) All clay sites (n=90); (b) clay grassland sites (n=56). 

I• I Plants """ Vertebrates (b) Plants Ants Vertebrates 

n 39 25 29 n 25 17 16 

A 9 15 4 7 A 9 32 12 19 
B 3 5 4 7 CL 18 20 18 38 

CL 20 13 12 17 GO 5 8 6 6 

Go 7 10 8 7 HS 8 12 18 6 

HA 5 3 8 10 RO 8 8 12 6 

HS 8 5 4 0 s 5 12 18 25 
K 5 5 16 3 WR 3 8 18 0 

LN 6 13 16 10 
MS 7 13 8 10 
RO 8 3 4 3 
s 6 8 12 14 
WR 6 8 4 10 

selected for each taxon, 10 were common for ants and plants, 8 for ants and vertebrates 

and only 5 for vertebrates and plants. Each of the 12 sample locations were represented 

by sites in the minimum set for plants and ants, but one location (Helen Springs) was not 

represented by any sites in the minimum set for vertebrates (Table 6.4). The number of 

sites from each location selected for the minimum sets differed between taxa. Alexandria 

was relatively important for plant species, Kirkimbie for ant species and Connell's Lagoon 

for vertebrate species. Rockhampton Downs and Helen Springs are notable for having few 

sites in the selection for any of the three taxa. 

For the clay grassland dataset, there were five sites common to the minimum sets selected 

to represent the three taxa, although these were not all chosen in the first few iterations. 

Three of these sites were on gravel rises, which have a distinctive set of plant, and 

vertebrate species. Four more sites were common for ants and plants, and six sites for 

vertebrates and plants. Of the 7 locations included in the clay grassland dataset, each was 

represented in the minimum set for plants and vertebrates, but one (West Ranken) was not 

represented in the minimum set for vertebrates. In fact, 82% of sites selected to represent 

vertebrates came from only 31ocations (Alexandria, Connell's Lagoon, Soudan). By 

contrast, sites were very evenly spread between locations in the minimum set for ants. As 

with the full dataset, sites from Alexandria were disproportionately well represented in the 

minimum set for plants. 
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Minimum sets for locations 

When locations rather than individual sites were used as the selection units, 12 locations 

(of a total of 13) were required to represent all plant species, 12 to represent all ants 

species and 11 to represent all vertebrate species (Table 6.5). All131ocations were 

required to represent all species, because every location had at least one unique species 

(Table 6.6). The accumulation curves from the iterations of each minimum set selection 

(Figure 6.5) show that the majority of species in each taxon can be represented by a small 

number of locations. For each of the three major taxa, 90% of species can be reserved in 

six locations. Locations selected to represent 100% of species in one taxon represented 

between 95.6% and 100% of species in the other two taxa. Locations selected to represent 

90% of species in one taxon contained between 81.4% and 89.6% of species belonging to 

the other two taxa. At this scale, vertebrates did a better job of representing plant species 

than ants, and a slightly better job of representing ant species than did plants. A notable 

feature of the accumulation curves (Figure 6.5) is that a very similar proportion of the 

vertebrate and plant fauna is reserved at each iteration when selection is based on 

vertebrate species. 

If the species complement at each location was limited to species recorded from typical 

grassland sites, then all locations (from a total of 8) must be selected to reserve 100% of 

plant species and 100% of all species; 7 locations to reserve 100% of ant species; and 6 

Table 6.5 Results of using minimum-set algorithm to select sets of locations that contain 
100%, 95% or 90% of target taxon (plants, ants, vertebrates or all taxa). The table shows the 
nUmber of locations required to meet the reservation target for a taxon, and the percentage of 
species in other taxa that are included in the selected set. The analysis was carried out for 
location species lists derived from all sites, and for typical grassland sites in the Barkly 
Tablelands. (For this analysis, sites at Connell's Lagoon sites were split into two locations). 

all locations (n=13) locations with typical grasslands (n=B) 

plants '"" verts '" plants '"" ..... '" 100% reserved 

no. of locations 12 12 11 13 8 7 6 8 
%plant spp. (100) 95.6 98.8 100 (100) 87.2 96.2 100 
%ant spp. 99.1 (100) 97.2 100 100 (100) 88.7 100 
%vertebrate spp. 100 97.7 (100) 100 100 95.2 (100) 100 

95% reserved 

no. of locations 7 8 8 8 5 6 4 6 
%plant spp. (94.8) 86.3 94.8 96.0 (96.2) 85.9 89.7 97.4 

%ant spp. 86.0 (96.3) 89.7 93.5 87.1 (98.4) 79.0 93.5 

%vertebrate spp. 88.4 82.2 (95.3) 94.6 93.7 92.1 (95.2} 98.4 

90% reserved 

no. of locations 6 6 6 7 4 5 3 4 
%plant spp. (92.8) 84.7 89.6 94.8 (92.9) 84.6 87.8 92.9 

%ant spp. 83.2 (91.6) 84.1 91.6 79.0 (93.5} 71.0 79.0 

%vertebrate spp. 86.0 81.4 (90.7) 89.1 93.7 92.1 (90.5) 93.7 
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Table 6.6 Number of plant, ant and vertebrate species restricted to a single location, for (a) the 
full dataset {n=90); {b) typical grassland sites on the Barkly Tableland. Locations are labelled as 
in Fig. 3.1, except that sites at Connell's Lagoon are divided into two 'locations' (western and 
southern boundary). 'Res.' is the total number of species in each taxa restricted to one location, 
while "all" is the overall number of species; 'n' is the number of sites at each location 

(•) n Plant Ant Vert. total (b) n Plant Ant Vert. total 

A 9 t1 3 14 A 9 20 3 23 

B 3 2 1 3 6 CLS 9 2 4 3 9 

CLS 10 1 1 CLW 9 5 4 8 17 

CLW 10 6 4 5 15 GO 5 1 2 3 

GD 7 3 2 3 8 HS 8 5 4 2 11 

HA 5 1 1 6 8 RD 8 2 1 1 4 

HS 8 3 2 5 s 5 8 5 8 21 

K 5 3 5 2 10 WR 3 5 5 10 

LN 6 13 6 6 25 ~·- 48 25 25 98 

MS 7 26 8 9 43 all 156 62 63 281 

RD 8 1 1 1 3 

s 6 20 5 8 33 

WR 6 12 1 10 23 

res. 101 37 56 194 
all 249 107 129 485 

locations to reserve all species of vertebrates (Table 6.5, Figure 6.6). These selections 

also reserved between 87% and 100% of non-target taxa. To achieve a target of 90% 

reservation, 5 locations were required for ants, 4 for plants and only 3 for vertebrates. 

These selections reserved between 71% and 94% of non-target taxa. The lowest levels of 

reservation were for ant species, when either vertebrates or plants were the target taxon 

(71% and 79% respectively). 

The order in which locations were selected by the minimum-set algorithm is determined by 

the number of species restricted to each location, and it is infmmative to review this data 

(Table 6.6). 43% of all vertebrate species, 41% of all plants species and 35% of ant 

species were recorded from a single location. For ants, 8 locations had 2 or fewer unique 

species, whereas 4 locations had 2 or fewer unique species for both plants and 

vertebrates. The total number of unique species varied strongly between locations, and is 

unrelated to sample intensity (number of sites per location). There are both commonalities 

and differences between taxa in the relative importance of each location for unique species. 

The rank order of importance is most similar for plants and vertebrates and least for ants 

and vertebrates (Speannan Rank correlations). Three locations (Mount Sanford, Soudan, 

Lake Nash) had high numbers of unique species for all taxa. Mount Sanford and Lake 

Nash lie at the climatic extremes of the study area and contain Torresian and Eyrean 

species, respectively, that did not occur at other sites. The sample area at Soudan had 

relatively high habitat diversity, including a riparian site which individually had a high 

number of unique species. Three locations (Rockhampton Downs, Helen Springs, 
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Connell's Lagoon South) had few unique species in any taxa. These were relatively 

homogeneous areas of Mitchell grassland, with low species diversity and shared most 

species with other locations on the Barkly Tablelands. Interestingly, Connell's Lagoon 

West had a total of 15 unique species while Connell's Lagoon South had only one. Other 

locations had high numbers of unique species for some taxa but not for others (eg. 

Alexandria for plants, Hayfield for vertebrates, Kirkimbie for ants, West Ran ken for plants 

and vertebrates). 

Examination of the table of locations with typical grassland sites (Table 6.6b) confirms that 

Rockhampton Downs had very few unique species, as did the grassland sites at Georgina 

Downs. Soudan remains important for unique species, although a large number of the 

unique plant species were in the woodland riparian site rather than grassland sites. 

Similarly, the large number of vertebrate species unique to West Ran ken in Table 6.6a 

were in woodland and shrubland sites and there were no vertebrate species only recorded 

in grassland sites here. Alexandria had a large number of restricted grassland species, 

while Connell's Lagoon West had a relatively high number of unique species across the 

three taxa. 

Minimum sets for Mitchell grassland species 

If the selection of sites is determined only by the subset of species that have a fidelity for 

Mitchell grasslands, then approximately half the number of sites were required to reach the 

reserve targets than were required for all species (Table 6.7). To reserve all Mitchell 

grassland species, 20 sites (from a total of 90) were required for plants, 12 sites for ants, 

14 sites for vertebrates and 29 for all taxa. To reserve 90% of species, there was a small 

reduction in the number of sites required for plants, ants and vertebrates, but a substantial 

reduction (to 18) in the number of sites required to reserve 90% of all taxa. Although 

fewer sites were required to achieve the target for each taxon, these selections did a poorer 

job of representing the non-target taxa than was the case for the selections based on all 

species. At the 100% reservation level, between 67% and 78% of non-target taxa were 

reserved; at the 90% reservation level these figures were slightly lower (between 63% and 

75%). Selections based on vertebrate species were conspicuously better at reserving plant 

species than ant species. Although the total number of sites selected is smaller for each 

target taxon, the minimum set algorithm still tended to select sites from most of the 

locations (Table 6.8a). 

All locations must still be selected to represent 100% of Mitchell grassland species from all 

taxa combined (Table 6.7b). However, the number of locations required to reserve 100% 

of plant, ant or vertebrate Mitchell grassland species was fewer than required for all 
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Table 6.7 Summary results of using minimum-set algorithm to select (a) sites and (b) locations 
that contain 100% or 90% of all species with a fidelity to Mitchell grasslands in each target 
taxon (plants, ants, vertebrates or all taxa). The table shows the number of sites/locations 
required to meet the reservation target for a taxon, and the percentage of species in other taxa 
that are included in the selected set. The analysis was carried out only using the full dataset 
(90 sites and 13 locations; sites at Connell's Lagoon sites were split into two locations). 

(a) sites (n"'90) (b) locations (n"'13) 

plants ants verts '" plants ants verts '" 100% reseiVed 

no. s~;~lected 20 12 14 29 9 8 8 13 

%plant spp. (100) 72 78 100 (100) 90 94 100 

%ant spp. 73 (100) 67 100 87 (100) 80 100 

%vertebrate spp. 74 70 (100) 100 88 80 {100) 100 

90% reseiVed 

no. selected 15 10 12 18 4 5 5 7 

%plant spp. {91) 72 75 89 (93) 85 85 95 

%ant spp. 67 (90) 63 93 67 {90) 67 87 

%vertebrate spp. 70 70 {95) 93 67 87 {91) 93 

Table 6.8 (a) Number of sites selected from each location in the minimum set for each taxon, 
when selection is based on species with a fidelity to Mitchell grasslands. Total is the number of 
sites required to represent 100% of species from the full dataset (n=90 sites). (b) Number of 
plant, ant and vertebrate species with a fidelity to Mitchell grasslands that are restricted to 
each location. 'Res.' is the total number of species in each taxon restricted to one location, 
while 'all' is the overall number of species; 'n' is the number of sites at each location. 

l•l " Plant A"' Vert. All (b) " Plant A"t Vert. total 

A 9 4 1 1 4 A 9 3 1 4 

B 3 1 2 2 B 3 2 2 

CLS 10 1 1 1 CLS 10 1 1 

CLW 10 2 1 1 2 CLW 10 2 1 3 

GO 7 1 2 1 2 GO 7 1 2 2 5 

HA 5 1 1 2 HA 5 1 1 2 

HS 8 1 1 2 HS 8 2 2 

K 5 1 1 1 1 K 5 1 1 

LN 6 4 1 1 4 LN 6 3 2 1 6 

MS 7 1 1 2 2 MS 7 1 2 3 

RO 8 1 1 2 RO 8 1 1 2 

s 6 2 2 2 3 s 6 10 2 3 15 

WR 6 1 1 2 WR 6 1 5 6 

total 20 12 14 29 res. 24 11 17 52 

all 96 30 43 169 

species. To achieve a target of 90% reservation, only 41ocations were required for plants, 

5 for ants or vertebrates, and 7 for all taxa. However, the four locations selected for plants 

contained only 67% of both the ant and vertebrate faunas. 

Examination of the number of Mitchell grassland species restricted to a single location 

shows that there are only small numbers of restricted species within each taxon at most 

locations (Table 6.8b). The distribution of restricted species between locations was 
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variable between taxa, so that for all taxa combined there was at least one restricted 

species at all of the 13 locations. In terms of restricted species, Mt Sanford was far less 

important for Mitchell grassland species than it was for all species, while Soudan and Lake 

Nash remained important. 

Random selection of sites 

For each taxon, species accumulation was initially rapid as sample size increased and the 

rate of accumulation then declined to a low, almost constant level (Fig 6.7*). However, the 

accumulation of species was markedly less rapid than was found for the minimum-set 

algorithms. Expressed as a proportion of total species within each taxa, the accumulation 

curve for plants was initially the steepest, and for most sample sizes the proportion of 

species sampled was lowest for vertebrates. On average, 10 sites were required to sample 

50% of plant species, 12 sites for ants and 14 sites for vertebrates. To sample 90% of 

each taxa, 60 sites were required for plants, 61 sites for ants and 70 sites for vertebrates. 

When the analysis was restricted to 'typical' grassland sites, accumulation curves were 

initially even steeper (Fig. 6.7b*). In this case, only 5 sites were required to sample 50% of 

plant species, 7 sites for ants and 12 sites for vertebrates. To sample 90% of species, 33 

sites were required for plants and 39 sites for both ants and vertebrates. 

Site richness (alpha-diversity) 

There was a strong correlation (R>0.5) of site richness only between each major taxon and 

some subsets of that taxon (eg. plant richness was strongly correlated with richness of 

both annual and perennial plants) (Table 6.9). The single exception was ant richness, 

which had a correlation of 0.54 with perennial plant richness for the smaller dataset (and 

0.48 for the larger dataset). Amongst the major taxa, ant richness was significantly 

positively correlated with both plant and vertebrate richness, but there was no relationship 

between plant richness and vertebrate richness. Ant richness was significantly correlated 

with reptile richness and bird richness with perennial plant (for the full dataset), but the 

strength of the correlations were low. Within the clay grassland sites, there was a 

significant negative correlation between the richness of annual plants and reptiles. 

Richness of one subset within a major taxa was also rarely a strong predictor of richness in 

other subsets within the same taxon. There was no significant correlation between bird, 

reptile and mammal richness, and only a weak positive relationship between the richness of 

annual and perennial plants. The site richness of Mitchell grassland species within a major 

taxon was also a poor predictor of richness of habitat-faithful species in the other major 

taxa. 
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Table 6.9 Spearman rank correlation between site richness for vascular plants, ants and 
vertebrates, and selected subgroups of each major taxon. (a) All clay sites (n=90); (b) typical 
grasslands sites. PL, au plants; VERT, all vertebrates, ANT, all ants; ANNP, annual plants; 
PERP, perennial plants; BIRD, birds; REPT, reptiles; MAM, mammal species; IRM, ant 
species from the genera lridomyrmex, Rhytidoponera and Me/ophorus; PL-50, 'Mitchell 
grassland' plant species (with a fidelity score greater than 50%); V-50, 'Mitchell grassland' 
vertebrate species; A-MG, ant species recorded only from Mitchell grasslands. Values in 
bold are significant (p<0.05) and correlations>0.5 are highlighted for clarity. 

0.15 

0.48 0.37 

0.13 -0.19 0.26 

REPT -0.10 0.49 0.33 -0.14 0.01 0.16 

MAMM -0.03 0.14 0.07 -0.15 0.12 0.09 -0.31 

IRM 0.34 0.12 0.18 0.38 -0.03 0.36 -0.11 

PL-50 0.28 -0.28 -0.18 0.45 0.02 -0.22 -0.22 0.00 -0.22 

V-50 -0.18 0.13 0.06 -0.04 -0.20 -0.04 0.47 -0.12 0.13 0.06 

0.32 

0.11 0.18 

REPT -0.23 0.44 -0.39 0.11 0.17 

MAMM 0.03 0.18 0.00 -0.01 0.06 0.04 -0.04 

IRM 0.18 
jll!'T"•; 

0.34 ,;;;f>;~!t:' -0.05 0.38 0.11 0.48 -0.07 

0.35 -0.28 -0.20 0.46 0.09 -0.10 -0.34 0.11 
0.19 -0.31 -0.07 0.33 0.47 0.07 0.16 -0.05 

-0.03 

The richness 'hotspot' analysis (Table 6.10) generally concurs with the correlation analysis 

using all sites. Four of the nine richest sites were common for plants and ants, and for 

vertebrates and ants. Only one of the nine richest sites for plants and vertebrates 

coincided. High richness sites for ants corresponded with rich sites for perennial plants but 

not for annual plants. The correspondence of high richness sites between ants and the 

other two taxa was lower when the analysis was limited to typical grassland sites, while 

there was higher correspondence for vertebrates and plants in this case (2 of 6 sites). 

Species turnover (beta-diversity) 

Comparisons between taxa in relation to species turnover varied somewhat according to 

the measure that was used (Table 6.11 ). Beta-diversity indices for plants were smaller 

than for vertebrates and ants, and mean dissimilarity between sites was also lowest in 
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Figure 6.10 'Hotspot' analysis showing the extent to which the most species·rich sites 
correspond between vascular plants, ants and vertebrates, and selected subgroups of each 
major taxon (as per Table 6.9). Data are the number of sites in the top 10% of richness for 
each taxa that are common in each comparison (eg. 4 of the sites in the top 10% for ant 
richness are also in the top 10% for plant richness). (a) all clay sites (comparing the 9 richest 
site); (b) typical grassland sites (comparing the 6 richest sites). 

1•1 plants ants verts ann pi, per pl. IRM birds R&M MGpl. MG 
ants vert. 

ants 4 

vertebrates 1 4 

annual plants 4 0 0 

perennial plants 5 5 1 0 

IRM ants 2 4 2 1 1 

birds 1 3 7 0 1 1 

rept. & mamm. 0 2 5 0 0 2 3 

MG plants 5 2 1 5 2 2 1 0 

MG vertebrates 1 1 3 1 0 3 1 5 1 

MG ants 1 2 3 0 1 3 2 3 1 4 

(b) plants ants verts ann pi, per pl. IRM birds R&M MG pl. MG 
ants vert. 

ants 1 

vertebrates 2 1 

annual plants 4 0 2 

perennial plants 2 1 2 2 

IRM ants 1 3 2 1 2 

birds 2 0 5 2 1 1 

rept. &mamm. 0 1 4 0 1 2 3 

MG plants 4 1 2 3 3 1 2 0 

MG vertebrates 1 2 4 1 1 1 3 3 1 

MG ants 0 2 2 0 1 2 1 3 0 3 

plants for presence data, although equivalent to mean dissimilarity for vertebrates for 

abundance data. Within the clay grassland sites, beta·diversity indices were largest for 

vertebrates, although the ~2 index was larger for ants for the larger dataset. Mean 

dissimilarity values also suggest that species turnover in the ant fauna is relatively high. 

The number of groups formed by truncation of a classification at different fusion levels was 

always higher for ants than it was for plants. However, the difference between fusion levels 

was most pronounced for vertebrates, so that few groups were formed at a coarse level but 

a relatively large number at a fine level. 

For most comparisons, turnover in species composition was greater for perennial plants 

than annual plants. Turnover for birds was also greater than that for mammals and reptiles, 

and turnover was high for the subset of ants considered here (lridomyrmex, Rhytidoponera 

and Melophorus spp.) 
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Table 6.11 Comparison of measures of species turnover (13-diversity) between vascular plants, 
vertebrates and ants, and selected subgroups of these datasets. Comparisons are made for all 
clay sites, and for typical grassland sites on cracking clay soils. S, total number of species 
recorded, Omean. mean site richness, Omax• maximum site richness, 131, diversity index calculated 
using Omean. 132, diversity index calculated using Omax· Mean dissimilarities (SO in brackets) are 
calculated across all sites using the Bray-Curtis measure for abundance data and the 
Czekanowski for presence data. Number of clusters indicates the number of groups formed 
when the dendogram resulting from classification of sites is truncated at a coarse and fine level of 
fusion (level indicated by values in italics). For mean dissimilarity and number of clusters, 
'reptiles' includes all reptile species and small mammal species. 

diversity indices mean dissimilarity no. of clusters at two 
(standard dev.) fusion levels 

s Ome•n a., ~1 ~2 abundance presence abundance I presence 

all sites (n=90) 1.0 0.8 0.9 0.6 

Plants 249 36.4 66 5.8 2.8 0.79 (0.13) 0.59 (0.15) 7 14 4 12 

Vertebrates 126 12.3 30 9.2 3.2 0.78 (0.14) 0.64 (0.16) 4 14 3 18 
Ants 107 11.9 23 8.0 3.7 0.85 (0.13) 0.65 (0.17) 8 20 7 16 

Annual plants 134 23.0 41 4.8 2.3 0.77 (0.15) 0.58 (0.17) 7 14 3 13 

Perennial plants 115 13.5 35 7.5 2.3 0.82 (0.14) 0.62 (0.17) 7 18 5 17 
IRM ants 44 5.6 12 6.9 2.7 0.86 (0.16) 0.69 (0.20) 10 21 9 17 

Birds 86 6.4 24 12.4 26 0.80 (0.19) 0.74 (0.20) 5 15 7 24 

Reptiles • 33 4.3 11 6.7 2.0 0.74 (0.16) 0.56 (0.20) 8 12 4 14 

Mammals 7 1.6 4 3.4 0.8 

grassland sites (n=56) 0.9 0.7 0.8 0.5 

Plants 156 37.7 59 3.1 1.6 0.71 (0.13) 0.48 (0.13) 4 9 3 9 

Vertebrates 63 9.8 22 5.4 1.9 0.71 (0.14) 0.54 (0.15) 2 13 2 16 

Ants 62 11.8 23 4.3 1.7 0.80 (0.14) 0.54 (0.16) 7 16 4 12 

Annual plants 107 25.7 41 3.2 1.8 0.69 (0.15) 0.47 (0.14) 4 8 2 9 

Perennial plants 49 12.1 21 3.0 1.3 0.76 (0.15) 0.52 (0.17) 5 16 3 11 

IRM ants 33 5.9 12 4.6 1.8 0.81 (0.18) 0.62 (0.21) 11 15 5 16 

Birds 36 3.9 10 8.2 2.6 0.74 (0.21) 0.66 (0.22) 6 12 5 14 

Reptiles • 21 4.5 11 3.7 0.9 0.68 (0.16) 0.48 (0.19) 4 11 3 11 

Mammals 6 1.4 4 3.3 0.5 
--·-----

Effects of geographic distance (gamma-diversity) 

Regression models relating compositional dissimilarity between sites to environmental 

distance between sites explained between 26% and 76% of the variance in dissimilarity 

(Table 6.12). In 30 of the 36 models tested, the addition of geographic distance as a 

predictor resulted in a significant improvement in the model, explaining a further 0.2% to 

14.2% of the variance. Because of the large number of comparisons in each model, small 

improvements were significant. The increase in explained variance due to geographic 

distance was greater than 1% in 23 models and greater than 5% in 8 models. The largest 

increases in variance with the inclusion of geographic distance were for ants, using all clay 

sites and all distances; and plants using typical grassland sites and all distances. The 

explanatory power of geographic distance in models for vertebrates was mostly negligible. 

Curiously, the exception to this was for comparisons limited to sites less than 1 Okm apart, 
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Table 6.12 Analysis of the importance of geographic distance in explaining compositional 
dissimilarity between sites. During each analysis, two regressions models were compared: the 
first was the minimum adequate model relating dissimilarity to environmental distance between 
sites; the second was the same model with the addition of geographic distance as a predictor. 
The improvement in variance explained with the addition of geographic distance is given by I!J. 
R2

, and the significance of this change by the F-value (associated probability shown by 
asterisks: * p<O.OS, '"' p<0.01, ""** p<0.001 ). The total variance explained by the second model 
is given by R2

, and dist is the parameter estimate for geographic distance (log-transformed) in 
the second model, with the significance of the individual term indicated by asterisks. For each 
taxa, each analysis was carried out using dissimilarity matrices calculated from standardised 
abundance data (Bray-Curtis) and presence data (Czeckanowski); for all clay sites and for 
typical grassland sites; and for all inter-site distance, for sites less than 200km apart; and for 
sites <1 Okm apart. The number of between-site comparisons in each regression model is 
given by n. 

all clay sites (n=90) typical grassland sites (n==56) 

all km <200 km <10 km all km <200 km <10 km 

n 4005 1460 290 1540 933 192 

Plants 

abundance data AR' 0.052 0.046 0.027 0.119 0.056 0.021 
F 504.3 •u 199.2 .. ~ 23.4 -· 459.5 *H 146.5 ou 18 *H 

R' 0.59 0.66 0.68 0.61 0.65 0.78 

dist 0.08 ••• 0.08 ••• 0.13 ••• 0.11 ... 0.09 ••• 0.11 ... 

presence data AR' 0.030 0.039 0.021 0.091 0.073 0.011 

F 302.8 ••• 138.9 ••• 13.2 ••• 243.5 ••• 151.7 ••• 8.3 •• 

R' 0.59 0.60 0.55 0.43 0.55 0.74 

dlst 0.07 ..... 0.08 ••• 0.1 .... 0.08 ••• 0.1 ••• 0.08 •• 
Ants 

abundance data AR' 0.136 0.053 0.010 0.043 0.030 0.007 

F 926.3 ••• 132.2 ••• 3.9 * 106 *** 48.5 ... 2.2 ns 

R' 0.42 0.41 0.33 0.38 0.42 0.44 

dist 0.11 ••• 0.1 ••• 0.08. 0.08 ••• 0.09 ••• 0.08 ns 

presence data AR' 0.142 0.027 0.009 0.044 0.026 0.004 

F 1044.5 ••• 62.5*** 3.6 ns 95.4 *** 37.6 *** 0.9 ns 

R' 0.46 0.36 0.30 0.30 0.35 0.35 . 
dist 0.15 ••• 0.06 ••• 0.07 ns 0.08 ... 0.09 ... 0.04 ns 

Vertebrates 

abundance data AR' 0.007 0.006 0.038 0.001 0.001 0.028 

F 44.3 *** 15.4 ••• 17.4*** 2.5 ns 1.7 ns 7.6 •• 

R' 0.41 0.39 0.38 0.37 0.34 0.34 

dlst 0.03 ••• 0.04 ••• 0.15*** 0.01 ns -0.02 ns 0.11 •• 

presence data AR' 0.003 0.006 0.022 0.002 0.007 0.008 
F 19.2 ... 14.7 .... 10 ••• 4.9. 7.9 ·~ '"' R' 0.41 0.37 0.37 0.31 0.29 0.30 

dlst 0.02 ••• 0.04*** 0.11 •• -0.02. -0.04 •• 0.06 ns 

where geographic distance added up to 4% to the explained variance. This is in addition to 

the variance explained by the distance-to-water variable, which at some locations is a 

surrogate for geographic distance (ie. when sites are on a transect away from a waterpoint, 

but not when they are scattered in different directions from a waterpoint). By contrast, 

geographic distance between sites at a local scale had no significant relationship with 

dissimilarity of ant composition. 
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The relationship between geographic distance and compositional dissimilarity, independent 

of environmental distance, is illustrated in Figure 6.8". The greatest effect of geographic 

distance (for both abundance and presence data) is for ants, using all sites and all 

distance. In other comparisons, the slope of the regressions are generally similar for plants 

and ants. Curiously, the slope of the regression is negative in two models for vertebrate 

dissimilarity between typical grassland sites, based on presence data. This suggests that 

distant sites shared more species than predicted by the models based solely on the 

environmental differences between them. However, the explanatory power of geographic 

distance in these models was very small (0.2% and 0.7% of total variance). 

Some other patterns evident in Table 6.12 are worthy of comment: 

• the full models (ie. including environmental and geographic distance) explained a higher 

proportion of the variance in dissimilarity in plant composition than they did for ants or 

vertebrates. The weakest models (R2-0.3) for both ants and vertebrates were for 

dissimilarity based on presence data, in grassland sites on the Barkly tablelands. This. 

suggests that variation in composition within these sites is either substantially random, 

or is structured by environmental factors that have not been quantified by this study. 

• with a few exceptions, the models for abundance data explained a higher proportion of 

variance than the equivalent model for presence data. The change in variance 

associated with the geographic distance term was also usually slightly greater for the 

abundance model than the equivalent presence model. This supports a conclusion from 

previous chapters, that some environmental variables are more important in influencing 

the relative abundance of species at sites, than the distribution of species between sites. 

Discussion 

The results of the analyses described here highlight both similarities and differences in the 

distribution and diversity pattern of the different taxa sampled. Interpretation of the results 

requires some consideration of the scale at which comparisons are made. Similarly, 

drawing out the lessons for reserve design in this environment from these results must also 

consider the scale at which conservation planning is likely to operate, as well as the goals 

for the conservation plan. 

Species richness 

There was insignificant or weak correlation between the richness of the major taxa at a site 

(1 ha) scale. In some cases, subsets of major taxa were good surrogates for richness in the 
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taxon as a whole, which is predictable where these contributed a large proportion of 

richness at most sites (eg. richness of ants in the speciose genera lridomyrmex, 

Rhytidoponera and Mefophorus was a good surrogate for richness of all ant species, 

particularly within typical grassland sites). However, subsets within taxa were not good 

surrogates for other subsets: richness of annual plants was only weakly correlated with 

richness of perennial plants; and there was no correlation between the richness of birds, 

reptiles or mammals. These results are in accordance with a number of other studies that 

suggest that the search for a single taxon to act as a richness surrogate for other disparate 

taxa is likely to be unsuccessful (Prendergast eta/. 1993, Oliver eta/. 1998, Yen 1987, 

Kremen 1992, Apensperg~Traun eta/. 1996, Wilcox eta/. 1986, Flather eta/. 1997). This is 

unsurprising, given that the environmental or biotic factors influencing richness are also 

likely to be disparate between taxa. For example, in the environments studied here bird 

richness is strongly related to overstorey cover, whereas the richness of reptiles is more 

dependent on features of the substrate and structure of the ground layer vegetation. 

Simple measures of site richness are recognised as providing a weak basis for reserve 

selection (Pressey et af. 1993, Williams eta/. 1996a) as they provide no information about 

complementarity of species composition between sites. Nevertheless, if the area of land 

available for reservation is extremely limited, there may be advantages in using species 

richness as a criteria for selection. 

Assemblage fidelity 

The degree to which spatial variation in composition corresponds between taxa partly 

depends on the resolution at which this is examined. There was very good 

correspondence between the spatial distribution of the ant and plant assemblages that 

were defined in previous chapters. A set of sites that represented the plant assemblages 

defined by this study would therefore also represent most or all of the ant assemblages. 

This correspondence is largely attributable to the strong 'location effect' described for both 

plants and ants, whereby sites sharing the same location tend to be most similar, and this 

suggests either that the same underlying effects (rainfall history, management history or 

unquantified edaphic factors) are similarly important in structuring ant and plant 

communities, or that ant community structure is closely linked to plant community structure. 

The location effect was less pronounced for vertebrate assemblages, and there was little 

correspondence in spatial distribution between vertebrate and ant assemblages, and 

vertebrate and plant assemblages. 

Notably, the sites at Mt Sanford (the sole location sampled in the northern VRD) were 

uniquely represented by a single assemblage for plants, vertebrates and ants. A distinction 

Chapter 6. Comparison of distribution and diversity patterns 279 



between Mitchell grassland in the northern VRD and those elsewhere in the study region is 

reflected in coarse scale vegetation mapping (Wilson eta/. 1990a) and Territory-scale 

biogeographic analysis of plant and vertebrate distribution patterns also separated this area 

from the other Mitchell grasslands (Chapter 2). Cracking-clay soils in the northern VRD 

are derived from volcanic basalts rather than Tertiary alluvium and this area has a higher 

annual rainfall and greater complement of Torresian species within each major taxa than 

grasslands to the south and in the Barkly Tableland. Clearly, a reserve system that 

represented variation in Mitchell grasslands would include an area from the northern VRD. 

However, the Mt Sanford sites contained relatively few species identified as having high 

fidelity to Mitchell grasslands, as it shares many species (in each major taxa) with other 

communities occurring on clay soils to the north of the study area. 

A high level of spatial fidelity between assemblages does not necessarily translate into high 

spatial fidelity between individual species. When spatial fidelity in composition was tested 

at a site scale, the correlation between ants and plants was not as marked as it was at an , 

assemblage scale, although the fidelity between these two taxa was still stronger than 

between plants and vertebrates, and between ants and vertebrates. Correlation 

coefficients between dissimilarity matrices for these taxa in this study are similar to those 

reported for vascular plants, vertebrates and invertebrates (ants & beetles) in eucalypt 

forests in eastern Australia (Oliver et al. 1998), although in the latter study there was a 

slightly stronger spatial fidelity between vertebrates and ants & beetles. For the Mitchell 

grasslands, analysis of the influence of environmental variation on composition of plants 

(Chapter 3), vertebrates (Chapter 4) and ants (Chapter 5), showed that a climate (rainfall) 

gradient through the study area, and variation in substrate character (soil texture, crack 

width, rock cover) were major factors structuring composition for each taxon. Some 

degree of spatial fidelity between each of the sampled taxa would therefore be expected, 

and this is reflected in the results. That levels of spatial fidelity between major taxa are only 

moderate likely reflects variation in the relative importance of the major environmental 

factors to each taxon, and differential responses to local-scale environmental factors, 

including the effects of cattle grazing on composition (Chapters 7 & 8). The relatively high 

assemblage fidelity observed between ants and plants may arise because the two taxa 

respond to local environmental variation at a similar scale (Andersen 1995a), partitioning 

variation more finely than do vertebrates. Many vertebrate species are also likely to 

respond to environmental variation at a coarser scale than ants or plants because of 

greater mobility and dispersal ability. 

The results of this analysis suggest that vertebrates act as a poor indicator of variation in 

composition of plant or invertebrate communities, and that vertebrate classes (reptiles & 
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sma!l mammals, birds) are individually even poorer surrogates for other taxa. Although 

birds are readily sampled, reserve selections based on bird distributions are unlikely to 

adequately represent the regional variation in other taxa. Similar conclusion have been 

reported for a range of other environments (Oliver eta/. 1998, Ferrier eta/. 1999, French 

1999, Ryti 1992, McKenzie eta/. 1989, Saetersdal et al. 1993). 

Species turnover 

Studies in many environments have shown a lower rate of species turnover between sites 

for vertebrates than for plants (eg. Koen & Crowe 1987, Ryti 1992, Saetersdal eta/. 1993, 

Oliver eta/. 1998) or for invertebrates (eg. Oliver eta/. 1998, French 1999). This was not 

observed in this study, where vertebrate species turnover between sites was high, 

comparable to that for ants and greater, according to most of the measures used here, than 

for plants. Although regional richness of vertebrates in the Mitchell grasslands is low, site 

richness is extremely low, so that species turnover between sites is relatively high. By 

contrast, regional plant richness is also low but site richness is moderate, so that species 

turnover between sites for plants is relatively low. Reanalysis of the data shows that 

relative rates of turnover for each taxon are partly scale~dependent . Species turnover 

across the entire study region can be partitioned into mean turnover between sites within a 

location, and turnover between locations in the entire region. This was calculated for clay 

grassland sites in the Barkly Tablelands, so that differences in habitat complexity between 

locations was minimised (Table 6.13). Mean species turnover between sites within each 

location was higher for vertebrates than for plants or ants, while turnover between locations 

was highest for ants. 

These results suggest that a greater geographic spread of reserves would be required to 

represent variation in ant composition within the Mitchell grasslands, than for vertebrate or 

plant species. However, at any particular location, a larger reserve would be required to 

capture local variation in vertebrate composition than for plant or ant species. 

Table 6.13. Mean species turnover for each taxon within and between locations. Turnover 
is calculated as (S/a -1) where S=location richness and a=site richness (within locations); or 
S=total richness and a=location richness (between locations). 

plant ant vertebrate 

Within location 0.9 1.0 1.6 

Between locations 1.2 1.7 1.5 
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Relatively high species turnover between locations for ants is reflected in the significant 

influence of geographic distance on their compositional dissimilarity. For eucalypt forest in 

eastern Australia, Ferrier eta!. (1999) similarly found that geographic distance was 

positively related to dissimilarity between sites for ant composition, while differences in 

composition of vascular plants and vertebrates could only be related to environmental 

difference between sites. In fact geographical turnover in other arthropods (beetles and 

spiders) was even more pronounced. Other studies have also reported high levels of 

turnover in invertebrate composition between geographically separated areas of similar 

plant composition (Oliver eta/. 1998, Taylor eta!. 1994). In this study, relatively high 

gamma diversity in ants is related to substantial differences in ant composition between 

sites in the Barkly Tableland and sites in the southern VRD (geographic separation 

between these sites is high, but environmental separation is relatively low). The latter sites 

have relatively few ants species that are restricted to Mitchell grasslands and a high 

proportion of species with Eyrean affinities. Mitchell grasslands in this area occur as 

relatively small patches interspersed in a broad expanse of semi-arid eucalypt woodland,. 

and possibly have been more vulnerable to invasion by ant species characteristic of these 

habitats, than the very extensive blacksoil plains of the Barkly Tableland. Some Mitchell 

grassland vertebrate species are also restricted to, or absent from the southern VRD but 

these make up a smaller proportion of the total vertebrate fauna than is the case for ants or 

plants and this is reflected in only a very weak relationship with geographic distance for 

vertebrate composition. Cody (1993) described significant gamma-diversity over scales of 

hundreds of kilometres for bird species inhabiting mulga communities in semi-arid 

Australia. Low gamma diversity for birds in this study may reflect the more continuous 

habitat and lack of significant barriers to dispersal within the Mitchell grasslands compared 

to the mulga woodlands, or bird species within Mitchell grasslands may be more dispersive, 

as a response to high spatial and temporal variability of resource availability. Alternatively, 

it may simply reflect the fact that variation due to a broad climatic gradient was not 

accounted for by Cody (1993). 

Minimum sets and 'reserve' selection 

The application of reserve design procedures is informative in highlighting the value of 

individual sites or locations, and the degree of overlap between taxa in the distribution of 

unique or restricted species (eg. Pharo et al. 2000) The simple algorithm used here has 

some limitations, and further analysis of the irreplaceability of sites and flexibility of reserve 

solutions would be valuable (Pressey eta/. 1992, Pressey eta/. 1993, Ferrier et al. 2000). 

Some caution needs to be applied in interpreting the accumulation curves from the 

minimum set selections, as rarity-based algorithm do not necessarily produce near-optimal 
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solutions in the initial iterations (Csuti eta/. 1997). Nevertheless, the inclusion of a 

richness-based step in the algorithm should at least partly overcome this limitation, and the 

results are particularly valuable in comparing reserve selections between the different taxa. 

The species accumulation curves showed that for all taxa, a high percentage of species 

can be reserved by a small percentage of sites. In fact, among the 56 grassland sites in 

the Barkly Tableland, 50% of all taxa are likely to be represented in 5 randomly selected 

sites. However, because of the large number of infrequent species, 59% of all sample sites 

must be selected to reserve every recorded taxon. Each taxon performed moderately well 

in representing the other taxa, but it is clear that an optimal reserve design would consider 

the distribution patterns of species in all three major taxa (and other taxa not here 

sampled). If the reservation target were 100% of all species, then plants would be the best 

surrogate taxon for reserve selection. This is unsurprising, as considerably more sites are 

required to capture 100% of plant species than for either vertebrates or ants. However, at 

lower reservation targets no one taxon is markedly more valuable as a surrogate than the 

other two. 

The use of locations rather than sites as units of selection is a more realistic approach, as 

these approximate the scale at which reserves would likely to be selected (c. 100km2
). All 

locations were required to represent every species, as each location contained at least one 

unique species. However, high levels of representation of each taxon could be achieved 

through the selection of 50% of locations. Analysis at this scale may be valuable for 

guiding the selection of priority areas for reservation. However, definition of priority areas 

will depend on the goals for the reserve network. If equal weight was given to all species 

occurring in the study region then reserve selection was strongly influenced by sites with a 

high richness of species that have low fidelity to Mitchell grasslands, particularly species 

associated with riparian woodlands and the northern and southern margins of the study 

area. A reserve system that is representative at a bioregionallevel (eg. Sattler & Williams 

1999) would seek to incorporate these 'marginal' species and would require a relatively 

large area or number of locations. However, greater weight should be given to species with 

a fidelity to Mitchell grasslands, especially so If the 'marginal' species are well represented 

in reserves in other regions. For Mitchell grassland-associated species, the number of 

locations required to reach representation targets was considerably lower, (although all 

locations are still required to sample every recorded species) and greater priority was given 

to locations with high richness of rare Mitchell grassland species (such as locations with 

areas of gravel rise.) 
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In interpreting these results, it is necessary to give some co_nsideration to how the data 

were collected. Sample and site locations were deliberately chosen in order to 

comprehensively sample, as far as possible, environmental variation (such as the climate 

gradient and observable variation in vegetation composition and structure). The explicit 

goal, therefore, was to maximise the potential species turnover between sampled areas. 

While each sampled location contained unique species, it is unlikely that additional unique 

species would be added at a similar rate if further locations were to be sampled (and 

therefore many more 'reserves' be required . This is probably particularly the case for new 

locations containing typical grassland sites, as some existing locations on the Barkly 

tableland had very few unique species in any taxon. 

A second consideration is the thoroughness of sampling (ie. what proportion of species 

present in a site or location were actually sampled). If this proportion is low, then species 

turnover between sites or locations is likely to be overestimated. A relatively high intensity 

of sampling within sites and repeat sampling in two seasons should have ensured that mo9t 

species occurring within each site were recorded, although ephemeral plant species were 

less well represented at some locations. Sites within each location were deliberately 

chosen to maximise the environmental variability that was sampled, but more intensive 

sampling at each location would no doubt lead to more species being recorded for each 

taxon. However, whether this would increase or decrease the proportion of species unique 

to each location is difficult to assess. Curiously, the species turnover between sites within 

a location was highest for vertebrates, and geographic distance between sites had a 

significant contribution to vertebrate dissimilarity at a local scale. Apart from a few 

abundant species, the vertebrate fauna in the Mitchell grasslands is sparsely or patchily 

distributed, so that a relatively low proportion of species present at a location are 

represented in individual sample sites. 

Conclusion 

The purpose of this chapter was not to develop an optimal reserve design for the Northern 

Territory Mitchell grasslands. Indeed, this could not be attempted simply based on species 

data from 90 point localities. Species distributions could potentially be extrapolated across 

the study area using a fine-scale land classification or by extending the predictive models 

developed in the previous chapters to full spatial models (eg. Ferrier & Watson 1997, Price 

et al. 2000), and a probabilistic approach used in minimum-set selection (Margules et al. 

1991, Polasky eta/. 2000). No such fine-scale mapping currently exists across the entire 

study area, and not all variables used in the predictive models are currently represented by 
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spatial data layers (although these could be developed from interpretation of satellite 

imagery). 

Rather, I have used minimum set selection as a heuristic tool to examine characteristics of 

distribution patterns of Mitchell grassland biota, and the consequences of these patterns for 

some conservation priorities. A number of conclusions about reserve selection in this 

biome can be made: 

• a single reserve, however large, will not be adequate to represent variation throughout 

the study area in any of the sampled taxa; 

• in fact, relatively small reserves are likely to be adequate to represent local-scale 

variation in species composition (an appropriate size would be similar to the median 

paddock size in this region); 

• a wide geographic spread of reserves is desirable to efficiently sample regional variation 

in species composition. A representative reserve system must include selected areas in 

the northern VRD, southern VRD and southeastern Barkly Tableland (including gidgee 

woodlands), as well as an area in the central Barkly Tableland; 

• representation of species will be maximised if individual reserves are selected to include 

areas of Mitchell grassland and other habitats including riparian woodland, gravel rises 

and chenopod shrubland; 

• although Connell's Lagoon Conservation Reserve is quite small and was acquired 

opportunistically, it is valuable in representing the biota of the Mitchell grasslands in the 

central Barkly Tableland (Fisher 1999). The main limitation of this reserve is that it does 

not contain a substantial area of chenopod shrubland or other wetlands; 

• to represent 100% of species occurring in the region, a large number of scattered 

reserves would be required. However, each reserve could be small (assuming a large 

area was not required for the persistence of each species) and the total area of land 

required to represent all species is probably relatively small. 

In this discussion, I have used the convenient term "reserve" to describe areas selected to 

represent the biota of the Mitchell grasslands. However, conservation planning in this 

biome must extend beyond issues of representativeness to include the requirements of 

threatened species and some significant habitats that were inadequately sampled during 

the current study. The selection and appropriate management of reserves must also take 

into consideration threatening processes in the region and the nature and impacts of 

current and potential land use on biota (Pressey & Taffs 2001 ). In the following chapters 

(Chapters 7 & 8) I examine the impacts of pastoral use on the plant, vertebrate and ant 

fauna of the Mitchell grasslands. I then return to the issue of conservation planning in the 

final chapter (Chapter 9). 
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Figure 6.2 Comparison of results using the 'basic' and 'enhanced' minimum set algorithm to 
select sets of sites to represent (a) plant species; (b) ant species; (c) vertebrate species, from 
the dataset of all clay sites (n=90) . Plots show the cumulative number of species selected at 
each iteration. Note differences in scale of x-axes. 
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Figure 6.3 Results of selection of sites using the enhanced minimum-set algorithm, from the 
dataset of all clay sites (n=90). Taxa used to select sites were: (a) plants; (b) ants; 
(c) vertebrates; (d) all species. Plots show the cumulative number of species of each taxon 
selected at each iteration, expressed as a proportion of the total number of species for that 
taxon. 
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Figure 6.4 Results of selection of sites using the enhanced minimum-set algorithm, from the 
dataset of typical grassland sites (n=56). Taxa used to select sites were: (a) plants; (b) ants; 
(c) vertebrates; (d) all species. Plots show the cumulative number of species of each taxa 
selected at each iteration, expressed as a proportion of the total number of species for that 
taxon. 
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Figure 6.5 Results of selection of locations using the enhanced minimum-set algorithm, when 
species lists for locations (n=12) are derived from all clay sites. Taxa used to select locations 
were: (a) plants; (b) ants; (c) vertebrates. Plots show the cumulative number of species of each 
taxa selected at each iteration, expressed as a proportion of the total number of species for that 
taxon. 
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Figure 6.6 Results of selection of locations using the enhanced minimum-set algorithm, when 
species lists for locations (n=8) are derived from typical grassland sites. Taxa used to select 
locations were: (a) plants; (b) ants; (c) vertebrates. Plots show the cumulative number of 
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Figure 6.7 Number of species of plant, ant and vertebrate species in increasingly large random 
samples of sites, expressed as a percentage of total species in each taxon. Data are means 
from 20 permutations (except for data for 90 sites, which represent the total number of species 
in each taxon). (a) All clay sites (n=90); (b) typical grassland sites (n=56). 
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Figure 6.8 Relationship between geographic distance between sites and dissimilarity in 
composition of plant, ant and vertebrate (vert.) species. The plots show the predicted relationship 
from the regression models in Table 6.9, with all significant environmental predictors other than 
geographic distance held constant. Values in brackets for each taxa are the contribution of 
geographic distance to the full regression model explaining dissimilarity(~ R2 in Table 6.9) , with the 
significance of the contribution indicated by asterisks (* p<0.05, ** p<0.01 , *** p<0.001 ). Analyses 
were carried out using all clay sites and typical grassland sites (across the page); and including 
sites at all distances, separated by <200km, and separated by <1 Okm (down the page) ; and with 
dissimilarity matrices calculated using (a) standardised abundance data and (b) presence data. 
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Chapter 7. Waterpoint and grazing distribution, and the effects of grazing 

on vegetation structure and plant biodiversity in the Mitchell grasslands. 

Introduction 

In Chapters 3 to 5 I described variation in the flora and fauna of the Mitchell grasslands in 

relation to endogenous variation across the geographic extent of the biome in the Northern 

Territory. However, a critical issue for management of most Australian environments is the 

effects of exogenous factors on biodiversity, and the amelioration of these effects. The 

colonisation of Australia by Europeans has resulted in dramatic environmental changes 

within a period of little more than 200 years. In the rangelands, these changes have largely 

been associated with the introduction of domestic and feral grazing animals, the spread of 

introduced predators, destruction of Aboriginal society and the modification of Aboriginal

mediated fire regimes and the proliferation of artificial watering points (Morton 1990a, 

James eta/. 1995, Woinarski eta/. 2001a). In the Mitchell grasslands, the development of 

a productive pastoral industry has meant that virtually the entire biome is grazed by cattle 

and/or sheep and a regular array of bores, tanks, dams and bore-drains girdle the 

landscape. In this Chapter (on flora) and the following (on fauna), I examine the impacts of 

pastoral use on biodiversity of the Mitchell grasslands, as a precursor to discussing how 

pastoral management may be adapted to cater for the requirements of biodiversity 

conservation (Chapter 9). Here, I also make a brief introduction to the ecological effects of 

grazing in rangelands and the way grazing impacts are distributed in landscapes, including 

the concept of piospheres and grazing gradients. 

Grazing impacts on vegetation in rangelands 

Studies of the effects of livestock grazing on rangeland environments in Australia have 

been summarised by Wilson & Harrington (1984), Wilson (1990), James et af. (1995), 

James eta/. (1999b). Landsberg el a/. (1999c) and Woinarski eta/. (2001a). Fleischner 

(1994) reviewed the ecological impacts of livestock in western North America, while West 

(1993), James eta/. (1995), and James eta/. (1999b) also describe studies of the effects of 

grazing on plant communities in arid and semi-arid zones in Africa and North America. 

The impacts of livestock are not limited to effects on vegetation through grazing but extend 

to other aspects of ecosystem structure and function (Fieischner 1994) as well as impacts 

on fauna (Chapter 8). Those effects on ecosystem structure and function may include 

changes in soil chemistry and structure both indirectly as a result of changes in vegetation 

and directly through trampling and compaction (Lee 1977), redistribution of nutrients 
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through urine and faeces (Thrash eta/. 1995), disruption of microbial soil crusts (Eldridge 

1996, Hodgins & Rogers 1997) and impacts on soil macrofauna (Lobry de Bruyn & 

Conacher 1990) and soil microbial biomass (Northup eta/. 1999). As a consequence of 

vegetation removal and changes in soil surface condition, overgrazing may substantially 

alter the way water and nutrients are redistributed and lead to soil erosion (Noble & 

Tongway 1983). [fherefore 'grazing' pressure of livestock is perhaps more appropriately 

referred to as 'stocking' pressure (eg. Navie eta/. 1996), the latter term encompassing 

direct and indirect effects of stock]. Without dismissing the importance of these effects, I 

will concentrate here on the impact of grazing on vegetation structure and composition, 

both because the cracking-clay soils of the Mitchell grasslands are less susceptible to 

erosion than soils of many other Australian rangelands; and because the direct effects of 

stock on soils are probably only pronounced within the 'sacrifice zones' close to watering 

points (Andrew & Lange 1986a), which occupy an insignificant total area of most rangeland 

grazing systems (see below). 

Grazing may affect species composition in plant communities because of selective grazing 

by herbivores on preferred species, differential vulnerability of plant taxa to defoliation, and 

through modification of the relative competitive or reproductive capabilities of species 

(Crawley 1983, Landsberg eta!. 1999c, Ash & Garfield 1998). In many cases, the impacts 

of grazing are mediated by a complex relationship with rainfall (eg. Friedel1997) and/or fire 

(eg. Ash et al. 1997, Roques eta/. 2001 ). Frequently obseNed patterns in Australian 

rangelands are a re(juction in the abundance of palatable perennial grasses and forbs and 

an increase in annual, ephemeral and unpalatable perennial species with increasing 

grazing pressure (Wilson 1990, James eta/. 1999b, Graetz & Ludwig 1978, Andrew & 

Lange 1986b, Foran 1980, Navie eta/. 1996). Similar patterns have also been reported in 

African and American rangelands (eg. Thrash 1998, Barker eta/. 1989, Fusco eta!. 1995, 

Van Rooyen eta/. 1994, Parker & Witkowski 1999). In some rangelands, livestock grazing 

is also associated with a marked increase in the density of unpalatable shrub species 

(Harrington eta/. 1979, Harrington 1986, Friedel et al. 1990, Adamoli et al. 1990). In some 

cases, the introduction of grazing livestock to Australian rangelands has had dramatic 

effects on the composition of ground layer vegetation. Heteropogon contortus has replaced 

Themeda triandra as the dominant species in much of the northeastern Queensland 

savannas (lsbe!l1969, Crowley & Garnett 1998) and Aristida species have replaced 

palatable perennials in large areas of semi-arid Acacia woodlands (Harrington et al. 1979). 

In other cases, the relative abundance of species has been altered less dramatically, and 

species that are most affected by grazing may be minor components of the regional flora 

(although not necessarily insignificant ecologically, or for conseNation). 
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According to their response to grazing pressure, species can be classified as "increasers" 

(more abundant as grazing pressure increases); "decreasers" (less abundant with 

increasing grazing) or "neutral" (no discernable effect) (eg. Noy-Meir eta/. 1989, Wilson 

1990). This is a convenient terminology and is generally used here, although it is 

recognised to be somewhat simplistic. Many species actually show a bell-shaped response 

to grazing intensity (Hacker 1987, Fensham eta/. 1999, Bowman eta/. 1996) and this is 

here referred to as an "Intermediate" response. Woinarski eta/. (2001a) compiled a list of 

responses of plant species to grazing reported from studies across the Australian 

rangelands. Demonstrating the complexity of plant responses, individual species were 

recorded as increasers in some studies and decreasers in others. This may reflect 

differential responses in different environments or under different seasonal conditions or 

grazing regimes. A particular species may be avoided by cattle in one environment, but 

preferred in others with a different species complement (Ash & Mcivor 1998). Different 

responses may also be an artefact of different sampling designs that sample only portions 

of a gradient of grazing intensity (Fensham eta/. 1999). 

Grazing distribution and piospheres 

A significant feature of arid and semi-arid rangelands is that the grazing distribution of 

sheep and cattle is strongly controlled by the distribution of sources of drinking water 

(hereafter_ "waterpoints"). In large paddocks within relatively uniform environments, grazing 

intensity declines in an approximately radial pattern around permanent waterpoints- a 

pattern termed the 'piosphere' by Lange (1969). In most paddocks, the simple radial 

grazing pattern is distorted by heterogeneity in landforms, soils, drainage and consequently 

vegetation communities, and preferential grazing by stock in particular vegetation types 

(Low eta/. 1973, Hodder & Low 1978, Stafford-Smith & Pickup 1990, Pickup & Chewings 

1988, Van Rooyen eta/. 1994 ); as well as other factors such as the prevailing wind 

direction and amount of shade (Orr 1980b, Bosch & Gauch 1991 ), the orientation of 

fencelines, and the degree of land degradation (Pickup & Chewings 1994). Nevertheless, 

even in more complex dry rangelands a relationship between grazing impact and distance 

from water can be distinguished following appropriate stratification of the landscape (Bastin 

et al. 1 993b). The existence of such grazing gradients in arid Australian rangelands has 

been extensively documented through the use of remote imagery to examine variation in 

ground cover and vegetation responses to rainfall over large areas (Bastin et al. 1993a, 

Pickup & Chewings 1994, Pickup et al. 1994, Pickup 1996, Pickup eta/. 1998, Bastin eta/. 

1998, Bas1in eta/. 1993b, McGregor eta/. 1999). Pickup & Chewings (1994) describe a 

number of grazing gradient types, determined by the relationship between a vegetation 

cover index and distance from water. They distinguished 'temporary' gradients, where the 
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relationship between distance and cover disappeared after moderate rainfall events; from 

'permanent' gradients, where degradation had occurred and the ability of vegetation to 

respond to rainfall was impaired. 'Inverse' and 'complex' gradients also occurred when a 

high cover of unpalatable species had developed close to the waterpoint. Generally, 

however, distance from water is a useful surrogate for the relative intensity of long-term 

stocking pressure in dry rangelands (James eta!. 1995). 

The form of a grazing gradient clearly depends on the relative activity of stock at different 

distances from water. This will depend on weather conditions, availability of forage, quality 

of drinking water and the age, breed and condition of the stock (low eta/. 1978). 

Surprisingly, there have been few studies that rigorously quantify this distance-activity 

relationship in Australian rangelands, particularly for cattle grazing in northern Australia. In 

three sites near Alice Spring, British breed cattle generally grazed within 4km from water 

during good conditions, and up to 11km from water in extended dry conditions (Hodder & 

Low 1978), although another study showed that cattle rarely foraged further than 6km from 

water even in dry periods (Pickup & Chewings 1988). In the Barkly Tablelands, cattle have 

been reported grazing at distances of 11km (Yeates & Schmidt 1974) and in extreme 

drought conditions there are reports of cattle grazing at distances of 20-22km from water 

(Hodder & Low 1978) These few studies have led to an assumption that most grazing 

pressure by cattle in central Australia occurs within Skm of watering points (Christian & 

Stewart 1954, Hodder & Low 1978, Pickup 1994,). Foraging distances are much shorter 

for sheep, especially in hot conditions, when grazing is concentrated within 3-4km of 

waterpoints (Stafford Smith 1988, James eta/. 1999b). 

The Mitchell grasslands have a number of features that suggest piospheres should be 

relatively well defined. Permanent water is mostly present as artificial point sources (bores 

and troughs) within very large paddocks. The spatial heterogeneity in soils, topography 

and vegetation communities at the paddock scale is less pronounced than for most other 

Australian rangelands. Moreover, at least in the Mitchell grasslands of the Northern 

Territory, grazing pressure can be almost entirely attributed to controlled stock. In many 

other regions, grazing by large macropods and feral herbivores (rabbits, cattle, donkeys, 

horses, goats and camels) may make up a substantial component of the total grazing 

pressure (eg. Newsome & Corbett 1977, Landsberg & Stol1996, Parkes eta/. 1996). 

Because of the lower reliance on free water by kangaroos and rabbits and the fact that their 

movements are not hindered by fences, high densities of these other herbivores may 

obscure piospheres. Densities of large macropods (Macropus rufus) in the Barkly 

Tableland are low (K. Saalfeld, PWCNT, pers. comm.) and rabbits are only occasionally 

present in the far south of this region (W.A Low Ecological Services 1984). Preliminary 
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surveys along two transects from watering points on the Barkly Tableland (Berman et af. 

1992) showed that cattle use (measured by dung counts) and plant biomass were strongly 

related to distance from water. The existence of piosphere gradients in the Mitchell 

grasslands of the Barkly Tableland is also currently being validated using the remote

sensing techniques developed in other central Australian rangelands (McGregor et af. 

1999). 

In this study, I have assumed that distance from permanent waterpoints is a surrogate for 

long-term stocking pressure and this forms the basis for investigating the impacts of 

stocking pressure on the biota of the Mitchell grasslands. As described below, I have 

sought to validate this assumption, and to quantify the form of the relationship between 

distance from water and grazing pressure, by measurements of recent cattle activity. 

Grazing impacts in Mitcheff grasslands 

Mitchell grasslands are generally described as resilient to pastoral use (Williams & Mackey 

1982, Orr & Holmes 1984, Orr & Phelps 1994) based on both the response ofthe 

vegetation to grazing and the low risk of soil erosion. A number of studies have suggested 

that effects due to grazing are overwhelmed by variation in vegetation structure, biomass 

and composition arising from rainfall variation, at all but very high levels of utilisation (Orr 

1980b, Orr 1980a, Orr 1981, Orr & Evenson 1991b; see also Chapter 1). Orr & Evenson 

(1991b) concluded that grazing at a utilisation level of 30% was not detrimental to the 

sustainability of the pasture. Rather, moderate grazing was beneficial because it promoted 

seeding of Astrebla (Orr & Evenson 1991a). While the cumulative effect of poor seasons 

and very high utilisation may lead to a significant decline in basal area of Astrebla, recovery 

from high utilisation levels has been observed following good summer rainfall (Orr & 

Evenson 1991b, Orr 1991). Grazing has been implicated with maintaining the dominance of 

Astrebla spp. in Mitchell grasslands, with total exclusion of grazing leading to senescence 

of Astrebla tussocks and replacement by other grass species (Everist & Webb 1975, 

Williams & Mackey 1982). 

However, a number of studies in Mitchell grasslands have also demonstrated that grazing 

can have significant effects on vegetation structure and composition. Most of these studies 

have been in the Mitchell grass downs in central Queensland, where grazing is primarily by 

sheep. The levels of grazing intensity applied in studies has varied, but is generally 

quantified in terms of utilisation (ie. the proportion of plant mat~rial removed during the non

growing season). 'Moderate' grazing pressure is generally considered to correspond to 

30% utilisation; 'lighf grazing is approximately 10% utilisation and 'heavy' grazing is 50% 
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utilisation or higher. Davidson (1 954) observed that Astrebla was replaced by ephemeral 

species under very heavy grazing. Hall & Lee (1 980) similarly found that heavy grazing 

reduced pasture cover, while Orr & Phelps (1994) reported that heavy grazing resulted in 

reduced survival and size of Astrebla tussocks and suggested that continual heavy grazing 

would be detrimental. Under the highest grazing pressures studied by Orr & Evenson 

(1991 b), density and cover of Astreb/a tussocks were significantly reduced, and forb cover 

was dominated by few unpalatable species. A decrease in diversity of annual grasses and 

forbs under increased grazing pressure is noted by both Williams & Mackey (1982) and Orr 

(1980b), although Hall & Lee (1980) recorded a greater forb diversity and increased annual 

grass biomass under heavy grazing. Low basal area and low frequency of Mitchell grass 

was associated with high grazing pressure in NSW properties (Bowman eta/. 1996), which 

was linked to a change in plant species composition, with replacement of palatable by 

unpalatable species. Large areas of A. lappacea in NSW have been replaced by annual 

weeds due to grazing, drought, floods and wheat cultivation (Bellotti eta/. 1 986). In fact, 

densities and recruitment rates under the present grazing system are so low that Campbell 

eta/. (1 996) suggested that A. lappacea will be eliminated from pastures in north-western 

NSW without remedial management action. Mitchell grasses have also apparently been 

replaced by annual /seilema spp. in some areas of the Barkly Tableland and north 

Queensland (Holt & Bertram 1981, Scanlan & O'Rourke 1 982). After an analysis of 

variation in floristic composition of a large number of samples from Mitchell grasslands, 

Fensham eta/. (2000) concluded that one observed gradient in composition could probably 

be attributed to variation in grazing pressure, distinct from climatic gradients and the effects 

of seasonal variation. 

In total, these studies suggest that the dominant perennial grasses in Mitchell grasslands 

are resilient to grazing impacts, but that grazing effects cannot be dismissed as 

insignificant. In particular, grazing at high levels of utilisation combined with poor seasonal 

rainfall may significantly alter the structure and composition of the vegetation. Moreover, it 

is clear that few studies have considered the impacts of grazing on plant species of little 

pastoral significance in this biome, so that the effects of pastoral use on plant biodiversity 

are not clearly understood. 

Objectives of this study 

In this study I have sought to quantify the impacts of pastoral use, and more specifically 

grazing by cattle, on the vegetation of the Mitchell grasslands in the Northern Territory. To 

do this, I examine the relationship between grazing intensity and (a) vegetation structure, 

particularly vegetation cover and the density of perennial grasses; (b) floristic composition, 
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and the relative importance of perennial and annual species; (c) plant species richness: 

and (d) the relative abundance of individual plant species. In particular, I aim to determine 

which species show increaser or, more importantly, decreaser responses to grazing 

pressure. I also examine whether patterns of response to grazing pressure in terms of 

richness, cover and abundance differ between plant life-form groups. 

To provide a framework for examining the effects of grazing, I first describe the distribution 

of waterpoints in the Mitchell grasslands of the Barkly Tableland and Victoria River district 

(VRD). I undertake some spatial analyses to determine the distribution of land within 

intervals of distance from water and discuss the implications of this in relation to grazing 

distribution. Throughout this study, I have assumed that distance from water is a useful 

surrogate for grazing pressure. In this Chapter, I also present data that validates this 

assumption and I discuss possible sources of variation in the relationship. 

I adopt several approaches to sampling and analysis in examining grazing effects. A 

series of quadrats was sampled along transects from waterpoints at three carefully-chosen 

piospheres in Mitchell grassland on the Barkly Tablelands. This approach has the 

advantage that variation due to some other broad-scale factors can be minimised 

(especially in a relatively homogeneous landscape such as the Mitchell grasslands) and 

vegetation response to a range of grazing intensities is quantified (eg. James et al. 1995). 

also make:_ a cross-fence comparison using sites on either side of the boundary of Connell's 

Lagoon Conservation Reserve, an area of Mitchell grassland where stock have been 

excluded for approximately 20 years. While this compares only two levels of grazing use, 

sites within the Reserve represent the minimum levels of grazing impact that now exist, and 

extraneous sources of variation can be carefully controlled in a paired sample design. 

Because of the relatively high tumover of species between locations (see Chapters 3 & 6), 

the above two approaches to sampling will not encompass a high proportion of plant 

species in the study region. Therefore I make use of the broader dataset described in 

Chapter 3 and reassess the importance of distance from water in predictive models for 

species' abundance and variables describing vegetation structure, richness and 

composition. This approach introduces considerably more noise into the analysis, but this 

is at least partly offset by a large increase in the number of data points. Finally, I compare 

similarity in floristic composition between sets of sites within three broad classes of 

distance from water. 
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Methods 

Piosphere mapping 

Spatial analysis of waterpoint distribution and mapping of potential piospheres was 

undertaken using the ARC/Info Geographic Information System. Data layers describing the 

location of natural permanent water, artificial watering points and fencelines that covered c. 

80% of the Barkly Tableland were provided by F. McGregor (NT Department of Lands, 

Planning & Environment). These had been extensively ground-truthed, so that the location 

of individual troughs was known (a single bore and 'turkey-nest' dam may feed several 

troughs within adjoining paddocks). Spatial data for the remaining area of the Barkly 

Tableland and the southern VRD was derived from pastoral infrastructure maps maintained 

by NT Department of Lands, Planning & Environment, which are updated periodically but 

contain some errors. In these areas, it was assumed that bores within small yards or close 

to paddock boundaries would feed troughs on either side of the fence and these additional 

waterpoints were manually added to the coverages. 

The vector data layers were converted to raster format with a cell size of 100m and a cost

distance analysis in ARC/GRID used to calculate the distance from every cell in the 

analysis window to the nearest waterpoint. This procedure required the manual 

manipulation of many waterpoints to ensure that they were not obscured by the fencelines 

in the raster coverage. The numerous small yards and holding paddocks(< 1 km2
) in the 

study area were excluded from all analyses. The resulting distance grid represented the 

piospheres around each waterpoint. By intersecting the distance grid with a grid 

representing the vegetation mapunits defined by Wilson eta/. (1990a), the total area of land 

in distance-from-water intervals of 1 km width was calculated for each of the Mitchell 

grassland and related mapunits. Separate analyses were undertaken for the Barkly 

Tableland using only natural permanent waterpoints; using all natural and artificial 

waterpoints; and by including fencelines as impermeable barriers in the cost-distance 

analysis. The latter analysis recasts distance from water as the minimum distance that 

stock would have to travel to each cell from the nearest waterpoint within the same 

paddock, and therefore gives a more accurate picture of potential grazing distribution. The 

latter analysis was not undertaken for the VRD, as a complete coverage of fencelines was 

not available. 
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Recent cattle activity 

Three measures of recent cattle activity were made at each sample site: 

1. Dung: the frequency of cattle dung was counted in contiguous 2m x 2m plots along two 100m 

transects placed at random across the 1ha quadrat (giving a possible maximum score of 100). 

2. Footprints: within each of the 16 1x1 m subplots used to sample vegetation (Chapter 3), the 

number of cattle prints was scored on a 4-class scale 0, absent; 1, 1-2 prints; 2, 3-1 0; 3, >1 0. 

Scores were summed across sub-plots {giving a maximum possible score of 48). 

3. Grazing: a visual estimate of the proportion of plant biomass removed by grazing, scored on a 5-

class scale: 0, none; 1, no plants heavily utilised, small % removed from some; 2, a few 

individuals heavily utilised or a moderate% removed from most; 3, most individuals heavily 

utilised; 4, all individuals grazed to close to ground level. Scores were summed across sub-plots 

{giving a maximum possible score of 64). This was a subjective score, but was estimated 

consistently by a single observer for the entire study. 

Cattle activity measures from the late dry season sample were used in the analysis, as they 

index the cumulative grazing pressure during most of the Dry season. 

The relationship of each measure with distance from water was investigated using linear 

regression, with simple, logarithmic and exponential models tested. Each variable was 

then standardised by dividing all values by the maximum observed score (with obvious 

outliers not considered), and the three variables summed to give a compound index of 

cattle activity. The majority of values in this index ranged from 0 to 3, with the few higher 

values representing outliers in one or more variable. The relationship of the compound 

index with distance from water was similarly investigated using linear regression, With the 

outliers excluded. 

Grazing effects on vegetation 

The location of samples sites and the methods used to sample vegetation were described 

in Chapter 3. In summary, vegetation was sampled using 161m2 subplots within a 1ha 

(100m x 100m) quadrat at each site. All plant species present at each site were recorded 

during the early Dry season sample and given both a frequency and cover score. Each 

plant species was attributed with a life-form (tree, shrub, perennial grass, facultative 

perennial grass, annual grass, perennial herb, facultative perennial herb, annual herb) and 

the total richness, frequency and cover for each group calculated to give a set of plant 

summary variables for each site. Total ground layer cover and height was also estimated 

within each subplot. Each site was also sampled in the late Dry season, and at this time 

the total remaining ground layer cover and height was estimated, as well as cover of four 

groups: shrubs, perennial grasses, annual grasses: all other forbs combined. Measures of 
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ground layer cover and height are referred to as vegetation structure variables. These 

variables also include the standard deviation of ground layer cover in the 16 sub-plots, 

giving a measure of the patchiness of cover within the quadrat. 

A total of 99 sites on clay soils were sampled from 12 locations throughout the Mitchell 

grasslands in the Northern Territory (Fig 3.1 ). Within each location, sites were chosen to 

sample local environmental variation and at all locations there was at least one site within 

three broadly-defined classes of distance from water (close, <2.5km; intermediate, 2.5-Skm, 

far, >5km). However, at four locations on the Barkly Tableland, sites were selected 

specifically to investigate the effects of grazing on biota: 

i) grazing gradients: three locations (Alexandria, Rockhampton Downs, Helen Springs) 

were selected in order to intensively sample piospheres. These locations were chosen 

after examination of aerial photographs and maps of pastoral infrastructure, with the 

objective of maximising the available distance from any waterpoint and minimising the 

landscape heterogeneity evident in the aerial photographs (particularly due to minor 

drainage lines), while providing access from a vehicle track along a transect from the 

waterpoint. At each location, 8-9 sites were established along the transect, with the 

closest site being approximately 500m from the trough and the furthest site close to the 

maximum distance possible (6.5- 8.5km). The remaining Sites were located at 

intermediate distances selected by a random number generator, with the condition that 

the minimum distance between adjacent sites was 500m. Sites were a minimum 

distance of 200m from the track because of the tendency of cattle to walk along the 

road. A feature of the landscape at Alexandria were small gravel rises (1·10ha in area) 

scattere~ across the clay plain, and 3 of the 9 sites were placed on these rises. The 

plant assemblages on these rises are distinct from those of the cracking-clay plain 

(Chapter 3), so these 3 sites are treated separately in subsequent analysis. The 

distribution of sites along the grazing gradients is shown in Table 7.1. 

Table 7.1 Distribution of grazing gradient sites in relation to distance from water (km). 
Gravel rise sites at Alexandria are considered separately. locations are shown in Fig. 3.1. 

Alexandria Alexandria Helen Springs Rockhampton 
(gravel rise) Downs 

A1 0.6 AG1 0.5 HS1 0.8 RD1 0.6 

A2 1.4 AG2 3.0 HS2 1.6 RD2 1.4 

A3 3.0 AG3 7.0 HS3 2.7 RD3 2.1 

A4 5.1 HS4 3.4 RD4 3.3 

A5 6.9 HS5 4.6 RD5 4.0 

A6 8.4 HS6 5.2 RD6 5.4 

HS7 6.0 RD7 5.8 

HS8 6.7 RD8 6.3 
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ill. cross-fence comparisons: there is no substantia! area of Mitchell grassland in the 

Northern Territory that has never been subject to grazing by stock, but one area 

(Connell's Lagoon Conservation Reserve (260km\ Fig 3.1) is available as a large cattle 

exclosure. This conservation reserve was converted from a stock reserve in 1983 and 

stock have been (almost entirely) excluded since that date (Johnson et al. 1982, CCNT 

1992). A paired sample design was used to test whether there were significant 

differences between sites within the reserve and those in adjacent pastoral leases. A 

total of 10 pairs of sites were situated along the southern and western boundary of the 

Reserve: seven pairs were located within Mitchell grasslands on the cracking clay plain; 

one pair was on gravel rises; one pair was in a riparian woodland with a Mitchell 

grassland understorey and one pair was in Mitchell grassland with a sparse upperstorey 

of Acacia victoriae. Sites were located 400m on either side of the boundary fence, a 

distance chosen as a compromise between maximising the comparability of sites but 

avoiding a fenceline effect. There was a minimum separation of 1 km between adjacent 

site-pairs. 

Diagrammatic representation of cross-fence 
sampling at Connell's Lagoon Conservation 
Reserve, showing the location of sample 
sites, including Mitchell grassland (circles), 
riparian woodlands (open stjuares) and 
gravel rises (closed squares). 

Analysis of grazing effects 

Grazing gradients 

DO 

•• 
•• 
•• 
•• 

Connell's 

Lagoon 

Conservation 

Reserve 

• • • • • • • • • • 

For each gradient, regression analysis was used to test the relationship between distance 

from water and vegetation structure variables, plant summary variables and the abundance 

(frequency) of individual plant species. Response variables were log-transformed prior to 

analysis and a quadratic term for distance from water was included in a backward stepwise 

procedure to test whether the relationship was curvilinear. 

Four basic forms of response were observed and are defined here: 

decreaser response: a positive first-order or second-order term for distance from water 

increaser response: a negative first-order or second-order term 
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intermediate response: a positive first~order and negative second~order term 

extreme response: a negative first~order and positive second-order term 

Intermediate and extreme responses were further qualified according to the predictor value 

at which inflection occurred. For example, if the inflection is at low values of distance from 

water, an extreme response is similar to a decreaser response. If the difference between 

the distance at which the inflection occurred and the mean distance (for the dataset being 

analysed) was greater than 1 km, the response was categorised as increaser/intermediate, 

decreaser/intermediate, increaser/extreme or decreaserlextreme, as appropriate. These 

response forms are illustrated in Fig. 7.9. 

Patterns of floristic variation along individual gradients were also examined by ordination of 

sites by their plant species composition (semi-strong hybrid multidimensional scaling in 

PATN; Belbin 1994) using standardised abundance data and Bray-Curtis dissimilarity. The 

correlation between the arrangement of sites in ordination space and vectors for distance 

from water and cattle activity index was calculated, and the significance of the correlation 

tested by multiple random permutations (procedure PCC in PATN; Belbin 1994). 

Generalised linear modelling using all sites 

In Chapter 3 I described the use of generalised linear modelling to predict the abundance of 

individual species and plant summary variables from a number of environmental variables, 

including distance from water. I reprise these models here, but subsume the significant 

terms other than distance from water into a single constant, by replacing each term with the 

mean value of that variable across all the sites that were included in the model. The 

resulting model therefore represents the relationship between the response variable and 

distance from water, when all other significant factors are held constant. In order to 

potentially improve the models for the abundance of individual species, I assumed that the 

absence of a species from all sites at a location was due to effects unrelated to landuse 

and removed these sites from the dataset, thereby reducing the number of (uninformative) 

zero values for each species. The predictive models for each species occurring in at least 

5 sites were then recalculated using the approach described in Chapter 3, and all 

significant terms other than distance from water were replaced by a constant as described 

above. All sample sites on clay soils other than the sites within Connell's Lagoon reserve 

were included in this analysis (n=89). The frequency distribution of these sites in relation to 

distance from water is shown in Fig. 7 .1. Each of the 1 km intervals up to 7km are well 

represented in the sample, but there were very few opportunities to sample Mitchell 

grassland that was further than 7km from water. 
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Figure 7.1 Frequency distribution of 
sample sites on clay soils in relation 
to distance from perennial water 
(accessible to stock). Sites within 
Connell's Lagoon Conservation 
reserve are indicated by 'CL'. 

Connell's Lagoon Conservation Reserve 

20,-------------------------, 

18 

16 

14 

distance to water (km) 

Differences between sites inside and outside the reserve were tested using Wilcoxon 

matched-pairs tests for all vegetation structure variables and plant summary variables, as 

well as the abundance (frequency) of all plant species occurring in at least 4 sites (the 

minimum number of sites for which a result could be significant). Because of the relatively 

small number of pairs in the comparison, the criteria for significance was relaxed to p<0.1. 

Additionally, the effect of location on compositional similarity between sites was tested 

using ANOSIM (in the analysis package PRIMER: Clarke & Gorley 2001 ). ANOSIM is 

analogous to one-way AN OVA in testing whether variation in composition between sites 

within treatments (inside/outside the Reserve) is significantly smaller than variation 

between sites across treatments (Clarke & Green 1988) and therefore whether differences 

in composition between sites are non-random. ANOSIMs were carried out using Bray

Curtis similarity matrices for both abundance and presence data. 

One weakness of the cross-fence comparison was that grazing pressure on the sites 

outside the boundary was relatively low during the period of sampling. In fact. cattle activity 

was significantly lower and distance from water significantly greater for this set of sites than 

the mean for all other comparable sites in the Barkly Tableland (Fig. 7.2; Mann-Whitney U

tests, p=0.004 and p<0.001 for distance and cattle respectively). The grazed I ungrazed 

comparison was therefore not as well defined as the ideal (being instead a lightly 

grazed/ungrazed comparison), so the comparison was extended to test the difference (for 

all variables mentioned above) between sites at Connell's Lagoon and sites elsewhere in 

the Bark.ly Tableland. In order to limit the influence offactors unrelated to grazing pressure 

on this comparison, only 'typical' Mitchell grassland sites were used (ie. those in floristic 
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Figure 7.2 Comparison between sampled sites adjacent to Connell's Lagoon Conservation 
Reserve ('CLout', n=10) and 'typical' cracking-clay sites sampled elsewhere in the Barkly 
Tableland ('other', n=44), for: (a) distance to permanent water; (b) cattle activity index. 
Columns are means and whiskers are one standard error. 

groups 1, 7, 10 & 11: Chapter 3), and plant species that were not recorded at Connell's 

Lagoon were not considered. Mann-Whitney U-tests were used to assess whether 

observed differences were significant. 

Comparison between sites in broad distance classes 

A final test of grazing effects on vegetation considered whether beta-diversity was 

influenced by distance from water, and whether species could be identified that had 

restricted distributions in relation to distance from water. In order to reduce potential 

confounding effects from variation in other environmental factors, this analysis was limited 

to 'typical' Mitchell grassland sites from the Barkly Tableland. From this group, 12 sites 

were selected in each of three distance classes: the sites closest to water (0.5-1.8km), the 

sites most distant from water (5.8-8.4km), and sites at an intermediate distance (3.4-

5.2km). Differences between groups were tested for each major environmental variable 

(ie. those included in the predictive models, Chapter 3) to confirm that there were no 

confounding factors other than distance. For each set of sites the total number of species 

was tallied as well as the number of species recorded only within each group, and the 

frequency of each restricted species was calculated. 

The effect of distance class on compositional similarity between sites was assessed using 

ANOSIM. Analyses were undertaken for similarity matrices for all plant species, annual 

plant species and perennial plant species; and using abundance data and presence data. 

The difference between the sites closest to water and those furthest from water was also 
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tested, with Mann-Whitney U-tests, for all vegetation structure variables and plant summary 

variables, and all species occurring in at least 3 of the sites. 

Results 

Piosphere mapping 

A total area of 107 400 km2 of the Barkly Tableland was considered in the analysis, 

comprising 785 paddocks with an area greater than 1km2
• Most of the land is contained 

within paddocks larger than 100km2
; median paddock size amongst these larger paddocks 

is 280km2
• Mitchell grasslands and related communities occupy 72 400 km2 (67%) of the 

total area. There were a total of 2124 mapped waterpoints (including artificial and natural 

waters) in the total area considered, of which 1880 were in the Mitchell grasslands and 

related communities (Fig. 7 .3* [figures and tables marked with an asterisk are at the end of 

the chapter]). Waterpoint density should not be calculated directly from these figures, as 

each individual trough was counted. Ignoring distances of less than 1 km, the mean 

minimum distance between waterpoints within Mitchell grasslands was 6.0 km, and the 

median was 6.1 km. 

Waterpoints are regularly distributed throughout the extent of the Mitchell grasslands in the 

Northern Territory (Fig. 7 .3). Spatial analysis of piospheres indicates that 52% of the total 

area of Mitchell grassland and related communities in the Barkly Tablelands is within 4km 

of a watering point, and 97.4% is within 10km (Table 7.2, Fig 7.4). Only 401km2 of these 

vegetation types is further than 15km from a mapped watering point, of which 227km2 is 

contained within Connell's Lagoon Conservation Reserve. The amount of water-distant 

land is increased slightly by including the effect of fencetines in the analysis. If simple 

circular piospheres are constructed, the proportion of land within 1 Okm of water increases 

to 99.1 %, and the area further than 15km is reduced to 29km2 (Fig 7.4). These figures are 

in dramatic contrast to the pre-pastoral situation, shown by piospheres constructed around 

permanent or near-permanent natural water (Figs 7.3, 7.4 ). In that case, only 43% of 

Mitchell grassland was within 10km of water, and 24% of the total area (17400km2
) was 

further than 20km from water. 

Distance-area relationships for each of the Mitchell grassland and related mapunits closely 

follow that for the combined mapunits (Table 7.2), except that only Astrebla grassland 

(mapunit 96) is represented within Connell's Lagoon reserve (at the scale of mapping). 

The E. microtheca-Chenopodium woodlands (mapunit 28) have a slightly higher proportion 
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Table 7.2 Total area of Mitchell grassland and related communities within 1km intervals for 
distance from water in (a) Barkly Tablelands; (b) VRD. Areas are given for each vegetation 
unit (Wilson eta/. 1990) and the total for the 5 units. The total area in each interval is also 
expressed as a percentage of the overall total, and as a cumulative percentage for increasing 
radii. Note that the effects of fences were included in generating the piospheres for the Barkly 
Tableland, but not for the VRD. 

Barkly Tableland 

distance area of vegetation mapunit (km2
) total area total area total area 

interval (km2
) {%) (cum.%) 

{km) 26 28 62 96 107 

1 101.3 270.3 206.1 2975.5 125.2 3678.3 5.21 5.21 
2 228.4 615.3 466.7 6863.5 279.4 8453.1 11.98 17.19 
3 318.1 852.6 675.7 9456.2 423.3 11725.8 16.61 33.80 
4 416.8 1002.7 740.1 10172.3 496.6 12828.4 18.18 51.98 
5 450.1 995.6 623.2 9099.3 468.5 11636.7 16.49 68.47 
6 406.5 793.0 415.2 6761.8 378.4 8754.9 12.41 80.87 
7 315.7 504.9 262.1 4323.5 266.5 5672.8 8.04 88.91 
8 231.8 304.8 197.1 2381.0 197.5 3312.2 4.69 93.61 
g 175.8 160.1 148.5 1142.1 134.5 1761.0 2.50 96.10 

10 115.4 75.6 119.4 553.6 82.7 946.7 1.34 97.44 
11 70.2 41.5 100.0 290.8 57.0 559.5 0.79 98.24 
12 39.8 32.2 71.2 165.2 46.7 355.2 0.50 98.74 
13 27.2 27.7 54.5 90.2 31.5 231.0 0.33 99.07 
14 16.3 26.1 48.9 47.6 17.2 156.0 0.22 99.29 
15 4.3 21.2 40.2 24.7 11.5 101.9 0.14 99.43 
16 0.2 17.1 28.5 13.3 7.8 66.8 0.09 99.53 
17 14.5 17.3 4.7 4.4 40.9 0.06 99.58 
18 13.9 8.6 1.5 1.7 25.7 0.04 99.62 
19 12.3 1.3 0.3 13.9 0.02 99.64 
20 10.4 0.7 11.1 0.02 99.66 

>20 14.0 229.0 243.0 0.34 100.00 

total 2917.8 5805.5 4224.6 54596.6 3030.2 70574.8 

(b) VRD 

distance area of vegetation mapunit (km2
) total area total area total area 

Interval {km2
) (%) (cum.%) 

(km) 26 96 97 107 

1 7.3 226.3 617.7 12.2 863.5 6.45 6.45 
2 17.9 569.2 1328.8 30.7 1946.6 14.54 21.00 
3 24.1 783.9 1745.1 49.1 2602.1 19.44 40.44 
4 16.7 811.9 1807.3 68.5 2704.5 20.21 60.64 
5 8.3 654.2 1519.2 87.8 2269.5 16.96 77.60 
6 8.4 419.0 1022.4 74.7 1524.4 11.39 ~::~:I 7 8.3 258.7 508.7 40.5 816.2 6.10 
8 6.1 136.3 182.6 29.9 355.0 2.65 97.74 
9 0.6 70.7 66.6 15.5 153.3 1.15 98.89 

10 48.6 27.3 7.0 82.9 0.62 99.50 
11 25.3 14.8 5.0 45.1 0.34 99.84 
12 8.0 9.1 0.6 17.7 0.13 99.97 
13 2.4 0.6 3.1 0.02 100.00 
14 0.5 0.5 0.00 100.00 . 

total 97.7 4014.9 8850.3 421.5 13384.4 
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Figure 7.4 Results of analysis of piospheres within Mitchell grasslands and related communities 
on the Barkfy Tableland: (a) total area of land within each 1km wide interval of increasing 
distance from any waterpoint (values on x-axis are upper limit of interval). The effect of 
fencelines is included, so the distance represents that which stock must travel to water rather 
than Euclidean distance. The area of land that is nominally represented as >20km from water is 
that within Connell's Lagoon Conservation Reserve; (b) the cumulative proportion of the total 
area of land within Skm distance intervals for piospheres based on all waterpoints with fenceline 
effects included (open columns); all waterpoints and no fencelines (hatched columns); natural 
permanent water and no fencelines (solid columns). 

of water-remote land, although portions of this are intermittently inundated as the large 

Barkly lakes fill. Distance-area relationships are also similar in the VRD, although a slightly 

higher density of waterpoints means that 60.4% of the Mitchell grassland communities are 

within 4km of water, and 99.5% within 10km. In this analysis, using simple circular 

piospheres, there was no land in the VRD Mitchell grassland further than 15km from water. 

A slightly higher proportion of water-distant land would result if the effects of fencelines 

were included. 
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Distribution of cattle activity 

Each of the three indices of recent cattle use that were measured at the sample sites 

(grazing, footprints and dung) had a significant relationship with distance from water (Fig. 

7.5), with the best fit given by an exponential decay (Table 7.3). There was a similar 

relationship with distance for the "cattle activity" index derived from the other three 

variables, and an improvement in the regression fit. However, while the relationship is 

highly significant (p<0.001 ), there remains considerable unexplained variation (R2=0.32). 

The regression for the cattle activity index predicts that activity is zero at approximately 

12.5km from water. 
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Figure 7.5 Relationship between distance from water and variables measuring recent cattle 
activity at sample sites. ucattle" is an compound index combining footprints, grazing and dung. 
Fitted lines for exponential regressions (Table 7.3) are shown. 
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Table 7.3 Relationship between distance from water and variables measuring recent cattle 
activity at sample sites (Fig. 7.4). "Cattle~ is an index combining footprints, grazing and dung. 
Parameter estimates are given for an exponential equation (ln(y+1) transformation). All F~ 
values are significant (p<0.001) 

Response Parameter R F(1,72) 
variable Intercept Distance 

Dung 2.95 -0.19 0.41 14.2 

Grazing 3.58 -0.21 0.51 25.3 

Footprints 3.65 -0.15 0.42 15.4 

Cattle 1.12 -0.09 0.57 33.9 

Table 7.4 Comparison of cattle activity-distance regressions between 3 grazing gradients: A, 
Alexandria; HS, Helen Springs; RD, Rockhampton Downs (Fig. 7.5). The regression for gravel rise 
sites at Alexandria (Ag) is given separately. Log-transformed data were used (ie. ln(cattle+1 )). 
Regression slopes for A, HS and RD are significantly different (ANCOVA, F(2.17)=4.46, p=0.03). 

Grad. 

A 

Ag 

HS 
RD 

X • ~ •• 
f • • 
" • u 

" Parameter R F p 

Intercept Distance 

6 1.04 -0.06 0.95 35.7 0.004 

3 1.53 -0.12 0.90 4.5 0.28 

8 1.71 -0.18 0.88 23.4 0.002 

8 1.09 -0.12 0.91 29.7 0.002 
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Figure 7.6 Relationship between distance from water and recent cattle activity along 3 grazing 
gradients: A, Alexandria; HS, Helen Springs; RD, Rockhampton Downs. Data and regression 
for gravel rise sites at Alexandria (Ag) are given separately. Fitted lines for exponential 
regressions (Table 7.4) are shown. 
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Grazing gradients 

Cattle activity 

Cattle activity was strongly related to distance for the three grazing gradients sampled 

(Table 7.4, Fig 7.6), although the slope of the relationship differed between gradients 

(ANCOVA, F(2.17)=4.46, p=0.03). The slope was steepest for the Helen Springs gradient, 

where a large mob of young cattle were using the watering point at the time of sampling 

and grazing activity was concentrated close to the bore. The slope of the relationship was 

shallowest at Alexandria, where perennial grass density was low and cattle were observed 

to walk long distances to graze. The data suggest that cattle activity was considerably 

greater on the gravel rises at Alexandria, and the decline with distance much more 

pronounced, although there are insufficient samples to give a significant regression. Cattle 

activity was lower at medium to far distances on the Rockhampton Downs gradient than the 

other two, which accords with the observation that there were fewer cattle using this 

waterpoint. 

Vegetation structure 

There was little difference between gradients in the mean total amount of vegetation cover 

in the early dry seasons (Table 7.5), although the cover of perennial grass was relatively 

low, and that of annual grass relatively high, at Alexandria. Total ground cover in the early 

Dry declined with distance from water along the gradient at Alexandria, mirrored by a 

decline in annual grass cover (Table 7.6*, Fig. ?.?a*). By contrast, total ground cover in the 

early Dry had a positive relationship with distance on the gravel rise sites, related to a 

subdued negative response for annual and a strong positive response for perennial 

grasses. Perennial grass cover at Alexandria was low at all sites, but was slightly higher at 

the sites furthest and closest to water. There was no significant relationship between total 

cover in the early Dry and distance at the Helen Springs and Rockhampton Downs 

gradients, although perennial grass cover showed a humped response to distance at Helen 

Springs. 

In the late Dry season, mean ground cover was much lower along all of the gradients. 

There was a positive relationship between total cover and distance at Helen Springs and 

for gravel sites at Alexandria, and a humped relationship with distance at Rockhampton 

Downs. For perennial grasses, the strong positive relationship with distance was 

maintained for the gravel rise sites; and the humped relationship was more subdued but 

still evident at the Helen Springs gradient. At this time of year, most annual grasses had 

withered or been removed by grazing, but a positive relationship with distance was evident 
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Table 7.5 Comparison between grazing gradients for vegetation structure and vegetation 
summary variables. Values are means for all sites in each gradient. The purpose of the table is 
to illustrate general similarities and differences between gradients; refer to Table 7.6" for 
comparisons of variation in variables along gradients. 
' 

A Ag HS RD A Ag HS 

number of sites 6 3 8 8 Site richness 

distance to water 4.2 3.5 3.9 3.6 total 36.3 41.7 47.1 

cattle activity index 1.2 2.3 2.0 1.0 shrub 0.2 2.3 1.5 

perennial grass 1.8 4.3 4.6 
Cover (early Dry) facurtative perennial grass 0.3 2.7 0.3 
bare ground 63.1 76.5 59.0 65.7 annual grass 8.7 6.3 7.1 
ground layer 35.8 22.3 39.7 32.3 perennial herb 3.2 6.7 9.8 
shrub 0.0 0.5 0.4 0.2 facultative perennial herb 2.7 1.7 4.1 
perennial grass 4.2 10.6 17.2 7.8 annual herb 19.5 16.7 19.8 

annual grass 29.1 7.0 13.3 21.1 MG10 species 25.2 17.3 28.3 

perennial herb 0.1 0.5 2.5 1.4 Frequency 

annual herb 2.3 2.6 5.9 1.6 an species 175.0 110.5 196.9 

MG10 species 34.9 6.1 34.8 30.0 shrub 0.3 1.1 2.0 
Cover (late Dry) perennial grass 5.1 16.0 23.2 

bare ground 93.7 90.1 88.0 88.0 facultative perennial grass 0.4 11.1 04 
ground layer 3.5 8.2 9.2 11.2 annual grass 64.8 23.5 56.7 

perennial grass 1.1 7.9 6.5 7.8 perennial herb 5.6 16.6 26.0 

annual grass 2.6 0.6 2.9 2.4 facultative perennial herb 7.7 1.7 11.8 

annual herb 91.0 39.7 76.8 

MG10species 25.2 17.3 28.3 

at Helen Springs. Vegetatiorl cover in the late Dry season was very low for all sites at 

Alexandria, so that there was no relationship between cover and distance. 

Plant summary variables 

RD 

41.0 

14 

5.0 
0.5 

7.3 
8.3 

1.8 
16.5 

29.0 

153.4 

3.3 
23.5 

0.2 

61.8 

13.0 

5.4 
46.2 

29.0 

Mean richness across all sites was similar for each of the gradients (Table 7.5), the higher 

values for Helen Springs probably reflecting the good rainfall at this location prior to the 

floristic sampling. There was significant variation along gradients in richness of some plant 

groups, although this response was generally subdued (Table 7.6", Fig. 7.7 b"). Total 

richness was positively related to distance at Alexandria, related to positive responses for 

perennial grasses and annual and perennial herbs. Total richness declined slightly along 

the gradient at Rockhampton Downs, as did perennial grass richness. Although site 

richness was highest at Helen Springs, there was no relationship between richness and 

distance at this gradient. The most consistent pattern amongst plant habit types was for 

richness of facultative perennial herbs, which had a positive relationship with distance for 

three of the datasets. 

Total frequency of all plant species combined was negatively related to distance at 

Rockhampton Downs and Helen Springs, but positively related to distance on gravel rise 
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sites (Fig. 7 .7c*). The pattern for frequency of perennial herbs matched that for total 

frequency. Frequency of annual grasses had a negative relationship with distance that 

was consistent between gradients. Perennial grass frequency, however, increased with 

distance at Alexandria but was not significantly related to distance on the other gradients. 

The frequency of Mitchell grassland species showed quite different patterns between 

gradients. 

Floristic composition 

Patterns of change in species composition along the gradients are summarised by the 

ordination diagrams (Fig. 7 .8*). In most cases, the position of the site along the gradient 

influences the position of the site in the ordination, reflected by the significant vectors for 

distance and cattle activity in the ordination space. However, sites do not simply seriate 

within the ordination space according to their relative distance from water. Rather, the sites 

close to water tend to fall to one side of the ordination space and the sites far from water to 

the opposing side, with considerable variation in the location of sites in the direction 

orthogonal to the distance vector. Some other patterns in the ordinations are worthy of 

note: 

• in the Helen Springs gradient, the separation of the two sites closest to water from the 

two furthest from water is well defined, with the remaining four sites poorly sorted in the 

centre of the ordination; 

• for both the Alexandria and Rockhampton Downs gradients, the sites furthest from water 

do not lie at the edge of the ordination; rather this position is taken by sites that lie closer 

to water (AS; RD6&7). 

• the correlation coefficients for the distance and cattle activity vectors are similar within 

most of the ordinations, although the arrangement of sites is less strongly correlated 

with cattle activity than distance for all plants at Helen Springs, and perennial plants at 

Alexandria. 

• the arrangement of sites and the strength of the distance vector is generally similar for 

ordinations for a gradient whether it is based on all plants, perennial plants and annual 

plants. The notable exception is the Helen Springs gradient, where the ordination of 

sites according to perennial plant composition shows no significant relationship to the 

distance of sites from water (or cattle activity). 

Response of individual species 

A total of 170 plant species were recorded from the gradient sites and 87 species were 

recorded from at least 3 sites on at least one gradients. Of these, 35 species had a 

significant regression model relating abundance (frequency) to distance from water (Table 

7.7*, Fig. 7.9*). Fifteen species had a increaser response type (including two 
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increaser/extreme responses), 11 had a decreaser response, two had an intermediate and 

four an extreme response type. Thirty species occurred in sufficient sites to test their 

response on two or more gradients, but only eight species had a significant model for more 

than one gradient. Where this occurred, the response was mostly consistent (and in some 

cases remarkably congruent), but three species were increasers on one gradient and 

decreasers on another. Both increaser and decreaser responses were observed for 

species from each of the more speciose life-forms. Increaser responses were more 

common than decreaser responses for annual grasses (5 and 1 species respectively), 

while decreaser responses were more common than increaser for annual herbs (7 and 4 

species). Species having a fidelity to Mitchell grassland were approximately equally 

represented in both increaser and decreaser groups. 

Generalised linear models for alf clay sites 

Vegetation structure 

In the generalised linear models describing vegetation structure that had significant 

distance-from-water terms, distance explained between 1 and 17% of the total deviance for 

early Dry season samples, and between 3 and 29% of deviance for late Dry season 

samples (Table 7 .8*, Fig. 7.10*). Total understorey cover did not differ significantly with 

distance in the early Dry season but there was a marked negative relationship between 

annual grass cover and distance, and a more subdued positive relationship between 

perennial grass cover and distance. _The modelled ratio of perennial to annual grass cover 

is strongly negative (ie. annual-dominated) close to water, and increases linearly with 

distance. 

In the late Dry season total understorey cover and perennial grass cover both show a 

humped response to distance, with an inflection at approximately 6km. [It should be noted 

that although the model shows a decline in cover at greater distances, only 11 sites were 

further than 6km from water, and only two were further than 7km.]. Within-plot variation in 

understorey cover and perennial grass cover has a similar decreaser/intermediate 

response. Annual grass cover also increased with distance from water during the late Dry 

season, although mean cover was very low at that time. 

The frequency of 1 m2 sub-plots that contained any perennial grass has a similar 

decreaser/intermediate response to distance to that shown by perennial grass cover (Fig. 

7.10 f*). Close to water, less than 40% of sub-plots contained perennial grasses, rising to 

over 75% at 6km from water. 
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Plant summary variables 

In this broader analysis, there was no significant relationship between distance from water 

and total plant richness. There was also no significant relationship for richness of any of 

the plant functional groups other than shrubs, which had a higher richness at intermediate 

distances from water (Fig. 7.1 Oa"). 

Distance-from-water terms were significant in a number of models for total plant frequency, 

although in all cases they only accounted for a small proportion of total deviance (Table 

7.8*). The greatest contribution from the distance terms was in the model for perennial 

grass frequency, which has a response shape similar to that for cover (Fig 7.10 b*). 

Increaser response patterns were found for frequency of annual grasses, perennial herbs 

and shrubs, while frequency of annual herbs, Mitchell grass species and all species 

combined had a weakly defined extreme response pattern. 

Individual species 

Of the 130 species with sufficient occurrences to develop predictive models, 64 had 

significant terms for distance from water (Table 7 .9*, Fig. 7.11 *). In most cases, the 

distance terms accounted for less than 10% of the total deviance in species frequency, 

although, averaged across all models, distance accounted for 25% of the deviance 

explained by the final model. Of-the eight potential response types described in the 

Methods, seven were observed here. Twenty-two species were decreasers or 

decreaser/intermediates, including three Astrebla species, two of the less common species 

of lseilema (1. fragile and /. ciliata), and a number of the most frequent herbs (Ipomoea 

lonchophylla, Euphorbia coghlanii, Phyllanthus maderaspatensis). Twenty-one species 

were increaser species (including intermediate and extreme increasers), including some of 

the most frequently recorded annual grasses (Pan/cum laevinode, Sporobolus 

austra/asicus, Brachyachne convergens) and some common herbs (Spermacoce 

brachystema, Abelmoschus ficulneus, Flaveria australasica, Neptunia dimorphantha, 

Crotalaria dissitiflora). Nine species had an intermediate response pattern (including the 

common grasses /sei/ema membranaceum and Aristida latifolia and the large twiner 

Operculina aequisepala). A further twelve species were least abundant at intermediate 

distances from water, including some common herbs (Desmodium muelleri, Sa/sola kali, 

Sida spinosa, Gomphrena conica, Cucumis melo). 

Within each plant functional group, there were approximately equal numbers of increaser 

and decreaser species. Species having a fidelity to Mitchell grassland were also 

approximately equally represented in both increaser and decreaser groups 
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------~------------------------

Connell's Lagoon Conservation Reserve - cross-fence comparison 

There were very few significant differences between paired sites on either side of the 

reserve boundary for vegetation structure, plant summary variables or the abundance of 

individual species (Table 7.1 0), even when the condition for significance was relaxed to 

p<0.1. The cover of sedges, the frequency of high-fidelity Mitchell grassland species and 

the within-plot variation in annual grass cover was greater for sites within the reserve. Of 

the 50 plants species recorded from at least 4 sites, 3 species were more abundant inside 

the reserve and 3 species less abundant. 

Location inside or outside the reserve had no influence on plant species composition 

according to ANOSIM analysis, for either abundance data or presence data (R=-0.1, 

p=0.86 in both cases). In fact, species composition was much more strongly influenced by 

whether sites were on the western or southern boundary of the reserve (R=0.56, p=0.001 ), 

a separation of only 10km. 

Connell's Lagoon- comparison with other Barkly Tableland sites 

Differences were more pronounced when sites at Connell's Lagoon were compared to 

other 'typical' cracking clay sites elsewhere in the Bark.ly Tableland (Table 7 .11*). In the 

early Dry season, perennial grass cover was greater at Connell's Lagoon than other sites, 

and annual grass cover lower. In the late Dry season, bare ground cover was lower at 

Connell's Lagoon, and total understorey cover, perennial grass cover, annual grass cover 

and understorey height were greater. Total richness was higher at other sites than at 

Table 7.10 Cross-fence comparison between sites inside and outside Connell's Lagoon 
Conservation Reserve (n=10 matched pairs). Differences were tested for vegetation structure, 
plant summary variables, and frequency of each of 50 species occurring in at least 4 sites: 
variables shown are the only ones that were significant (p<0.1 ). Data are mean values, but 
differences were tested using Wilcoxon matched pairs tests. 'SO' refers to the within-site 
variation in cover. 

Variable Outside Inside ' p 

Sedge cover 0.1 0.2 2.36 0.02 

Annual grass cover SO (early Dry) 2.0 3.1 1.89 0.06 

Annual grass cover SO (late Dry) 6.6 11.4 1.89 0.06 

MG50 species frequency 6.5 11.6 1.68 0.09 

Species' frequency: 

Alysicarpus rogosus 0.8 1.9 1.68 0.09 

Hibiscus trionum 1.4 5.4 2.07 0.04 

Panicum /aevinode 0.2 1.7 1.89 0.06 

Crotalaria medicaginea 0.9 0.5 1.99 0.05 

Cucumis me/o 1.0 0.0 1.83 0.07 

Flaveria australasica 3.6 2.2 1.75 0.08 
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Connell's Lagoon and richness was higher for most functional group other than perennial 

grasses, as well as for Mitchell grassland species. A similar pattern was evident for plant 

frequency variables. For plant species that were present at both sets of sites, 10 species 

were more abundant at Connell's Lagoon sites, including Astrebla elymoides and A. 

squarrosa. Twenty species were significantly more abundant at the other sites, including 

three common annual grasses (Sporobolus australasicus, Panicum laevinode, 

Brachyachne convergens) and one perennial grass (Chrysopogon fallax). 

Comparison of sites within distance classes 

Sets of 12 grassland sites on the Barkly Tablelands, in three classes of distance from 

water, were compared. Mean site richness did not differ distance classes (Table 7 .12; 

AN OVA, F(2,33)=0.21, p=0.81 ). The total number of plant species recorded within each 

distance class is similar, with slightly fewer in the water·distant class. ANOSIM analysis 

indicates that, at this broad scale of comparison, there is no significant influence of distance 

on compositional dissimilarity between sites, except for the comparison between sites close 

to, and far from, water for perennial plant composition using abundance data (Table 7 .13). 

Table 7.12 Comparison of mean site richness, total richness and unique species between 
sites in three distance classes (n=12 in each class). Only 'typical' sites on cracking clay soils 
in the BarklyTableland are included. 

close to water intermediate distant from water 
(0.5-1.8km) (3.4 • 5.2 km) (5.8 • 8.4 km) 

mean site richness 39.8 37.8 39.3 

total no. of plant species 113 116 105 

no. of species confined to 17 21 10 
distance class 

Table 7.13 ANOSIM analyses comparing compositional similarity between sites close to water 
(1 ), sites at intermediate distances (2), and sites far from water (3). Values are the ANOSIM R
statistic; positive values mean that compositional similarity within the groups being compared is 
greater than that between groups (asterisks indicate significance:" p<0.05). Comparisons were 
made for similarity matrices of all plants, perennial plants and annual plants; and using 
abundance data (ABN) and presence data (PA). 

comparison 

1 vs 2 2vs 3 1 vs 3 

all plants ABN 0 -0.02 0.05 

PA -0.02 -0.02 0.04 

perennial plants ABN 0.01 -0.02 0.09. 

PA -0.01 -0.01 -0.01 

annual plants ABN 0 -0.01 0.03 

PA -0.02 -0.02 0.05 
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The total number of species recorded from only a single distance class is greatest for the 

intermediate distance and lowest for the water·distant class (Table 7 .12). Comparison of 

the proportion of 'restricted' species in these two classes shows a variation from random 

expectation of marginal significance (X2=3.4, p=0.07) Each of these species was recorded 

from a single site, so their occurrence within a particular class cannot be separated from a 

random distribution. 

Comparison of vegetation structure, plant summary variables and abundance of individual 

species between the sites closest to, and furthest from, water reprises the results from the 

generalised linear modelling (Table 7 .14*). Most significant differences relate to vegetation 

structure, particularly the cover of perennial grasses, and the within·site variation in 

perennial grass cover. There is little difference between distance classes in the richness of 

any plant groups, and there is a tendency for some plant groups to have a greater total 

frequency at sites close to water. This analysis also highlights the most common increaser 

and decreaser species. 

Discussion 

Waterpoint distribution 

The economic success of pastoral use in the Mitchell grasslands has depended upon the 

establishment of a regular network of artificial waterpoints, so that stock have access to 

pasture without having to walk large distances to drink. This has been achieved in a 

remarkably comprehensive fashion, so that virtually the entire area of Mitchell grasslands in 

the Northern Territory is within 10km of water and 70% is within 5km. The current situation 

contrasts dramatically with the pre-pastoral condition, where less than 20% of the land was 

within 5km of water and less than 45% within 1 Okm. When the land was first brought under 

pastoral use, 25% of the area was beyond 20km from permanent or semi-permanent water 

and so probably escaped any impacts from stock until artificial waters were established. 

Establishment of pastoral use in the Northern Territory Mitchell grasslands followed the 

pattern of many other parts of the continent, where large mobs of cattle or sheep were 

initially based on natural waterpoints, with the result that localised stocking rates were 

extremely high for the first one or two decades of use (Condon 1983, Pickard 1990). For 

example, Lake Nash Station was stocked in the 1880s and by 1914 supported 17,000 head 

on waterholes along the Georgina River, plus eight bores (with steam·driven pumps) (W.A. 

Low Ecological Services 1984). Currently, the lease supports approximately 34,000 head 
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on over 100 dams and bores. In the early 1900's the area of Victoria River Downs station 

was about twice the size of the current lease. At that time, there were up to 100 000 head 

of cattle in this area, primarily watered from the Victoria and Wickham Rivers (Low eta/. 

1988, Makin 1992). Large numbers of artificial watering points were not established until 

the 1960's. The inevitable consequence of this pattern of management was that the more 

mesic and productive patches within the arid and semi-arid rangelands, which have an 

important role in the ecology of a significant portion of the native biota (Stafford Smith & 

Morton 1990, Morton eta/. 1995a), were also the subject of the greatest pressure from 

stock (and other introduced herbivores). Degradation of these mesic refugia has been 

implicated in the rapid extinction of many medium-sized mammals (Morton 1990b), but 

concentration of grazing in these areas is also likely to have had substantial impacts on 

plant biodiversity. In many regions, including the Mitchell grasslands in the Northern 

Territory, the extent of these impacts on the restricted habitats associated with permanent 

or semi-permanent water can probably never be understood. 

Establishment of artificial watering points proceeded relatively rapidly in the Barkly 

Tablelands. In 1921, Alexandria station had 20 equipped bores and supported 45,000 

cattle (Kowold & Johnston 1992) (a stocking rate per bore approximately five times current 

levels}. By 1948 there were 161 bores on the black-soil areas of the Barkly Tableland and 

70% of the area of Mitchell grassland was within 8km of water (Christian & Stewart 1954 ). 

Current levels of water-point denSity were achieved on most properties by the 1980's and, 

at the time of my surveys, most station managers believed this represented an appropriate 

level of infrastructure development (but see the discussion of intensification in Chapter 9). 

The high densities of artificial waterpoints in the Northern Territory Mitchell grasslands 

mirrors that found over much of the arid and semi-arid Australian rangelands (Morrisey 

1984, Landsberg & Gillieson 1996, Noble eta/. 1998, James eta/. 1999b), so that only the 

larger Triodia-dominated desert regions have substantial areas that are farther than 10km 

from water. This is in line with current 'best practise' pastoral management, which 

advocates the use of fencing and close spacing of waterpoints in order to achieve even 

utilisation of vegetation across the entire paddock (eg. Cridland & Stafford Smith 1993, 

Stafford Smith & Foran 1990, Partridge 1992). As James et al. (1995) point out, this means 

that herbivore populations are no longer naturally limited by water availability but by 

availability of feed, with the implication that large areas of land can be overutilised during 

periods of low rainfall. 

I have not attempted a quantitative analysis of waterpoint distribution in Mitchell grasslands 

in Queensland but inspection of topographic maps indicate that waterpoint density is 

greater than reported here for the Northern Territory, particularly in the Mitchell grass 
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downs of central Queensland. This is related both to smaller property and paddock sizes in 

this region, and the stocking of sheep, which generally graze within 5km of water. Another 

feature of rangelands in western Queensland is the use of bore drains- open channels that 

extend for up to 8km from freely-flowing artesian bores- that greatly extend the availability 

of water away from individual point sources. While there is now a program to cap these 

bores Noble eta/. 1998, polythene pipe is frequently being used to distribute water to 

troughs throughout the paddocks (R. Crowley pers. comm.). The proportion of Mitchell 

grassland that could be considered 'water-remote' is therefore likely to be more minuscule 

in Queensland than it is in the Northern Territory. 

Grazing distribution 

Measurements of cattle activity during this study lend strong support to the assumption that 

grazing pressure declines with distance from water. The mapping of piospheres within the 

Mitchell grasslands is therefore likely to give a satisfactory picture of the regional 

distribution of grazing pressure. However, there is considerable variation within the 

relationship defined from the analysis of cattle activity at all clay soil sites, with distance 

explaining only 35% of the variation in the index. Results !rom individual grazing gradients 

suggest that the unexplained variation is primarily between piospheres, rather than within 

them. For individual gradients, distance explained between 83% and 90% of the variation 

in the index of cattle activity, but the slope and intercepts of the activity-distance curves 

differed significantly between gradients. A number of factors leading to this variation can 

be postulated; 

• variation in vegetation composition, and therefore forage quality, between piospheres 

due to endogenous factors (soil fertility, drainage, mean annual rainfall, etc.); 

• variation in vegetation composition and/or forage quality due to variation in land 

condition, arising from long-term grazing history; 

• variation in vegetation composition and/or biomass due to spatial and temporal 

variation in rainfall; 

• variation in the number of stock using each waterpoint at the time of sampling. 

The first three factors are equivalent to those advanced in Chapter 3 to explain the 

pronounced 'location' effect (whereby sample location was a major factor contributing to 

differences between sites in floristic composition, additional to measured environmental 

differences). As noted in Chapter 3, I have insufficient data to resolve which of these 

factors is most important, but further measurements of cattle activity along additional 

grazing gradients in conjunction with access to current and past stocking rate data would 

be informative. Differences between the individual gradients are discussed further below. 
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The grazing index-distance relationship derived from analysis of all clay sites can be 

interpreted as representing the 'average' form of that relationship in the Mitchell grasslands, 

at least for the Barkly Tablelands (from which the majority of data points came) with 

stocking levels and recent rainfall history as at the time of sampling. There is little 

comparable data for extensive cattle grazing systems in northern Australia, particularly for 

tropical breeds (such as the Brahmin crosses that constitute most cattle in the Mitchell 

grassland regions). Using data from Low (Low et al. 1981a, Low et al. 1981 b), Pickup & 

Chewings (1988) and Pickup (1994) modelled distribution of Shorthorn cattle in a paddock 

in central Australia containing several vegetation types. Their distribution function declined 

almost linearly from a maximum near Okm to zero at approximately 6km from water. 

Pastoralists and rangeland scientists (N. Macdonald, NTDPIF; M. Quirk, QDPI; M. Stafford 

Smith, CSIRO) who have been shown the data from the current study mostly suggest that 

their perception is that the slope of the relationship would 'normally' be steeper and the x

intercept closer to water (than the 12.5km predicted by this data). The 'perceived' 

relationship may therefore more closely resemble that derived for the Helen Springs 

gradient (Fig 7.6) than the 'average' result (Fig 7.5). This reaction was most pronounced in 

relation to the recent distribution of cattle grazing in the VRD. In most years of the 1990's 

this region received above-average rainfall and the high plant production meant that most 

grazing occurred relatively close to waterpoints. Many pastoralists in this region currently 

regard land that is further than 5km from water as significantly 'underutilised' (N. McDonald, 

pers. comm.). Ludwig et al. 1999. reported that density of hoof-prints and dung declined 

sharply between 75 and 500m away from a waterpoint at Mt Sanford and were very low at 

2km from water. I observed evidence of substantial cattle activity at 5km from water at a 

nearby piosphere, but virtually no recent cattle activity at 6km from the waterpoint. The 

shallow slope of the 'average' grazing distribution function derived here probably reflects 

the recent rainfall history in the Barkly Tableland at the time of sampling. NDVI data 

(Chapter 3) indicates that net primary production at most sample locations was below the 

average for 1992-2000. Nevertheless, conditions were by no means exceptionally dry, and 

it is instructive that significant grazing activity was shown to occur at distances well beyond 

5km from water. In fact, predicted cattle activity at 8km from water on the Alexandria 

gradient was 39% of that adjacent to the waterpoint (compared to 7% at both Rockhampton 

Downs and Helen Springs gradients). A similarly shallow slope for the grazing-distance 

relationship would be predicted if pasture condition had been degraded and animals had to 

walk relatively long distances to find forage of adequate bulk or nutritional quality. 

Objectively quantifying the relationship between cattle activity and distance from water has 

significant applications to conservation planning, as it allows the value for cattle production 
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of land at different distance from water to be estimated. This is considered further in 

Chapter 9. 

Effects of grazing on vegetation 

This study generally supports the conclusions of other workers that the vegetation of 

Mitchell grasslands is resilient to the impacts of cattle grazing, at least at light to moderate 

intensities. Nevertheless, some effects of grazing use are detectable, particularly a trend 

from dominance (in terms of both cover and frequency) by perennial grasses to dominance 

by annual species with increasing grazing pressure. Differential responses of individual 

species to gradients of grazing intensity can be identified, reflected by an alteration in 

floristic composition along each of the grazing gradients studied. Grazing pressure also 

modifies vegetation structure, both within a single season and over the longer term, which 

may have implications for the fauna dependent upon the grassland. These trends are more 

or less consistently demonstrated by the different analyses described above, from which 

some conclusions about the generalisability of observed patterns can be drawn. Some 

caveats to the conclusion of resilience also need to be explored. 

Grazing gradients 

Although cattle activity decreased with distance along each of the gradients studied, the 

shape of this relationship differed with distance. As discussed above, this can be related to 

differences in vegetation condition between the three locations, which may arise from 

differences in both grazing history and rainfall history. Differences in cattle activity patterns 

between gradients are also reflected in differences in vegetation responses to grazing. 

These differences are most pronounced between Alexandria and the other two locations. 

At the former, perennial grass cover is very low at all distances from water and the gradient 

resembles the permanent or inverse grazing gradient patterns described by Pickup & 

Chewings (1994). In this pattern, vegetation cover is greatest close to water following the 

wet season because of a vigorous growth of annual grasses (particularly Panicum 

laevinode). By the end of the dry season cover is uniformly low along the gradient because 

annuals are grazed or have blown away, and little perennial cover remains. This is 

reflected in the shallow slope of the cattle activity-distance curve, showing that stock are 

walking relatively long distances to find sufficient forage. This gradient is also unusual in 

that total plant richness, and the richness of many of the plant life-form groups, increases 

with distance from water rather than the reverse trend that was more commonly observed 

(see below). This suggests that grazing pressure has been sufficiently high and prolonged 

to remove the more grazing-sensitive species in this location, rather than just reduce their 
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relative abundance. The strong growth of the dominant annual grasses may also suppress 

the germination of other annual species in the area close to the waterpoint. 

Patterns of vegetation response observed on the other two gradients were more typical of 

the temporary gradients described by Pickup & Chewings (1994 ). Grazing during the Dry 

season resulted in a positive relationship between plant cover and distance from water at 

the end of the dry season, but cover was not significantly related to distance immediately 

after the wet season (although perennial cover was relatively low close to water at Helen 

Springs). Nevertheless, the ordinations showed that floristic composition did vary with 

distance from water. This was visually quite obvious at the Helen Springs gradient, with a 

high cover of annual herbs (particularly Flaveria australasica) close to the waterpoint. 

Measured grazing pressure was high near the waterpoint at Helen Springs, as large 

numbers of stock were using the waterpoint. However, grazing pressure declined rapidly 

with distance from water, probably because the area had received relatively good seasonal 

rainfall and the vegetation was in good condition. The manager at Rockhampton Downs 

considered that the area where the grazing gradient was sampled was of relatively low 

productivity, and therefore was never very heavily stocked. This is reflected in the low 

cattle activity measures. There was also no significant relationship between perennial 

grass cover or frequency and distance from water on this gradient. There was however, 

alteration in floristic composition along the gradient, and slightly higher cover and frequency 

of forbs close to the waterpoint. 

Although they were only represented by few sites, grazing impacts on vegetation on gravel 

rises were more pronounced than on the cracking clay plain. The rises are less boggy than 

the plain during the wet season and are favoured by cattle in this period, at which time 

many plant species are most sensitive to grazing (Ash & Mcivor 1998). During the Dry 

season, cattle appear to preferentially graze on the low annual and facultative perennial 

grasses that are characteristic of these rises (eg. Dactyloctenium radulans, Enneapogon 

polyphyllus). At Alexandria, gravel rises close to the waterpoint were almost denuded of 

vegetation, while substantial ground cover remained on the rises most distant from water. 

The latter are also areas of high local plant diversity, as relatively mesic microhabitats are 

found in deep gitgais on their surface. Dense patches of tall perennial grasses in the 

gilgais and the presence of shrubs such as Carissa lanceolata and Atalaya hemigfauca 

also mean that structural diversity of vegetation is greater on the rises than adjacent 

cracking clay plains. 
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Cross-fence comparisons. Connell's Lagoon Conservation Reserve 

Very few difference in plant composition or structure were evident in the comparison 

between sites inside, and adjacent to, the Reserve. In terms of the insights this may have 

provided, it is unfortunate that the area adjacent to the reserve was not subject to levels of 

grazing pressure more typical of the Mitchell grasslands in the Barkly Tableland. There are 

non-permanent waterholes near the sample sites, so that these areas are probably 

intermittently subject to heavier grazing pressure. However, in the year of sampling, 

understorey cover at the end of the Dry season in sites subject to grazing was not 

significantly different to that inside the Reserve. It should also be recognised that Connell's 

Lagoon Conservation Reserve does not provide an perfect 'reference' site to study the 

composition of Mitchell grasslands in the absence of grazing. Prior to 1983, this area was 

part of the Barkly Stock Route, which was used to move large mobs of cattle across the 

region in the 1930's to 1960's. Areas along the Stock Route were therefore subject to 

irregular, heavy grazing pressure, to the point where they could be denuded of vegetation 

by the end of the dry Season (Christian & Stewart 1954). It is conceivable that grazing

sensitive species were extirpated from the Reserve during this period and have not 

returned despite the area having been protected from cattle grazing for nearly 20 years. 

Plant diversity 

One feature of the results was that grazing, at the levels sampled here, did not have a 

pronounced effect on plant site richness (alpha-diversity). Neither total richness or the 

richness of any plant type other than shrubs was significantly related to distance from water 

across all samples. Total richness decreased slightly with distance along one gradient, 

increased slightly along another and was not related to distance on the third. 

Two general trends have emerged from studies on the effect of grazing on plant diversity in 

rangeland vegetation (Crawley 1983, Sousa 1984, Schmida & Wilson 1985, James eta/. 

1999b); grazing at moderate intensities results in higher alpha-diversity than at low or high 

levels; and very heavy grazing results in a substantial reduction in richness to the point of 

dominance by a few species. These patterns are often interpreted in the light of the 

intermediate disturbance hypothesis (Conne111978, Grime 1979), whereby moderate levels 

of disturbance prevent either highly competitive or ruderal species from becoming 

dominant. The sensitivity of vegetation communities to grazing, however, is likely to vary 

according to both productivity and the evolutionary history of exposure to grazing 

(Milchunas & Lauenroth 1993). In the current study, the very high levels of stocking 

pressure found within a few hundred metres of watering points were deliberately not 

sampled, because the condition of these sacrifice areas has little relevance to biodiversity 

management at a landscape scale. In a study along a short grazing gradient in Mitchell 
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grassland at Mt Sanford, Ludwig et al. (1999) found that plant richness was much lower at 

75m and 150m from a watering point than at 300m, and there was a slight decline in 

richness with increasing distance from this point. Orr (1980b) also found that a history of 

heavy utilisation was correlated with a reduction in the richness of annual grass and forb 

species and a high frequency of Amaranthus mitchellii and Tribufus terrestris. Bowman et 

al. 1996 rated paddocks in NSW Mitchell grassland on a 0-5 scale according to increasing 

density of Mitchell grassland. Plant richness was greatest in paddocks with a rating of 3 

and declined with both higher and lower densities of Mitchell grass, although richness was 

lowest in the paddocks where no Mitchell grass remained and there was a high cover of 

some annual forbs. 

The patterns observed at the Alexandria gradient suggest that total plant diversity, and 

diversity within many of the plant types, may be reduced by prolonged, relatively heavy use 

and this effect can extend to substantial distances from water. Results from Connell's 

Lagoon Conservation Reserve also suggest that plant richness is lower where cattle 

grazing by stock is entirely absent. Although plant richness at sites within Connell's 

Lagoon Conservation Reserve were not significantly different to those immediately ~utside 

the Reserve, they had a lower richness than sites elsewhere in the Barkly Tableland. This 

was mostly related to a lowered richness of annual grasses and herbs, and consistently 

high cover of perennial grasses in the Reserve may suppress the establishment and 

development of some annual species. 

While grazing may have positive or neutral effects on site richness, it may reduce "pattern" 

diversity by homogenising plant composition amongst patches within a landscape 

(Chaneton & Facelli 1991, Friedel1994, Landsberg et al. 1999a). This would best be 

tested by a series of replicate sites at each distance along the grazing gradients, which was 

not attempted in this study. 

Vegetation structure and landscape function 

The short-term (within-season) effects of grazing on vegetation structure were quite well 

defined and consistent between the different analyses. Averaged across all clay sites other 

than those within Connell's Lagoon Conservation Reserve, vegetation cover for late dry 

season samples was 45% less than for early dry season samples. By comparison, there 

was no significant difference between seasons in total cover at sites within Connell's 

Lagoon. Reduction in cover was most pronounced close to water, with modelled 

understorey cover close to water only 25% of that at 6km from water. Such an effect of 

grazing on vegetation does not necessarily entail that the effect persists past the next wet 

season, or that there is any alteration of plant composition. Nevertheless, this imposed 
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regular regime of vegetation removal during the dry season may be predicted to have 

implications for the grassland fauna, that rely on ground layer vegetation for both shelter 

and food. Furthermore, it was obvious from locations that had very poor wet seasons 

during the sampling period (eg. Georgina Downs) that total vegetation cover may remain 

sparse for two or more years. [The effects of pastoral use on fauna, and the relationship 

between ground layer cover and fauna, are examined in Chapter 8]. 

In fact, modelled relationships from all clay sites showed that, while total vegetation cover 

in the early Dry season was independent of distance from water, compositional changes 

resulted in relatively high cover of annual grasses and lower cover of perennial grasses 

close to water. Frequency of perennial grasses also decreased with increasing proximity to 

water, such that the modelled overall density of perennial grasses was approximately 50% 

lower close to water than it was at 6km distance. These data suggest that increasing 

grazing pressure is associated with increasing landscape dysfunction (sensu Tongway & 

Ludwig 1997b). Patches of perennial vegetation are important in many landscapes to 

capture and conserve water and nutrients and are associated with higher levels of 

infiltration, higher concentrations of nutrients, greater microbial biomass and more active 

biological cycles than interpatch areas (Ludwig & Tongway 1995b, Tongway & Ludwig 

1997a, Eldridge & Greene 1994, Northup et al. 1999). Loss of function in ecosystems is 

also likely to have implications for biodiversity (Symstad eta/. 1998). Ludwig et al. (1999) 

found that indices of landscape function (patch density, patch cover, obstruction width and 

soil surface roughness) declined with increasing proximity to water on a grazing gradient in 

Mitchell grasslands at Mt Sanford, and they related this to low richness of plants and 

grasshoppers close to water. On the gradient studied by Ludwig eta/. (1999), measures of 

landscape function increased to an asymptote at approximately 1km from water. Data from 

the current study suggest that a more generalised pattern in the Northern Territory Mitchell 

grasslands is a gradual increase in perennial cover and frequency up to 6km from water. 

Interestingly, the index of soil crack width was significantly lower in 'typical' grassland sites 

close to water (0.5-1.8km) than those most distant from water (Table 7.14). Wide and deep 

cracking of the soil, along with gilgai development, would promote the capture of water and 

nutrients and their availability to deeper-rooted perennial plants. Reductions in crack size 

and surface roughness due to cattle grazing and trampling may contribute to a feedback 

loop that promotes the growth of annual species at the expense of perennial grasses 

(Ludwig eta/. 1999). 

Species response patterns 

A long-standing goal of plant ecologists has been to develop functional classifications of 

species that reflect, or predict, their response to environmental factors. This has extended 
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to classifications based on response to disturbance and, mo_re particularly grazing (Friedel 

eta/. 1988, Noy-Meir eta/. 1989, Mcintyre eta/. 1995, Lavorel eta/. 1997 , Mcintyre eta/. 

1999 , Landsberg eta!. 1999a). These studies have generally demonstrated that at a gross 

level, plant life form is well correlated with response to grazing. Grazing tends to 

advantage short and annual species, and disadvantage tall and perennial species (eg. 

Noy-Meir eta/. 1989, Belsky 1992, Milchunas & Lauenroth 1993, Woinarski eta/. 2001a). 

At greater levels of detail, it is usually difficult to describe consistent sets of plant traits that 

correspond to grazing responses without careful hierarchical analysis that separates life 

fonns, environmental conditions and disturbance history (Lavorel eta!. 1 997). For 

example, in an analysis of plant responses along grazing gradients in mulga and gidgee 

woodlands in southwest Queensland, Landsberg eta/. (1 999a) found that plant attributes 

related to heavy grazing tended to vary independently between species and consistent 

syndromes of traits could not be recognised for herbaceous communities. Amongst 

grasses, 'large erect tussocks branching above ground' were indicative of light grazing and 

'small sprawling basal tussocks' were indicative of heavy grazing. The need for such a 

careful hierarchical analysis suggests that the recognition of 'generalisable' traits predictive 

of grazing responses may be a chimera. 

The plant responses identified here are consistent with the frequently observed pattern, in 

that annual grasses tended to be increasers rather than decreasers, and high levels of 

grazing pressure were associatea with greater total frequency and cover (in the early dry 

season) of annual grasses. Perennial grass cover and frequency tended to increase with 

distance from water and the three Astrebla species showed a decreaser response pattern, 

although some other perennial grasses were increasers. Apart from these very coarse 

patterns, plant life form does not appear to be a useful predictor of response to grazing in 

Mitchell grasslands, and a more detailed analysis of plant traits in relation to grazing 

response was not attempted. 

A number of authors have previously identified plant species within Mitchell grasslands as 

having increaser or decreaser patterns of response to grazing pressure (eg Tothill & Gillies 

1992, Petheram & Kok 1991, Wheaton 1994, Partridge 1996, Milson 2000). These 

descriptions are generally intended as a tool to assist managers to assess whether 

pastures are in good, fair or poor condition. These species are listed in Table 7.15*, where 

the additional data on response patterns provided by this study are also tabulated. With 

few exceptions, species described elsewhere as decreasers and indicators of good pasture 

condition are the more abundant perennial grasses of the Mitchell grassland communities. 

The results of this study generally support this observation, but also identify a number of 

other forbs as decreasers. None of the latter species, however, had consistent responses 

332 Chapter 7. Grazing effects on vegetation 



across more than one gradient or in more than one of the other analyses used here, so 

these species probably have little utility as indicators of pasture condition. The perennial 

grass Chrysopogon faflax is generally described as a decreaser (eg. Tothill & Gillies 1992, 

Petheram & Kok 1991) but all analyses in this study identified it as having an increaser 

response. This species occurs in a broad range of habitats in northern Australia and on 

loam soils may be either preferentially grazed by stock or avoided, depending on 

vegetation composition (Ash & Garfield 1998). 

A broader range of forbs and annual grasses has previously been identified as increasers 

and, when occurring at high abundance, as indicators of poor pasture condition. In some 

cases, increaser responses in these species were also unequivocally demonstrated in this 

study (eg. Brachyachne convergens, Sporobolus australasicus, Panicum faevinode, 

Ffaveria australasica, Neptunia dimorphantha, Sida fibufifera). In other cases, the results 

of this study contradict the categorisation of species by other authors, or demonstrate that 

patterns can not necessarily be generalised within a genus. The most outstanding 

example are lseifema spp., the characteristic annual grasses of the Mitchell grassland, 

where about 10 species occur. lseilema spp. are generally described as increasers, and 

this study showed two common species to have an increas_er response pattern. However, 

a further three species had a decreaser or intermediate response to grazing pressure. 

Description of response patterns are not always consistent within the existing literature. 

This is most obvious for the common Aristida species of the Mitchell grasslands, A. latifolia 

and A. leptopoda (the latter species occurs in Queensland but not in the Northern 

Territory) .. These are regarded as 'undesirable' species because they may become 

dominant, and cause skin irritation to sheep and contaminate wool (Orr 1980b). They are 

often described as increasers (eg. Petheram & Kok 1991, Wheaton 1994), although Orr 

(1 980b) found that both species had higher frequencies in the most lightly grazed paddocks 

and Tothill & Gillies (1992) considered that they indicated pasture in fair (rather than poor) 

condition in northern Queensland. In this study, A. latifolia had a decreaser pattern on 

one grazing gradient and an increaser response along another, while the analysis across 

all clay sites showed it to have an intermediate response pattern. The dynamics of these 

relatively short-lived perennial species probably depends on a complex relationship 

between rainfall patterns, grazing and competition from other perennial grasses (Orr 1981). 

Response patterns for a number of other species cannot be simply described as increaser 

or decreaser. Species that have moderate tolerance to grazing and moderate competitive 

abilities are likely to be most abundant at intermediate levels of grazing (Grime 1979, 

Fensham eta/. 1 999). Ten species were identified as having an intermediate response to 

grazing pressure in at least one of the analyses in this study. In many cases they were 
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described as having decreaser and/or increaser response patterns in other analyses, 

suggesting that the response pattern cannot be clearly understood unless there is 

confidence that a full range of grazing intensities has been sampled (Woinarski eta/. 

2001a). 'Extreme' response patterns, which were observed in a similar number of species 

as intennediate patterns, are less easily interpreted. These species were mostly annual 

herbs, that may be reduced in frequency by moderate to heavy grazing but have an 

abundant soil seed bank that responds rapidly to rainfall, especially where cover of 

perennial grasses has been reduced. 

The most comprehensive study to date of the impacts of pastoral use on plant biodiversity 

in Australian rangelands examined floristic composition on a total of 8 grazing gradients in 

acacia and chenopod shrublands in central and southern Australian (Landsberg eta!. 

1997). Gradients were selected so that there were 'reference' sites that were sufficiently 

distant from water that they had likely never been subject to grazing by stock (in all 

gradients but one, sheep) and plant composition at sample sites was sampled from the soil 

seedbank as well as aboveground samples. Along all gradients, plant composition was 

influenced by distance from water. Between 18.3% and 84.1 %of plant species in the 

understorey of each gradient had a decreaser response pattern (mean 38%) and between 

15.9% and 50.7% had an increaser pattern (mean 26%). Relationship with distance was 

less frequent amongst overstorey plants (means of 15% and 10% for decreasers and 

increasers respectively). On the-grazing gradients in the current study, 8.8% of species 

were increasers and 6.5% were decreasers (with a further 5.3% having an intermediate, 

extreme or idiosyncratic response). From the analysis of all clay sites, 7.8% of species 

were increasers and 8.1% decreasers (with 4.5% in the other categories). These figures 

are perhaps more usefully recast as the proportion of species for which there is enough 

data to attempt an analysis of their response patterns. In this case the proportion of 

increasers and decreasers from the gradient samples was 17.2% and 12.6%, respectively; 

and from the analysis of all samples, 16.2% and 16.9%, respectively. These figures cannot 

be exactly compared with those of Landsberg eta/. (1997) because of differences in 

sampling and analysis methodology, but they lend support to a conclusion that the flora of 

the Mitchell grasslands is either more resilient to the impacts of grazing than that of the 

chenopod and acacia woodlands, or that grazing pressure in the latter environments is 

significantly more intense. 

Biodiversity conservation implications of species' response patterns 

From a biodiversity conservation perspective, it is only species that show a decreaser 

response to grazing pressure that are of concern. Since these species are sensitive to 

grazing, the spread of artificial waterpoints and imposition of moderate to high levels of 
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grazing pressure by stock across entire landscapes is likely to result in declines in the 

density of these species and, in extreme cases, to local or regional extinction (James eta/. 

1995, Landsberg eta!. 1997, Noble et al. 1998). In the Mitchell grasslands of the Northern 

Territory, this study has identified 34 plant species that are potentially of concern. This 

concern must be tempered, however, with the recognition that the vast majority of species 

identified as decreasers were recorded from large numbers of sites, and remain prominent 

components of the Mitchell grassland flora in many locations. The most obvious exception 

is lndigofera linnaei, a decreaser species which was recorded from only 5 sites. This 

palatable species occurs on gravel rises and lighter clays on the margins of the cracking 

clay plains, where grazing activity is often concentrated. Curiously, Milson (2000) 

describes it as occurring on sandy soils or lighter red clays in northwwest Queensland, 

where it is characteristic of areas that are disturbed or have been overgrazed. 

Identifying the response to grazing of infrequentlywoccurring species poses considerable 

challenges. In this study, grazing response could be statistically tested for approximately 

50% of all plant species recorded, and the power of the tests to detect effects declines for 

less frequent species. This is a problem that is common to all such studies (eg. Landsberg 

eta/. 1997). The sampling design in the current study wa~ "faunacentric", in that the 

number of sites sampled was constrained by the time required for adequate inventory of 

the vertebrate fauna. A more comprehensive investigation of the effects of grazing on plant 

biodiversity would require compiling complete floristic inventories for a very large number of 

sites, with sampling timed to follow relatively good seasonal rainfall (in order to reliably 

detect ephemeral species). Landsberg et al. (submitted) proposed that there may be two 

mechanisms whereby plant species decline under grazing. Palatable and drought hardyw 

perennial species show a gradual decline in abundance with increasing grazing pressure, 

typically evident along piosphere gradients. However, uncommon and/or shortwlived 

species that are selectively grazed during good seasons decline equally across the entire 

portion of the landscape that is accessible to stock. Declines in the latter species are only 

likely to be quantified if impacted and non-impacted areas of habitat can be compared, with 

sufficient sample intensity to adequately sample rare species (eg. Landsberg et al. 

submitted, Fensham & Skull 1999). In fact, some studies in eastern Queensland suggest 

that sampling 'reference' areas that have historically evaded grazing by stock demonstrate 

that dominant, palatable perennial grasses may virtually disappear from grazed landscapes 

(Fensham & Skull 1999, Fensham eta/. 1999). Given the long history of pastoral use and 

potential access by stock to the entire extent of the Mitchell grasslands, it is possible that 

the most grazingwsensitive species have been extirpated from this landscape, leaving no 

evidence of their existence. This would particularly apply to species mostly restricted to 
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moister run-on areas, where grazing pressure by introduced herbivores was initially 

concentrated. 

Limitations on generalisability 

This study was limited to Mitchell grassland communities in the Northern Territory. The 

patterns of response to grazing can probably be generalised to similar communities in the 

southern Kimberley region of Western Australia, and those on Tertiary sediments in the far 

north-west of Queensland. Some limitations must be noted, however, on the 

generalisability of the results to the extensive Mitchell grass downs in central Queensland 

and the alluvial plains of southern Queensland and northern New South Wales. Aside from 

the dominant perennial grasses, there are significant differences in floristic composition 

between the latter regions and the Northern Territory Mitchell grasslands. For example, 

one of the most significant increaser species in central Queensland, Amaranthus mitchelli, 

was recorded from only 3 sites in the study region. In the eastern and southern Mitchell 

grasslands there is an increasing incidence of winter rainfall, which has a significant effect 

on vegetation dynamics, particularly for annual herbs (Orr & Holmes 1 984). These areas 

are also significantly different from the Barkly Tableland in the nature of grazing 

enterprises, related to property and paddock size, waterpoint densities, stocking rates and 

stocking by sheep in addition to cattle. In relatively small paddocks that are grazed by 

sheep, grazing distribution is not necessarily determined primarily by distance from water, 

but also depends upon shade, wind direction, edaphic and topographic variation and 

pasture condition (Orr 198Gb). In this situation, grazing impacts on biodiversity are 

probably more evident in comparisons between paddocks with different management 

histories. The accumulated grazing pressure in Mitchell grasslands of central and 

southern Queensland is probably greater than in the Northern Territory. Tothill & Gillies 

(1992) rated 80% of Mitchell grassland pastures in the Barkly Tablelands and 70% in the 

northern rolling downs of Queensland as in 'sustainable' condition (as opposed to 

'deteriorating or 'degraded'). Only 25% of southern rolling downs and 30% of southern 

alluvial pastures in Queensland were in a similar condition, the majority being rated as 

'deteriorating'. On the alluvial plains of New South Wales, overgrazing combined with 

flooding has reduced the density of Mitchell grasslands to the extent that landscape 

function is probably significantly impaired and re-establishment of perennial grasses will 

require active management (Bowman et al. 1996, Campbell et al. 1 996). Research in 

Mitchell grasslands in Queensland has concentrated almost exclusively on maintenance of 

pasture productivity. Additional studies that focus on plant biodiversity would be valuable to 

ascertain whether a similar suite of decreaser species to that identified here persist in that 

landscape, or whether more intensive grazing use is associated with the loss of these 

species. 

336 Chapter 7. Grazing effects on vegetation 



Conclusion 

Analysis of waterpoint distributions and cattle grazing patterns clearly demonstrates that 

the Mitchell grasslands cannot be considered a 'natural' landscape, in that the potential 

impacts of pastoral use are now virtually ubiquitous. Only a small area of Mitchell 

grassland in the Northern Territory is protected from cattle grazing within conservation 

reserves, and this area was subject to cattle grazing for decades prior to reservation. It is 

therefore virtually impossible to comprehensively assess the impacts of livestock grazing 

within this environment, as no true reference areas are available for comparison (cf. 

Fen sham & Skull 1999). 

However, this study was able to sample areas of Mitchell grassland subject to a range of 

grazing intensities and the results suggest that, under current management regimes, 

impacts of livestock grazing upon the vegetation are discernable but relatively subdued. 

There was no evidence that grazing has a strong influence on alpha-diversity of plants, nor 

that there are dramatic shifts in species composition attributable to grazing pressure. Such 

shifts are a feature of state-and-transition models in some other rangelands (Westoby 

1989, Friedel1997). This is in contrast to descriptions of ~ome areas of Mitchell grassland 

in Queensland and New South Wales, where the ground layer is dominated by annual 

herbs (eg. Tribulus, Malvastrum, Amaranthus, Sida, Sclerolaena spp) (Orr 1980b, Bowman 

et al 1997, Phelps 1999) as a result of prolonged heavy grazing, the effects of which may 

be exacerbated by drought or flood. Similar shifts in composition may have been observed 

in the Northern Territory Mitchell grasslands if I had sampled areas very close to 

waterpoints, but the fate of these restricted 'sacrifice' areas was not the concern of this 

study. 

However, variation in grazing pressure could be related to measurable variation in the 

composition of the vegetation within the study region. Higher grazing pressure is 

associated with a decreased frequency and cover of perennial grasses and an increased 

frequency of annual grasses and some herbs. Grazing also promotes the abundance of 

some species and has a negative effect on the abundance of others. Of the species that 

were sufficiently frequent to analyse, 16% showed an increaser response to grazing 

pressure and 17% showed a decreaser response. There was no evidence from the study 

that some species persisted only in the most lightly grazed areas, although I note that a 

higher intensity of sampling would be required to confidently provide such evidence. 

I suggest that one of the major effects of grazing in this environment is the substantial 

annual reduction in plant cover. At the end of the Dry season, ground layer cover was 
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strongly related to distance from water and cover over much of the study region was low, 

compared to the levels of cover that persisted throughout the year in the ungrazed 

Connell's Lagoon ReseiVe. While plant cover generally returns to 'normal' levels following 

the annual Wet season, very low cover values may persist for several years when rainfall 

is inadequate for plant growth (this was evident at one of the locations sampled during this 

study). This grazing effect may have few implications for plant biodiversity, especially if 

pastoral management is sufficiently responsive to reduce or remove grazing pressure on 

the residual perennial grasses during dry periods. However, it is likely that regular 

substantial reduction in vegetation cover would have impacts on the fauna associated with 

the grasslands, through changes in food availability, reduced shelter from predators, 

reduced breeding habitat and altered thermal regimes. I examine the effects of pastoral 

land use on the vertebrate and ant fauna of the Mitchell grasslands in the following chapter. 
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Table 7.6 Results of regression analysis of vegetation structure and plant summary variables for each of the grazing gradients. Only response variables with a 
significant distance term on at least one gradient are shown. Table shows the parameter estimates for distance for water (OW), and the quadratic term (DW2

). 

Alexandria (n=6) Alexandria (gravel rises) (n=J) Helen Springs (n=B) Rockhampton Downs (n=B) 

owlow'l R' IF I P owjow2 IR2 1 F I p owlow2 1 R2 I F I p owlow'l R' I F I p 

richness 

total 0.005 0.61 6.1 0.07 -0.022 0.51 6.1 0.04 

shrubs -0.090 0.48 5.5 0.06 

perennial grass 0.008 0.62 6.7 0.06 -0.013 0.87 39.2 0.001 

facultative perennial grass -0.472 0.047 0.87 16.2 0.007 

annual grass 

perennial herb 0.015 0.81 17.3 0.01 

facultative perennial herb 0.247 0.99 671.0 0.02 0.068 0.40 4.0 0.09 0.057 0.43 4.5 0.08 

annual herb 0.005 0.68 8.5 0.04 0.052 0.99 1248 0.02 

MG50 species -0.299 0.040 0.66 4.8 0.07 

MG10 species 0.053 0.97 117.5 0.001 0.042 0.99 583.0 0.03 

frequency 

total 0.008 0.99 93.8 0.07 -0.007 0.48 5.6 0.06 -0.042 0.40 4.1 0.09 

shNbs -0.291 0.78 21.2 0.004 

perennial grass 0.016 0.56 5.1 0.09 

facultative perennial grass 0.026 0.98 60.7 • 0.08 -0.753 0.081 0.71 6.2 0.04 

annual grass -0.004 0.63 6.7 0.06 -0.096 0.74 16.7 0.006 -0.048 0.45 4.9 0.07 

perennial herb 0.121 0.99 241.4 0.04 -0.016 0.54 7.1 0.04 -0.017 0.48 55 0.06 

facultative perennial herb 0.250 0.99 941.1 0.02 1.316 -0.150 0.62 4.1 0.09 

annual herb 0.182 0.98 50.2 0.09 

MG50 species -0.029 0.44 47 0.07 

MG10 species 0.096 -0.009 0.83 7.2 0.07 0.014 0.98 52.9 0.09 -0.009 0.74 17.1 0.006 
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Table 7.6 cont'd 

Alexandria (n=6) Alexandria (gravel rises) (n-3) Helen Springs (n=<B) Rockhampton Downs (n=B) 

OW ow' R' I F I p OW ow' R' F I p ow I ow' R' F p owlow'l•' F p 

Structure (Early Dry) 

Litter cover -0.121 0.013 0.66 4.8 0.07 

Ground layer height -0.010 0.57 5.2 0.08 O.Q15 0.49 57 0.05 

Shrub cover 0.018 0.77 19.8 0.004 

Ground layer cover 0.011 0.70 95 0.04 0.176 0.99 18069 0.01 

Perennial grass cover -0.474 0.065 0.87 9.8 0.04 0.341 0.99 200.7 0.04 0.591 -0.070 0.60 3.8 0.1 
Annual grass cover -0.021 0.81 17.3 0.01 -0.035 0.98 40.0 0.09 

Forb cover* -0.671 .070 0.76 7.8 0.03 -0.112 0.89 48.0 0.001 

Perennial/annual grass ratio 0.012 0.70 94 004 0.323 -O.o38 0.59 35 0 1 

Structure (Late Dry) 

Litter cover -0.082 0.74 11.5 0.03 -0.973 0.098 0.85 13.8 0.009 -0.004 0.51 6.2 0.05 

Bare cover -0.081 Q.Q11 0.87 16.4 0.006 

Shrub cover -0.041 0.005 0.66 4.8 0.07 

Ground layer cover 0.405 0.99 88.1 0.07 0.262 0.64 10.6 0.02 0.676 -0.089 0.93 34.3 0.001 

Ground layer height 0.036 0.99 573.0 0.03 0.089 -0.008 0.89 19.5 0.004 0.048 -0.007 0.57 3.4 0 1 
Perennial grass cover 0.420 0.99 68.4 0.08 1.065 -0.107 0.77 8.4 0.03 

Annual grass cover 0.021 0.53 6.9 0.04 

Forb cover -0.008 0.80 24.7 0.003 

Perennial/annual qrass ratio 0.094 0.56 52 0.09 0.180 0.99 16790 0.01 0.542 -0.066 0.69 5.5 0.05 



Table 7.7 Results of regression analyses of the abundance of individual plant species for each of the grazing gradients. Only species with a significant 
distance term on at least one gradient are listed in the table (letters before name indicate functional group and asterisks identify species with a fidelity to 
Mitchell grassland communities). The following species occurred in at least 3 sites on one gradient, but did not have a significant relationship with distance 
from water: Brachyachne convergens *, Astrebla pectinata *, Panicum /aevinode *, Hibiscus trionum **, Crotalaria medicaginea, Cucumis melo *, Spermacoce brachystema, 
Polymeria longitolia **, Sorghum timorense *, Rhynchosia minima, Astrebla squarrose *, Crotalaria dissitiflora **, Goodenia fascicularis •, Commelina ensifolia, Euphorbia 
drummondii, Streptoglossa bubakii *, Heliotropium spp (not identified to species), Polyga/a sp., Wedelia asperrima *, Bulbostylis barbata, Crotalaria montana, Neptunia 
monosperma *, Cyperus victoriensis, lndigofera parviffora *, Portulaca oleracea, Panicum decompositum, Afternanthera nodiffora *, Digitaria ctenantha, Tribu/us terrestris, 
Heliotropium brachythrix, Elytrophorus spicatus, Leptopus decaisnei *, Chloris pectinate*, Sida trichopoda *, Desmodium campylocaulon *, lndigofera linifolia, Aeschynomene 
indica *, 0/den/andia mitrasacmoides, Sa/sofa kali, Dicanthium affine, Dicanthium sericeum, Eragrostis tenellula *, Eulalia aurea, Tragus australianus, Chionachne 
hubbardiana *, Teucrium integrifo/ium **, Carissa lanceolata, Boerhavia coccinea, Atalaya hemiglauca, Enneapogon polyphyllus, Acacia victoriae •, Trianthema triquetra. 

Alexandria Helen Springs Rockhampton Downs 

n ow ow' R' F p n ow ow' R' F p n ow ow' R' F p 

De creaser 

PG Astrebla elymoides • 6 0.015 0.54 4.7 0.09 7 8 

PH Boerhavia paludosa • 4 0.262 0.83 19.7 0.01 7 6 
FPH Phyl/anthus maderaspatensis • 6 7 8 0.021 0.55 7.3 0.04 
AG lseilema membranaceum • 3 8 0.016 0.63 10.2 0.02 8 
AH Sida spinose • 4 0.021 0.91 39.0 0.003 3 8 

AH C/eome viscose 5 6 0.227 0.52 6.4 0.04 8 

AH Ipomoea lonchophylla H 5 8 0.340 0.80 23.6 0.003 
AH Ptilotus spicatus • 3 8 0.208 0.51 6.1 0.05 7 
AH Operculina aequisepala • 5 8 0.027 0.79 22.7 0.003 8 

AH Corchorus aestuans 8 0.277 0.52 6.5 0.04 7 

AH Striga multiflora 5 5 0.021 0.69 13.6 0.01 7 

Increaser 

SH Sida fibulifera • 7 8 -0.325 0.87 38.7 0.001 
PG Eragrostis setifolia • 3 -0.020 0.77 19.6 0.004 
PG Chrysopogon fa/lax 8 5 -0.778 0.056 0.95 50.1 0.001 
PH Glycine falcate • 8 -0.014 0.65 11.2 0.02 8 
PH Neptunia dimorphantha • 7 -0.272 0.67 12.2 0.01 

AG lseilema vaginiflorum • 6 -0.001 0.61 6.1 0.07 7 -0.054 0.62 9.6 0.02 8 
AG Sporobolus austra/asicus 8 -0.076 0.39 3.9 0.09 8 -0.133 0.54 6.9 0.04 
AG Jseilema windersii •• 6 -0.048 0.54 6.9 0.04 7 -0.060 0.74 17.4 0.006 
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Table 7.7 cont'd. 

Alexandria Helen Springs Rockhampton Downs 

n DW DW' R' F p n DW DW' R' F p n DW ow' R' F p 
AG Spathia neurosa ** 5 -0.026 0.65 7.5 0.05 3 

i AH Alysicarpus rugosus ~ 6 -0.131 0.59 5.7 0.08 8 8 
AH Flaveria australasica * 8 -0.023 0.59 8.8 0.03 8 
AH Abelmoschus ficulneus • 6 -0.224 0.95 78.1 0.009 8 6 
AH Ammannia multiflora • 3 -0.237 0.64 7.2 0.05 

Increaser I extreme 

AG Dactyloctenium radulans 3 -0.967 0.089 0.82 11.5 0.01 
PH Marsilea spp. 3 -0.846 0.081 0.89 12.3 0.04 

Intermediate 

PH Evolvulus alsinoides 4 8 1.356 -0.187 0.61 39 0.09 
FPH Trichodesma zeylanicum 4 8 1.486 -0.175 0.70 5.7 0.05 

Extreme 

PH lndigofera trita 7 6 -0.963 0.108 0.73 6.9 0.04 
PH Streptoglossa adscendens • 7 -0.665 0.071 0.83 12.1 0.01 
AH Euphorbia coghlanii 3 -0.417 0.048 0.79 5.7 0.09 8 6 
AG Paspalidium retig/ume •• 6 5 -1.370 0.212 0.65 4.7 O.Dl 

Idiosyncratic 

PG Aristida latifolia • 3 0.039 0.62 9.6 0.02 8 -0.043 0.58 8.2 0.03 
AH Gomphrena conica • 6 0.176 -0.016 0.83 7.4 0.07 5 8 -0.039 0.57 7.9 0.03 
AH Desmodium muelleri • 3 0.008 0.75 11.9 0.03 4 -0.228 0.46 5.1 0.06 6 



Table 7.8 Summary of predictive models for vegetation structure and plant summary 
variables, developed using data from all clay sites {n=89). Parameter estimates for distance 
terms are given and the significance of the individual terms in the model indicated (*, p<O.OS; 
**,p<0.01; ***,p<0.001; a, p>O.OS but inclusion of the term significantly reduces residual 
deviance). Model% refers to the proportion of total deviance explained by the minimum 
adequate model (ie. all significant variables) and OW% refers to the proportion of total 
deviance explained by the distance term(s). The response type describes the shape of the 
modelled relationship, illustrated in Fig. 7.9: DEC, decreaser; DEC/INT, decreaser/ 
intermediate, INC, increaser; INC, increaser/extreme; INT, intermediate; EXT, extreme. For 
models with both first· and second-order terms, the final columns gives the distance at which 
the inflection in the curve occurs. 

ow ow' model% OW% response in fl. 
type (km) 

Richness 

shrub 0.41 ** -0.05 * 67.2 5.0 INT 4.4 

Frequency 

total -0.06 a 0.01 a 55.2 1.2 INC/EXT 51 

shrub -0.11* 59.1 2.2 INC 

perennial grass 0.27. -0.03 a 14.5 7.5 INC/INT 5.3 

perennial herb -0.07 .. 28.9 3.3 INC 

facultative perennial herb 0.01 a 49.3 1.1 DEC 

annual grass -0.01 •• 57.3 4.5 . INC 

annual herb -0.18. 0.02 a 61.0 2.1 EXT 4.3 

MG50 spp. -0.20 a 0.02 a 57.4 1.7 INC/EXT 4.9 

MG10 spp. -0.12* 0.01 a 73.9 1.6 INC/EXT 4.8 

Structure- early Dry 
. 

shrub cover 1 08 * -0.14 .. 55.1 6.5 INT 40 

perennial grass cover 0.50 •• -0.04 a 29.7 16.8 DEC/I NT 6.3 

facultative perennial grass cover 0.39 •• 54.8 7.4 DEC 

annual grass cover -0.02 •• 50.9 6.7 INC 

annual herb cover -0.10a 24.6 38 INC 

MG50 spp. cover -0.27 •• 62.0 6.7 INC 

MG10 spp. cover 0.11 a -0.02 a 45.9 1.3 INT 3.2 

perennial grass frequency (sub-plots) 0.27 •• -0.02 • 30.3 11.4 DEC/I NT 5.9 

perennial/annual grass cover ratio * 0.11* .. * 42.4 10.3 . 

Structure -late Dry 

litter cover -0.37 * 0.05 .. 41.7 4.7 EXT 34 

bare cover -0.02 •• 58.7 4.3 INC 

total understorey cover 0.48 •• -0.04 • 56.4 12.0 DEC/I NT 6.2 

perennial grass cover 0.79 ••• -0.07 •• 48.3 17.4 DEC/I NT 5.6 

annual grass cover 0.01 • 52.1 3.3 DEC 

bare cover SD 0.25. -0.02 • 44.7 6.9 DEC/I NT 5.7 

forb cover -0.16* 36.5 4.1 INC 

total understorey cover SD 0.57 •••• -0.05 •• 46.9 20.6 DEC/I NT 5.8 

perennial grass cover SD 0.78 •••• -0.07 ••• 49.2 28.5 DEC/INT 5.8 

annual grass cover SD 0.01 • 47.4 2.7 DEC 

perennial grass frequency (sub-plots) 0.25. -0.02 • 24.5 91 DEC/INT 6.0 

perennial/annual grass cover ratio • 0.27 •• -0.02 * 19.5 15.3 . 
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Table 7.9 Summary of predictive models for abundance of individual plant species, developed 
using data from all clay sites (n=89). Table structure as per Table 7 .8. Species are ordered 
according to their response type (illustrated in Fig. 7.1 0). Letters before species name indicate 
functional group and asterisks identify species with a fidelity to Mitchell grassland communities. 

" ow ow' %model %dw lnfl. 

(km) 

Decreaser 

AG lseilema fragile • 14 0.23 60.2 4.5 

AG Sorghum timorense • 11 0.02 85.4 3.2 

AG Dactyloctenium radulans 28 0.02 67.4 1.9 

AH Trianthema triquetra 6 0.58 91.5 18.3 

AH Crotalaria montana 15 0.24 59.9 8.5 

AH Altemanthera nodiflora • 19 0.22 38.0 5.9 

AH Ipomoea lonchophylla •• 59 0.01 53.8 3.8 

AH Euphorbia coghlanii 51 0.14 30.0 30 

FPG Enneapogon polyphyllus 8 0.21 88.9 2.3 

FPH Trichodesma zeylanicum 20 0.19 24.0 6.6 

FPH Phyllanthus maderaspatensis • 72 0.01 27.7 4.7 

FPH lndigofera linnaei * 5 0.14 87.4 33.9 

PG Astreb/a squarrosa • 47 0.52 45.5 19.1 

PG Eulalia aurea 14 0.03 47.9 4.4 

PG Astrebla elymoides • 67 O.Q7 44.0 1.3 

PH Flemingia pauciflora • 8 0.08 78.0 31.8 

PH Boerhavia coccinea 8 0.69 85.7 25.5 

Decreaser/intermediate 

AG lseilema ciliata 7 1.72 -0.20 77.5 77.5 43 

AH Portulaca oligosperma • 9 2.99 -0.28 86.5 25.8 5.4 

AH Bulbostylis barbata . 14 0.56 -0.05 42.9 4.5 5.2 

PG Astreb/a pectinate • 72 0.40 -0.04 32.9 4.2 4.7 

PH Desmodium campylocaulon * 20 1.35 -0.13 34.3 14.8 5.3 

Increaser 

AG Digitaria ctenantha 11 -0.38 25.0 18.1 

AG Panicum /aevinode • 63 -0.08 60.3 2.0 

AG Sporobolus australasicus 44 -0.01 44.3 1.7 

AH Corchorus tridens • 7 -1.22 57.6 25.4 

AH Euphorbia drummondii 25 -0.06 62.2 13.8 

AH Spermacoce brachystema 38 -0.03 46.8 5.0 

AH Abe/moschus ficu/neus • 37 -0.02 59.2 4.8 

AH Flaveria australasica • 49 -0.02 42.0 3.8 

FPH Wedelia asperrima • 20 -0.04 58.9 58 

PG Chrysopogon fa/lax 34 -0.18 36.3 5.0 

PH Teucrium integrifolium •• 13 -0.08 32.6 94 

PH Crotalaria dissitiflora •• 42 -0.25 28.1 7.0 

PH Neptunia dimorphantha • 47 -0.17 14.4 4.9 

PH Marsilea spp. 12 -0.05 59.3 4.9 

PH Cyperus victoriensis 39 -0.15 36.3 2.1 

SH Sida fibulifera • 62 -0.22 23.9 9.8 

Increaser/Intermediate 

AG /sei/ema windersii •• 33 0.62 -0.15 59.5 16.6 2.0 

AG Elytrophorus spicatus 6 0.32 -0.07 52.1 15.4 2.2 

PG Sporobolus mitche/li 5 3.19 -0.74 77.0 32.3 2.1 
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Table 7.9 cont'd. 

" ow ow' %model %dw lnfl. 

(km) 

Increaser/extreme 

AG Brachyachne convergens • 80 -0.44 0.05 33.2 8.2 4.7 

PH lndigofera trita 31 -1.15 0.12 18.6 18.6 4.8 

Intermediate 

AG Spathia neurosa •• 11 2.09 -0.28 78.0 26.6 3.7 

AG Tragus austra/ianus 11 2.49 -0.26 70.8 12.2 4.8 

AG lseilema membranaceum • 52 0.27 -0.03 51.5 1.2 4.4 

AH Operculina aequisepala • 41 1.17 -0.14 343 12.6 4.3 

FPG Dicanthium sericeum 23 1.92 -0.28 47.8 9.9 3.4 

FPG Enneapogon avenaceus 13 1.24 -0.16 35.7 5.4 3.9 

PG Aristida Jatifolia • 57 0.62 -0.08 33.5 3.8 3.9 

PH Polymeria ambigua 7 4.17 -0.65 59.3 21.1 3.2 

PH Evolvulus alsinoides 32 0.74 -0.12 35.4 5.3 3.2 

Extreme 

AG Chloris pectinate • 21 -0.76 0.08 22.9 8.3 4.8 

AG Eragrostis tenellula * 18 -0.97 0.12 22.1 5.4 3.9 

AH Desmodium muelleri • 37 -1.41 0.17 53.2 19.9 4.1 

AH Sa/so/a ka/i 28 -1.67 0.20 48.0 16.8 4.1 

AH Polymeria longifolia •• 14 -0.83 0.09 44.2 11.0 46 

AH Sida spinosa • 70 -0.62 0.08 50.8 6.2 4.0 

AH Pottu/aca oleracea 30 -0.57 0.07 64.5 4.4 3.9 

AH lndigofera paNiflora • 34 -0.54 0.07 - 21.6 40 4.1 

AH Gomphrena conica • 42 -0.39 0.04 67.4 2.5 4.8 

FPH Cullen cinereum • 11 -4.30 0.57 48.3 23.7 3.8 

FPH Cucumis me/o • 42 -0.98 0.13 37.1 15.4 3.7 

PH Solanum esuria/e 5 -7.27 1.23 39.3 37.0 3.0 
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Table 7.11 Comparison between sites inside Connell's Lagoon (n=10) and 'typical' grassland sites 
elsewhere in the Barkly Tableland (n=44 ). Data are means, with the p-value from Mann-Whitney 
U-tests. All summary variables are shown (non-significant comparisons in brackets), but only 
species that differ significantly in abundance (p<0.1) are shown. Only plant species that were 
recorded from at least one site at Connell's Lagoon were included in the analysis. Codes 
preceding species names indicate plant functional group; asterisks indicate species with a fidelity 
for Mitchell grasslands. 

Summary variables 

structure (early Dry) 

litter cover 

[bare cover] 

[ground layer cover] 

ground layer cover SO 

perennial grass cover 

[perennial grass frequency] 

annual grass cover 

fac. perennial grass cover 

perennial herb cover 

annual herb cover 

structure (late Dry) 

litter cover 

bare cover 

bare cover SO 

ground layer cover 

ground layer cover SO 

ground layer height 

perennial grass cover 

[perennial grass frequency] 

annual grass cover 

herb cover 

richness 

total 

[shrub] 

[perennial grass] 

fac. perennial grass 

annual grass 

perennial herb 

lac. perennial herb 

annual herb 

Mitchell grassland spp. 

frequency 

total 

shrub 

[perennial grass] 

fac. perennial grass 

annual grass 

perennial herb 

annual herb 

Mitchell grassland spp. 
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CL others 

2.1 1.5 

76.1 79.5 

20.0 17.6 

14.3 11.7 

17.4 8.1 

13.3 11.1 

2.0 7.3 

0.0 0.7 

0.2 1.2 

1.2 2.9 

2.8 

74.6 

15.5 

21.3 

14.3 

0.3 

14.5 

13.1 

7.1 

0.5 

31.3 

1.7 

39 

0.3 

4.4 

5.2 

1.9 

13.4 

20.7 

1.9 

90.6 

80 
6.4 

6.2 

0.2 

4.7 

10.7 

1.6 

04 

41.0 

2.8 

3.7 

0.9 

7.1 

7.2 

2.6 

16.4 

26.2 

101 170 

0.5 5.9 

18.3 16.9 

0.1 3.7 

23.4 55.3 

6.5 18.0 

44.2 62.2 

82.3 114 

p 

0.049 

0.148 

0.223 

0.046 

0.000 

0.214 

0.012 

0.007 

<0.001 

0.001 

0.040 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0.201 

<0.001 

0.002 

<0.001 

0.727 

0.476 

0.018 

<0.001 

0.010 

0.024 

0.013 

<0.001 

<0.001 

0.004 

0.733 

0.007 

<0.001 

<0.001 

0.009 

<0.001 

Species' abundance 

More abundant at CL 

AH Sida Spinosa • 

PG Astreb/a squarrosa • 

PH Streptog/ossa bubakii • 

PG As/reb/a elymoides • 

AH Heliotropium spp. 

AH Desmodium muelleri • 

AH Hibiscus trionum •• 

AH Spermacoce brachystema 

AH Euphorbia coghlanii 

PH Comma/ina ensifolia 

Less abundant at CL 

AG Sporobo/us australasicus 

AG Panicum /aevinode • 

AH C/eome viscosa 

AG Brachyachne convergens • 

AG Dactyloctenium radulans 

AH Corchorus aestuans 

AH Flaveria australasica • 

PH Glycine falcata • 

PH Boerhavia paludosa • 

PG Chrysopogon fa/lax 

SH Sida fibulifera • 

AH Operculina aequisepala • 

PH Rhynchosia minima 

PH Goodenia fascicularis • 

AH Portulaca pilosa 

PH Crotalane dissitiflora •• 

SH Abutilon andrews1anum • 

AH Sa/sola kali 

FPH Cucumis malo • 

AH Polyga/a spp. 

CL others 

9.89 

4.01 

3.01 

5.72 

3.84 

2.78 

3.73 

2.83 

2.19 

0.59 

0.11 

1.03 

1.84 

2.79 

0.33 

0.46 

3.22 

0.01 

0.76 

0.12 

0.39 

0.02 

0.24 

0.14 

0.01 

0.02 

0.01 

0.01 

0.57 

0.06 

4.44 

0.41 

0.21 

3.08 

1.72 

1.32 

2.28 

1.73 

1.29 

0.48 

9.25 

8.44 

5.68 

6.43 

3.55 

3.53 

6.12 

2.59 

3.29 

2.25 

2.40 

1.68 

1.82 

1.37 

1.10 

1.03 

0.80 

0.70 

0.94 

0.42 

p 

0.000 

0.000 

0.001 

0.045 

0.001 

0.067 

0.073 

0.087 

0.005 

0.002 

0.000 

0.000 

0.062 

0.009 

0.060 

0.001 

0.054 

0.000 

0.004 

0.061 

0.063 

0.000 

0.002 

0.077 

0.088 

0.001 

O.Q75 

0.049 

0.003 

0.062 
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Table 7.14 Comparison between sample sites closest to water (0.5-1.8km, n=12) and sites 
most distant from water (n=12, 5.8-8.4km). All major environmental variables are shown, but 
only those structure, richness and frequency variables that differ significantly (p<0.1) are listed. 
P-values refer to the significance of Mann-Whitney U-tests. 

I close I distant I p 

Environmental variables 

distance to water 1.1 66 
cattle activity index 2.2 0.8 0.000 

mean annual rainfall 359.1 390.8 0.106 

NDVI-1 82.8 79.1 0.184 

NDVI-3 75.2 75.0 0.817 

upper storey cover 0.0 0.3 0.773 

rock cover 1.6 1.8 0.686 

crack width index 44.7 64.9 0.018 

Structure (early Dry) 

ground layer height 0.2 0.3 0.021 

perennial grass cover 5.0 12.3 0.001 

perennial grass cover SD 6.1 11.0 0.030 

annual grass cover 30.7 12.6 0.050 

Structure (late Dry) 

bare cover 92.1 85.0 0.046 

bare cover SD 6.0 11.2 0.023 

ground layer cover 3.1 12.2 0.001 

ground layer cover SD 3.2 10.3 0.002 

ground layer height 0.1 0.2 0.002 

perennial grass cover 1.7 7.6 0.001 

perennial grass cover SD 2.3 9.3 0.000 

perennial grass frequency 8.4 11.7 0.083 

annual grass cover 1.3 4.1 0.017 

Richness 

fac. perennial grass 1.0 02 0.004 

Frequency 

total 191.6 149.2 0.050 

fac. perennial grass 4.0 0.6 0.003 

annual grass 67.5 46.4 0.002 

perennial herb 21.9 10.6 0.050 

Mitchell grassland species 129.4 111.7 0.043 

Species' frequency 

Astrebla elymoides • 1.5 5.6 0.030 

Euphorbia cogh/anii 0.8 2.2 0.073 

Sporobolus australasicus 11.2 4.5 0.015 

Dicanthium affine • 3.1 0.5 0.046 

Flaveria australasica • 8.1 2.9 0.073 

Dactyloctenium radulans 2.8 1.1 0.100 

Sida fibulifara • 3.9 1.0 0.100 
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Table 7.15 (following page) Response of plant species to grazing in Mitchell grasslands, as 
described in literature and this study. Classification of species as 'decreasers' or 'increasers' 
was derived from quantitative studies: 1=Hall & Lee (1980), 2=0rr (198Gb), 3=(0rr 1980a), 
4=0rr (1981 ), S=Orr & Evenson (1984), 6=Foran & Bastin (1984), ?=Bowman eta!. (1996), 
8=Fensham eta!. (1999); or qualitative descriptions: 10= Tothill & Gillies (1992), 11 = Petheram 
& Kok (1991), 12= Wheaton (1994), 13= Partridge (1996), 14=Milson (2000). In the latter, 
species were considered to be 'increasers' if they were described as indicating 'pasture in poor 
condition', or the 'effects of overgrazing', and 'decreasers' if that indicated 'pasture in good 
condition'. If the description is qualified as applying to a particular region of Mitchell grassland 
then this is indicated in brackets following the reference (alluv =alluvial and flooded plains). A 
few species that were described as increasing under light grazing and decreasing under heavy 
grazing are listed here as having an 'intermediate' response. The response observed during 
this study is indicated as DEC, decreaser; INC, increaser; INT, intermediate; EXT, extreme; and 
the evidence for each response is given as: g, one gradient; 2g, 2 gradients; m, models using all 
clay sites; c, comparison of Connell's lagoon and other sites; d, comparison of water-distant and 
water-proximate sites. Species recorded in the study but for which no response was 
determined are indicated by 'n', and species mentioned in the literature but not recorded in the 
study by'-'. 
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Figure 7.3 Distribution of waterpoints and piospheres (showing spatial distribution of land at 
different distances from water) in the Barkly Tablelands. (a) Distribution of permanent 
waterpoints (artificial and natural) and fences. (b) Simple piospheres. ignoring the effects of 
fencelines. Only Mitchell grassland and related communities are shown. (c) Piospheres 
calculated with fences as impenetrable barriers. (d) Piospheres around natural permanent 
water (ie. illustrating the situation in the Barkly Tablelands prior to pastoral development). 
Infrastructure data supplied by NT Department of Lands, Planning & Environment. 
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Figure 7.3 (cont'd) 
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Figure 7 3 (cont'd) 
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Figure 7.3 (cont'd) 
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Figure 7.7 (following pages) Analysis of grazing gradients - regression models for plant 
summary variables. Gravel rise sites at Alexandria were analysed separately, so there are 
four data sets: A, Alexandria; Ag, Alexandria (gravel rise); HS, Helen Springs; RD, 
Rockhampton Downs. The R2 value from the regression analysis is indicated in brackets 
with the significance level (ns p>0.1, * p<0.1, ** p<0.01 , *** p<0.001 ). Further details of the 
regression models are given in Table 7.6. 
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Figure 7.7 (c) plant frequency 
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Figure 7.8 Analysis of grazing gradients- ordinations of sites by plant species composition for 
each gradient (with gravel rise sites from Alexandria analysed separately). Rows, from top to 
bottom: Alexandria, Alexandria gravel rises, Helen Springs, Rockhampton Downs. Columns, 
from left to right: all plants; perennial plants; annual plants. Sites are numbered consecutively 
with increasing distance from water along each gradient. Directions and correlation coefficients 
of vectors for distance from water (OW) and cattle activity (CATT) are shown for each 
ordination; dotted arrows indicate correlation is not significant (p>0.05). 
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Figure 7.9 (following pages) Analysis of grazing gradients- regression models for individual 
species. Gravel rise sites at Alexandria were analysed separately, so there are four data 
sets: A, Alexandria; Ag, Alexandria (gravel rise); HS, Helen Springs; RO, Rockhampton 
Downs. The R2 value from the regression analysis is indicated in brackets with the 
significance level (ns p>0.1, * p<0.1, ** p<0.01, *** p<0.001). All species occurring in at least 
three sites on one gradient were analysed: if the gradient is listed with 'ns' the species 
occurred there but there was no significant relationship with distance; if the gradient is not 
listed then the species was absent or occurred in less than 3 sites there. Species are 
ordered according to response pattern. 
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Figure 7.9 cont'd (b) increaser/extreme response 
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Figure 7.9 cont'd 
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Figure 7.9 cont'd (f) idiosyncratic response pattern 
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Figure 7.10 Analysis of data from all clay sites using generalised linear models- plant 
summary variables and vegetation structure. Figures show the modelled response to distance
to-water with the effects of other predictor variables removed. Further details of models are 
given in Table 7.8. 
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Figure 7.10 cont'd (c) cover- early Dry samples 
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Figure 7.11 Analysis of full data set using generalised linear models- individual species. 
Figures show the modelled response to distance-to-water with the effects of other predictor 
variables removed. Only selected species are shown, ordered by response type: (a) annual 
grasses, decreaser; (b) herbs, decreaser; (c) perennial grasses, decreaser; (d) perennial 
grasses, intermediate/decreaser; (e) annual grasses, increaser; (f) annual herbs, increaser; 
(g) perennial herbs, increaser; (h) perennial grass, shrub, increaser; (i) annual grasses, 
intermediate/increaser; (j) annual grass, extreme/increaser; (k) annual grass, herb, intermediate; 
(I) facultative perennial & perennial grass, intermediate; (m) annual herbs, extreme; (n) annual 
herbs, grass, extreme. Further details of models are given in Table 7.9. 
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ant fauna of Mitchell grasslands 



Chapter 8. Effects of pastoral landuse on the vertebrate and ant fauna of 

Mitchell grasslands 

Introduction 

In comparison with the. substantial studies, literature and development of theory concerning 

the effects of grazing on plant communities, there has been far less attention paid to 

grazing effects on faunal biodiversity. In the case of the Australian rangelands this neglect 

Is somewhat surprising, given that extinction or decline in components of the vertebrate 

fauna are well known, and that pastoral use and the introduction of feral herbivores have 

been substantially implicated (eg. Morton 1990b). Clearly, an understanding of the 

relationship between livestock grazing (and other aspects of pastoral use) and the status of 

faunal biodiversity is important to sustainable management of rangeland ecosystems, 

particularly if we are to advance beyond a simplistic dichotomy between 'grazed' and 

'ungrazed' lands (Morton eta!. 1995b, Brown & McDonald 1995). There have been recent 

reviews of both the state of Australian rangeland biodiversity (Woinarski et al. 2001 a) and 

the effects of livestock grazing and pastoral use in rangelands on fauna (Fieischner 1994, 

James et al. 1999b). Here, I provide a brief synopsis of these topics to provide context for 

considering the effects of pastoral use on fauna in Mitchell grasslands. I distinguish 

documented changes in the status of rangeland biodiversity, where pastoral use is inferred 

as a causal factor, from natural or manipulative experiments that quantify the effects of 

grazing on biota. 

Changes in fauna in Australian rangelands- the role of pastoralism 

An overview of changes in the fauna of Australian rangelands since European settlement 

was recently provided by Woinarski eta/. (2001a), drawing extensively on previous reviews 

addressing changes at subcontinental, regional and local scales (eg. Dickman et al. 1993, 

Dickman 1994, Burbidge et al. 1988, Burbidge & McKenzie 1989, McKenzie 1981, Morton 

& Baynes 1985, Smith & Quinn 1996 Smith & Smith 1994, Reid & Fleming 1992, Curry & 

Hacker 1990, Saunders & Curry 1990, Woinarski 1993, Franklin 1999, Woinarski & 

Catterall submitted, Recher & Lim 1990, Sadlier & Pressey 1994, Covacevich eta/. 1998, 

Kerle & Fleming 1996, Yen & Butcher 1997). The extent of change has varied greatly 

between taxa, and between regions. The reasons for the decline of many species will 

never be precisely known, but the spread of pastoral use throughout the rangelands, often 

acting in concert with a complex of other threatening processes, has been inferred as a 

causal factor by many authors. 
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Decline and extinction in Australian rangeland biota has been most marked for mammals, 

with 30-50% of non-bat mammals lost from many regions of the arid interior (eg. Burbidge 

& McKenzie 1989, Curry & Hacker 1990, Dickman eta!. 1993, Baynes & Johnson 1996), 

with losses primarily in herbivorous or omnivorous species of an intermediate size (35g-

4kg) (Burbidge & McKenzie 1989, Morton 1990b, Smith & Quinn 1996). Mammals are also 

notable both because of the ap·parent rapidity of the decline of many species and because 

extinctions within the rangelands have exceeded that in the apparently more altered non

rangeland landscapes {Woinarski & Braithwaite 1990). Factors that contributed to this 

desolation of the mammal fauna are the subject of some debate (eg. Dickman eta/. 1993, 

Smith & Quinn 1996, stress the role of predators) and are obscured by the patchiness of 

the historical record. In many areas the initial rapid local extinctions were coincident with 

the arrival of livestock (eg. Krefft 1866, McKenzie 1981 ), but geographic patterns of decline 

also correspond with the spread of rabbits and foxes (Finlayson 1961 ). Mammal 

extinctions also occurred in some areas before they were subject to pastoral use (Burbidge 

et al. 1988, Boscacci et al. 1987). One of the most perceptive observers of the central 

Australian mammal fauna, Finlayson (1961) suggested that pastoralism was a major, or 

chief, cause of mammal declines, although rabbits, foxes and cats also had a significant 

role. Other factors, such as the disruption of patterns of Aboriginal land management and 

particularly changes to fire regimes have also been proposed (Bolton & Latz 1987). Morton 

(1990) synthesised most of these factors into a model that stressed the importance of 

restricted, fertile patches in the afid zone for sustaining populations of medium-sized 

mammals during low-rainfall periods. These refugia were also the focus for both introduced 

herbivores and predators following their arrival in the arid zone, fatally inhibiting the ability 

of native mammal populations to recover following drought. 

A small number of mammal species have benefited from environmental changes in the 

Australian rangelands. In particular, population sizes of most large macropods have 

increased due to the proliferation of watering points and the suppression of dingo numbers 

on pastoral land (Finlayson 1961, Newsome 1975, Caughley & Grigg 1982, Caughley eta/. 

1987) 

Declines in the rangeland bird fauna have not been as dramatic as those observed in 

mammals, and have been less severe than in agricultural areas in the temperate periphery 

of the continent (Saunders & Ingram 1995, Ford et al. 2001, Garnett & Crowley 2000). 

Reviews of the status of birds in rangeland regions (Reid & Fleming 1992, Saunders & 

Curry 1990, Smith & Smith 1994) have generally identified approximately equal numbers 

of species undergoing reduction in range and/or abundance as those that have increased. 

The extent of declines apparently varies between regions, involving 35% of the bird fauna 
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in western New South Wales (Smith & Smith 1994), but less than 10% in the Murchison 

region of western Australia (Saunders & Curry 1990), and changes in status are not 

necessarily consistent between regions for individual species (Reid & Fleming 1992). 

Based on a detailed examination of the historical record, Franklin (1999) concluded that 

24% of granivorous bird species in northern Australia had declined, with initial declines 

coincident with the expansion of pastoralism in this region, but continuing to the current 

day. An unusually detailed account of changes in the bird fauna at a local scale over a 

period of 130 years is available for central Queensland (Barnard & Greensill 1925, Barnard 

1934, Woinarski & Catteral submitted), which indicates that a total of 48% of the pre

pastoral bird fauna has undergone substantial declines. While rapid declines followed 

pastoral settlement in this region and were apparently exacerbated by a severe drought in 

1902, there appears to have been loss of species at a consistent rate over the period of 

record, continuing to the current day (Woinarski & Catteral submitted). Reid & Fleming 

(1992) and Woinarski et al. (2001a) identified some consistent patterns in the reported 

changes in rangeland bird fauna: many of the decreasing species foraged on the ground or 

understorey, were relatively sedentary and were habitat specialists; changes were most 

pronounced in chenopod shrublands and riparian areas; and decreaser species were ones 

particularly vulnerable to the impacts of overgrazing. More strongly than is the case for 

mammals, habitat alteration associated with grazing by introduced livestock and feral 

herbivores has been advanced as the primary cause of decline in rangeland bird species 

(eg. Barnard 1934, Johnstone 1981, MacGiHivary 1932, Boekel1979, Reid & Fleming 

1992), particularly when exacerbated by severe drought (Barnard 1927, Smith & Smith 

1994). However, other factors such as feral predators, changes in fire regime, tree-clearing 

and spread of weeds and introduced pastures are presumably important in many cases, 

either singly or in a complex interaction (Woinarski 1993, Woinarski & Recher 1997). 

In a similar fashion to the large macropods, some bird species (particularly widespread 

habitat generalists) have been advantaged by the proliferation of free water and/or 

increase in areas of open ground layer in the rangelands (eg. Galah, Crested Pigeon, 

Zebra Finch), which has allowed for a conspicuous expansion of range and increase in 

abundance (Davies 1977, and see Table 1 in James et a/. 1999b ). 

Assessments of changes in the status of taxa other than birds and mammals are 

obstructed by a paucity of historical information. Current understanding of the status of 

rangeland herpetofauna does not suggest declines of the magnitude described for birds or 

mammals (Cogger et al. 1993, Morton 1990a, Tyler 1994). Land clearing in regions on the 

margins of the rangelands has resulted in substantial declines in some reptile species 

(Cogger 1989, Covacevich eta/. 1998). There is also evidence for declines in some 
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reptiles species in western NSW (Sadlier & Pressey 1994) and central Australia (Kerle & 

Fleming 1996) which may be attributed to habitat alteration associated with livestock 

grazing and/or changes in fire regime. 

There is virtually no information available from which changes in the status of invertebrates 

In Australian can be assessed (Yen 1996, Yen & Butcher 1997), although the impacts of 

grazing and pastoral use on some invertebrate groups have been the subject of 

quantitative studies (below). 

Quantitative studies of grazing effects on fauna 

Quantitative studies of the effects of livestock grazing on native vertebrates and 

invertebrates, both in Australian rangelands and those elsewhere (primarily North America), 

have recently been collated or synthesised by West (1 993), Fleischner (1 994), James eta/. 

(1995), Morton et af. (1996b), Milchunas et af. (1998), Landsberg et af. (1999c) and James 

et al. (1999b). It is clear from these reviews that few generalizations can be made, but 

rather the effects of grazing vary within taxonomic groups, between environments and 

according to land condition, seasonal and climatic variation and levels of grazing intensity. 

Perhaps one useful conclusion that can be suggested is that changes in richness, or other 

more complex measures of diversity, as a result of pastoral use are of less ecological 

significance than shifts in specieS composition (eg. Reid eta/. 1999) (although a 

preoccupation with the effects on diversity per se remains evident in much of the literature). 

Many studies have also suffered from substantial methodological constraints that limit the 

interpretation and generalisability of observed patterns. Such studies are often 

unreplicated; are based on comparisons between small ungrazed exclosures and 

surrounding grazed areas; involve sampling areas from which grazing pressure has been 

recently removed (ie. a timeframe of months and years rather than decades); and/or 

concentrate on a small number of taxa. To a large extent the difficulty of adequately 

quantifying grazing effects reflects the ubiquity of livestock grazing in both Australian 

rangelands (James et al. 1995, Landsberg & Gillieson 1996) and those in western North 

America (Fieischner 1994), so that it is difficult to locate adequate 'reference' areas where 

the impacts of pastoral use are absent or minimal. 

The most extensive study to date of grazing impacts on fauna in Australian rangelands is 

that of Landsberg eta/. (1997), who sampled birds, reptiles, ants, beetles, springtails, 

grasshoppers and crickets along eight grazing gradients in chenopod and acacia 

shrublands in central and southern Australia, each located so as to include a site beyond 

the normal grazing range of livestock. A number of other recent Australian studies have 
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been more limited in geographic scope or the range of taxa investigated. I briefly 

summarise the results of these studies here, along with some pertinent examples from 

rangelands overseas. 

Landsberg eta/. (1997) found no consistent trend in bird species richness along grazing 

gradients they sampled, but significant changes in composition. Across all gradients, a 

mean of 23% of bird species were decreasers (range 0~58%) and 17% were increasers 

(range 0-59%). In a comparison of grazed and ungrazed (for the past 30 years) areas of 

eucalypt savanna woodland near Townsville (Queensland), Woinarski & Ash (in press) 

found that total abundance and richness of birds did not differ with landuse, but that many 

individual bird species had a highly significant response to land use. Decreaser and 

increaser responses to grazing have also been extensively documented for birds in 

rangelands in North America (eg. Ryder 1980, Kantrud & Kologistki 1982, Bock eta/. 1993, 

Saab eta!. 1 995). Differential changes in the relative abundance of bird species have 

generally been attributed to changes in vegetation structure and composition, affecting 

food resources, availability of foraging and nesting sites and cover (Ryder 1980, Taylor 

1986, Putnam 1989). In a study of a large (3160 ha) exclosure in semi-desert grassland in 

Arizona (USA) Bock et al. (1984) found substantial difference in composition between 

grazed and ungrazed areas, which they attributed to differences in ground and shrub cover 

favouring species with different foraging strategies. In a later study, ground-foraging, seed~ 

eating birds were more abundant in ungrazed than grazed areas, while other foraging 

groups such as aerial insectivores and predators were unaffected by land use (Bock & Bock 

1999). Milchunas eta/. (1998) reported a decline in diversity and richness of birds with 

increasing grazing pressure in short~grass steppe in Colorado as well as substantial 

change in composition. They also point out that grazing effects are not necessarily 

negative and that, in areas with a long history of grazing by large mammals, continued 

grazing by livestock may be essential to sustain some declining species. Many studies in 

the western North American rangelands have concentrated on riparian habitats, where 

livestock grazing may have negative effects on bird richness and abundance (Taylor 1986, 

Dobkin eta/. 1 997) as well as influencing composition. 

Reptiles 

There have been relatively few studies of grazing effects on reptiles. Grazing by sheep in 

remnant woodlands in semi-arid Western Australia had no significant effect on species 

richness of lizards, although it may have retarded the persistence of individual species in 

some remnants (Smith eta/. 1996). Abundance and richness of reptiles was greater in 

ungrazed than grazed areas in the study of Woinarski & Ash (in press), with geckos more 
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abundant and skinks less abundant in grazed sites. Landsberg eta!. (1997) also found 

significant changes in reptile composition along grazing gradients, with between 0 and 57% 

(mean 22%) of reptile species having a decreaser response and 0 to 62% of species (mean 

18%) having an increaser response along individual gradients. There was no significant 

effect of grazing on total abundance or richness of lizards in an area of mulga shrubland in 

central Australia (Schlesinger 1999), but grazing did influence lizard composition: the 

abundance of the common agamid Ctenophorus nucha/is was higher and the abundance of 

most skink species lower in heavily grazed areas. Studies in arid regions of North 

America have generally shown that reptile abundance is lower in grazed than ungrazed 

areas, and that in some cases richness is also lower (Busack & Bury 1974, Jones 1981, 

Jones 1988, Bock eta/. 1990). 

Mammals 

Mammals were too infrequent on the gradients sampled by Landsberg eta/. (1997) for 

grazing effects to be assessed. Woinarski & Ash (in press) reported no difference in 

mammal richness between grazed and ungrazed areas, but a (weak) effect of land use on 

mammal composition. In contrast to the Australian situation, there has not been large

scale extinction of mammals in North American dry rangelands. Bock eta/. (1984) reported 

a higher abundance of rodents in an ungrazed exclosure in grassland in Arizona (USA), 

with 6 of the total 10 species sig~ificantly more abundant in the ungrazed area and one 

species more abundant in the grazed site. Other studies in western North America have 

found a lower abundance or diversity of small mammals in grazed compared to ungrazed 

areas (Reynolds & Trost 1980, Medin & Clary 1989, Putnam eta/. 1989, Heske & Campbell 

1991, Hayward eta!. 1997) but some studies have found no measurable effect (Oidemeyer 

& Allen- Jonhson 1988) or greater abundance in grazed areas (Medin & Clary 1990). In 

shortgrass steppe in Colorado, lagomorph abundance and diversity was higher in 

moderately grazed than either lightly or heavily grazed treatments, but abundance and 

composition of rodents differed little between treatments (Milchunas eta/. 1998). The 

abundance and richness of small mammals was greater in a 10-year livestock exclosure 

than adjacent grazed farmland in the Karoo (South Africa), probably as a result of 

differences in vegetation cover (Eccard eta/. 2000). 

Ants 

Studies in Australia of disturbance effects on ants have focused on dramatic alteration of 

the landscape (and subsequent rehabilitation) due to mining (eg. Majer 1983, Majer eta/. 

1984, Andersen 1993b, Andersen 1997a), but some studies (in Australian and elsewhere) 

have considered grazing effects in rangelands. Many of these studies have considered 

effects on functional group composition (Andersen 1990, Andersen 1995a, and see 
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Chapter 5) in addition to richness and species composition. Majer & Beeston (1996) noted 

a change of ant composition associated with grazing in tropical savanna woodland and 

Acacia shrubland, and a higher ant richness in grazed areas. Landsberg eta/. (1997) found 

no consistent variation in richness but substantial variation in ant composition along grazing 

gradients in mulga and chenopod shrublands, with between 0 and 60% of species having a 

decreaser response (mean 26%) and between 0 and 52% having an increaser response 

(mean 24%) on individual gradients. In this study, ant functional groups were not a good 

predictor of response type. Woinarski et al. (in press) found that 50% of common ant 

species varied in abundance between ungrazed and grazed area of eucalypt woodland 

near Townsville (Queensland), and that ant richness was significantly lower in the grazed 

area. Of the functional groups, significant landuse effects were only evident for 

Subordinate Camponotini. Overall ant abundance and richness and the abundance of 

most common species and functional groups did not change following the imposition of 

pulses of heavy grazing on chenopod shrublands in South Australia (Read & Andersen 

2000), although there were significant changes in the abundance of a few species. 

Abensperg-Traun eta/. (1996) found that richness of Opportunist species differed 

significantly in remnant woodlands in Western Australia subject to different grazing 

regimes. Species richness and total abundance of ants did not change significantly along 

grazing gradients on red earth and cracking clay in the Victoria River district (Northern 

Territory) (Hoffmann 2000), but there were marked changes in species composition and 

slight changes in functional group composition along both gradients. Bestelmeyer & Wiens 

(1 996) examined ant composition along a sharply-defined grazing gradient In the Argentine 

Chaco. Site-scale richness, abundance of individual species and functional group 

composition varied along the gradient, with opportunists and hot-climate specialists 

prevalent in highly disturbed areas and litter-inhabiting and Specialist Predators more 

prevalent in less degraded areas. In semiarid rangelands in North America, livestock 

grazing had little effect on ant richness, diversity or composition in desert grassland or a 

transitional zone to shortgrass steppe, but total richness and the abundance of some 

species was higher in ungrazed areas in shortgrass steppe (Bestelmeyer & Wiens 2001 ). 

Following a study of ground-foraging ants in North American desert grasslands, Whitford et 

a/. (1999) concluded that ants had no value as indicators of the exposure to stress 

(including livestock grazing) of rangeland ecosystems. 

Other invertebrates 

The effects of livestock grazing on a number of other invertebrate groups have been 

studied in varying levels of detail, including grasshoppers (eg. Jepson-Innes & Bock 1989, 

Quinn & Walgenbach 1990, Ludwlg eta/. 1999), beetles (Abensperg-Traun eta/. 1996), 

spiders (Abensperg-Traun eta/. 1996, Churchi111998, Woinarski et al. in press), termites 
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(Abensperg-Traun 1992, Tracy eta!. 1998) and invertebrates generally (Rambo & Faeth 

1999, Seymour & Dean 1999). These are not described further here, as consideration of 

invertebrates in this study is limited to ants, but a useful summary of many studies is 

provided by James eta!. (1999b). The complexity of responses to livestock grazing within 

groups of invertebrates and between different regions and environments largely mirrors that 

described above for vertebrates and ants (eg. Quinn & Walgenbach 1990). 

Effects of pastoral use on fauna in Mitchell grasslands 

Previous quantitative studies of the effects of pastorallanduse on native fauna in Mitchell 

grasslands are almost non-existent. Ludwig eta/. (1999) measured grasshopper diversity 

along a short grazing gradient in Mitchell grassland in the Victoria River District and 

Hoffmann (2000) described changes in ant species composition along the same gradient. 

There have been several studies examining the ecology and management of threatened 

vertebrate species in the Mitchell Grass Downs Bioregion in Queensland, notably Bilby 

Macrotis /agotis {Gordon eta!. 1990, Southgate 1990, Lavery & Kirkpatrick 1997), Kowari 

Dasyuroides byrnei and Julia Creek Dunnart Sminthopsis douglasi (Woolley 1992) although 

the role of pastorallanduse in the decline of these species has not been clearly 

established. There is also concern about aquatic fauna associated with restricted mound 

spring environments in the Mitchell Grass Downs bioregion in Queensland (Ponder & Clark 

1990, Wager 1995), which are thieatened by degradation from stock and drawdown of 

artesian water supplies (Noble eta!. 1998). 

Considering the ubiquity of pastoral use in this environment, a historical lack of concern 

about the status of the fauna is no doubt founded on a belief that Mitchell grasslands are 

resilient (from a pastoral management perspective) to the effects of livestock grazing and 

therefore the native fauna must be similarly so (eg. Orr & Holmes 1984); as well as 

reflecting the invisibility of much of the vertebrate fauna to the casual observer. However, 

the dramatic decline in range and abundance at the end of the 1800's of the highly-visible, 

iconic species of the Mitchell grasslands, the Flock Bronzewing (MacGillivary 1932, 

McAJian 1996) should have prompted some scepticism about this belief in resilience. 

Anecdotal evidence also suggests that the Bilby was formerly widespread in the Mitchell 

grasslands in Queensland (I. McCrae, quoted in Sattler & Williams 1999); that the 

Spectacled Hare-Wallaby Lagorchestes conspici/latus disappeared from Mitchell 

grasslands in central Queensland since the 1960's (C. Mitchell, A. Emmott, quoted in 

CSlRO 1992); and that the Grass Owl Tyto capensis is also regionally extinct in Mitchell 

grasslands in Queensland (Schodde & Mason 1980, Storr 1984). 
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This study 

In this study I examine the effects of pastoral land use on the vertebrate and ant fauna of 

Mitchell grasslands in the Northern Territory, in terms of changes in richness, abundance 

and composition. In particular, I aim to determine which species show increaser or 

decreaser responses in abundance in relation to land use intensity. I also examine whether 

patterns of response differ between functional groups for ants, foraging guilds for birds, and 

at a family level for reptiles. 

In the previous chapter, I introduced the concepts of piospheres, and established that 

distance from water was a useful index for the intensity of cattle use when examining the 

effects of grazing on vegetation. Distance from water similarly provides a useful framework 

for examining grazing effects on fauna. It should be recognised, however, that the 

proliferation of artificial waterpoints has implications for at least some fauna beyond 

controlling the distribution of livestock grazing (James et al. 1999). The distribution and 

abundance of some species can change in direct response to the provision of water 

(particularly large macropods and some birds). Waterpoints may also become a focus for 

predators, either indigenous (eg. raptors) or introduced (eg. feral cats), resulting in changes 

in the relative abundance of prey items independently of grazing effects. I therefore 

consider that, in relation to fauna, distance from water is an index of pastoral use (involving 

a complex of factors associated with the proliferation of waterpoints) and revisit the relative 

importance of individual factors in the Discussion. 

As described in the previous chapter, in order to examine pastoral use effects I adopt 

several approaches to sample design and analysis: 

• a comparison of sample sites along transects from waterpoints at three piospheres in 

Mitchell grassland on the Barkly Tablelands (hereafter referred to as "grazing 

gradients"); 

• an analysis of the importance of distance from water as a predictor in models 

describing the richness and abundance of faunal groups, and models for the relative 

abundance of individual species, using data from sample sites throughout the Northern 

Territory Mitchell grasslands; 

• a comparison of sites inside a large long-term (15 year) exclosure with grazed sites in 

adjacent pastoral leases ("cross-fence comparison"); 

• a comparison of faunal composition between sets of sites from this broader dataset, 

within three broad classes of distance from water. 
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I also extend the first two approaches to examine whether an index of recent cattle activity, 

or the cover of ground layer vegetation, are more effective predictors of variation in fauna 

composition than distance from water. There are several reasons for this: 

• recent cattle use and understorey cover (in the late dry season) are more direct 

measures of site-specific grazing impact than distance from water and so may more 

precisely define the relationship between grazing pressure and fauna; 

• comparison of the results for the three measures may provide insights into the 

mechanisms of impacts of pastoral use; 

• it may help to clarify the most effective approach to regional-scale monitoring of 

biodiversity status in grazed lands (Whitehead et al. 2001 ). 

Analysis of the historical record has provided some of the most substantial insights into the 

effects of landuse on Australian fauna (eg. Franklin 1999, Woinarski & Catteral submitted). 

While the historical record relating to Mitchell grassland fauna is sparse, in the discussion I 

consider whether it can provide additional information about the consequences for fauna of 

pastoral landuse in this biome. 

Methods 

Sampling methods for vertebrates and ants were described in Chapter 4 and 5, 

respectively, and are only briefly reprised here. Similarly, the rationale for site selection 

and analyses relating to grazing effects are addressed in greater detail in Chapter 7. 

Data 

Vertebrates (birds, reptiles and non-bat mammals) were sampled at a total of 98 sites on 

clay at 12 locations (see Fig 3.1 ), using a combination of visual census, box traps, drift

fences, pit-traps and manual searches. An additional 8 sites that were on non-clay soils 

are not considered here. Ground-active ants were sampled at 90 of these sites, using 

small pit-traps. The fauna data examined here consists of an abundance score for each 

species at each site; and a set of "summary variables" describing the richness and total 

abundance of taxa at different levels of organisation. For vertebrates, this includes class 

(bird, mammal, reptile); reptiles are further divided according to family (skink, gecko, 

agamid, pygopodid, varanid, elapid); and birds by foraging guild (see Table 4.2). Ants were 

classified by functional group (Table 5.2 and refer Chapter 5 for description of functional 

groups) and functional group composition at each site described by the abundance of ants 

within each functional groups expressed as a percentage of the total abundance (eg. 

Andersen 1990). Ants were additionally summarised by richness and abundance within 
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three classes of biogeographic affinity (Widespread, Torresian, Eyrean; Table 5.2). For 

both vertebrates and ants, summary variables also described the richness and abundance 

of species that have a preference for Mitchell grasslands and related communities: for 

vertebrates, at the 50% and 10% levels of fidelity (see Chapter 2; hereafter MG50 and 

MG1 0 species); and for ants, species that are only known from Mitchell grasslands 

(hereafter MG species). 

For both vertebrates and ants, sites were sampled twice- early in the Dry season (April

June) and late in the Dry season (September-November). There were significant 

differences between sample periods in composition of ants and each of the vertebrate 

classes (Tables 4.5, 5.5). In each of the analyses described below, data pooled across 

seasons was used. Where specified, data from each season were also analysed 

separately in order to examine whether the magnitude or direction of pastoral effects varied 

between seasons. 

At each site, information relating to vegetation structure, floristic composition, other 

environmental attributes (see Chapter 3), and recent cattle activity (see Chapter 7) was 

also collected. For the purposes of this chapter, those data are condensed into a few 

variables that have been shown in previous chapters to have the most relevance to 

predicting the distribution and relative abundance of Mitchell grasslands fauna: total cover 

of upperstorey (shrub and tree) layers; total cover of the ground layer in the early and late 

Dry seasons; total surface rock cover, width of soil cracks (in the late Dry season) and an 

index of cattle activity. 

Analysis 

Four analyses were carried out to test pastoral effects on fauna, in a similar fashion to 

those described in the previous chapter for plants: 

1. Grazing gradients 

Between eight and nine sites were sampled along transects from a waterpoint at three 

locations (distances from water ranged from 0.5 to 8.4 km; Table 7.1). However, the 

vertebrate and ant fauna on three gravel rise sites at Alexandria was sufficiently distinct 

from the sites on the cracking clay-plain that these sites are analysed as a separate 

'gradient'. Patterns of recent cattle activity at these sites show that they represent 

gradients of grazing intensity, but the shape of this relationship differs between gradients 

(Fig. 7.6). Patterns of variation in fauna composition along each gradient were examined 

by ordination, and ordinations were calculated separately for each sample period in 
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addition to the pooled data. Vector-fitting was used to test the correlation between the 

arrangement of sites and distance from water, cattle activity and understorey cover at each 

sample period. The relationship between distance from water and all summary variables, 

as well as the abundance of all individual species occurring in at least three sites on at 

least one gradient, was tested using regression analysis. This was done using data pooled 

across seasons, but the analysis was repeated with cattle activity and understorey cover as 

predictor variables. In each case, a quadratic term was included to test for a curvilinear 

response. Analyses were carried out separately for each gradient (rather than combined in 

an analysis of covariance) because few species were frequent at all gradients, and the 

shape of response curves for summary variables typically differed between gradients. 

2. Cross-fence comparison 

The abundance of individual species and fauna summary variables were compared 

between 10 matched pairs of sites inside and outside of Connell's Lagoon Conservation 

Reserve, using Wilcoxon matched pairs tests. Differences in compositional similarity 

between the two groups of sites (inside and outside the Reserve) was also tested using 

ANOSIM. Because the 'grazed' sites in the cross-fence comparison were subject to only 

light grazing, an additional comparison was made for both individual species and summary 

variables, between sites inside the reserve (n=1 0) and cracking-clay grassland sample 

sites from other locations in the Barkly Tableland (n=39), using Mann-Whitney U-tests. 

3. Models derived from all clay sites 

The predictive models for summary variables and species' abundance derived for all clay 

sites (excluding those inside Connell's Lagoon; n=BB for vertebrates, n=BO for ants) were 

recast to demonstrate the response to distance from water when all other variables were 

held constant. Other significant predictors were subsumed into a single constant, by 

replacing them with mean values calculated across all sites included in the particular 

model. Models for individual species were recalculated by removing sites from locations at 

which the species was entirely absent. Additional models were calculated for each 

response variable with distance from water replaced by cattle activity, and understorey 

cover (late dry season), as predictors. 

4. Comparison between sites in distance classes 

Twelve cracking-clay grassland sites from the Barkly Tableland were allocated to each of 

three classes of distance from water. These groups did not significantly differ for any of 

the measured environmental factors (eg. mean annual rainfall, NDVI score, upper storey 

cover) apart from those influenced by pastoral use. For each set of sites the total number 

of species was tallied as well as the number of species recorded only from that group. 
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Differences between distance classes in the compositional similarity of sites was tested 

using ANOSIM. Summary variables and the abundance of the more frequent species were 

also compared between the distant and proximal classes using Mann-Whitney U-tests. 

Results -Vertebrates 

Grazing gradients 

Mean site richness_ was approximately comparable between gradients, although higher for 

both birds and reptiles on the gravel rise sites (Table 8.1 ). Differences in site richness and 

total abundance between the two sample periods were idiosyncratic between gradients and 

vertebrate classes. 

Species composition 

Ordination of sites by species composition (season pooled) shows that position on the 

gradient has a significant influence on species composition at Alexandria, Alexandria 

Table 8.1 Comparison between grazing gradients for ant and vertebrate summary variables, as 
well as cattle activity and understorey cover. Values are means for all sites in each gradient. 
The purpose of the table is to illustrate general similarities and differences between gradients; 
comparisons of variation in variables along gradients is made in subsequent tables. Data are 
shown from early and late Dry season samples and for seasons combined. 

A Ag HS R A Ag HS R 

number of sites 6 3 6 8 Vertebrates (early Dry) 

distance to water 4.2 3.5 3.9 3.6 Vertebrate spedes 6.7 8.0 5.4 4.9 

cattle activity index 1.2 2.3 2.0 1.0 Bird abundance 6.7 10.3 14.6 5.8 

understorey cover (early) 12.0 18.9 30.5 11.5 Reptile abundance 5.8 14.7 2.3 2.4 

understorey cover (late) 3.5 8.2 9.2 11.2 Mammal abundance 2.5 1.0 0.6 1.9 

Ants (early Dry) Vertebrates {late Dry} 

species 6.5 12.0 12.5 10.4 Vertebrate species 4.5 8.3 6.3 6.6 

total abundance 59 153 203 139 Bird abundance 10.2 22.7 11.0 10.4 

Ants (late Dry) Reptile abundance 3.5 9.3 9.4 12.3 

species 3.2 11.7 8.3 7.9 Mammal abundance 0.3 0.3 1.0 2.3 

total abundance 30 139 98 54 Vertebrates {combined) 

Ants (combined) Vertebrate species 8.0 12.0 9.3 8.9 

species 6.8 14.7 14.3 12.3 Bird species 3.2 5.0 3.9 3.0 

total abundance 89 292 300 194 Reptiles species 3.5 6.3 4.5 4.1 

funct. group composition (%) Mammals species 1.3 0.7 0.9 1.8 

Dominant Dolichoderinae 2 16 20 22 Bird abundance 16.8 33.0 25.6 16.1 

Generalised Myrmecinae 14 1 6 2 Reptile abundance 9.3 24.0 11.6 14.6 

Hot Climate Specialists 10 39 13 7 Mammal abundance 2.8 1.3 1.6 4.1 

Opportunists 38 28 51 55 

Subordinate Camponotini 3 11 4 4 

Specialist Predators 33 5 6 10 
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(gravel rises) and Rockhampton Downs, but not at Helen Springs (Fig. 8.1 ). As with the 

ordinations of plant composition, sites do not strictly seriate according to the distance from 

water but rather fall within a general trend from water-proximate to water-remote, with 

considerable variation in other directions in the ordination space. Apart from Helen 

Springs, the distance-from-water vector has a higher correlation with the ordination than the 

other predictor variables, and understorey cover in the early dry season is not a significant 

vector in any of the ordinations (for pooled season data). Examination of the ordinations for 

early and late dry season data show interesting differences between locations. At 

Alexandria, a significant distance-from-water effect is evident in the early Dry season, but 

not in the late dry season. At this location, understorey cover in the late dry season was 

minimal at all sites (in fact, cover in the sites closest to and furthest from water was slightly 

higher than the remainder). At Rockhampton Downs, the distance-from-water effect was 

evident in the late Dry season but not in the early Dry season. Similarly, a distance-from

water effect was evident in the late Dry season at Helen Springs, although there was no 

significant effect in the early Dry or pooled samples. Unlike the other locations, the 

arrangement of sites at Helen Springs was more strongly related to understorey cover than 

distance from water. There was relatively high cover of perennial grass at some sites near 

the centre of this transect, and this appears to have had an important effect on vertebrate 

species distribution at this location. 

Summary variables 

A significant response pattern for any summary variable was generally only obtained from a 

single gradient, and, when observed for two gradients, the patterns were not always 

consistent (Table 8.2*, Fig. 8.2* [tables and figures marked with an asterisk are found at the 

end of the chapter]). Richness of all vertebrates, birds, reptiles and MG1 0 species 

declined with distance from water at Rockhampton Downs and bird richness also declined 

with distance at Alexandria. Reptile richness increased with distance on gravel rises while 

total vertebrate richness was highest at the two ends of the gradient at Helen Springs, with 

a similar pattern for richness of MG50 species. 

At the level of families and guilds, a pronounced pattern was the rapid decline with distance 

in richness of aerial insectivores and ground insectivores. This resulted from the presence 

of species such as Fairy Martin, Willie Wagtail and Australian Pratinco!e at the one or two 

sites closest to water. Because of the low richness within most groups, patterns may 

reflect the response of one or two species in the group. At Alexandria, Black Kites were 

present near the waterpoint, resulting in a significant negative relationship with distance for 

raptor richness. The decline in gecko richness at Rockhampton Downs results from the 

distribution of Diplodactylus tessellatus (see below). At Alexandria granivore richness 
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declined with distance because of the presence of Galah and Zebra Finch near the 

waterpoint. However, these species were absent from Helen Springs sites where granivore 

richness increased with distance due to the distribution of Little Button-quail and Flock 

Pigeon. Patterns in abundance variables generally reflected those of richness variables. 

Mammal abundance (Pianigale ingrami and Sminthopsis macroura) was markedly higher in 

the more water-distant sites at Rockhampton Downs, while abundance of elapid snakes 

(Demansia torquata, Suta suta and Pseudonaja guttata) was greatest at intermediate 

distances at Helen Springs. 

When the relationship between distance and summary variables was examined for data 

from earty and late Dry season samples separately, there were fewer significant 

relationships, which in part reflects the sparsity of the data (Fig. 8.2 b,c"). As suggested by 

the ordinations, significant relationships in the early Dry season were limited to Alexandria, 

where bird richness declined with distance. In the late Dry season, the significant 

response patterns generally mirrored those for the pooled data, with the exception that bird 

abundance increased with distance at Helen Springs (strongly influenced by the relative 

abundance of Singing Bushlark) and reptile abundance increased with distance at 

Alexandria (reptiles were virtually absent from the two sites closest to water). 

Individual species 

Only thirteen vertebrate species occurred frequently enough on the gradient sites to 

adequately test regression models, although nine of these were frequent on at least two 

gradients. Of these, seven species had a significant relationship with distance, although 

rarely on more than one of the gradients (Table 8.3", Figure 8.3'*). Significant models could 

also be calculated for less frequent species that occurred only at sites at the extreme end 

of a gradient. While these must be viewed with suspicion, they are presented here 

because the response patterns are supported by other analyses (below) and/or incidental 

observation during the study. 

Decreaser response patterns were observed for two small dasyurid mammals and the 

common gecko Heteronotia binoei. The large skink Ctenotus joanae also had a well

defined decreaser response at Helen Springs and the gravel rise sites, but an increaser 

pattern at Rockhampton Downs. The Australian Bustard was observed only at the most 

water-remote sites at Alexandria. Another common gecko species Diplodactylus 

tessel/atus had an increaser response pattern on one gradient. Five bird species were 

recorded only at the site closest to water at one or more gradients. In the case of the 

Australian Pratincole, this abundant species was restricted to the two sites closest to water 

on each gradient and the gravel rises site. Response patterns for two of the most 
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abundant grassland birds were not entirely consistent between gradients. Little Button

quail had a decreaser response at Helen Springs but an intermediate response at 

Rockhampton Downs. Similarly, Singing Bushlark had a decreaser pattern on gravel rise 

but an intermediate response at Rockhampton Downs, although in this case it was 

considerably less abundant at the sites closest to water than the most water-distant sites. 

Although only data for pooled seasons is presented here for individual species, Singing 

Bush lark had a well-defined decreaser response at both Rockhampton Downs and Helen 

Springs in the late Dry season. 

Cattle activity and understorey cover as predictors 

In many cases, cattle activity index or understorey cover were more adequate predictors 

than distance from water for fauna summary variables and the abundance of individual 

species. For summary variables, one of the other predictors provided an improved model 

for 14 of the 36 models where distance was significant (Table 8.4*). Significant models 

could be derived for 20 response variables for which distance was not a significant 

predictor, plus an additional19 for the gravel rise sites, where cattle activity was a very 

good predictor despite the small number of sites. Apart from variables describing mammal 

richness and abundance at Alexandria, early Dry season understorey cover had little value 

as a predictor. Late Dry season understorey cover was a superior predictor variable for 

some summary variables, but fa~ far fewer than cattle activity or distance from water. 

Disregarding the gravel rise sites, cattle activity was a superior predictor for slightly more 

summary variables than distance from water (25 vs 22), although the relative value of each 

predictor was not entirely consistent between gradients. 

A similar pattern applies for models of the abundance of individual species (Table 8.5*). 

Cattle activity was the best predictor for 7 regressions (species-gradient combinations); 

distance for 6; late Dry season cover for 2; and ear1y Dry season cover for 1. Distance 

from water was not a significant predictor for one frequent species, the small agamid 

Tympanocryptis lineata, on any of the gradients. However, the abundance of this species 

was negatively related to understorey cover on gravel rises, and positively related to cattle 

activity at Helen Springs. 

Linear models for all clay sites 

Vertebrate summary variables 

Relatively few of the predictive models for summary variables had significant terms for 

distance from water, and distance explained a maximum of 12% of the variance in models 

in which it was included (Table 8.6*, Fig. 8.4*). Distance to water was not related to the 
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richness of all vertebrates or of vertebrate classes, although it was related to the richness 

of ground insectivorous bird, raptors and pygopodids. The abundance of reptiles, skinks, 

and pygopodids increases with distance from water, while elapid abundance had an 

intermediate responses pattem. The total abundance of birds has a decreaser/ 

intermediate response to distance, although this is largely determined by the abundance of 

a single species, Singing Bushlark. Granivore abundance is positively related to distance 

from water, while the abundance of ground insectivore and foliage insectivore guilds is 

negatively related to distance. 

As with the gradient analysis, use of cattle activity or late Dry season ground cover as 

predictor improved some of the models and increased the number of summary variables for 

which there were significant models. In fact, distance was the superior predictor for only 

three summary variables. Cattle activity was the best predictor for nine summary variables, 

including total bird richness and the richness and/or abundance of four bird guilds (Table 

8.6b*, Fig. 8.4b*). All of these variables had an increaser response (ie. high richness/ 

abundance at high levels of cattle activity). 

Late dry season cover was the best predictor of thirteen Sl!_mmary variables, including total 

reptile abundance and the abundance of four reptile families (skinks, geckos, agamids and 

pygopodids species (Table 8.6b*, Fig. 8.4b"). In contrast with cattle activity, understorey 

cover was mostly a good predictor for the variables that have a decreaser response pattern 

(ie. high richness or abundance at high levels of cover). The exceptions were raptor 

richness and agamid abundance, which tend to be higher when ground cover is low. Model 

improvement with the use of understorey cover as a predictor was usually substantial, as 

these models explained between 2 and 7 times the variance accounted for by models for 

the same variables with distance from water as predictor. 

Individual species 

Linear models were tested for 57 vertebrate species that were recorded from at least 5 

sites. Distance from water was a significant term in models for 23 species, with distance 

explaining between 3% and 56% of the variance in species' abundance (Table 8.7*). A 

range of response types were evident (Fig. 8.5*). Eleven species had decreaser, 

decreaser/ intermediate or decreaser/extreme responses, including five species with a 

fidelity to Mitchell grasslands (Pianigale ingrami, Proablepharus kinghomi, Delma tincta, 

Ctenotus rimacola, Singing Bushlark). The most pronounced decreaser response was 

observed in the large skink Ctenotus rimacola, which was recorded at 8 sites in the VRD, 

but was absent or in very low abundance in the 5 sampled sites in that area that were 

within 3km of water. The most abundant grassland bird species, Singing Bushlark, had a 
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humped response but the predicted decline in abundance beyond 6km from water was 

strongly leveraged by relatively low abundance at two sample sites that were further than 

7km from water. Both these sites were on the Alexandria grazing gradient and had very 

low grass cover (as did the other sites on the gradient). 

A total of seven species had models with an increaser or increaser/extreme response 

pattern. With the exception of the gecko Diplodactylus tessellatus these were birds, and 

most demonstrated a steep decline in abundance with increasing distance from water. Two 

bird species had an intermediate response form, although the shape of the response for 

Cockatiel is strongly leveraged by a single large abundance values at an intermediate 

distance from water. Examination of the data for the frequently recorded Little Button-quail, 

however, shows a very well-defined peak in abundance at intermediate distances (3-5km) 

from water. Three species had a model with an 'extreme' quadratic form. Examination of 

the data suggests that each of these species are increasers. In the reverse situation to 

Singing Bushlark, Tympanocryptis lineata was recorded at relatively high abundance at two 

water-remote sites at Alexandria that had very low ground cover. Crested Pigeon and the 

arboreal skink Cryptoblepharus p!agiocephalus were both recorded from a riparian 

woodland site that is one of the sites most remote from permanent water, but was close to 

an ephemeral waterhole. 

Thirty-five of the 57 most frequent vertebrate species had a significant term for at least one 

of the three predictor variables tested. Distance from water was the superior predictor in 

models for eleven species, cattle activity index for eleven species, and late Dry season 

understorey cover for thirteen species (Table 8.7*). Cattle activity was the best predictor 

for four species for which distance from water was not significant, but understorey cover 

added an additional eight species. As with the summary variables, cattle activity was 

mostly a superior predictor for species with an increaser response (Fig. 8.5d*). These were 

primarily bird species that were often conspicuous in the vicinity of waterpoints (eg. 

Australian Pratincole, Galah, Willie Wagtail) but also include the red kangaroo Macropus 

rufus, agamid Tympanocryptis lineata and gecko Diplodactylus tessellatus. Cattle activity 

was also a superior predictor for one species with a decreaser response, the frequently 

recorded dasyurid Planigale ingrami. 

Late dry season understorey cover was the best predictor for ten species with a decreaser

type response and three species with an increaser response (Table 8.7*, Fig. 8.5e*). The 

latter includes crow species, which were generally associated with an open understorey; 

and Yellow-throated Miner, which preferred woodlands along drainage lines; as well as the 

dasyurid Sminthopsis macroura. The negative response of this species to understorey 
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cover in this analysis appears at odds with the positive relationship with distance from 

water on the Alexandria gradient, but there was very little variation in cover with distance 

along that gradient. Species with a positive relationship with cover included some of the 

characteristic species of the Mitchell grasslands, such as Singing Bush lark, Little Button

quail and Ctenotus joanae, as well as species with wide habitat preferences such as Zebra 

Finch, Singing Honeyeater and Heteronotia binoei. Four species had a humped response 

pattem but are regarded here as decreasers because the inflection is at cover levels well 

above the overall mean from all sample sites. The linear model probably does not 

adequately represent the response of the fifth species, the skink Ctenotus pulchellus. 

Because this species is largely restricted to gravel rises and areas of non-cracking clay, it 

has an abundance of zero for most sites at the locations from which it was recorded. If the 

analysis is restricted to sites at which the species is known to occur, then there is a very 

strong positive relationship between abundance and late dry season cover. 

Connell's Lagoon Conservation Reserve - cross-fence comparison 

There were few significant differences between paired sites inside and outside the Reserve 

for vertebrate summary variables (Table 8.8). Bird abundC!_nce was slightly higher inside 

the Reserve, as was the richness and abundance of species with a high fidelity to Mitchell 

grasslands, and the number of reptile species. The latter difference could mostly be 

attributed to a greater richness of elapid and pygopodid species inside the Reserve. Most 

of these differences were only significant for pooled-season data; there were no significant 

difference for any summary variables in the early Dry season and only pygopodid richness 

was greater inside the Reserve in the late Dry season. There was no significant difference 

between sites inside and outside the reserve in the abundance of any of the 21 vertebrate 

species that occurred in at least four of the twenty sample sites. 

Table 8.8 Cross-fence comparison between sites inside and outside Connell's Lagoon 
Conservation Reserve (n=10 pairs). Differences were tested for vertebrate summary variables 
and the frequency of each species occurring in at least 4 sites, considering combined seasons 
and early and late Dry season samples separately. The variables shown are the only ones that 
were significant (p<0.1 ). Data are means, with the z-statistic and p-value from Wilcoxon 
matched-pairs tests. 

Outside Inside z p 

combined season 

bird abundance 30.3 34.1 1.75 0.08 
reptile richness 5.3 6.5 1.66 0.09 
elapid richness I abundance 0.3 0.9 2.02 0.04 

pygopodid richness 0.4 0.9 2.02 0.04 
MGSO species richness 8.4 10.0 1.82 0.07 
MGSO species abundance 40.6 45.6 1.68 0.09 
late Dry season 

pygopodid richness 0.4 0.9 2.02 0.04 
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Table 8.9 Results of ANOSIM analysis comparing compositional similarity between sites inside 
and outside Connell's Lagoon Reserve (n=10 in each group). Positive values of the R-statistic 
mean that compositional similarity within each groups is higher than that between groups; the 
probability associated with the statistic is also shown. Comparisons were made for all vertebrate 
species with seasons pooled and separately for early and late Dry season samples; for birds 
only (seasons pooled); and for reptiles and mammals only (seasons pooled). A comparison 
between sites on the west side and on the south side of the reserve is also shown. 

R-statistic p 

inside sites vs. outside sites 

Vertebrates {combined seasons) -0.06 0.89 

Birds (combined) -0.06 0.95 

Reptiles/mammals (combined) -0.05 0.76 

Vertebrates {early Dry) -0.06 0.95 

Vertebrates {late Dry) -0.06 0.94 

West side vs. South side 

Vertebrates (combined) -0.01 0.50 

ANOSIM analysis showed no significant difference in compositional similarity between sites 

inside and outside the Reserve (Table 8.9). This was the case for analyses considering 

seasons separately or pooled; or considering reptile and bird composition separately or all 

vertebrates together. In contrast to the results for plants (Chapter 7) and ants (below), 

there was also no difference in compositional similarity for vertebrates between sites on the 

western boundary and those on the southern boundary. 

Connell's Lagoon Conservation Reserve- comparison with other Barkly Tableland 

sites 

Some differences were more evident when sites within Connell's Lagoon Reserve were 

compared with clay grassland sites at other locations in the Barkly Tableland (Table 8.10*). 

These sites had similar understorey cover in the early Dry season, but low cover in the late 

Dry season compared to sites within the Reserve. Sites within the Reserve had a 

significantly higher richness of vertebrate species and "Mitchell grassland" species, mostly 

attributable to a higher richness of reptiles, including pygopodid, skink and elapid species. 

Reptile and bird abundance was also greater within the Reserve, the latter largely 

attributable to very high abundance of Singing Bushlark compared to other Barkly tableland 

sites. Of the bird guilds, there were significant differences only for granivores, which had a 

higher richness and abundance in the Reserve. Two granivore species, the Flock 

Bronzewing and Red-chested Button-quail were markedly more abundant at Reserve sites 

than elsewhere in the Barkly Tableland. A total of six species were significantly more 

abundant in the Reserve, mostly species with very high fidelity to Mitchell grasslands. One 

species, Sminthopsis macroura, was significantly less abundant at reserve sites than other 

Barkly Tableland sites. 
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Comparison of sites within distance classes 

Species composition was compared between twelve grassland sites from the Barkly 

Tableland in each of three distance-from-water classes. Slightly more species in total were 

recorded within the water-proximate group, which was reflected in a slightly higher mean 

site richness in this group (Table 8.11 ). The number of species restricted to a single 

distance class was similar between classes, and all of these restricted species were 

represented in only a single site, with the exception of Willie Wagtail (close to water) and 

Demansia torquata (intermediate distance). ANOSIM analysis indicated a significant 

difference in composition between the water-proximate and water-distant group, for data 

pooled across seasons (Table 8.12). This difference was more pronounced in late Dry 

season data but absent in early Dry season data, and can be attributed to difference in bird 

composition rather than composition of reptiles and mammals. For the pooled data, a 

significant difference between the two classes was found for composition using abundance 

Table 8.11 Comparison of mean site richness, total richness and number of 'unique' species 
between sites in three distance classes (n=12 in each class), for vertebrate species. Only 
grassland sites on cracking clay soils in the Barkly Tableland were included. 

close to water Intermediate distant from water 
(0.5-1.6 km) (3 .. 0- 5.1 km) (5.4- 8.4 km) 

mean site richness 9.6 9.0 8.9 

total no. of species 41 37 36 

no. of species confined to 8 6 7 
distance class 

Table 8.12 Results of ANOSIM analyses comparing compositional similarity between sites 
close to water (1), sites at intermediate distances (2), and sites far from water (3) (n=12 in each 
group). Values are the ANOSIM R-statistic: positive values mean that compositional similarity 
within groups being compared is higher than that between groups, and an asterisk indicates a 
significant result (p<0.05). Comparisons were made for all vertebrate species with seasons 
pooled and separately for early and late Dry season samples; for birds only (seasons pooled); 
and for reptiles and mammals only (seasons pooled). In each case, comparisons were made 
using both (standardised) abundance data (ABN) and presence-absence (PA) data. 

comparison 

1 vs2 2vs3 1 vs3 

Vertebrates ABN -0.04 0.08 0.15"" 
(combined seasons) PA 0.01 0.06 0.05 

Vertebrates ABN 0.02 0.00 0.05 
(early Dry season) PA 0.02 -0.01 .().04 

Vertebrates ABN -0.02 0.11. 0.22*" 
(late Dry season} PA -0.03 0.05 o.og• 
Birds ABN 0.01 -0.00 0.22''''* 
(combined seasons} PA 0.05 -0.05 0.14* 

Reptiles & mammals ABN -0.04 0.06 0.05 
(combined seasons) PA -0.04 0.06 -0.02 
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data but not presence/absence data. However, a significant difference using presence

absence data was found for bird composition (pooled data) and all vertebrates in the late 

Dry season. 

Comparison of the sites closest to, and furthest from water, shows that bird richness is 

significantly greater close to water, but total bird abundance is greater at water-distant sites 

(Table 8.13"'). The latter is explained by the higher abundance of Singing Bushlark in 

water-distant sites, while the significantly higher richness of birds in the ground-insectivore 

guild contributes to the former. Amongst these species is the Australian Pratincole, which 

is abundant in water-proximate sites and absent from sites in the water-distant group. 

Abundance of agamids is also significantly higher in sites close to water, which is due to 

high abundance of Tympanocryptis lineata in these sites. This analysis supports others 

that show Planigale ingrami to have higher abundance at water-distant sites. 

Results -Ants 

Grazing gradients 

As discussed in Chapter 5, ant composition at species level differed substantially between 

gradients (as it did between all locations). This is also reflected in difference in mean site 

richness and abundance between gradients (Table 8.1 ). Sites at Alexandria had very low 

richness and abundance of ants, although site richness was high on the gravel rise sites. 

Abundance of ants was relatively high at Helen Springs sites, although site richness was 

only slightly higher than at Rockhampton Downs. 

Expressing ant composition as the relative abundance of functional groups largely removed 

the difference between Helen Springs and Rockhampton Downs, but the composition of 

sites at Alexandria and on the gravel rises remained distinct (Fig. 8.6). 

Species composition 

Ordination of grazing gradient sites by ant species composition showed patterns that had 

similarities to those previously described for vertebrates . The arrangement of sites in 

ordination space (pooled seasons) was significantly correlated with the distance from water 

vector for Alexandria, gravel rise sites at Alexandria, and Rockhampton Downs, but not for 

Helen Springs (Fig. 8.7"'). A gradient effect was, however, evident at Helen Springs for the 

late Dry season sample. The distance from water effect was significant in the ordinations 

of early dry season samples at Alexandria and Rockhampton, but not in the late dry season 
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Figure 8.6 Two~dimensional ordination of sites from grazing gradients according to: (a) ant 
species composition; (b) ant functional group composition. Polygons are drawn to contain all 
sites from each location (A, Alexandria; AG Alexandria gravel rises; HS, Helen Springs; RD, 
Rockhampton Downs). 

ordinations for these two gradients. Rather, the arrangement of late dry season samples at 

Alexandria was significantly related to understorey cover. Although the fitted vectors in the 

late Dry season ordination for Rockhampton Downs were not significant, there was still a 

suggestion that the sites closest to water were most dissimilar form the sites furthest from 

water. 
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Ordination of grazing gradient sites by their functional group composition showed weaker 

relationships with the vectors for distance from water, cattle use and understorey cover in 

many of the ordinations (Fig. 8.8*). Using this approach, there was only weak evidence of 

a gradient effect at Helen Springs and Rockhampton Downs, although a significant 

distance-from-water effect was evident in each of the ordinations for the Alexandria 

gradient. The functional group ordinations tend to emphasise some of the dissimilarities 

between sites within a gradient: between the two most water distant sites (AS, A6) and the 

remainder at Alexandria; between the most water-distant (AG3) and the other two gravel 

rise sites; and between the closest site to water at Helen Springs (HS1) and the remaining 

sites (in the pooled and early Dry season ordinations). 

Summarv variables 

Ant species richness was not significantly related to distance for any of the gradients 

(pooled season data). Total ant abundance declined with distance at Rockhampton 

Downs, and the abundance of species restricted to Mitchell grasslands declined with 

distance at both Alexandria and Rockhampton Downs (Table 8.14*, Fig. 8.9*). The 

abundance of ants from species-groups with Torres ian affinities was positively related to 

distance at Alexandria, while the abundance of ants with Eyrean affinities had an 

inconsistent response pattern amongst the gradients. Two substantial changes in 

functional group composition alo~g gradients were observed, with a very high proportion of 

Specialist Predators (Odontomachus spp) at the most water-distant sites at Alexandria, and 

a high proportion of Subordinate Camponotini at the water-distant gravel rise site. The 

former response was also evident in early Dry season samples, but in the late dry season a 

more marked relationship at the Alexandria gradient was the strong negative relationship 

between distance from water and the proportion of Opportunists. A decreaser response 

pattern for Specialist Predators was evident at Helen Springs in the late Dry season 

sample. 

Individual species 

Twenty seven ant species were recorded from at least 3 sites on one or more gradients, 

and there was a significant relationship between abundance and distance from water on at 

least one gradient for 15 species (Table 8.15*, Fig. 8.1 0*). Species that were recorded 

frequently on more than one gradient tended to show consistent responses between 

gradients. The exception was a Melophorus species that had a decreaser response at 

Helen Springs but a humped response at Rockhampton Downs, although in the latter case 

the inflection point was toward the water-distant end of the gradient. 
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Eight species had an increaser response, including two Dominant Dolichoderinae 

(lridomyrmex spp.), two Hot Climate Specialists and three Opportunist species. These 

functional groups also had a single representative amongst the five decreaser species, 

which included the most abundant Odontomachus species. One species of Tetramorium 

had an intermediate response to distance from water on the Helen Springs gradient. 

Cattle activity and understorey cover as predictors 

As was described for vertebrates, the use of cattle activity or understorey cover as the 

predictor variable resulted in better models for some of the ant summary variables and 

individual species' abundance. For the summary variables (Table 8.16*), distance was the 

superior predictor for 18 models and cattle activity index for 19. In contrast to the 

vertebrate results, understorey cover in the early Dry season was a superior predictor for 

11 models and late dry season cover for only 9 models. This difference may be due to the 

much lower richness and abundance of ants in late Dry season samples, with low ant 

activity at this time of year meaning that compositional patterns were less obvious. As with 

the vertebrates, the relative value of each predictor was often not consistent between 

gradients, for the same variable. 

Interestingly, for individual species (Table 8.17") distance from water was clearly the best 

predictor variable, being superior in 16 models compared to 8 for cattle activity index and 4 

for both late and early Dry season understorey cover. The other predictors, however, 

provided significant models for some additional species which did not have a significant 

relationship with distance from water. 

Linear models for all clay sites 

Vertebrate summary variables 

The generalised linear models using all clay sites showed no significant relationship 

between distance from water and site richness of ants, or the richness of any subgroups 

that were tested (Eyrean, Torresian, Widespread affinities; Mitchell grassland species). 

However, total ant abundance had a intennediate response to distance to water, as did the 

abundance of species with Eyrean and Widespread affinities, while the total abundance of 

species known only from Mitchell grasslands was negatively related to distance (Table 

8.18*, Fig. 8.11*). Models for the relative abundance of each functional group, other than 

Dominant Dolichoderinae, had a significant term for distance from water, although in most 

cases the amount of variance explained by this term was low. The strongest relationship 

with distance was for the proportional abundance of Opportunist species, which showed an 
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increaser response pattern; and for Specialist Predators, which showed a decreaser 

response. 

The use of the cattle activity index as the predictor variable did not improve any of the 

models for which distance from water was a significant term, but did provide a significant 

model for the relative abundance of Dominant Dolichoderinae, which was negatively related 

to cattle activity. Late Dry season understorey cover was a superior predictor in five 

models, although the amount of variance explained in each of these models is small. Total 

ant richness was positively related to late Dry season cover, while total ant abundance and 

abundance of Torresian-affinity species had a decreaser/intermediate response (where the 

modelled inflection is at a cover considerably higher than the mean). The relative 

abundance of Generalised Myrmicinae and Subordinate Camponotini showed a contrasting 

response to understorey cover. 

Individual species 

Forty-six ant species were recorded in at least 5 sample sites, and the predictive models 

developed for 35 species had a significant term for distance from water (Table 8.19*, Fig. 

8.12*). Ten species had a decreaser response pattern, including the widespread 

Odontomachus sp. Band the abundant Rhytidoponera ?pilosula. Eight species had an 

increaser response pattern, including another abundant Rhytidoponera species (sp. D) and 

several lridomyrmex species. Ten species also had intermediate and seven had 'extreme' 

response patterns. There was no clear relationship between response type and functional 

group, although Specialist Predators were represented only in the decreaser group and 

there was only one Opportunist species in this group. 

Distance from water was a superior predictor in approximately twice the number of species' 

models than either cattle activity index or late Dry season understorey cover. Cattle activity 

was the better predictor for six species with increaser response patterns, as well as four 

other species. Late Dry season understorey cover was the better predictor for four species 

with a decreaser response pattern, but also for six species that had increaser response 

patterns. Hot Climate Specialists (Monomorium and Melophorus spp.) were well 

represented in the latter group. 

Connell's Lagoon Conservation Reserve w cross-fence comparison 

There were very few differences between sites inside and outside the Reserve for ant 

summary variables or the abundance of individual species (Table 8.20). Site richness was 

significantly higher inside the Reserve, for pooled seasons and late Dry season samples. 
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Table 8.20 Cross-fence comparison between sites inside and outside Connell's Lagoon 
Conservation Reserve (n= 1 0 pairs). Differences were tested for ant summary variables and the 
frequency of each species occurring in at least 4 sites, considering combined seasons and early 
and late Dry season samples separately. The variables shown are the only ones that were 
significant (p<0.1 ). Data are means, with the z-statistic and p-value from Wilcoxon matched
pairs tests. 

Outside Inside ' ' combined seasons 

no. of species 10.9 14.7 1.95 0.05 
Melophorus sp. A Y 0.9 2.6 2.02 0.04 

Melophorus sp. E 0.0 0.7 1.83 0.07 

early Dry season 

Me/ophorus sp. A Y 0.0 1.8 2.02 0.04 

Melophorus sp. E 0.0 0.6 1.83 0.07 

late Dry season 

no. of species 5.5 7.6 0.89 0.06 

Pheidole sp. B 0.4 2.7 1.75 0.08 

Table 8.21 Results of ANOSIM analysis comparing compositional similarity between sites inside 
and outside Connell's Lagoon Reserve (n=10 in each group). Comparisons were made for all 
ant species with seasons pooled and separately for early and late Dry season samples. A 
comparison between sites on the west side and on the south side of the reserve is also shown . 

. 
R-statlstlc ' inside sites vs. outside sites 

Ants (combined seasons} -0.06 0.83 

Ants (early Dry} -0.05 0.78 

Ants (late Dry} 0.0 0.49 

West side vs. South side 

Ants (combined seasons) 0.18 0.02 

Two species of Melophoros were more abundant in the Reserve, for pooled seasons and 

in the early Dry season, while the most frequent Pheidole species (sp. B) was more 

abundant in the Reserve in the late Dry season sample. 

ANOSIM analysis showed no significant difference in composition similarity between sites 

inside and outside the Reserve, for either pooled or seasonal samples (Table 8.21 ). As 

was the case with plants (Chapter 7) there was actually a significant difference in 

compositional similarity between the ten sites on the western boundary and the ten sites on 

the southern boundary, irrespective of their position inside or outside the Reserve. 
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Connell's Lagoon Conservation Reserve- comparison with other Barkly Tableland 

sites 

Site richness was also significantly greater in sites inside the Reserve compared to 

grassland sites at other locations in the Barkly Tableland, which is partly attributable to a 

significantly higher richness of species with Torresian affinities (Table 8.22*). There were 

also interesting differences in the functional groups composition of the two groups, with 

sites in the Reserve having a higher proportional abundance of Dominant Dolichoderinae 

and Subordinate Camponotini, but a lower proportion of Opportunists and Hot Climate 

Specialists. There was a significant difference between the two groups in the abundance of 

six species, with one species of lridomyrmex markedly more abundant in the Reserve than 

the other Barkly sites. 

Differences in functional group composition were re-examined using the functional 

classification of ant communities proposed by Andersen (1995) (see Chapter 5). The 

primary divisions in this classification depend on the relative abundance of competitively 

dominant ants in the functional group Dominant Dolichoderinae. According to this scheme, 

nine of ten sites within Connell's Lagoon fell into the 002 or 003 groups, which are typical 

of most ant communities in arid, semi-arid and tropical Australia (Table 8.23). By contrast, 

the majority of grassland sites from other locations were classified into the DOO and 001 

groups which, although these are the predominant group from sample sites in this study 

(Chapter 5), are less common and characteristic of disturbed or high stress sites in other 

Australian ecosystems. Sites immediately outside the boundary of Connell's Lagoon 

Reserve occupied an intermediate position in this scheme, with 4 sites classified as DDO or 

DD1, and six as DD2 or DD3 (Table 8.23). 

Table 8.23 Comparison of sites inside Connell's Lagoon Reserve (CL in), immediately outside 
the reserve boundary (CLout) and grassland sample sites elsewhere in the Barkly Tableland 
according to a structural classification of the ant fauna at each site (following Andersen 1995). 
Data are the number of sites in four classes with increasing proportional abundance of 
Dominant Oolichoderinae (ODO-DD4). If DDO and OD1 are combined, and 002 and D03 are 
combined, then the proportion of sites in these two categories differs between 'CL in' sites and 
'other' sites (Fisher exact test, Chi2=10.98, p=0.001) 

CLin CLout other 

n=10 n=10 n=38 

000 1 13 

001 1 3 13 

002 5 1 8 

003 4 5 4 

396 Chapter 8. Grazing effects on fauna 



Comparison of sites within distance classes 

A similar total number of ant species were recorded from the 12 sites in each of the 3 

distance classes, with the lowest total richness in the water-distant class (Table 8.24). 

Mean site richness was also similar between classes. Seven ant species were restricted to 

the water·proximate and intermediate groups of sites, but there were only three species 

restricted to the water·distant group. All restricted species were recorded from only a 

single site, with the exception of Rhytidoponera ?eremita which occurred in two sites in the 

intermediate class. ANOSIM analysis showed no significant difference in compositional 

dissimilarity between the distance groups, regardless of whether species abundance data, 

presence/absence data or functional group composition was used to calculate dissimilarity 

between sites (Table 8.25). 

Comparison of ant summary variables between the sites closest to, and most distant from 

water, reprised the principal result from the predictive models (Table 8.26*). Sites close to 

water had a greater proportion of total abundance attributable to Opportunist species, while 

water-distant sites had a significantly higher proportion of Specialist predators. One 

Monomorium species was significantly more abundant in yv-ater·proximate sites and one 

Table 8.24 Comparison of mean site richness, total richness and number of 'unique' species 
between sites in three distance classes (n=12 in each class), for ant species. Only grassland 
sites on cracking clay soils in the Barkly Tableland were included. 

close to water Intermediate distant from water 
(0.5·1.6 km) (3 .. 0. 5.1 km) (SA· BA km) 

mean site richness 11.0 11.8 11.7 

total no. of species 40 42 36 

no. of species confined to 7 7 3 
distance class 

Table 8.25 Results of ANOSIM analyses comparing compositional similarity between sites 
close to water (1 ), sites at intermediate distances (2), and sites far from water (3) (n=12 in each 
group). Values are the ANOSIM R·Statistic: positive values mean that compositional similarity 
within groups being compared is higher than that between groups, and an asterisk indicates a 
significant result (p<O.OS). Comparisons were made for ant species with abundance data (ABN) 
and presence data (PA), and for functional groups using total abundance and proportional 
abundance (% ). 

comparison 

1 vs 2 2vs 3 1 vs 3 

Ant species ABN 0.01 -0.03 0.01 

PA -0.02 -0.03 0.02 

Ant functional groups ABN 0.06 0.03 0.08 

% -0.03 -0.01 0.05 
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lridomyrmex spp in water-distant sites. There was not, however, a significant difference 

between the two groups in the relative abundance of Dominant Dolichoderinae, and the 

proportion of sites in each broad functional types (DDO, 1 vs DD2,3) was equal between 

groups. 

Discussion 

This study provides one of the most detailed examinations to date of the effects of pastoral 

use on rangeland fauna in Australia. In total, the results indicate that pastoral use has 

measurable, but relatively subdued, impacts on both the vertebrate and ant fauna of the 

Mitchell grasslands. This conclusion mirrors that from the previous chapter concerning the 

effects of grazing on the vegetation. This coincidence is unsurprising, as changes in 

vegetation cover, composition and phenology are generally recognised as one of the 

primary mechanisms for impacts of grazing on fauna (Morton eta/. 1996a, Landsberg eta/. 

1999c). 

This study also supports the generalisation suggested in the introduction, that grazing 

effects on fauna are most evident in changes in composition rather than gross changes in 

richness. In fact, some significant relationships between richness of major fauna groups 

and factors indexing levels of paStoral use were uncovered by this study. Bird richness 

was positively related to cattle activity and was higher in grassland sites closest to water 

than in sites distant from water in the Barkly Tableland. Mean reptile richness was greater 

inside Connell's Lagoon Reserve than at sites outside the boundary or at other grazed sites 

in the Barkly Tablelands. A similar pattern was observed for ant richness, and ant richness 

across all sample sites was also positively related to late Dry season understorey cover. 

Nevertheless, the most obvious effect of livestock grazing (and the provision of water 

points) in Mitchell grassland is alteration of the relative abundance of components of the 

fauna, so that sets of increaser and decreaser species can be identified. This sorting of the 

fauna was also reflected in contrasting patterns of response to pastoral use quantified for 

some functional groups of both vertebrates and ants. These patterns are generally in 

accord with other studies of pastoral impacts on rangeland fauna in Australia (Landsberg et 

a/. 1997, Abensperg-Traun eta/. 1996, Read & Andersen 2000, Hoffmann 2000) but some 

differences are also evident in the detail and magnitude of responses. 

The magnitude of grazing impacts on the fauna appears to be less in the Mitchell 

grasslands than documented in some other Australian arid (Landsberg eta/. 1997) and 

tropica10fVoinarski & Ash in press) rangeland ecosystems. This may reflect the relatively 
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greater resilience of the Mitchell grassland vegetation and fauna to grazing impact, but 

some caveat must be put on this conclusion, as a greater range of landuse intensity was 

sampled in these other studies. Landsberg et at. (1997) sampled grazing gradients that 

extended for sufficient distance from water to ensure that grazing pressure at the most 

distant sites were minimal (>8km for sheep-grazed and >15 km for cattle-grazed gradients). 

Such long gradients could not be located in the Northern Territory Mitchell grasslands, and 

the maximum distances from water sampled here were between 6.3km and 8.4km (and 

therefore still subject to significant grazing pressure: Chapter 7). The highest levels of 

stocking pressure (found within 500m of waterpoints) were also not sampled in this study, 

as the condition of these 'sacrifice areas' is of little relevance to conservation management. 

In fact the significant grazing impacts reported by some authors (eg, Hoffmann 2000, 

Ludwig eta/. 1999) are strongly leveraged by inclusion of samples within these sacrifice 

zones. Woinarski & Ash (in press) sampled a stark contrast between woodland that had 

been ungrazed for 30 years and an area of relatively heavy grazing pressure (having a 

stocking rate of 1 Oheadlkm2
, approximately twice the average stocking rate for Mitchell 

grasslands on the Barkly Tableland). Differences between the treatments sampled by 

Woinarski & Ash (in press) were also magnified by the dominance of an introduced pasture 

grass and presence of a shrubby weed in the grazed area~, and may have been magnified 

by drought in the two year preceding sampling. By contrast, this study examined variation 

along a continuum of grazing impact from "moderately light" to "moderately heavy~, at sites 

where the impact of introduced plant species was negligible. 

The most strongly defined contrast in landuse sampled during this study was potentially 

between sites within Connell's Lagoon Conservation Reserve and grazed sites outside the 

Reserve. The utility of this contrast was blunted because matched sites immediately 

outside the Reserve had some of the lowest levels of cattle activity recorded during the 

study, and the extension of the comparison to other grassland sites in the Barkly Tableland 

provided a stronger, although less robust, contrast. The lack of difference in species 

composition between sites on either side of the reserve boundary suggests that relatively 

light grazing pressure from livestock in Mitchell grasslands has few consequences for 

faunal biodiversity. A caveat must also be applied to this conclusion, because Connell's 

Lagoon Reserve was subject to intermittent heavy grazing from mobs of cattle using the 

Barkly Stock Route, prior to being converted to a reserve in 1983 (Johnson eta/. 1982; see 

Chapter 7). As in the remainder of the Mitchell grasslands, the most grazing-sensitive 

species may have been rapidly extirpated following the arrival of livestock and what is now 

being measured is the response of the relatively grazing-resistant survivors. To some 

extent this issue is irrelevant to decisions about appropriate management for the extant 

fauna, unless it can be shown that some species believed to be locally extinct (or 
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undiscovered) return following the exclusion of grazing. It is interesting to note that the 

dasyurld Sminthopsis douglasi, classified as Endangered and thought to have a highly 

restricted distribution in Mitchell grasslands in north-central Queensland (Woolley 1992) 

has recently been captured in two National Parks, approximately 10 years after they were 

created from pastoral leases (A. Kutt, QEPA, pers. comm.). Whether this is attributable to 

greater recent survey effort, unusually good seasonal conditions or the removal of livestock 

grazing cannot currently be assessed. 

Increaser and decreaser species 

In the analyses described above, I included late dry season understorey cover and recent 

cattle activity as indices of pastoral use, in addition to distance from water. This was 

valuable in increasing the number of species (and summary variables) for which a 

significant response was defined and more adequately representing the response of many 

species. A list of all vertebrate and ant species that had a significant increaser or 

decreaser response to at least one of the variables indexing intensity of pastoral use is 

compiled in Table 8.27. In many cases species had a significant response to two or three 

of the predictors and, in almost all cases, the direction of the response was consistent 

between variables (ie. a positive relationship with .distance and understorey cover, and 

negative with cattle activity, or vice versa). 

The proportion of the major taxa that were decreasers varies between 10 and 20%, and the 

proportion that were increasers between 7 and 22%. For each major taxon (birds, reptiles, 

ants), these proportions are somewhat less than the mean values calculated by Landsberg 

eta/. (1997) for eight grazing gradients in chenopod and mulga shrublands. It should be 

noted, however, that no decreaser species were identified on one or more of those 

gradients, for each of the major taxa. Comparisons between this study and that by 

Landsberg eta/. (1997) are also complicated by differences in approach to sampling and 

analysis. 

Birds 

Of the vertebrates showing an increaser pattern, the majority of species were birds. These 

included species that require dally access to free water and perch on trees, fences and 

machinery near the waterpoints (eg, Gala h) as well as species that prefer to forage in 

areas that have been disturbed or have an open ground layer (eg. Willie Wagtail, Magpie 

Lark, Yellow-throated Miner, Australian Pratincole). High frequency and abundance of 

these species near waterpoints is responsible for the negative relationship between 

distance from water and richness and abundance of some bird foraging guilds (particularly 

ground insectivores and aerial insectivores). Most of the increaser bird species are 
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Table 8.27 (a) List of increaser and decreaser species id_entified during this study. Decreaser 
species are those with a positive relationship between abundance and distance from water or 
understorey cover, or a negative relationship with cattle activity; increasers have the opposite 
relationship. A few species appear in both categories- in this case letters in brackets indicate 
evidence: g, gradient; m, models from all sites; Cia, comparison between sites inside and 
outside boundary of Connell's Lagoon Reserve; Clb, comparison between sites inside Connell's 
Lagoon and other Barkly sites. Acronyms indicate guild (birds; Table 4.2), family (reptiles, 
mammals) or functional group (ants; Table 5.2); asterisks indicate species with a fidelity to 
Mitchell grasslands (vertebrates:* 10%, ""'50%; ants:* all records). 

"de creaser'' "Increaser'' 

Birds 

FIN Lichenostomus virescens Singing Honeyeater AI Artamus cinereus Black-faced Woodswallow 

GIG Mirafra javanica'"" Singing Bush lark AI Hirundo ariel Fairy Martin 

GIO Ardeotis australis Australian Bustard AI Hirundo nigricans Tree Martin 

GR Phaps histrionica •• Flock Bronzewing AI Rhipidura /eucophrys Willie Wagtail 

GR Tumix pyrrhothorax •• Red-chested Button-quail FIN Manorina flavigula Yellow-throated Miner 

GR Taeniopygia guttate Zebra Finch Gl Grailina cyano/euca Magpie-lark 

GR Tumix velox • Little Button-quail Gl Stiltia isabella • Australian Pratinoole 

GUI Malurus Iamberti Variegated Fairy-wren GIO Gymnorhina tibicen Australian Magpie 

RA Nankeen Kestrel Falco cenchroides GIO Corvus spp. Crow species 

GR Cacatua roseicapilla Galah 

GR Geope/ia cuneate Diamond Dove 

GR Melopsittacus undulatus Budgerigar 

GR Ocyphaps lophotes Crested Pigeon 

RA Mi/vus migrans Black Kite 

Reptiles . 
GEC Heteronotia binoei Bynoe's Gecko GEC Diplodactylus tessellatus •• Tessellated Gecko 

SCI Ctenotus joanae •• Black-soil Ctenotus (2g, m) [SCI Ctenotus joanae •• Black-soil Ctenotus (g)] 

PYG Delma tincta • Excitable Legless Lizard AGA Tympanocryptis lineata •• Lined Earless Dragon 

SCI Proab/epharus kinghomi •• Kinghorn's Snake-eyed SCI Cryptoblepharus p/agiocephalus Arboreal Snake-
Skink eyed Skink 

SCI Ctenotus rimacola •• VRD Black-soil Ctenotus 

SCI Ctenotus pu/chellus •• Pretty Ctenotus 

Mammals 

Planigale ingram! •• Long-tailed Planigale MAC Macropus rufus • Red Kangaroo 

{Sminthopsis macroura • Stripe-faced Dunnart (g)] SminthOpsis macroura • Stripe-faced Dunnart {CLb, rn) 

widespread habitat generalists in arid and semi-arid Australia, and similar increaser 

patterns have been described for these species throughout the dry rangelands (Landsberg 

eta/. 1997, James eta/. 1999b, Saunders & Curry 1990, Reid & Fleming 1 992). The 

proliferation of artificial watering points has allowed these species to greatly increase in 

distribution and abundance in the Australian rangelands (Davies 1977). Interestingly, 

remarks to me by many pastoralists indicate that the visibly high numbers of these species 

(and some others, such as large macropods) around waterpoints reinforces a perception 

that ~biodiversity" on their property is in good shape. However, enhancing the distribution 

of these common and widespread species brings no genuine biodiversity benefit at regional 

scales. 
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Table 8.27 cont'd. 

"decreaser'' "increaser" 

Ants 
DO lridomyrmex sp. A • DO lridomyrmex sp. F 

DO lridomyrmex sp. C DO lridomyrmex sp. P • 

DO lridomyrmex sp. F DO lridomyrmex agilis 

DO lridomyrmex sp. K DO lridomyrmex viridianeus 

DO lridomyrmex sp. Y GM Monomorium disetigerum 

DO lridomyrmex sanguineus GM Monomorium sp. A 

GM Pheido/e sp. 8 (Cla) GM Pheidole sp. 8 (m) 

HC Melophorus sp. AL • HC Melophorus sp. AJ • 

HC Melophorus sp. AY • HC Melophorus sp. E (Clb, g) 

HC Melophorus sp. B HC Melophorus sp. F • 

HC Me/ophorus sp. E (g,m) HC Melophorus sp. T 

HC Monomorium andersen! HC Meranop/us sp. I 

HC Monomorium sp. D HC Monomorium sp. 8 

OP Rhytidoponera ?pilosula (g,m) OP Rhytidoponera ?pilosula (g) 

OP Rhytidoponera taurus OP Rhytidoponera sp. 0 • 

OP Tapinoma sp. A OP Rhytidoponera sp. nr. rufithorax 

OP Tetramorium sp. 8 • OP Rhytidoponera sp. P 

SC Camponotus sp. A (Clb, g) • OP Tetramorium sp. A 

SC Camponotus sp. B OP Tetramorium sp. 0 

SP Odontomachus sp. A • OP Tetramorium sp. H 

SP Odontomachus sp. B SC Camponotus sp. A (g) • 
SC Camponotus sp. 0 

SC Camponotus sp. H 

(b) Summary of numbers ~f increaser and decreaser species in each taxon 

Birds Reptiles Mammals Aots 

Decreasers 

number of species 9 6 1 21 

% of total species 10.3 14.3 11.1 19.6 
% of analysed species 26.5 37.5 20.0 40.6 
Increasers 

number of species 14 3 2 23 
% of total species 15.1 7.1 22.2 21.5 
% of analysed species 41.2 18.8 40.0 45.0 

A consistent pattern from comparing variables indexing pastoral use was that cattle activity 

was the best predictor for increaser species. To some extent, this may be an artefact of the 

curve-fitting process used. Most increaser species decline rapidly (exponentially) in 

abundance with increasing distance from water (eg. increaser bird species tend to be 

limited to the sites very close to water). The curve describing the relationship between 

cattle use and distance from water is also exponential in form, so a tighter relationship with 

cattle use than with distance from water is defined in the analyses. Applying some other 

curve-fitting procedure, such as non-linear estimation of logistic regressions (eg. Ludwig et 

a/. 2000), may actually define a much stronger relationship with distance from water for the 

increaser species. However, the strong relationship with cattle activity may also reflect 
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some other effects. Bird species may actively seek sites with high cattle activity, where 

they forage in areas of disturbed ground, on insects associated with cattle, or pick seed 

from dung (Frith eta/. 1976). 

Fewer bird species showed evidence of a decreaser pattern, and decreaser patterns were 

more strongly associated with late dry season understorey cover. With a few exceptions, 

decreaser bird species were seed-eaters or species that forage for insects within tussock 

grasses, and shelter and nest in grass tussocks. Changes in the cover and architecture of 

the ground layer has frequently been advanced as a mechanism for grazing effects on 

birds (James eta/. 1999b). A high percentage of granivorous bird species have declined in 

range and abundance throughout the tropical savannas (Franklin 1999) and ground and 

understorey foraging species appear to be relatively susceptible to grazing effects 

throughout Australian rangelands (Woinarski et al. 2001a, James eta/. 1999b) as well as in 

arid grasslands in North America (Bock eta/. 1984, Bock & Bock 1999). Not surprisingly, 

the decreaser response of most species was most pronounced in the late Dry season, 

when changes in cover along grazing gradients were most pronounced. The highest 

abundance of several species (Singing Bushlark, Flock Pigeon, Red-chested Button-quail) 

was at sites within Connell's Lagoon reserve, where perennial grass frequency was high, 

and understorey cover remained approximately constant throughout the year. Greater 

abundance of grasshoppers associated with higher understorey cover (Ludwig et al. 1999, 

pers. ob.) may contribute to the decreaser response observed for both Australian Bustard 

and Nankeen Kestrel. 

The relatively low proportion of the Mitchell grassland bird fauna that were decreasers may 

reflect the small number of species that are specialists to this habitat, compared to, for 

example, chenopod shrublands in southern Australian rangelands (Landsberg eta/. 1997, 

Reid & Fleming 1992). To some extent, it also reflects the difficulties of trying to discern 

the effects of landuse on species where a high degree of temporal and spatial variability is 

a natural feature of their population dynamics (Woinarski et al. 1992b). For highly mobile 

species such as the Flock Pigeon, detailed autecological research compared with sub

continental scale monitoring of movement and population changes in response to rainfall 

events and land condition are probably required to properly understand the impacts of 

land use regimes. 

Reptiles 

In contrast to birds, a higher proportion of the reptile fauna was decreaser species than 

increasers. This probably reflects both the fact that Mitchell grasslands do have a 

specialised reptile fauna and that few, if any, reptile species respond positively to the 

Chapter B. Grazing effects on fauna 403 



increased availability of free water. The abundance of decreaser reptile species was best 

predicted by late dry season understorey cover and decreasers were mostly skinks, 

including all of the skink species that are largely restricted to Mitchell grasslands. 

Schlesinger (1999) and Woinarski & Ash (in press) similarly found that negative responses 

to grazing pressure were more pronounced for skinks than other reptile families, although 

Landsberg eta/. (1 997) could identify no association between response type and reptile 

family or foraging guild. Pastoral impacts on some reptile species have been linked to loss 

of soil structure (Sadlier & Pressey 1994 ), removal of leaf litter (James eta/. 1999b) and 

structural changes in habitat (Jones 1981 ). In this case, reduction in understorey cover 

may affect skink abundance through changes in invertebrate food resources, less shelter 

from predators and/or alteration of thermal regimes (Schlesinger 1999). Some support to 

the latter suggestion is the observation that although these are diurnal, surface-active 

predators, observation and pit-trap captures show that they are most active early and late 

in the day. Another decreaser, the legless lizard Delma tincta, was notably intolerant of 

heat stress, dying quickly in pit traps that were not checked frequently enough during the 

day. Trampling and (indirectly) grazing effects on soil structure, particularly reduction in 

size of surface cracks (Chapter 7, Ludwig et af. 1999) may also have some effects on these 

species, which shelter and presumably forage in the deep soil cracks. 

The most prominent increaser reptile in the Mitchell grasslands is the small agamid 

Tympanocryptis /ineata. This is fhe most thermophilic small reptile in this environment (the 

only species observed to be active in the middle of the day) and is apparently favoured by 

an open ground layer. Schlesinger (1999) similarly reported the agamid Ctenophorus 

nucha/is to be far more abundant in heavily grazed sites in mulga woodlands in central 

Australia, although this appears not to be a generalisable pattern for this family (Landsberg 

eta/. 1997). The common ground-active gecko Diplodactylus tessellatus was also 

identified as a increaser in Mitchell grasslands, although Landsberg eta/. (1997) found it to 

be a decreaser on one gradient in gidgee/chenopod shrubland in western Queensland. 

Schlesinger (1999) found no relation between grazing intensity and gecko abundance in 

mulga woodland, and noted that thermal microclimate effects were unlikely to apply to 

nocturnal foragers. Impacts of grazing on food resources (invertebrates) mediated by 

changes in soil surface condition or vegetation structure may be more important for species 

such as D. tesseflatus. Woinarski & Ash (in press) also reported increaser patterns for gecko 

species in a tropical savanna woodlands, although some of these these were arboreal 

species. Somewhat surprisingly, another ground-active gecko, Heteronotia binoei, was 

classed as a decreaser species in my study. This species is a habitat generalist, and one 

of the most ubiquitous reptiles in inland and tropical Australia. It was recorded as an 

increaser, decreaser and 'neutral' species on separate gradients sampled by Landsberg et 
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a!. (1997) and an increaser by Woinarski & Ash (in press), emphasising that the responses 

to grazing effects may not be consistent even within one species, but vary according to 

habitat and environmental conditions (eg. Milchunas eta!. 1998). 

Although Morton (1990) suggested that the reptile fauna of arid Australia was resilient to 

landscape change, some evidence from this study suggests that reptiles, more than other 

fauna groups, are sensitive to even low levels of grazing intensity. Reptile richness was 

significantly higher in sites within Connell's Lagoon reserve than lightly grazed sites 

immediately outside the boundary and both richness and total abundance of reptiles were 

markedly higher in the Reserve than in grazed grassland sites throughout the Barkly 

Tablelands. This difference was not however, evident in the comparison of sites closest to, 

and furthest from, waterpoints. Because of lower mobility, smaller reptiles may be more 

sensitive than bird and mammals to the regular within-year reduction of vegetation cover 

that is now a feature of grazed Mitchell grasslands. 

Late dry season understorey cover (residual perennial grass cover) appears to be a useful 

predictor for the abundance of vertebrate decreaser species. This is encouraging, as 

residual cover or changes in residual cover are readily que~:ntified at property and regional 

scales through analysis of satellite imagery (Wallace & Campbell1998, Pickup & Chewings 

1994) and are routinely used in monitoring programs for pastoral land condition (McGregor 

eta!. 1999, Karfs eta/. 2000, Bastin et al. 1998). Additionally, maintenance of perennial 

grass cover is widely accepted as a goal of 'best practice' pastoral management (eg. 

Partridge 1992, Partridge 1996), so the message that this has positive biodiversity 

implications should be relatively easy to communicate to land managers. It should be 

noted that residual cover is a complex predictor, as it incorporates factors other than 

grazing effects, such as variation in mean annual rainfall, variation in seasonal rainfall, and 

fine-scale edaphic factors. The influence of these other factors was, at least partly, 

separated in the analyses described here by limiting analyses to individual gradients or 

through other terms in the predictive models. 

Grazing effects on ants and the use of functional groups 

Total abundance and richness of ants in Mitchell grasslands was quite insensitive to 

variation in landuse intensity within grazed sites, although richness was significantly higher 

in Connell's Lagoon compared to grazed sites, and richness was positively related to 

understorey cover. A number of studies have also found total ant richness to be 

insensitive to grazing (Hoffmann 2000, Read & Andersen 2000, Whitford eta/. 1999, 

Landsberg eta/. 1997, Abensperg-Traun eta!. 1996), although Woinarski eta/. (in press) 
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reported considerably higher richness in an ungrazed savanna woodland and Bestelmeyer 

& Wiens (2001) higher richness in ungrazed areas in one of three semiarid rangelands in 

North America. 

Grazing effects on species composition were more pronounced, and a high proportion of 

species (close to 100% of species that were sufficiently frequent to include in the analyses) 

had a significant response to at least one variable describing land use intensity. Significant 

effects of grazing on ant composition have been reported in a number of other studies in 

Australian rangelands (Landsberg eta/. 1997, Majer & Beeston 1996, Lobry de Bruyn 

1993, Hoffmann 2000, Abensperg-Traun eta!. 1996, Woinarski eta!. in press) although 

Read & Andersen 2000 found only minor changes in composition following a pulse of 

heavy grazing in chenopod shrub land. Ant composition varied substantially with different 

levels of grazing intensity in the Argentine Chaco (Bestelmeyer & Wiens 1996), but 

Whitford eta/. (1999) found no effect of grazing on composition in desert grassland is 

southern North America and Bestelmeyer & Wiens (2001) found no effect in two of three 

semi-arid rangelands. 

The large number of species having a significant response to land use variable lends some 

support to the concept that ants may be useful indicator taxa of disturbance effects (Majer 

1983, Andersen 1990), The proportion of species that were increaser or decreaser species 

was greater than for either birds Or reptiles, and a greater number of ant species also had 

an intermediate response to landuse variables. At least in this environment, ants therefore 

appear more sensitive to disturbance effects than do vertebrate groups, partitioning 

variation along grazing gradients more finely between species. However, the value of 

individual ant species as bioindicators is limited by the high turnover of species between 

sites and locations, even within a single habitat type (Chapter 5) as well as problems of 

consistent nomenclature between studies; and therefore responses at a higher taxonomic 

or functional group level are of more interest (Andersen 1990, Andersen 1995a, Andersen 

1997c). The functional groups described by Andersen (1990, 1995) have been shown to 

be useful for monitoring landuse impacts where these involve dramatic environmental 

change, such as open-cut mining (Andersen 1997a), but some studies have shown ant 

functional group composition to be relatively poor indicator of species-level compositional 

change in Australian rangeland ant communities (Read & Andersen 2000, Landsberg eta/. 

1997, Hoffmann 2000). 

In this study, there was a strong negative relationship between distance from water and the 

relative abundance of Opportunist species. As the abundance of Opportunists declined, 

the relative abundance of all other functional groups tended to increase, but there was a 
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consistent positive relationship with distance from water only for Specialist Predators. The 

abundance of Subordinate Camponotini was positively related to understorey cover, and 

the abundance of Dominant Dolichoderinae was negatively related to cattle impact. 

Opportunist species are characteristically dominant in high stress or disturbed 

environments (Andersen 1995a) and a positive response by opportunist species to grazing 

has also been shown in other studies (Abensperg-Traun et at. 1996, Bestelmeyer & Wiens 

1996). In the Mitchell grasslands, these patterns of response were driven by a relatively 

small number of abundant species, and were not reflected by changes in the relative 

richness of functional groups. In fact, with the exception of Specialist Predators, each 

functional group was approximately equally represented in the lists of increaser and 

decreaser species, and this was also the case with the most speciose genera. 

In most Australian rangeland environments, an open ground layer is associated with high 

diversity and abundance of Dominant Dolichoderinae and Hot Climate specialists 

(Andersen 1995a), so it may be predicted that grazing would be advantageous for these 

functional groups. This predicted response was not evident, although Hot Climate 

Specialists were prominent on gravel rise sites, where there are large patches of exposed 

ground. Hoffmann (2000) reported a far more substantial i_ncrease in Hot Climate species 

at heavily grazed sites at Mt Sanford, but these sites were very close (<500m) to a watering 

point. tn my study, six Hot Climate Specialist species had an increaser response, but the 

same number had a decreaser response. Similarly, some !ridomyrmex species, including 

the common arid zone species I. viridinaeus and I. agilis, had an increaser response but a 

larger number of species (mostly Mitchell grass-specific) had a decreaser response. 

Curiously, the relative abundance of Dominant Dolichoderinae (and Subordinate 

Camponotini) was substantially higher in sites in Connell's Lagoon than grazed grassland 

sites, site richness was higher in the reserve, and community structure in the Reserve sites 

resembled the structural types that are typical of relatively undisturbed habitats. This raises 

the intriguing possibility that the high relative abundance of Opportunist species in most 

sample sites is less a reflection of a ~naturally" high stress environment (as suggested in 

Chapter 5) but rather a reflection of almost universal disturbance in this environment due 

to cattle grazing, which has wrought a substantial change to ant community structure. The 

main caveat to this interpretation is the pronounced difference in ant composition between 

most locations (described in Chapter 5), which suggest that caution should be applied to 

the interpretation of any location-specific pattern. Observation of ant functional group 

composition in another exclosure would help establish whether this interpretation has 

validity. 
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Historical evidence for changes in fauna 

Examination of the historical record may be a powerful tool for uncovering changes in the 

distribution and abundance of wildlife species, and even exploring cause (Barnard 1934, 

Burbidge eta/. 1988, McAIIan 1996, Franklin 1999). However, the historical record for 

wildlife in the Northern Territory Mitchell grasslands is sparse and descriptions generally 

lack sufficient detail to be useful. Many early explorers and travellers skirted to the west of 

the Barkly Tablelands and passed by Lake Woods and Newcastle Waters (see Fig. 2.2), 

attesting to the abundance of waterbird there: 

"The water was so thick with them [ducks] that it appeared almost possible to walk 
on the black mass. By crawling up, under shelter of some bushes, it was possible 
to get very close to the multitude, into which both barrels were discharged ..... . 
The rush of wings nearly deafened me and there, before my incredulous eyes, lay 
twenty~two killed and five wounded birds." (Terry 1925, p174) 

The best historical accounts arise from the work of W. Stalker, who was employed to collect 

specimens of birds and mammals in the vicinity of Alexandria station (Fig. 2.2) between 

1905 and 1907. Stalker collected 110 species of birds (Ingram 1907, 1909, Matthews 

1909) and 16 species of mammal (Thomas 1906), the latter including the type specimens 

of Leggadina forresti, Planigale ingrami and Pseudantechinus mimulus and probably the 

first specimens of Pseudomys johnsoni (identified as Mus hermannsburgensis). 

Unfortunately, interpreting this record is difficult, because Stalker did not provide notes on 

habitat or abundance and the collection locations are usually broad (eg 'Alexandria'). At 

this time, Alexandria station was very much larger than it is now and incorporated eucalypt 

woodland to the north of the current lease, and it was "on the outskirts of these deserts" 

that many birds were shot (Ingram 1907). Three mammal species collected by Stalker 

appear to no persist in the vicinity of Alexandria. The specimen of P. mimulus is the only 

known record from the Northern Territory mainland and this species is now restricted to the 

Pellew Islands in the Gulf of Carpentaria (Kitchener 1991 ). The Northern Quell Dasyurus 

ha/lucatus is now very rare or absent from the Gulf region north of the Barkly Tablelands 

(Braithwaite & Griffiths 1994) and there are no other records of this species from the Bark.ly 

Tableland itself. The Brushtail Possum (Trichosurus vulpecula) has also declined in the 

Gulf region and is apparently restricted to mangroves. This species also occurs in central 

Australia (where it is considered endangered, Kerle eta/. 1992), but has never been 

recorded elsewhere in the Barkly Tableland. Current understanding of the habitat 

preference of P. mimufus and D. hal/ucatus suggest that these species were not collected 

from clay-soil habitats at Alexandria (Stalker records the latter as "in rocks") but the 

Brushtail Possum may have inhabited riparian woodlands, where large Coolibah trees 

provide abundant hollows. 
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Lists of bird species collected in the vicinity of Alexandria (Ingram 1907, 1909, Matthews 

1909) and recorded from Brunette Downs in 1913 (Barnard 1914) are generally in accord 

with contemporary accounts of the bird fauna of the grasslands and wetlands (Jaensch 

1995, Brock 2000, this study) as well as species occurring in woodlands bordering the 

Barkly Tableland. Records for some species are interesting because they are either to the 

north of all recent records (Red-capped Robin), or to the south (Silver-crowned Friarbird, 

Black-tailed Tree-creeper), but these are woodland species. Stalker and/or Barnard 

(1914) recorded three bird species which have been recorded only rarely from Mitchell 

grassland communities in the Barkly Tableland- the Double-barred Finch Taeniopygia 

bichenovii, Pictorella Mannikin Heteromunia pectoralis, Golden headed Cisticola Cisticola 

exilis and Barnard (1914) notes that ~a fair number of these little birds" were seen on the 

plains. Barnard (1914) also records a ~few pairs" of Masked Finch Poephila personata that 

"were breeding in the grass" at Brunette Downs. As far as I am aware, this is the only 

record of this species from the Barkly Tableland. Reduction in grass cover and changes in 

the availability of seed resources associated with pastoral use may have disadvantaged 

these species (Franklin 1999). 

Although Stalker and Barnard (1914) provide few clues to ~he relative abundance of bird 

species, other descriptions attest to the extraordinary abundance of the Flock Bronzewing 

in parts of the Barkly Tableland: 

"Sturt's Plain was alive with flock pigeons. From some distance they seemed 
like clouds of smoke ascending here and there from different parts of the plain." 
(Lewis 1922, p.90) 

There are similar descriptions from the 191
h century and early 20th century of enormous 

flocks of this species in Mitchell grassland regions of Queensland and New South Wales 

(MacGillivray 1932, McAIIan 1996, and other references in Higgins & Davies 1996). This 

species appears to have undergone a massive reduction in abundance in New South 

Wales between the 1860s and 1890s, coinciding with the spread of livestock (McAIIan 

1996); and a similar decline in central Queensland in the late 1800s and early 1900s 

(MacGillivary 1932). Remarkably, in the early 1900s this species was considered close to 

extinction, although this may have been based on ignorance of ornithologists of populations 

in the Barkly Tableland (Lindsey 1995). Land use-induced changes in the abundance and 

distribution of this species are difficult to disentangle from natural variation and irruptive 

movements but there is no doubt that it has substantially declined in both range and 

abundance across the Mitchell grasslands as a whole (Franklin 1999). The ecology of the 

species and its potential role as an indicator of ecosystem health certainly warrant further 

study. 
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Conclusion 

This study has demonstrated that the impacts of pastoral land use (due to livestock grazing 

and the provision of waterpoints) on the vertebrate and ant fauna of the Mitchell grasslands 

are relatively subdued, although not insignificant. Grazing pressure and distance from 

water has some effect on the local richness of birds, reptiles and ants, but the most obvious 

effect is the alteration of the relative abundance of components of the fauna, so that sets of 

increaser and decreaser species can be identified. Impacts of pastoral land use have also 

not fallen evenly across all taxonomic and functional groups. Increaser vertebrates are 

primarily birds, particularly ground and aerial insectivores, that have benefited from the 

provision of free water and reduction in ground layer cover. Decreaser response patterns 

are most pronounced in reptiles and bird species dependent on maintenance of substantial 

ground cover. Ant species appear to be more sensitive to variation in landuse intensity 

than do vertebrates and there is some differentiation amongst recognised functional groups 

in the magnitude and direction of response, although not to the extent that functional group 

composition is a useful indicator of grazing pressure. 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. 

Of most significance to conservation management, many of the decreaser species are also 

those with a high fidelity to Mitchell grassland communities. This increases the imperative 

to ensure that pastoral management in this environment does not lead to the decline and 

eventual local extinction of these species. In Table 8.28, I have estimated the change in 

regional population size for selected decreaser vertebrate species, based on the modelled 

relationship between abundance and distance from water, and regional changes in the 

distribution of land at various distances from water (Chapter 7). Estimated reduction in the 

total population of Singing Bush lark (20%) is not large, as this species persists at relatively 

high abundance close to waterpoints. However, reductions in population size for more 

sensitive species are more substantial, as much as 73% for the legless lizard Delma tincta. 

In the following chapter, I discuss management strategies that may ensure that populations 

of decreaser species are maintained. 

In this thesis, I have concentrated on the impacts of pastoral use on wildlife, that are 

particularly associated with livestock grazing and the provision of artificial waterpoints. 

However, it should be recognised that other environmental changes associated with 

pastoralism and European settlement may have significant negative effects on Mitchell 

grassland biota. In common with much of the rangelands and tropical savannas, pastoral 

use has substantially altered the natural fire regime, in this case leading to the almost total 
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Table 8.28 Estimated change in the population size of some decreaser vertebrate species 
V~ithin the Mitchell grasslands on the Barkly Tableland. Regional population size for each 
species was calculated from the modelled abundance in relation to distance from water (Fig. 8.5 
and Table 8.7), and the area of land in distance-from-water intervals under current pastoral 
development, and prior to pastoral use (Table 7.2 and Fig. 7.4). Although decreaser species' 
abundance increases with distance from water, this relationship was assumed to asymptote at 
the lower figure given by the modelled abundance 13 km from water (where cattle activity 
declines to zero), or the mean abundance at sites within Connett's Lagoon Conservation 
Reserve. The data in the table is the estimated current population as a percentage of the 
estimated pre-pastoral population. Note that the change for the most-grazing sensitive species 
(Ctenotus rimaco/a) was not calculated because it is restricted to the Victoria River District. 

Species Population 
size(%) 

Singing Bushlark 79.3 

Planigale ingrami 65.1 

Proablepharus kinghomi 54.4 

Delma tincta 27.5 

exclusion of fire from the grasslands. Although the pre-European extent of wildfire in this 

landscape has not been documented, fires started by lightning strikes in the early Wet 

season must have burnt over extensive areas, particularly following high-rainfall years. 

Grazing by stock may substitute for some of the ecologicareffects of fire (such promoting 

seeding and tiller growth in Astrebla spp: Scanlan (1983), Orr (1991 )), but the effects of fire 

exclusion on biodiversity in Mitchell grasslands are unknown. The spread of large woody 

weeds (notably Acacia nilotica, Prosopis spp. and Parkinsonia aculeata) over substantial 

areas of Mitchell grasslands (primarily in central Queensland: Humphries et at. 1991, 

Mackey 1996) is likely to have significant impacts on biodiversity as well as pastoral 

production. While the increase in upper storey cover will benefit some bird species 

(Chapter 4 ), understorey cover is greatly reduced under dense infestations of Acacia 

nilotica. A preliminary study in central Queensland (Johnston, QNP\NS, pers. comm.) 

found that most vertebrate species characteristic of Mitchell grasslands were absent from 

areas with a dense cover of A. nilotica. Fortunately, introduced weedy weeds do not yet 

pose a significant management problem in Mitchell grasslands in the Northern Territory. 
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Table 8.2 Results of regression analysis of vertebrate summary variables for each of the grazing gradients, with distance from water (OW) as the predictor. A 
quadratic term (DW2

) was also tested in the regression. Only response variables with a significant distance term on at least one gradient are shown 
(regressions were tested for each of the summary variables listed in Table 8.1, as well as the richness and abundance of all bird guilds (Table 4.2) and reptile 
families (combined season data) . Separate analyses were undertaken for combined seasons, early Dry season and late Dry season samples. 

Alexandria Alexandria (gravel rises) Helen Springs Rockhampton Downs 

ow ow' R' F p ow ow' R' F p ow ow' R' F p ow ow' R' F p 

seasons combined 

Vertebrate SPP -0.51 0.066 0.66 4.9 O.Q7 -0.06 0.44 4.6 0.07 
Bird SPP -0.09 0.81 17.1 0.01 -0.08 0.43 4.5 0.08 

Aerial Insectivore SPP -0.47 0.047 0.87 16.2 0.007 -0.14 0.47 5.2 0.06 
Aerial insectivore ABN -0.15 0.54 7.1 0.04 -0.18 0.46 5 0.07 
Ground Insectivore SPP -0.69 0.071 0.93 33.3 0.001 -0.37 0.043 0.66 4.8 0.07 
Ground Insectivore ABN ' -0.69 0.071 0.93 33.3 0.001 -0.37 0.043 0.66 4.8 0.07 
Granivore SPP -0.013 0.73 10.3 0.03 0.15 0.5 5.9 0.05 
Granivore ABN -0.016 0.81 17.2 0.01 0.84 ·0.125 0.59 3.6 0.1 
Raptor SPP -0.11 0.83 19.4 0.01 

Raptor ABN -0.11 0.83 19.4 0.01 

Reptile SPP 0.06 1 2765 0.01 -0.01 0.47 5.3 0.06 
Reptile ABN -0.018 0.61 9.3 0.02 

ElapidABN 0.83 -0.107 0.59 3.6 0.1 
Gecko SPP -0.14 0.43 4.5 0.08 
Agamid SPP 0.37 -0.043 0.66 4.8 0.07 
Skink SPP -0.013 0.48 5.5 0.06 
MammaiABN 0.031 0.62 9.8 0.02 

MG50 species SPP -0.29 0.045 0.8 10.1 0.02 
MG10 SPP -0.009 0.69 13.2 0.01 
early Dry season 

Bird SPP -0.12 0.94 65.3 0.001 

late Dry season 

Bird SPP -0.017 0.83 28.9 0.002 
BirdABN 0.13 0.61 9.2 0.02 
Reptile SPP -0.013 0.57 8 0.03 
ReptileABN 0.66 -0.06 0.89 12.1 0.04 -0.02 0.73 16.6 0.007 
MammaiABN 0.019 0.49 5.8 0.05 
Mammal SPP 0.25 0.6 9.2 0.02 



Table 8.3 Results of regression analysis of vertebrate species' abundance for each of the grazing gradients, with distance from water (DW) as the predictor. A 
quadratic term (DW2

) was also tested in the regression. Only species occurring in at least three sites on one gradient were included, except for species which 
occurred in one or two sites at the extreme of a gradient (shown in brackets). Species are ordered according to response type. Asterisks indicate species with 
a fidelity to Mitchell grasslands (" 10%, ""50%). Analyses were undertaken for data from combined seasons only. 

Alexandria Alexandria (gravel rises) Helen Springs Rockhampton Downs 

" ow ow' R' F p " ow ow' R' F p " ow ow' R' F p " ow ow' R' F p 

decreaser 
Pfanigale ingram/ •• 4 7 7 0.25 0.66 11.8 0.01 
long-tailed Planigale 

Sminthopsis macroura • 4 0.17 0.61 6.2 0.07 6 
Stripe-faced Dunnart 
Heteronotia binoei 3 3 0.024 0.54 7.2 0.04 6 
Bynoe's Gecko 
[Ardeotis australis 1 0.008 0.61 6.1 0.07 1 1 
Australian Bustard] 

Increaser 
Dipfodactylus tassellatus •• 4 3 -0.16 0.58 8.4 0.03 
Tessellated Gecko 
{Milvus migrans 2 -0.33 0.027 0.88 10.9 0.04 2 -0.97 0.128 0.73 6.9 0.04 
Black Kite] 
[Stiftia isabella • 1 2 1 -0.37 0.040 0.66 4.8 0.07 1 -0.37 0.04 0.66 4.8 0.07 
Australian Pratincole] 
[Cotvus spp. 1 -0.59 0.064 0.66 4.8 0.07 1 
Crow species] 

[Hirundo ariel 2 -0.15 0.54 7.1 0.04 
Fairy Martin] 

[Charadrius veredus • 1 -0.37 0.04 0.66 4.8 0.07 
Oriental Plover] 
[Rhipidura /eucophrys 1 1 -0.37 0.04 0.66 4.8 0.07 
Willie Wagtail] 

Idiosyncratic 
Mirafrajavanica •• 6 3 0.11 0.98 43.6 0.09 8 8 0.57 -0.069 0.77 8.4 0.02 
Singing Bushlark 
T umix velox • 4 0.024 0.77 20.2 0.004 4 0.69 -0.117 0.73 6.9 0.04 
little Button-quail 
Ctenotusjoanae ** 4 3 0.14 1 367 0.03 6 0.04 0.55 7.4 0.03 8 -0.016 0.58 8.1 0.03 
Black-soil Ctenotus 

no significant response 

Lined Ear1ess Dragon Tympanocryptis lineata ••; Kinghorn's Snake-eyed Skink Proablepharus kinghomi ••; Nankeen Kestrel Falco cenchroides; Curl Snake Suta suta •; Central Bearded Dragon 
Pogona vitticeps •; Collared Whip Snake Demansia torquata • 
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Table 8.5 Results of testing four different predictor variables in regression models of vertebrate species' abundance for each of the grazing gradients: distance 
from water (OW); cattle activity index (GATT); understorey cover in the early Dry season (USE); understorey cover in the late Dry season (USL). In each case a 
quadratic term was also included. Data are the R2 value for significant regression models: the largest values for each species is bold. Only species occurring in 
at least three sites on one gradient were included. Analyses were undertaken for data from combined seasons only. Asterisks indicate species with a fidelity to 
Mitchell grasslands(" 10%, *"50%) 

Alexandria Alexandria (gravel rise) Helen Springs Rockhampton Downs 

n DW CATT USE USL n DW CATT USE USL " DW CATT USE USL " DW CATT USE USL 

Mirafra javanica *" Singing BushlarK 6 3 0.98 8 0.72 0.72 8 0.77 0.61 0.63 
Ctenotus joanae •• Black-soil Ctenotus 4 3 1 6 0.55 8 0.58 
Planiga/e ingrami *" long-tailed Planigale 4 ' 7 0.8 7 0.66 0.71 
Tympanocryptis lineata •• lined Earless Dragon 6 3 0.98 1 4 0.69 7 
Proablepharus kinghomi •• Kinghorn's Snake-eyed Skink 6 7 5 
Heteronotia binoei Bynoe's Gecko 3 0.98 3 0.54 0.63 0.81 6 
Sminthopsis macroura • Stripe-faced Dunnart 4 0.61 0.68 0.54 6 
Tumix velox • little Button-quail 4 0.77 0.74 4 0.73 0.75 
Diplodactylus tessel/atus •• Tessellated Gecko 4 3 0.58 0.69 0.68 
Falco cenchroides Nankeen Kestrel 3 
Suta suta * Curl Snake 3 
Pogona vitficeps * Central Bearded Dragon 3 
Demansia torquata • Collared Whip Snake 3 



Table 8.4 Results of testing four different predictor variables in regression models of vertebrate summary 
variables for each of the grazing gradients: distance from water (OW); cattle activity index (GATT); 
understorey cover in the early Dry season (USE); understorey cover in the late Dry season (USL). In 
each case a quadratic term was also included. Data are the R2 value for significant regression models: 
the largest values for each spec"les is bold. Only variables with at least one significant model are listed. 

Alexandria Alexandria (gravel) Helen Springs Rockhampton Downs 

ow CAT USE USL ow CAT USE USL ow CAT USE USL ow CAT USE USL 

seasons combined 

Vertebrate SPP 0.66 0.68 0.44 

Bird SPP 0.81 0.91 0.99 0.43 0.8 0.43 

Bird ABN 0.6 0.54 0.47 

Aerial insect. SPP 0.99 0.87 0.74 0.77 0.47 0.72 

Aerial insect. ABN 0.99 0.54 0.53 0.39 0.46 

Ground Insect. SPP 0.57 0.99 0.93 0.89 0.87 0.66 0.99 0.72 

Ground Insect. ABN 0.57 0.99 0.93 0.89 0.87 0.66 0.99 

Granivore SPP 0.73 0.5 

Granivore ABN 0.81 0.99 0.59 0.62 

Raptor SPP 0.83 0.83 0.99 0.76 

Raplor ABN 0.83 0.83 0.99 0.77 

ReptileSPP 1 0.99 0.47 0.94 

ReptileABN 0.99 0.61 0.72 

ElapidABN 0.59 

Gecko SPP 0.43 0.39 

GeckoABN 0.98 1 
Agamid SPP 1 0.66 0.99 0.72 

Skink SPP 1 
Skink ABN 0.6 0.98 0.48 

Mammal SPP 0.88 0.74 

MammaiABN 0.74 0.59 0.8 0.62 0.68 

MG50 species SPP 0.8 0.63 

MGSO species ABN 0.4 0.73 

MG1 0 species SPP 0.64 0.67 0.69 0.66 

MG10 species ABN 0.71 

early Dry season 

Bird SPP 0.94 0.72 0.99 

Bird ABN 0.97 0.69 

Reptile SPP 0.98 

ReptileABN 1 
Mammal SPP 0.88 

MammaiABN 0.67 0.75 

late Dry season 

Vertebrate SPP 0.81 

Bird SPP 0.99 0.46 0.43 0.83 0.78 

BirdABN 1 0.61 0.8 0.76 0.79 

Reptile SPP 1 0.57 0.89 

ReptileABN 0.89 0.55 0.98 0.73 0.64 

Mammal SPP 0.99 0.49 0.72 

MammaiABN 0.99 0.6 0.51 0.69 
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Table 8.6 (a) Summary of predictive models for vertebrate summary variables, developed using 
data from all clay sites (n=88). Parameter estimates for the distance-from-water terms are 
given (OW & DW2

), along with the proportion of total deviance explained by the distance terms 
(%DW) and the proportion of total deviance explained by the full model (ie. all significant 
variables: %model). "Type" describes the shape of the modelled relationship: DEC, decreaser; 
DEC/INT, decreaser/intermediate, INC, increaser; INC, increaser/extreme; INT, intermediate; 
EXT, extreme. For models with significant first- and second-order terms, the final columns gives 
the distance at which inflection in the curve occurs. For variables that are underlined, OW gives 
a better model than GATT or USL. Models were tested for each of the summary variables listed 
in Table 8.1, as well as the richness and abundance of all bird guilds (Table 4.2) and reptile 
families. 

(b) summary of models for which replacing distance from water with cattle activity index 
(GAIT) resulted in the best model; 

(c) summary of models for which replacing distance from water with understorey cover 
in the late Dry season (USL) resulted in the best model. 

1•1 ow ow' %model %DW typo In fl. 
(km) 

Bird ABN 0.22 -0.021 60.2 4.7 DEC/JNT 5.3 

Foliage nectarivorelinsectivore ABN -0.64 0.102 67.1 2.0 EXT 3.2 

Ground insectivore SPP -0.038 35.2 10.6 INC 
Ground insectivore ABN -0.042 60.3 5.8 INC 
Ground insectivore/granivore ABN 0.34 -0.032 77.0 4.6 DEC/JNT 5.3 

Granivore ABN 0.08 46.1 1.4 DEC 
Ground/undergrowth insectivore ABN 0.48 46.1 9.6 DEC 
Raptor SPP -0.49 0.066 31.8 3.5 EXT 3.7 

ReptileABN 0.008 37.1 2.6 DEC 
Skink ABN 0.09 32.4 4.2 DEC 
Pygopodid SPP 0.32 11.2 11.2 DEC 
Pygopodid ABN 0.38 30.1 11.5 DEC 
ElapidABN 0.96 -0.140 27.6 7.4 INT 3.4 

MG10 species ABN 0.15 -0.013 67.4 4.2 DEC/I NT 5.8 

MG50 species ABN . 0.05 70.4 1.8 DEC 

(b) 
GATT CATT2 %model %DW type infl. 

(catt) 

Bird SPP 0.50 -0.070 55.8 4.5 INC/I NT 3.8 

Aerial insectivore SPP 0.32 32.4 4.2 INC/I NT 

Aerial Insectivore ABN 2.03 -0.288 51.4 11.3 INC/I NT 3.5 

Foliage nectarivorelinsectivore SPP 0.46 54.8 3.6 INC 
Foliage nectarivorelinsectivore ABN 0.43 67.6 2.5 INC 
Ground insectivore SPP 0.54 41.2 12.1 INC 
Ground insectivore ABN 1.35 -0.149 66.4 11.3 INC/I NT 4.5 

Granivore ABN 1.22 -0.241 50.8 4.6 INC/I NT 2.5 

Raptor ABN 0.40 67.0 4.8 INC 

(o) USL USL2 %model %DW type lnfl. 
(%cov) 

Ground insectivore/granivore ABN 0.09 -0.002 80.6 8.6 DEC/tNT 21.5 

Ground insectivore/omnivore ABN 0.10 45.3 3.3 DEC 
Ground/undergrowth insectivore SPP 0.08 23.3 16.0 DEC 
Ground/undergrowth insectivore ABN 0.003 65.6 33.0 DEC 
Raptor SPP -0.11 0.003 38.3 6.1 INC/EXT 21.4 

ReptileABN 0.04 -0.001 40.4 9.2 DEC/I NT 36.7 

Skink ABN 0.09 -0.002 43.6 15.3 DEC/tNT 25.8 

GeckoABN 0.001 47.7 4.8 DEC 
Agamid ABN -0.16 0.003 43.1 18.8 INC/EXT 26.0 

Pygopodid ABN 0.30 -0.006 31.8 24.8 DEC/I NT 25.2 

MG10 spp SPP 0.03 -0.001 11.4 11.4 DEC* 18.3 

MG10 species ABN 0.06 -0.001 72.4 13.7 DEC* 29.5 

MG50 species ABN 0.07 -0.001 76.4 12.0 DEC* 33.5 
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Table 8.7 (a) Summary of predictive models for vertebrate species' abundance, developed using 
data from all clay sites (n=88), and with distance from water as predictor. Species are ordered 
according to the response pattern. Only species occurring in at least five sites were included in 
the analysis; "neutral" species are those which did not have a significant term for distance from 
water. For variables that are underlined, DW gives a better model than CAn or USL. Asterisks 
indicate species with a fidelity to Mitchell grasslands(* 10%, **50%). Acronyms before species 
indicate family (mammals, reptiles) or foraging guild (birds; Table 4.2). 

(b) models for which replacing distance from water with cattle activity index (CATT) 
resulted in the best model; 

(c) summary of models for which replacing distance from water with understorey cover 
in the late Dry season (USL) resulted in the best model. 

(•) " ow ow' %model %dw lnfl. 

(km) 

Decreaser 
DAS Plan/gale ingram/ •• 

SCI Proablepharus kinqhomi ** 
GR Taeniopygia guttata 

RA Falco cenchroides 

PYG Delma tincta • 

GUI Ma/urus melanocephalus 
SCI Ctenotus rimacola •• 

RA Milvus migrans 

GUI Malurus Iamberti 

Oecreaser I Intermediate 
GIG Mirafra javanica •• 

Decreaser I extreme 
Fl Smicrornis brevirostris 

Increaser 

Long-tailed Planigale 

Kinghorn's Snake-eyed Skink 

Zebra Finch 

Nankeen Kestrel 

Excitable Legless Lizard 
Red-backed Fairy-wren 

VRD Black-soil Ctenotus 

Black Kite 

Variegated Fairy-wren 

Singing BushlarK 

Weebill 

GEK Dip/odacty/us tessellatus •• Tessellated Gecko 

GR Cacatua roseicapifla Galah 

Gl Grallina cyanoleuca Magpie-lark 

GJ Stiltia lsaballa * 
GIO Gymnorhina tibicen 

AI Hirundo niqricans 

Increaser I extreme 
GR Geope/ia cuneata 

Intermediate 
GR T umix velox * 
GR Nymphicus hollandic!JS 

Extreme 

Australian Pratincole 

Australian Magpie 

Tree Martin 

Diamond Dove 

little Button-quail 

Cockatiel 

AGA Tympanocryptis lineata •• Lined Eartess Dragon 

GR Ocyphaps /ophotes Crested Pigeon 

SCI Crypt. plagiocephalus Arboreal Snake-eyed Skink 

No significant response 

65 
44 
31 

22 
15 
8 
8 
7 

5 

67 

10 

23 
16 
15 
10 
8 
7 

11 

33 
8 

58 
15 
13 

0.10 
0.32 

0.24 

0.70 
0.34 
0.76 

0.012 

0.026 

0.111 

0.29 -0.026 

-0.92 0.181 

-0.027 
-0.48 
-0.43 

-0.074 
-0.58 
-0.52 

-1.80 0.183 

1.16 -0.141 
3.00 -0.469 

-0.45 
-1.17 
-0.96 

0.050 
0.167 
0.143 

17.4 
54.9 
47.2 
20.6 
26.3 
90.7 
55.7 
34.4 
44.2 

75.7 

71.8 

14.6 
53.8 
68.5 
60.9 
43.0 
24.1 

67.1 

21.1 
56.3 

23.8 
61.2 
77.0 

2.6 
2.5 

10.5 
5.5 
5.9 
7.1 

55.7 
6.1 

22.6 

4.2 

12.1 

6.9 
12.3 
3.7 
7.6 

10.7 
24.1 

7.0 

11.9 
32.3 

5.8 
3.7 
4.6 

Black-faced Woodswallow Artamus cinereus, Willie Wagtail Rh/pidura leucophrys, Masked Woodswallow Artamus 
personatus, Black-faced Cuckoo-shrike Coracina novaehollandiae, While-winged Triller Lalage sueurii, Singing 
Honeyeater Lichenostomus virescens, Yellow-throated Miner Manorina flavigu/a, Rufous-throated Honeyeater 
Conopophila rufogularis, Brown SonglarK Cincloramphus crura/is •, Crimson Chat Epthianura tricolor, Crow species 
Corvus spp., Australian Bustard Ardeotis australis, Flock Bronzewing Phaps histrionica ••, Budgerigar Melopsittacus 
undulatus, Red-chested Button-quail Tumix pyrrhothorax ••, Brown Quail Coturnix ypsilophora, Little Corella Cacatua 
sanguinea, Pied Butcherbird Cracticus nigrogufaris, Brown Falcon Falco berigora, Spotted Harrier Circus assimilis •, 
Whistling Kite Haliastur sphenurus, Wedge-tailed Eagle Aquila audax 

5.6 

2.5 

4.9 

4.1 
3.2 

4.5 
3.5 
3.3 

Stripe-faced Ounnart Sminthopsis macroura •, Red Kangaroo Macropus rufus •, Northern Nailtail Wallaby Onychogalea 
unguifera, Forrest's Mouse Leggadina forrest/ 

Knife-footed Frog Cyclorana cuftripes •, Central Bearded Dragon Pogona vitticeps •, Gilbert's Dragon Lophognathus 
gilbert/, Curt Snake Suta suta •, Speckled Brown Snake Pseuclonaja guttata ••, Collared Whip Snake Demansia 
torquata •, Bynoe's Gecko Heteronotia binoei, Tree Dtella Gehyra variegate, Beaked Gecko Rhynchoedura ornata, 
Immaculate Gecko Dip/odactylus immaculatus •, Black-soil Ctenotus Ctenotus joanae ••, Grey's Menetia Menetia greyii, 
Pretty Ctenotus Ctenotus pulchellus ••, Spencer's Goanna Varanus spenceri •• 
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Table 8.7 cont'd 

(b) " CATT CATT2 %model %OW lnfl. . CATT 

Decreaser I extreme 
DAS Planigale ingram! •• Long-tailed Planigale 65 -0.79 0.166 20.5 5.8 2.4 

Increaser 

AGA Tympanocryptis lineata ** lined Earless Dragon 56 0.55 30.6 17.5 

AI Artamus cinereus Black-faced Woodswallow 27 0.54 35.9 6.6 
GEK Diplodactylus tessellatus •• Tessellated Gecko 23 0.40 15.2 7.5 
MAC Macropus rufus • Red Kangaroo 17 0.133 42.4 3.2 

Gl Stiltia isabella • Australian Pratincole 10 1.90 84.1 61.7 

GIO Gymnorhina tibicen Australian Magpie 8 0.378 61.5 27.8 

Increaser I intermediate 

GR Me/opsittacus undulatus Budgerigar 23 2.33 -0.413 43.9 9.1 2.8 
AI Rhipidura leucophrys Willie Wagtail 21 1.89 -0.244 60.1 9.4 3.9 

GR Cacatua roseicapilla Galah 16 3.51 -0.624 64.9 17.5 2.8 

Intermediate 

GR Ocyphaps lophotes Crested Pigeon 15 6.78 -1.568 68.7 13.6 2.2 

(o) " USL USL2 %model %OW inti. 
%cov 

Decreaser 

SCI Ctenotus joanee •• Black-soil Ctenotus 51 0.05 42.0 8.2 
GEK Heteronotie binoei Bynoe's Gecko 32 0.06 24.8 15.2 

FIN Uchenostomus virescens Singing Honeyeater 17 0.002 50.5 8.2 
GIO Ardeotis australis Australian Bustard 12 0.06 10,g 10.9 

GUI Malurus melanocephe/us Red-backed Fairy-wren 7 0.003 48.3 48.0 

Decreaser I intermediate 

GIG Mirafra javanica ** Singing Bushlark 67 0.08 -0.002 78.4 6.8 22.5 

GR Tumix velox * little Button-quail 33 0.22 -0.006 32.0 18.6 18.3 

GR Taeniopygia guttate Zebra Finch 31 0.20 -0.005 50.3 12.7 19.7 
PYG Delma tincta • Excitable Legless Lizard 15 0.24 -0.005 30.5 10.1 23.8 

SCI Ctenotus pulchellus •• Pretty Ctenotus 7 0.74 -0.031 79.4 15.5 11.9 

Increaser 

DAS Sminthopsis macroura • Stripe-faced Dunnart 36 -0.002 42.5 3.3 
GIO Corvus spp. Crow species 25 -0.002 35.7 4.4 

Increaser I extreme 
FIN Manorina flavigula Yellow-throated Miner 10 -0.28 0.007 82.8 8.5 19.9 

418 Chapter 8. Grazing effects on fauna 



Table 8.10 Comparison between sites inside Connell's Lagoon (n=10) and cracking-clay 
grassland sites elsewhere in the Barkly Tableland (n=39), for vertebrate fauna (combined 
seasons). Data are m'eans, with the z-statistic and p-value from Mann-Whitney U tests. All 
summary variables for major taxa are shown (non-significant results in brackets), but only 
significant results (p<0.1) for guilds or families and individual species. Asterisks indicate 
species with a fidelity for Mitchell grasslands. Mean distance to water, cattle activity and 
understorey cover are shown for comparative purposes. Abundance of the granivore/ground 
insectivore guild is not included as it is equivalent to Singing Bushlark abundance. 

CL others z p 

distance to water {km) "'' 3.5 
cattle activtty index "'' 1.5 
[understorey cover (early)] 20.0 19.1 -0.57 0.570 

understorey cover {late) 22.3 6.9 -4.21 0.000 

vertebrate species 12.8 6.7 -2.47 0.014 

[bird species] 4.4 3.5 .0.67 0.501 

reptiles species 6.6 3.9 -2.81 0.005 

[mammal species] 1.8 1.3 -1.04 0.297 

bird abundance 32.7 17.2 -3.75 0.000 

reptile abundance 17.1 11.4 -1.86 0.063 

[mammal abundance] 4.4 3.5 -0.91 0.362 

pygopodid species 0.9 0.2 -3.30 0.001 

pygopodid abundance 2.2 0.2 -3.53 0.000 

skink species 2.3 1.5 -2.46 0.014 

skink abundance 9.9 6.2 -1.89 0.059 

elapid species 1.0 0.4 -1.88 "0.061 

elapid abundance 1.0 0.4 -1.74 0.081 

granivore species 2.4 1.2 -2.55 0.011 

granivore abundance 5.6 1.7 -3.02 0.002 

MG50 species richness 7.1 4.7 -3.76 0.000 

MG50 species abundance 42.7 25.2 -3.83 0.000 

MG10 species richness 10.3 6.7 -3.87 0.000 

MG10 species abundance 47.9 29.1 -3.78 0.000 

Singing Bushlark M!rafra 22.6 13.0 -2.99 0.003 
javanica •• 

Long-tailed Planigale 3.3 2.0 -1.85 0.065 
P/anigale ingrami •• 

Kingham's Snake-eyed Skink 2.7 1.5 -1.74 0.082 
Proablepharus kinghorni ** 
Flock Bronzewing Phaps 1.5 0.4 -2.93 0.003 
histrionica •• 

Red-chested Button-quail 1.5 0.3 -2.73 0.006 
Turnix pyrrflothorax •• 

Stripe-laced Dunnart 0.1 1.3 2.17 0.030 
Sminthopsis macroura • 

Excitable Legless Lizard 2.1 0.2 -3.76 0.000 
Delma tincta * 
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Table 8.13 Comparison between clay grassland sites closest to water (0.5·1.4km, n=12) and 
sites most distant from water (n=12, 5.8·8.4km), for vertebrate fauna. All major summary 
variables are shown, but only guilds and individual species that differ significantly (p<0.1) are 
listed. Data are means, the z·statistic and associated probability value refer to Mann· Whitney 
U·tests. (Abundance of the granivore/ground insectivore guild is not included as it is equivalent 
to Singing Bushlark abundance). 

close distant z p 

distance to water (km) 0.9 6.6 -4.16 0.000 

cattle activtty index 2.2 0.8 4.04 0.000 

[understorey cover (early)] 21.4 17.8 0.58 0.564 

understorey cover (late) 4.6 12.7 -2.92 0.004 

[vertebrate species] 9.6 8.9 0.84 0.403 

bird species 4.6 3.3 1.73 0.083 

[reptile species] 3.7 4.3 -0.87 0.386 

[mammal species] 1.3 1.3 -0.12 0.908 

bird abundance 15.0 23.1 -2.28 0.023 

[reptile abundance] 11.5 11.9 -0.29 0.773 

[mammal abundance] 3.0 4.1 -1.01 0.312 

agamid abundance 4.4 2.1 1.73 0.083 

ground insectivore species 0.8 0.1 1.82 0.069 

ground Insectivore abundance 2.5 0.1 1.85 0.065 

MG50 spp. abundance 20.3 33.5 -2.63 0.009 

MG10 spp. abundance 25.3 36.0 -2.19 0.028 

Singing Bushlark 8.2 19.5 -3.06 0.002 
Mirafra javanica •• 

lined Earless Dragon 4.2 1.8 2.05 0.040 
Tympanocryptis lineata •• 

Long-tailed Planigale 1.3 2.9 -1.91 0.057 
Planigale ingram! •• -
Kinghorn's Snake-eyed Skink 1.2 2.3 -1.73 0.083 
Proab/epharus kinghomi •• 

Australian Pratincole 2.1 0.0 1.73 0.083 
Stiltia isabella • 
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Table 8.14 Results of regression analysis of ant summary variables for each of the grazing gradients, with distance from water (OW) as the predictor. A 
quadratic term (DW2

) was also tested in the regression. Only response variables with a significant distance term on at feast one gradient are shown 
(regressions were tested for each of the summary variables fisted in Table 8.1, as well as the richness and abundance of Torresian species, Eyrean species 
and Mitchell grassland species (combined season data)). Separate analyses were undertaken for combined seasons, early Dry season and late Dry season 
samples. 

Alexandria Alexandria (gravel rise) Helen Springs Rockhampton Downs 

ow ow' R' F p ow ow' R' F p ow ow' R' F p ow ow' R' F p 
combined seasons 

total abundance -0.01 0.8 23.4 0.003 
abundance of Torresian spp. 0.061 0.65 7.6 0.05 
abundance of Eyrean spp. -0.02 0.99 92.2 0.07 0.08 0.4 4., 0.09 -0.11 0.58 8.3 0.03 

abundance of MG spp. -0.04 0.81 16.8 0.01 -0.17 0.72 15.4 0.008 
functional group composition 

Generalise Mynnecinae 0.133 0.98 48.7 0.09 
Subordinate Camponotini 0.531 , 2441 0.01 0.248 0.43 4.6 0.08 
Specialist Predators 0.296 0.86 24.4 0.008 

early Dry season 

functional group composition 0.029 0.51 6.1 0.05 -0.01 0.55 7.5 0.03 
Dominant Dolichoderinaa 1.359 -0.15 0.63 4.2 0.09 -0.08 0.41 4.2 0.09 

Specialist Predators 0.448 0.87 26.3 0.007 -0.03 0.99 H6 0.07 0.179 0.43 4.6 0.08 
Hot Climate Specialist -0.01 , 12485 0.005 0.175 0.48 5.6 0.06 
Subordinate Camponotini 0.549 0.99 94.7 0.07 0.289 0.48 5.6 0.06 

late Dry season 

total species -0.01 0.65 , 0.02 
total abundance -0.02 0.99 66.3 0.08 -0.02 0.78 21.8 0.003 
functional group composition 

Opportunists -0.07 0.82 17.6 0.01 

Generalise Myrmecinae -0.41 0.45 5 0.07 
Specialist Predators 0.73 -0.08 0.7 5.9 0.05 
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Table 8.15 Results of regression analysis of ant species' abundance for each of the grazing gradients, with distance from water (OW) as the predictor. A quadratic 
term (DW

2
) was also tested in the regression. Only species occurring in at least three sites on one gradient were included. Species are ordered according to 

response type; abbreviation before species name indicates functional group (as per Table 5.2) . Analyses were undertaken for data from combined seasons only. 

Alexandria Alexandria (gravel rise) Helen Springs Rockhampton Downs 

n OW ow' R' F p n OW ow' R' F p n OW ow' R' F p n OW ow' R' F p 

de creaser 

DD lridomyrmex sp. Y 4 0.51 0.46 5.1 0.07 
HC Me/ophorus sp. Al 3 0.18 0.56 5.1 0.09 3 
OP Tapinoma sp. A 4 0.028 0.42 4.4 0.08 8 
SC Camponotus sp. B 

' 
7 0.26 0.4 4 0.09 5 

SP Odontomachus sp. B 6 0.28 0.95 84.6 0.001 8 0.17 0.44 4.7 0.07 8 
Increaser 

DD lridomyrmex sp. F 3 8 -0.22 0.44 4.6 0.08 
DD f. viridianeus 8 -0.13 0.46 5.1 0.06 
HC Me/ophorus sp. T 3 3 -0.052 0.98 41.3 0.09 
HC Monomorium sp. B 3 -0.066 1 7877 0.007 7 -0.052 0.6 9.1 0.02 5 
OP R. ?pifosufa 3 -0.025 1 432 0.03 6 
OP Rhytidoponera sp. D 4 -0.055 0.82 17.9 0.01 3 4 -0.86 0.79 22.2 0.003 8 -0.18 0.59 8.6 0.03 
OP Tetramorium sp. H 3 -0.044 0.98 40.7 0.09 
SC Camponotus sp. A 5 6 8 -0.21 0.61 9.2 0.02 

intermediate 

OP Tetramorium sp. B 7 1.39 -0.158 0.66 4.8 0.07 3 
Idiosyncratic 

HC Melophorus sp. E 8 0.39 0.69 13.6 0.01 7 1.25 -0.14 0.85 14.1 0.01 
no significant response 

SP Cerapachys sp. B; SP Odontomachus sp. A; DD lridomyrmex ?hartmeyeri; DD lridomyrmex sanguineus; DD lridomyrmex sp. A ; GM Pheido/e sp. B ; HC Melophorus sp. AJ ; HC Me/ophorus sp. F ; 
HC Mefophorus sp. R; OP Rhytidoponera sp. E; OP Rhytidoponera taurus; OP Tetramorium sp. D 
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Table 8.16 Results of testing four different predictor variables in regression models of ant summary variables for each of the grazing gradients: distance 
from water (OW); cattle activity index (GATT); understorey cover in the early Dry season (USE); understorey cover in the late Dry season (USL). In each 
case a quadratic term was also included. Data are the R value for significant regression models: the largest values for each species is bold. Only 
variables with at least one significant model are listed. 

Alexandria Alexandria (gravel rise) Helen Springs Rockhampton Downs 

ow CATT USE USL ow CATT USE USL ow CATT USE USL ow CATT USE USL 

combined seasons 

total species 0.84 

total abundance 0.61 0.43 0.8 0.73 

biogeographic affinity 

richness ofTorresian spp 0.73 0.57 

abundance ofTorresian spp 0.65 0.75 0.68 

richness of Eyrean spp 0.99 

abundance of Eyrean spp 0.99 0.98 0.99 0.4 0.49 0.68 0.58 0.52 

richness of Mitchell grassland spp. 0.99 0.51 0.63 

abundance of Mitchell grassland spp. 0.81 0.55 0.72 0.86 

functional group composition 

Dominant Oolichoderinae 0.9 0.52 

Hot Climate Specialist 0.89 0.41 

Generalise Myrmecinae 0.81 0.98 ' 0.86 0.64 

Subordinate Camponotini 1 0.99 0.43 0.44 0.48 

Specialist Predators 0.86 0.71 0.67 0.73 0.63 0.75 

early Dry season 

total abundance 0.51 0.46 0.55 0.77 

functional group composition 

Dominant Dolichoderinae 0.63 0.91 0.41 0.4 0.57 

Generalise Myrmecinae 0.8 0.73 

Specialist Predators 0.87 0.79 0.99 0.99 0.43 0.72 

Hot Climate Specialist 0.86 1 1 0.48 0.75 

Subordinate Camponotini 0.99 0.48 0.42 0.74 
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Table 8.17 Results of testing four different predictor variables in regression models of ant species' abundance for each of the grazing gradients: distance 
from water (DW); cattle activity index (CATT); understore¥ cover in the early Dry season (USE); understorey cover in the late Dry season (USL). In each 
case a quadratic term was also included. Data are the R value for s·lgnificant regression models: the largest values for each species is bold. Only 
species occurring in at least three sites on one gradient were included. Analyses were undertaken for data from combined seasons only. 

Alexandria Alexandria (gravel rise) Helen Springs Rockhampton Downs 

DW CATT USE USL DW CATT USE USL DW CATT USE USL DW CATT USE USL 

OP Rhytidoponera taurus 0.77 

OP Rhylidoponera sp. D 0.82 0.55 0.79 0.65 0.59 0.67 
SP Odontomachus sp. B 0.95 0.84 0.44 0.8 0.71 0.94 
DO lridomyrmex viridianeus 0.46 0.41 0.39 
HC Me!ophorus sp. E 0.69 0.66 0.64 0.85 0.87 0.48 
DO lridomyrmex sp. F 0.44 

SC Camponotus sp. A 0.48 0.61 0.51 
HC Melophorus sp. F 

OP Tapinoma sp. A 0.42 

GM Pheidole sp. B 0.83 0.99 0.78 0.78 
HC Monomorium sp. B 1 1 0.98 0.6 0.43 0.43 0.4 
SC Camponotus sp. B 0.4 0.4 
OP Tetramorium sp. B 0.66 0.45 0.54 

OP Rhytidoponera ?pilosula 1 1 1 0.69 
SP Qdontomachus sp. A ' 0.76 0.45 
SP Cerapachys sp. B 

DO lridomyrmex sp. A 0.45 
OP Rhylidoponera sp. E 

DO lridomyrmex sp. Y 0.46 
HC Melophorus sp. T 0.98 0.98 1 

DO lridomyrmex sanguineus 

HC Melophorus sp. Al 0.56 

DO lridomyrmex ?hartmeyeri 

OP Tetramorium sp. H 0.98 1 

HC Melophorus sp. AJ 0.99 

OP Tetramorium sp. 0 

HC Melophorus sp. R 
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Table 8.18 (a) Summary of predictive models for ant summarv variables, developed using data 
from all clay sites. Parameter estimates for the distance-from-water terms are given (OW & 
OW\ along with the proportion of total deviance explained by the distance terms (%OW) and 
the proportion of total deviance explained by the full model (ie. all significant variables: 
%model). "Type" describes the shape of the modelled relationship: DEC, decreaser; DEC/INT, 
decreaser/intermediate, INC, increaser; INC, increaser/extreme; INT, intermediate; EXT, 
extreme. For models with significant first- and second-order terms, the final columns gives the 
distance at which inflection in the curve occurs. Models were tested for each of the summary 
variables listed in Table 8.1, as well as the richness and abundance of Torresian species, 
Eyrean species and Mitchell grassland species. 

(b) summary of models for which replacing distance from water with cattle activity index 
(CATT) resulted in the best model; 

(c) summary of models for which replacing distance from water with understorey cover 
in the late Dry season (USL) resulted in the best model. 

1•1 " OW ow' %model %dw type lnfl. (km) 

total abundance 80 0.11 -0.015 35.1 1.8 INT 3.8 

functional group composition 

Generalise Mynnecinae 80 0.09 23.4 2.0 DEC 
Hot Climate Specialist 80 0.06 39.5 1.8 DEC 
Opportunists 80 -0.011 27.5 9.7 INC 
Subordinate Camponotini 80 0.31 -0.034 30.1 2.2 DEC/I NT 4.6 

Specialist Predators 80 0.024 69.9 10.9 DEC 
biogeographic affinity 

abundance of Eyrean spp 80 0.16 -0.023 36.8 2.5 INT 3.4 

abundance of Widespread spp 80 0.63 -0.082 29.1 8.4 INT 3.8 

abundance of Mitchell grassland spp. 80 -0.018 52.8 7.4 DEC 

(b) " GATT CATT' %model %dw type infl. 
. (CATT) 

functional group composition 

Dominant Dolichoderinae 80 -0.56 0.094 25.3 4.1 INCIEXT 30 

(o) " USL USL2 %model %dw type lnfl. 

(%cover) 

total species 80 0.01 20.3 5.0 DEC 
total abundance 80 0.03 -0.001 36.7 3.1 DECIINT 16.3 

functional group composition 

Generalise Mynnecinae 80 -0.03 0.001 24.0 2.5 INC/EXT 13.0 

Subordinate Camponotini 80 0.08 -0.002 33.1 4.7 DEC/INT 19.8 

biogeographic affinity 

abundance ofTorresian spp 80 0.07 -0.002 54.4 4.7 DEC/I NT 17.8 
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Table 8.19 (a) Summary of predictive models for ant species' abundance, developed using 
data from all clay sites, and with distance from water as predictor. Species are ordered 
according to the response pattern. Only species occurring in at least five sites were included 
in the analysis; "neutral" species are those which did not have a significant term for distance 
from water. 
(b) models for which replacing distance from water with cattle activity index (CATI) resulted in 
the best model; 
(c) summary of models for which replacing distance from water with understorey cover in the 
late Dry season (USL) resulted in the best model. 

1•1 " ow ow' %model %dw in fl. 
(km) 

Decreaser 
SP Odontomachus sp. B (ruficeps gp) 38 0.02 68.1 8.1 
SP Odontomachus sp. A {ruficeps gp) 24 0.16 46.4 1.9 
GM Monomorium sp. D (/aeve gp) 21 0.38 45.8 10.3 
DD lridomyrmex sanguineus 18 0.01 42.7 1.3 
GM Pheidole impressiceps 5 0.73 72.0 28.5 
DD lridomyrmex sp. C (suchieri gp) 5 2.67 73.0 16.3 

Decreaser /Intermediate 
HC Melophoms sp. E {group A) 48 0.55 -0.06 39.0 5.2 4.6 
OP Rhytidoponera ?pilosu/a 40 0.38 -0.03 49.3 4.0 6.0 
HC Melophoms sp. AL {group F) 9 1.72 -0.12 88.0 32.6 7.2 
GM Monomorium enderseni 5 9.47 -0.97 97.8 31.9 4.9 

Increaser 
GM Pheidole sp. B (group D) 63 -0.05 22.6 0.6 
HC Monomorium sp. B {rothsteini gp) 48 -0.07 - 23.9 0.8 
OP Rhytidoponera sp. D (tenuis gp) 44 -0.21 39.9 11.0 
DD lridomyrmex viridianeus 14 -0.16 78.2 7.2 
DD lridomyrmex sp. P (anceps gp) 12 -0.40 87.7 4.6 
OP Tetramorium sp. D (strio/atum gp) 12 -0.20 46.0 4.4 
DD lridomyrmex agilis 6 -1.36 76.7 49.9 

Increaser I extreme 

OP Rhytidoponera sp. P (group A) 7 -1.26 0.12 97.0 70.6 5.3 

Intermediate 

sc Cemponotus sp. A (discors gp) 49 0.77 -0.11 40.0 10.2 36 
OP Rhytidoponera taums 32 0.52 -0.06 42.3 5.6 4.8 
sc Camponotus sp. B (nigroaeneus) 25 1.08 -0.13 59.2 9.1 4.1 
HC Me/ophoms sp. B {group F) 23 0.85 -0.10 81.9 2.9 4.1 
DD lridomyrmex sp. A {fllfonigergp) 17 1.56 -0.20 58.6 12.0 3.8 
GM Monomorium sp. A (sordidum gp) 14 1.30 -0.25 69.7 11.1 2.6 
OP Tetramorium sp. H (spininode gp) 7 0.98 -0.13 90.7 5.2 3.7 
HC Melophoms sp. T (field! gp) 7 1.33 -0.16 96.3 12.2 4.1 
OP Rhytidoponera sp. nr. rufrthorax 7 8.87 -1.55 82.9 59.6 2.9 
OP Rhytidoponera sp. E (convexa gp) 7 0.54 -0.08 73.3 5.5 3.4 

Extreme 

DD lridomyrmex sp. F (suchieri 9Pl 33 -0.68 0.09 67.7 4.1 3.7 
DD lridomyrmex sp. Y (anceps gp) 21 -0.26 0.03 76.7 0.5 4.0 
DD lridomyrmex sp. K (rufonigergp) 12 -1.68 0.26 60.0 6.6 3.2 
OP Rhytidoponere sp. C (mayri gp) 7 -0.66 0.16 97.5 13.7 2.1 
HC Meranop/us sp. I (diversus gp) 6 -3.79 0.50 76.3 56.7 3.8 
HC Me/ophorus sp. R 5 -2.43 0.36 74.2 18.4 3.4 
sc Polyrllachis sp. nr. obtuse 5 -2.02 0.35 54.8 25.9 2.9 

Neutral 

OP Tapinoma sp. A, OP Tetramorium sp. B (impressum gp), HC Melophoms sp. F (mjobergi gp), OP 
Tetramorium sp. A {striolatum gp), DO /ridomyrmex ?hartmeyeri, SP Cerapachys sp. 8 (singu/aris gp), SC 
Camponotus sp. 0 {novaehollandiae gp), HC Meranoplus sp. D (diversus gp), SC Camponotus sp. H 
(discors gp), GM Monomorium disetigerum, HC Melophorus sp. AJ (field! gp) 
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Table 8.19 cant' d. 

(b) " CATT CATI2 %model %catt Inn. 
(cattle) 

Increaser 

SC Camponotus sp. D (novaehollandiae gp) 7 0.81 78.4 4.8 
DD lridomyrmex agilis 6 1.20 93.1 69.5 

SC Camponotus sp. H (discors gp) 6 0.16 59.4 59.4 

OP Rhytidoponera sp. D (tenuis gp) 44 0.44 0.04 45.9 21.1 

Increaser I extreme 

GM Monomorium sp. A {sordidum gp) 14 -3.60 2.07 79.1 14.5 0.9 

OP Rhytidoponera sp. nr.rufithorax 7 -87.72 47.73 100.0 76.7 0.9 

Decreaser 

OP Tetramorium sp. B (impressum gp) 24 -0.25 46.6 2.6 

Decreaser f extreme 

SP Odontomaclws sp. A (ruficeps gp) 24 -2.08 0.30 51.8 7.4 3.5 

Intermediate 

DD lridomyrmex sp. Y (anceps gp) 21 3.02 -1.67 85.7 9.5 0.9 

Extreme 

GM Pheidole sp. B 63 -0.55 0.16 30.6 8.4 1.7 

(<) " USL USL2 %model %us I lnft.(% 
cover) 

Decreaser 

DD lridomyrmex sp. K (rufonigergp) 12 0.09 71.9 18.0 

Decreaser /Intermediate 
OP Rhytidoponera taurus 32 0.18 -0.01 50.8 14.2 18.4 

OP Tapinoma sp. A 29 0.22 -0.01 17.1 11.6 17.9 

DD lridomyrmex sp. C {suchieri gp) 5 2.82 -0~13 89.9 33.2 10.7 

Increaser -
HC Meranoplus sp. I {diversus gp) 6 -0.10 83.8 83.8 

Increaser I intermediate 

HC Monomorium sp. B (rothsteini gp) 48 0.05 -0.01 33.2 10.1 4.9 

OP Rhytidoponera sp. P (group A) 7 0.21 -0.01 100.0 71.7 12.9 
GM Monomorium disetigerum 6 0.29 -0.02 46.7 39.7 9.8 

Increaser I extreme 

HC Melophorus sp. F (mjobergi gp) 16 -0.21 0.01 69.3 13.5 14.9 

OP Tetramorium sp. A (striolatum gp) 11 -0.29 0.01 86.9 7.4 20.6 

Intermediate 
DO lridomyrmex sanguineus 18 0.14 -0.01 44.1 3.1 11.7 

Extreme 

HC Me/ophorus sp. AJ (fieldi gp) 5 -0.21 0.01 81.9 8.0 13.3 

428 Chapter 8. Grazing effects on fauna 



Table 8.22 Comparison between sites inside Connell's Lagoon (n=10) and cracking-clay 
grassland sites elsewhere in the Barkly Tableland (n=38), for ant fauna (combined seasons). 
Data are means, with the z-statistic and p-value from Mann-Whitney U tests. All major 
summary variables are shown (those in brackets have no significant difference), but only 
species for which there was a significant difference (p<0.1) are listed. Mean distance to water, 
cattle activity and understorey cover are shown for comparative purposes. 

CL others z p 

distance to water (km) "'' 3.5 
cattle activity index "'' 1.5 

[understorey cover (early)] 20.0 19.1 -0.57 0.570 
understorey cover (late) 22.3 6.9 -4.21 0.000 

total species 14.7 11.5 1.93 0.054 
[total abundance] 181.0 180.4 0.32 0.751 

functional group composition(%) 

Dominant Dolichoderinae 31.4 15.8 2.94 0.003 

[Generalised Myrmicinae] 5.3 6.9 -0.08 0.939 

Hot Climate Specialists 7.6 13.7 -1.78 0.076 

Opportunists 37.0 50.2 -1.68 0.094 

Subordinate Camponotini 9.8 4.0 2-72 0.007 

[Specialist Predators] 8.9 9.5 0.38 0.703 
[Eyrean aff. species] 8.4 7.4 0.65 0.517 

[Eyrean aff. abundance] 88.4 98.9 -0.56 0.577 
Torresian aff. species 4.7 2.8 3.17 0.002 

[Torresian aff. abundance] 81.3 76.5 0.57 0.568 
[Mitchell grassland spp. richness] 4.5 3.7 1.32 0.187 

[Mitchell grassland spp. abundance] 57.6 58.8 ·-o.oa 0.939 

Camponotus sp. A (discors gp) 9.9 4.0 2.65 0.008 
lridomyrmex sp. F (suchieri gp} 30.3 4.3 4.21 0.000 

Odontomechus sp. A (ruf!ceps gp} 8.2 2.3 2.61 0.009 

Melophorus sp. E (group A} 0.7 6.1 -2.03 0.042 

Tetremorium sp. B (impressum gp) 0.0 1.6 -2.28 0.022 
Me/ophorus sp. AY (group A) 2.6 0.0 2.41 0.016 
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Table 8.26 Comparison between clay grassland sites closest to water (0.5-1.6km, n=12) and 
sites most distant from water (n=12, 5.4-8.4km), for ant fauna. All major summary variables are 
shown, but only individual species that differ significantly (p<0.1) are listed. Data are means, the 
z-statistic and associated probability value refer to Mann-Whitney U-tests. 

close distant z p 

distance to water (km} 0.9 6.6 -4.16 0.000 
cattle activity index 2.3 0.8 4.04 0.000 
[understorey cover (early)) 20.3 18.6 0.12 0.908 
understorey cover (late) 3.0 12.5 -3.44 0.001 

[total species] 11.0 11.7 -0.49 0.624 

[total abundance] 168.2 165.9 -0.17 0.862 
functional group composition (%) 

[Dominant Dolichoderinae) 13.9 15.8 -0.52 0.603 
[Generalised Myrmicinae] 7.7 84 -1.10 0.273 

[Hot Climate Specialists] 15.5 12.7 -0.06 0.954 
Opportunists 56.3 38.7 2.02 0.043 
[Subordinate Camponotini] 2.4 5.3 -0.98 0.326 
Specialist Predators 4.2 19.1 -2.83 0.005 

[Eyrean aff. species] 7.4 6.8 0.66 0.507 
[Torresian aff. species] 2.7 3.5 -1.44 0.149 

[Eyrean aff. abundance] 94.8 75.1 0.69 0.488 
[Torresian aff. abundance) 69.9 85.0 -0.92 0.356 
[Mitchell grassland spp. richness] 3.4 3.4 -0.12 0.908 
[Mitchell grassland spp. abundance] 68.0 40.8 1.85 0.065 

Monomorium sp. B (rothsteini gp) 11.5 5.0 1.88 0.061 
/ridomyrmex sp. Y (anceps gp) 0.3 5.8 -1.70 0.089 

·-----·- ------
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Figure 8.1 Analysis of grazing gradients- ordinations of sites by vertebrate species composition. 
Rows, from top to bottom: Alexandria, Alexandria gravel rises, Helen Springs, Rockhampton Downs. 
Columns, from left to right pooled seasons; early Dry season; late Dry Season. Sites are numbered 
consecutively with increasing distance from water along each gradient. Directions and correlation 
coefficients of vectors for distance from water (DW), cattle activity (CA IT), early Dry season 
understorey cover (USE) and late Dry season understorey cover (USL) are shown for each 
ordination; solid arrows indicate a correlation >0.8 and dotted arrows a correlation >0.6. 
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Figure 8.2 Analysis of grazing gradients- regression models for vertebrate summary variables. 
Gravel rise sites at Alexandria were analysed separately, so there are four data sets: A, 
Alexandria; Ag, Alexandria (gravel rise); HS, Helen Springs; RD, Rockhampton Downs. The R2 

value from the regression analysis is indicated in brackets with the significance level (ns p>0.1, 
"p<0.1, .. p<0.01, *** p<0.001 ). Further details of the regression models are given in Table 8.2. 
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! 

Figure 8.3 Analysis of grazing gradients- regression models for individual vertebrate species. 
Gravel rise sites at Alexandria were analysed separately, so there are four data sets: A, 
Alexandria; Ag, Alexandria (gravel rise); HS, Helen Springs; RD, Rockhampton Downs. The R2 

value from the regression analysis is indicated in brackets with the significance level (ns p>0.1, 
* p<0.1, ** p<0.01, *** p<0.001 ). All species occurring in at least three sites on one gradient 
were analysed: if the gradient is listed with 'ns' the species occurred there but there was no 
significant relationship with distance; if the gradient is not listed then the species was absent or 
occurred in less than 3 sites there. Species are ordered occurring to response pattern. 
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Figure 8.3 (c) idiosyncratic response 
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Figure 8.4 Analysis of data from all clay sites using generalised linear models- vertebrate 
summary variables. Figures show the modelled relationship between selected variable and 
a) distance to water; b) cattle activity; c) understorey cover (late Dry season); with the effects 
of other significant predictor variables held constant. Not all significant models are illustrated 
-further details are given in Table 8. 6. 

a) distance to water 

'[;;~~~~-. ~::•~i>'eeel---~ 

. 'I . , ' 
0 ' 

~~~-0 l . 

··~ 
0o 2 4 6 s 

distance from water (km) 

i I' R"POI<iABN 
40 I "··. Bm!ABI'I 

• ....._ MG!OABN 
•,, MG50A8N 

301 ~-~------

'"'c.-:.·~~=~==~==~=-~'~1 
'"~ 
00;-------,,-------,,,-------,,------~. 

d1stance from water (km) 

b) cattle activity index 

•o--------------------c;O'""'~ I 1-..... """-'PPI 

•c------

' . "i 
' . ; 

' 
~=:..·:..·..:::..::::..::-.:.:.:..-·-·-·- -·-·-· 0 . ' cattle activity index 

436 

tO:-...._ FINABN 

i "· •. GIABI'I 

6 1-.._, GIGABN 

I "'•. GRABN 

-----.... --- --- ... 1! 6 ........ .. ....... __ 
~ .... . ... -!'! _, ••• 

~ 4 ..-.--:.<-----------···· 
·;-·r 

' or--:::-.- ------------- ____ j 
0 2 4 5 6 

•o 

• 
,, r._ 

distance from water (l<m) 

GRABNI 
RAABN 

•,. GIABN 
--. •• AIABN 

··-. ,,-.......... __ .. - •. 

0 ·--~- ·---:-:~::;~;;:~'=--';o: 
' ' 0 

cattle activity Index 

6
1 , -...._ P•oooodKI AIWI I 

/ 

• 

-----
_______________ .... 

' 

l ----------=<: I 0 --·-· ·-·----
0 2 4 6 8 

distanct! from water (l<m) 

Chapter 8. Grazing effects on fauna 



Figure 8.4 (c) understorey cover (late Dry season) 
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Figure 8.5 Analysis of data from all clay sites using generalised linear models vertebrate 
species. Figures show the modelled relationship between abundance and a),b),c) distance to 
water (ordered according to response type; d) cattle activity; e) understorey cover (late Dry 
season); with the effects of other significant predictor variables held constant. Not all significant 
models are illustrated- further details are given in Table 8.7. 
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Figure 8.5 (d) cattle activity index 
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Figure 8.7 Analysis of grazing gradients- ordinations of sites by ant species composition. 
Rows, from top to bottom: Alexandria, Alexandria gravel rises, Helen Springs, Rockhampton 
Downs. Columns, from left to right: pooled seasons; early Dry season; late Dry Season. 
Vectors as for Fig. 8.1. 
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Figure 8.9 Analysis of grazing gradients- regression models for ant summary variables. Gravel 
rise sites at Alexandria were analysed separately, so there are four data sets: A, Alexandria; Ag, 
Alexandria (gravel rise); HS, Helen Springs; RD, Rockhampton Downs. The R2 value from the 
regression analysis is indicated in brackets with the significance level (ns p>0.1, * p<0.1, ** p<0.01, 
*** p<0.001 ). Further details of the regression models are given in Table 8.14. 
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Figure 8.9 cont'd. 

i "'I 
l 

'"I ~ 
' * '" 

I , 
0 

d"tance from water (km) o,tanco from water (km) 

c) late Dry season sample 

20 I '" 
total ncllness (lalo Dry) c-;;,., I 

I 
total abundance (lato Dry) 

1- ""'' II Ag(ns) Ag(ll99') 

"I 
HS(nsl 

I 

HS ("'I 
'··- R0{065') 1'·-- RD(018"")1 

l ' 

J "l I '"f ----- ---- ---
_I 

..................... 
0 

' ooof -----
..... --- ···· .. 

'I 
--- "· ... 

I 
........ 

---
• 

d•6tance from water (km) diSiance from wafer (km) 

d1s1anoe from waw (km) 

Chapter B. Grazing effects on fauna 

'"''I --,---,---,----,----,=~~~ Spaaal,od Pre<letors A (ns) • 

I 

(late Dry) Ag(nol 
•,, HS (0 70') 

30 RO(.,.I 

h 1· 

* 10' J ___ ----------------J 
, ' . 

diStanco from wafer (km) 

443 



Figure 8.10 Analysis of grazing gradients- regression models for individual ant species. Gravel 
rise sites at Alexandria were analysed separately, so there are four data sets: A, Alexandria; Ag, 
Alexandria (gravel rise); HS, Helen Springs; RD, Rockhampton Downs. The R2 value from the 
regression analysis is indicated in brackets with the significance level (ns p>0.1, * p<0.1, "" 
p<0.01, u• p<0.001 ). All species occurring in at least three sites on one gradient were analysed: 
if the gradient is listed with 'ns' the species occurred there but there was no significant 
relationship with distance; if the gradient is not listed then the species was absent or occurred in 
less than 3 sites there. Species are ordered occurring to response pattern. 
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Figure 8.10 cont'd. 
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i 

Figure 8.11 Analysis of data from all clay sites using generalised linear models- ant summary 
variables. Figures show the modelled relationship between selected variable and a) distance to 
water; b) cattle activity; c) understorey cover (late Dry season); with the effects of other 
significant predictor variables held constant. Not all significant models are illustrated- further 
details are given in Table 8.18. 
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Figure 8.12 Analysis of data from all clay sites using generalised linear models- ant species. 
Figures show the modelled relationship between abundance and a) distance to water; b) cattle 
activity; c) understorey cover (late Dry season); with the effects of other significant predictor 
variables held constant. Not all significant models are illustrated- further details are given in 
Table 8.19. 
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Chapter 9. Conservation management in the Mitchell grasslands, and a 

model for conservation in the Barkly Tableland 

Introduction 

In this final chapter I return to the question posed in the introduction: what is the most 

effective approach to conservation management in the Mitchell grasslands of the Northern 

Territory? This study has supplied some of the biological information about this landscape, 

and about the relationship between the biota and the dominant pastorallanduse, that is 

required to address this question. However, approaches to conservation management are 

also informed and constrained by economic, social and political factors. Particularly in 

relatively productive environments, such as the Mitchell grasslands, there is always likely to 

be tension between economic and conservation goals. Recognising that there are costs 

associated with conservation management and explicitly accounting for them is an 

important step in the consultative process between stakeholders that is required in any 

conservation planning exercise (Faith & Walker 1996c, Faith eta/. 1996, Pressey eta/. 

1996, James et al. 2000). In this chapter I review the current reservation status of Mitchell 

grasslands in northern Australia. In conservation planning, substantial weight is often given 

to the reservation of species and habitats of conservation significance (that are rare, 

threatened, important refugia, breeding habitats, etc.) and I also describe current 

knowledge of significant species and habitats in Mitchell grassland communities, that have 

not been adequately addressed in this study. I review the contribution that the ecological 

knowledge accumulated in this study may make to decisions about appropriate 

conservation management. Finally, I examine (albeit in a preliminary fashion), the potential 

economic costs of some conservation management scenarios for Mitchell grassland 

communities of the Barkly Tableland in the Northern Territory. In this introduction, I touch 

on the framework for on-reserve and off-reserve conservation management in Australia, 

with particular reference to rangelands. 

There is general recognition that the cornerstone for biodiversity protection in Australia is a 

comprehensive system of conservation reserves (eg. Walker & Nix 1993, Morton et al. 

1995, Thackway & Cresswell1 997). This has now been formalised in a number of 

government policies or strategies (eg. Anon 1992, Anon 1995, Anon 1996), including those 

dealing explicitly with rangelands (ANZECC & ARMCANZ 1999). Key features of such a 

reserve system are that it should represent all the different ecosystems within Australia, 

ideally at a bioregionallevel (Thackway & Cresswell1997), and that the extent of 

reservation should be adequate to ensure the integrity of ecological processes. The goal of 
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a representative reserve system within the Northern Territory has been formally established 

in the Northern Territory Parks Masterplan (Anon 1998), which also recognised that some 

major environments within the Northern Territory, such as the extensive tussock 

grasslands, were underrepresented in the Reserve system. Systematic approaches to 

developing a representative reserve system based entirely on ecological criteria have been 

investigated for the Northern Territory (Woinarski eta/. 1 995), as they have been in some 

other Australian States (eg. Purdie eta/. 1987, McKenzie eta/. 1989, Pressey eta/. 2000). 

The theory and methodology for designing a representative reserve system are very well 

established (see Chapter 6), although in many parts of Australia the data bases on which 

such methodology depends remain inadequate. Nevertheless, the major bar to achieving 

a representative reserve system is the restriction on the availability of land because of 

competition from other land uses. While the concept of a representative reserve system 

has gained general acceptance, this has not often been accompanied by explicit 

statements of targets in terms of the proportion of each ecosystem to be included. 

Minimum targets of 5% have often been adopted for reserve·design exercises (eg. Price et 

a/. 1994 ), but more generous targets of 10% (IUCN 1994), 15% (JANIS 1997) or greater 

have been suggested as the minimum adequate. In more fragmented landscapes, the 

retention of at least 30% of native vegetation has been suggested a as minimum threshold 

for the maintenance of biodiversity (Andren 1994, Mcintyre eta/. 2000). In fact, in some 

regions these targets may exceed the total proportion of some habitats remaining 

compared to their pre·European extent (Fen sham eta/. 1998, Sattler & Williams 1999, 

Pressey & Taffs 2001 ). 

Despite the acknowledged importance of reserves, there is also a general recognition that 

a conservation reserve network will never in itself be adequate for conserving biodiversity. 

This is partly because it is unlikely that all ecosystems and species can be adequately 

represented in reserves, especially at a bioregionallevel, as the area of land required is 

politically and socially unachievable (Pressey & Nicholls 1989a, Price eta/. 1995, Young & 

Howard 1996, Fraser & Hone 2001 ). The areal extent of reserves may be below the 

minimum required for the maintenance of viable populations required for some species, or 

they may not contain the range of habitats required at all stages of a species lifestyle. 

Particularly in the case of much of Australia's rangelands fixed, relatively small areas of 

land may not encompass the spatial and temporal variation in habitat quality that is a 

driving force for much of the rangeland biota (Pressey 1992, Woinarski eta/. 1992b, Morton 

eta/. 1995b, James et af. 1995). Maintaining habitat quality across whole landscapes also 

provides connectivity between otherwise isolated reserves (Pearson eta/. 1996, Mcintyre 

2000). Consequently, it is now recognised that off·reserve conservation is a critical 
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component of maintenance of biodiversity in rangelands, as in other Australian 

environments (Curry & Hacker 1990, Matt & Bridgewater 1992, Pickard 1993, Morton eta/. 

1995b, ANZECC 1996, Anon 1998, ANZECC & ARMCANZ 1999). Reservation also does 

not necessarily guarantee security against some threatening processes that demand 

management at the scale of whole landscapes (eg. Russeii~Smith & Bowman 1992). 

"Off~reserve conservation" is a generic term that is now widely applied to a range of 

management strategies. A large collection of articles from a recent conference (Hale & 

Lamb 1997) provides an overview of the diversity of approaches encompassed by this term 

and Pressey & Logan (1997) list many measures currently applied in NSW. The range of 

approaches to off~reserve conservation on land primarily used for pastoral use can perhaps 

be characterised under a number of categories, although most of these intergrade: 

• government regulation, land management restrictions or lease requirements aimed at 

limiting the negative effects of land use on biodiversity, such as regulations limiting land 

clearing (Farrier 1995, Lewis 1997); 

• education of land managers about biodiversity values and sustainable land management 

(eg. Dorricott eta/. 1998) 

• land management practices that improve sustainability .of the land use, which is also 

likely to have positive biodiversity benefits. In the rangelands this includes careful 

management of total grazing pressure in relation to seasonal conditions (Freudenberger 

& Landsberg 2000) and the introduction of methods such as wet~season spelling and 

use of fire to manage grazing-pressure (eg. Ash eta/. 1997, Landsberg eta/. 1998) 

• land management practices that have positive biodiversity benefits and go beyond that 

required for sustainable land management (in an economic or land~condition sense). 

This may include fencing to exclude stock from areas of high biodiversity value (Lavery 

et al. 1997) or, in more altered landscapes, recreating wildlife habitat (eg. Fenton 1997) 

• control of threatening processes (such as weeds and feral animals) on private lands (eg. 

Hynes eta/. 1995) 

• private management of areas of land specifically for nature conservation, ranging from 

small fragments of remnant bushland (eg. Sutherland 1997) to large pastoral properties. 

Recently, organisations such as Birds Australia and Australian Bush Heritage Trust 

have, with government support, developed what are essentially large privately

administered National Parks. 

The range of incentives and instruments used in Australia for promoting off~reserve 

conservation management have been described by Farrier (1996), ANZECC 1996, Young 

eta/. (1996) and Young & Cunningham (1997). A number of authors have also identified 

substantial barriers to effective off-reserve conservation measures, including restrictive land 

tenure (Holmes 1997), hostile taxation frameworks (Productivity Commission 2001 ), lack of 
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technical information and inadequacy of incentive schemes (Young eta!. 1996, Sattler et at. 

1997, Curtis 2000). 

One problem with much off-reserve conservation effort is that it is typically not coordinated 

at ecologically appropriate scales (bioregions) but depends on the efforts of individual 

landholders or localised Landcare groups. As a result, off-reserve conservation effort does 

not necessarily address the most significant regional conservation issues (Hobbs 1993, 

Sattler eta/. 1997). For example, Pressey & Logan (1 997) noted that off-reserve 

protection measures in north-eastern New South Wales had a similarly biased coverage 

away from environmental units most vulnerable to damage (the flat fertile areas), to the 

conservation reserve network. Conservation efforts, both off- and on-reserve are most 

likely to be effective if applied in the framework of regional or bioregional planning, which 

can identify conservation priorities and the most cost-efficient means to achieve them, 

including trade-offs with other landuses (eg. Keith 1995, Wilson 1997, Lambert & Elix 1996, 

Price 2000). 

In the intensively developed agricultural and pastoral zones of southern Australia, off

reserve conservation is often concerned with the struggle to maintain small fragments of 

habitat, or to recreate them (eg. Benson 1997). This contrasts with much of the rangelands 

and tropical savanna, where conservation efforts may be directed towards ensuring that 

biodiversity values are maintained across extensive landscapes (Woinarski 1999b). Some 

authors have argued biodiversity in rangelands may be adequately protected under 

pastoral management because the objectives of pastoral sustainability (notably the long

term maintenance of land condition and productivity, particularly the maintenance of 

palatable perennial species) correspond to those for ecological sustainability (Curry & 

Hacker 1990). Some arguments have also been advanced that responsible landholders 

can safeguard the biological values of their land at least as successfully as government 

agencies (eg. Lavery eta/. 1997, Lavery & Kirkpatrick 1997). 

However, Morton et al. (1995b) point out the differences between sustainable land use and 

ecologically sustainable land management. Sustainable pastoral use operates at a 

property rather than a regional scale and requires the maintenance of pasture quality, 

rather than the abundance of all plant and animal species. While maintaining pasture 

quality in natural pastures may infer the maintenance of biodiversity, there is no necessary 

linkage. Replacing native grasses with an introduced species such as Buffel Cenchrus 

ciliaris may have severe impacts on biodiversity but be 'sustainable' according to both 

economic criteria and indicators of landscape function. Pastoral managers are also subject 

to financial and structural pressures that may impede ecological sustainabil'lty. A conflict 
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between economic and ecological imperatives is likely to be most pronounced during dry 

periods where pressure is placed on limited areas of high biological value (Pickup & 

Stafford-Smith 1993, Morton eta/. 1995b). For example, grazing during drought of areas 

within a property that had previously been only lightly grazed may be sustainable in a 

pastoral sense, but will compromise species that relied on this small remnant of 

undisturbed vegetation. Morton et al. (1995b) proposed one model for sustainable 

management of arid rangelands with a range of conservation management categories 

(National Parks, Excised Management Units, Restricted Use Units, Sustainable Use and 

Living Areas). Each category allows for specified land uses other than conservation, to the 

extent that they are compatible with overall conservation goals. Morton eta/. 1995b 

considered that landscapes on mainly fertile soils, such as the Mitchell grasslands, could 

be adequately protected by a system of representative national parks, with high production 

sustainable land use allowed elsewhere. This sidesteps the practical issue, however, that it 

is the fertile landscapes which are currently most poorly represented in the reserve system, 

and where the acquisition of additional reserves is likely to be most difficult. 

The study by Landsberg et al. (1997), along with this study, focused attention on the 

implications of the proliferation of artificial waterpoints for biota in rangelands, particularly 

as most rangelands contain decreaser species in many taxa. This has lead to a developing 

model of conservation management for dry rangelands known as the 'Biograze' model 

(James eta/. 2000, Biograze 2000), whereby areas of water-remote land are retained in a 

regional network to promote the retention of decreaser species. In this chapter I examine 

the application of the Biograze model to off-reserve conservation in the Mitchell grasslands 

in the Barkly Tablelands. 

Reservation status of Mitchell grasslands and related communities 

The location of conservation reserves in northern Australia containing Mitchell grasslands 

and related communities is shown in Fig. 9.1* (figures marked with an asterisk are found at 

the end of the chapter) and the extent of reservation in Queensland and the Northern 

Territory is summarised in Table 9.1. These values were derived from intersecting the 

base map of Mitchell grassland communities (Fig. 1.1) with spatial land tenure data for 

each jurisdiction, rather than from descriptions or finer scale mapping of each individual 

reserve. The accuracy of this analysis is therefore limited by the resolution of the base 

map. Some of the areas of Mitchell grassland in the reserves may be overestimated, and 

some reserves not listed here may contain small areas of Mitchell grassland. These 

limitations are most pronounced for Queensland where the original scale of mapping was 
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Table 9.1. Protected areas in the Northern Territory and Queensland that contain Mitchell grassland 
and related communities. The area of each community and total area is derived from intersection of 
the base vegetation map {Fig. 1.1) with tenure data, so the accuracy of the values is limited by the 
resolution of the base map. Vegetation mapunits are described in Table 1.1. Data for Queensland 
protected areas is derived from the Estates v5.1 dataset (1999) provided by QDEH. Values in 
brackets for the Northern Territory are% area reserved if Junction Reserve & Longreach Waterhole 
are excluded. 

Reserve Name IUCN total area total area Vegetation mapunit 
cat. reserve MG com. 

(km 2
) (km2

) 

Northern Territory 26 28 62 96 97 

Connell's Lagoon Cons. Reserve I' 258.9 231.0 231 

Gregory National Park II 12881.7 258.9 25.5 233.3 

Junction Reserve VI 203.5 149.7 31.8 118.0 

Longreach Waterhole Prot. Area VI 93.8 6.3 6.3 

total area in reserves 645.9 6.3 31.8 0 374.5 233.3 

total area of mapunit 127272 37328 5871 10964 60868 8776 

% area reserved 0.51 0.02 0.54 0 0.62 2.66 

(0.38) (0) (0) (0.42) 

Queensland 14 18 29 31 32 

Astrebla Downs National Park 1740.0 1744.8 1741.8 3.0 

Bladensburg National ParK 849.0 134.4 134.4 

Camooweal Caves National ParK 138.0 10.5 10.5 

Culgoa Floodplain National ParK 428.6 108.2 68.8 39.4 

Currawinya National Park 1513.0 175.9 65.6 110.3 

Diamantina National Park 5070.0 1892.8 37.7 1855.1 

Idalia National ParK 1440.0 79.1 79.1 

Lawn Hill National Park 2820.0 4.9 4.9 

Lochern National Park 242.9 131.3 131.3 

Moorrinya National Park 326.1 53.0 53.0 

Tregole National Park 75.8 7.1 7.1 

Welford National Park 1240.0 155.0 155.0 

Combo Conservation Park Ill 0.5 0.5 0.5 

LarK Quarry Conservation Park Ill 3.7 34 34 

Morven Conservation Park Ill 2.6 0.9 0.9 

total area in reserves 4501.7 223.8 37.7 4126.9 3.0 110.3 

total area of mapunit 316209 11534 16375 241545 21793 24962 

%area reserved 1.42 1.94 0.23 1.71 0.01 0.44 

coarsest. There are no reserves in Western Australia containing (mapped) areas of 

Mitchell grassland. 

107 

0 

3465 

0 

Approximately 0.5% of the area of Mitchell grassland communities in the Northern Territory 

is included in reserves. The principal reserve containing Mitchell grassland is Connell's 

Lagoon Conservation Reserve, which was proclaimed primarily as a representative sample 

of Astrebfa grassland on the Barkly Tableland (CCNT 1992). However, a similar area of 

Mitchell grassland (mapunit 97) is included around the southern margin of recent 

extensions to the large Gregory National Park in the Victoria River region. Junction 

Reserve is currently a reserve in name only, being subject to pastorallanduse under a 

management agreement with a neighbouring pastoral property (the percentage area of 
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mapunit 96 reserved is therefore properly 0.42%). The related communities other than 

Astrebla grassland are virtually unreserved, with very small areas of E. microtheca 

woodland communities in the Long reach Waterhole Protected Area (which is also subject 

to intermittent grazing) and Junction Reserve. 

Large areas of Mitchell grassland are included in two recently declared reserves in 

southwestern Queensland (Diamantina and Astrebla Downs National Parks) and smaller 

areas occur in a number of reserves situated around the margins of the distribution of the 

ecosystem in Queensland. The proportional representation of Mitchell grassland 

communities is somewhat better than other jurisdictions, with c. 1.4% of the total area 

included in reserves. This reflects a period with a relatively aggressive acquisition policy 

that had a primary aim of improving the representativeness of the Queensland reserve 

system (Sattler 1993). The better reserved mapunits are the Flooded Alluvial Plains and 

the Mitchell Grass Downs, with the Georgina Gidgee and the Stony Downs poorly reserved. 

Sattler & Williams (1999) assessed the reservation and conservation status of 

environments in Queensland at a regional ecosystem scale. A total of 53 regional 

ecosystems have been described within the Mitchell Grass_ Downs bioregion, of which 34 

are associated with cracking clay soils (the extent to which all of these ecosystems are 

genuinely distinct is somewhat questionable). Twelve of these 34 ecosystems are 

represented in the current reserve system, which occupies 1.05% of the area of the 

bioregion, but the proportional area reserved of each ecosystem is "low" (<4%). Two of the 

regional ecosystems are classed as "endangered" and a further 6 as "of concern". One 

endangered ecosystem is the scattered mound springs, arising from the Great Artesian 

Basin, that are threatened by reduction of flow and grazing pressure. The second 

endangered ecosystem and three of those 'of concern' are Acacia spp. woodlands in the 

southeast of the bioregion, that are extensively cleared and invaded by Buffel Cenchrus 

ciliaris. The remaining three ecosystems of concern are associated with swamps and 

riparian areas, and are believed to be sensitive to heavy grazing pressure (Wilson & Purdie 

1990, Sattler & Williams 1999). 

I have not calculated the reserved areas of Mitchell grassland in NSW. The area of a!luvial 

plain communities in reserves is very small (M. Fleming, NSW NPWS, pers. comm) and a 

large proportion of these communities have been converted to agriculture or 'improved' 

pasture (Bellotti et al. 1986). Substantial areas of arid Astrebla pectinata grassland are 

included in Sturt National Park in far northwestern NSW (Pickard & Norris 1994), although 

this community does not fall into the definition of Mitchell grassland used here. 
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Table 9.2 Plant species with a recognised conservation status and known to occur in Mitchell 
grasslands or related communities in the Northern Territory (Leach et at. 1992, White et. a/. 
2000, NT Herbarium database). Conservation status follows the ROTAP system (Briggs & 
Leigh 1995) and applies to the entire range of the taxon (national significance) or only to the 
Northern Territory populations (NT significance). Apart from Eucalyptus hefenae, all species 
have a geographic range exceeding 100km. Numbers indicate the fidelity of the species to 
Mitchell grassland (Table 2.6): 1, 10-25% of records; 2, 25-50%; 3, 50-75%; 4, 75-99%; 5, 
100%. An asterisk indicates the species has been recorded from Connell's Lagoon 
Conservation Reserve. 

National significance 

Vulnerable (V) - 1 Rare (R)" 3 Poorly known (K)" 11 

Mukia A90788 4 Bergia barklyana 2 Acmel/a gran. var. grandiflora 1 
Fimbristylis laxiglumis 1 Corchorus elderi 1 
Acacia maconochieana Cullen walkingtonii 1 

Eucalyptus helenae 5 
Goodenia 070208 3~ 
Goodenia nigrescens s• 
lxioch/amys integeffima 2 
Oldenlandia spathulata 
Phyl/anthus /acarosus 2* 

Polygala gabrielae 3' 
Urochloa atrisola 

Northern Territory significance 

Vulnerable (v) "' 1 Rare (r)" 25 Poorly known (k) " 24 

Nymphaea imm. ssp. immutabilis 2 Acacia tephrina Acrachne racemosa 1 
Atriplex muelleri 3 Astrebla lappacea 2 
Bergia diacheiron Commelina tricarinata 4 
Brachycome A58350 4 Corchorus pascuorum 4 
Caesia chlorantha Cyperus gilesii 2 
Ca./otis squamigera 2 Eclipta alatocarpa 4 

Corchorus fascicularis Enteropogon minutus 1' 
Dente/la minutissima 4 Eryngium supinum 5 
Euphorbia dal/achyana 2 Euphorbia stevenii 2 
Fimbristy/1s 070268 4 • Haloragis glauca f. glauca 4 
Ipomoea argillicola 3' Heliotropium ballii 
Lysiphyllum gilvum 2 He/iotropium geocharis 5 
Maireana dichoptera 5 Heliotropium leptaleum 
Memtha australis 3 lotasperma sessilifolia 4 * 
Najas marina lseilema calvum 4 • 
Portulaca digyna 2 Mimulus prostratus 2* 
Potamogeton pectinatus 3 Oldenlandia argillacea • 
Rota/a tripartita 2 Pennisetum basedowii 2 
Rumex crysta/linus 2 Plantago cunninghamii 1 
Sc/erolaena muricata var. muricata 3 Portulaca oligosperma 2* 
Sida A90358 Pycnosorus eremaeus 5~ 
Sida goniocarpa 1 Sida /aevis 3* 
Sorghum grande 1 • Stemodia lathraia • 
Typhonium /iliifo/ium 2 Tribulopis sessilis • 

Vittadinia pterochaeta 

The estimated total area of Mitchell grassland and related communities in northern 

Australia contained within reserves is 5150km2, which is 1.14% of their total area. If the 

calculations are restricted to the most extensive Astrebla grassland communities (mapunits 
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96 & 97 in the Northern Territory and 29 in Queensland), the total area reserved is 

4735km2
, 1.52% of their total area. 

Species and sites of conservation significance 

Vascular plants 

The conservation status of plants in the southern half of the Northern Territory, which 

included most of the Mitchell Grass Downs bioregion, has been recently reviewed (White et 

a!. 2000). The current reference for plant status in the remainder of the Northern Territory 

(Leach et al. 1992) is under revision, but the conservation status of plant species occurring 

in the far northern Barkly Tableland and VRD is currently poorly documented. A total of 65 

plant species with a recognised conservation status (according to the ROTAP scheme, 

Briggs & Leigh 1 995) are known to occur in the Mitchell grasslands or related communities 

within the Northern Territory (Table 9.2), which represents 7.9% of the species that 

potentially occur in these communities (Chapter 2). Reflecting the low level of botanical 

collection within most of this area, 35 of these species are .considered poorly known. 25 

species are rare within the Northern Territory and 3 at a national scale, while only two 

species are currently regarded as threatened. Nymphaea immutabilis (vulnerable in the 

NT) is a waterlily occurring in near-permanent waterholes and is threatened by use of 

waterholes for pastoral purposes (unrestricted access by stock, excavation or pumping); 

while the undescribed Mukia sp. (nationally vulnerable) is known in the Northern Territory 

from only 4 records, in Chenopodium swamps or riparian woodlands. Of the 65 significant 

plant species, 32 species are typically associated with swamps, watercourses, waterholes 

or other run-on situations within the cracking-clay plains (White eta/. 2000, specimen 

descriptions from NT Herbarium). 

Fifty-three of the 65 significant plant species show a degree of fidelity to Mitchell grassland 

communities (Table 9.2), with 6 of these species recorded within the Northern Territory only 

from Mitchell grasslands, and 24 species having more than 50% of records from these 

communities. Seventeen of the significant plant species have been recorded from 

Connell's Lagoon Conservation Reserve. While it is tempting to attribute this to a lack of 

grazing pressure, there has also been greater collecting effort within the Reserve than 

elsewhere in the Barkly Tableland. 

I have not attempted to assess the number of rare and threatened plant species occurring 

in Mitchell grassland communities outside the Northern Territory. Sixteen plant species 
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occurring in the Mitchell Grass Downs bioregion in Queensland are listed as rare or 

threatened in the Nature Conservation (Wildlife) Regulation 1994 (Sattler & Williams 1999). 

This includes one endangered species (Eriocaulon carsonii) that is restricted to mound 

springs. 

Vertebrates 

Very few vertebrates of recognised conservation significance are known to occur in Mitchell 

grassland communities in the Northern Territory (Table 9.3). Two bird species regarded as 

threatened within the Northern Territory have breeding records from wetlands in the Barkly 

Tablelands (Jaensch & Bellchambers 1995), although the Freckled Duck is considered 

secure nationally (Garnett & Crowley 2000). Four other bird species, one mammal and two 

reptiles are classed as "data deficient", although this study has shown Demansia torquata 

to be widespread and relatively abundant in Mitchell grasslands. The Barkly Tableland 

form of Acanthophis antarcticus has been (controversially) described as Acanthophis 

hawkei (Haser 1998), a taxon that is entirely restricted to Mitchell grasslands. An 

additional twenty-three waterbirds and migratory species, that are also primarily recorded 

from wetland areas, are listed under international agreements. 

The status of vertebrate species within the Mitchell Grass Downs bioregion region in 

Queensland was briefly assessed-by Johnson (1997), who listed thirty-three species 

scheduled under the Queensland Nature Conservation (Wildlife) Regulation 1994 that 

were known or may be expected to occur in the bioregion; although Sattler & Williams 

(1999) listed only 27 rare and threatened vertebrate species for the bioregion. Few of 

these species have the majority of their distribution within Mitchell grassland communities, 

and Johnson (1 997) noted that the 'rare' status of some species may reflect a lack of 

adequate fauna survey. The status of vertebrate fauna in the Diamantina region and 

Channel Country bioregion, which includes the south-westerly distribution of Mitchell 

grasslands in Queensland, has been assessed in greater detail, reflecting the more 

adequate information on species distribution (McFarland 1992b, Wilson & Mitchel11992). 

McFarland (1992b) identified 11 bird and mammal species of conservation concern; few of 

these show a strong fidelity to Mitchell grassland communities. However, a number of 

nationally threatened vertebrate species are known to inhabit Mitchell grasslands 

communities in Queensland. These include the Julia Creek Dunnart Sminthopsis douglasi, 

which is entirely restricted to Astrebla grasslands in central northern Queensland (Woolley 

1992), and the Elizabeth Springs Goby Chlamydogobius micropterus, restricted to mound 

springs. The Kowari Dasyuroides byrnei and Bilby Macrotis /agotis occur in south-western 

Queensland on the margin of the Mitchell Grass Downs bioregion, associated with Astrebla 
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Table 9.3 Vertebrate species that occur in the Mitchell grasslands and related communities in 
the Northern Territory and have a recognised conservation status under the NT Parks and 
Wildlife Conservation Amendment Act 2000, or are listed under the China-Australia Migratory 
Birds Agreement (GAMBA) or Japan-Australia Migratory Birds Agreement (JAMBA). Species of 
waterbird known to breed in the Barkly Tableland wetlands are also listed {Jaensch & 
Bellchambers 1995, Chatto & Whitehead 1996). The national status (Garnett & Crowley 2000) 
of the two threatened bird species is also shown. 

Vulnerable (NT) 

Freckled Duck Stictonetta naevosa [Garnett & Crowley (2000) = Least Concern] 

Painted Snipe Rostratula benghalensis [Garnett & Crowley (2000) =Vulnerable) 

Data Deficient (NT) 

Australian Crake Porzana fluminea Long-nosed Planigale Planigale tenuirostris 

Wood Sandpiper Tringa glareola [vagrant to NT] 

Swinhoe's Snipe Gamnago mega/a 

Southern Death Adder {Barkly race) Acanthophis antarcticus 

Collared Whipsnake (blacksoil form) Demansia torquata 

Long-toed Stint Calidris subminuta [vagrant to NT) 

GAMBA and/or JAMBA 

White-winged Black Tern Chlidonias leucopterus 

Caspian Tern Sterna caspia 

Oriental Plover Charadrius veredus 

little Cur1ew Numenius minutus 

Black-tailed Godwit Umosa limosa 

Bar-tailed Godwit Limosa lapponica 

Wood Sandpiper Tringa glareola 

Common Sandpiper Actitis hypoleucos 

Common Greenshank Tringa nebular/a 

Marsh Sandpiper Tringa stagnatilis 

Curlew Sandpiper Calidris ferruginea 

Red-necked Stint Calidris ruficollis 

Breeding waterbirds 

Sharp-tailed Sandpiper Ca/idris acuminata 

Swinhoe's Snipe Gal/inago mega/a 

Painted Snipe Rostratula benghalensis 

Oriental Pratincole G/areola maldivarum 

Glossy Ibis Plegadis fa/cine/Ius 

Great Egret Ardea alba 

Rainbow Bee-eater Merops omatus 

White-throated Needletail Hirundapus caudacutus 

Fork-tailed Swift Apus pacificus 

Long-toed Stint Calidris subminuta 

Pectoral Sandpiper Calidris melanotos 

Australasian Grebe Tachybaptus novaehollandiae Magpie Goose Anseranas semipalmata 

Australian Pelican Pelecanus conspicillatus Plumed Whistling-Duck Dendrocygna eytoni 

Darter Anhinga melanogaster Black Swan Cygnus atratus 

little Pied Cormorant Phalacrocorax melanoleucos Freckled Duck Stictonetta naevosa 

Pied Cormorant Phalacrocorax varius Pacific Black Duck Anas superciliosa 

Little Black Cormorant Phalacrocorax su/cirostris Grey Teal Anas gracilis 

Great Cormorant Phalacrocorax carbo Pink-eared Duck Ma/acorhynchus membranaceus 

White-necked Heron Ardea pacifica Hardhead Aythya australis 

Great Egret Ardea alba Austral"lan Wood Duck Chenonetta jubata 

Intermediate Egret Ardea intermedia Purple Swamphen Porphyria porphyria 

little Egret Egratta garzetta Eurasian Coot Fulica atra 

Nankeen Night Heron Nycticorax caledonicus Brolga Grus robicunda 

Glossy Ibis Plegadis fa/cine/Ius Masked Lapwing Vane/Ius miles 

Australian White Ibis Thraskiornis mo/ucca Whiskered Tern Chlidonias hybridus 

Straw-necked Ibis Threskiornis spinicollis Gull-billed Tern Sterna nilotica 

Royal Spoonbill P/atalea regia Caspian Tern Sterna caspia 

Yellow-billed Spoonbill Platalea flavipes 

grassland and gibber plains. Plains Wanderer Pedionomus torquatus also occurs in this 

region, and populations of all species are included in Astrebla Downs and Diamantina 

National Parks (Sattler & Williams 1999). Two reptiles species endemic to Mitchell 
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grasslands, Pseudechis colletti and Ctenotus schevilli are classed as 'rare' under 

Queensland legislation. 

There are no data to assess the status of vertebrate species in Mitchell grasslands in 

Western Australia, although the fauna in the largest area of Mitchell grasslands in this state 

is likely to be very similar to that in Mitchell grasslands in the western Northern Territory. 

Sites of conservation significance 

The Northern Territory Mitchell grassland communities contain a number of wetlands with 

high values for migrant and breeding waterbirds (Jaensch 1994 b,c,d, Jaensch & 

Bell chambers 1995). One wetland in the southern Victoria River region and five on the 

Barkly Tableland (Figure 5.3) have been recognised as Wetlands of National Importance 

(Environment Australia 2001 ). Wetlands on the Barkly Tablelands support 75 species of 

waterbirds, 41 of which have been recorded breeding (Table 9.3). The total waterbird 

population on all Barkly lakes can exceed 100,000 and some lakes support internationally 

significant numbers of waterbirds and internationally significant populations of three species 

of migrant shorebird. Morton et al. (1995a) also lists two of the latter wetlands as 

significant refugia. Two wetlands of National Importance are recognised in the Mitchell 

Grass Downs bioregion in Queensland, including mound springs at Elizabeth Springs, 

although wetland areas in this Queensland bioregion are relatively poorly known 

(Environment Australia 2001 ). 

White et al. (2000) described sites of botanical significance in the southern Northern 

Territory based on the distribution of significant plant species, using criteria developed by 

the Australian Heritage Commission. Eight sites of botanical significance were identified in 

the Mitchell Grass Downs bioregion, occurring on cracking-clay soils (Fig. 9.4*). Six of 

these sites were associated with major watercourses, permanent waterholes and 

aggregations of Chenopodium swamps, which supported high concentrations of known 

localities for significant plant species. An area encompassing Connell's Lagoon 

Conservation Reserve was also identified as a botanical site of national significance, on the 

basis that it contained 4 plant species of national significance and 13 plant of Northern 

Territory significance, as well as a number of species that were only known within the 

bioregion from that locality. 
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Approaches to conservation management in Mitchell grasslands 

In this section I summarise the biogeographic and ecological information that this study, 

along with an examination of previously existing information, provides to inform regional 

conservation planning . 

Biogeographic distinctiveness and high-fidelity species 

Mitchell grasslands and related communities are biogeographically distinct at a 

subcontinental scale, which is supported by analysis of distribution patterns for both 

vascular plants and vertebrates (Chapter 2). Of course, this distinctiveness has been 

previously recognised at both State and national scales in the development of 

biogeographic regionalisations founded primarily on landforms, soils and broad vegetation 

types (Stanton & Morgan 1977, Thackway & Cresswell1996). However, the distinctive 

character of Mitchell grasslands is evident at a coarser scale than the bioregiona!. This 

suggests that a system of selecting representative areas that seeks to maximise 

environmental diversity (eg. Faith & Walker 1996a, Woinarski & Price 1996) would give a 

high priority to including samples of Mitchell grassland communities. 

As a corollary to this biogeographic distinctiveness, I have identified sets of plant, 

vertebrates and ant species that are restricted to, or show fidelity to Mitchell grassland 

communities. Within the Northern Territory, 52 plant species and 17 vertebrate species 

have more than 50% of their known distribution records within Mitchell grassland 

communities. Between 11 and 13 vertebrate species (depending on taxonomies) are 

apparently entirely restricted to Mitchell grassland communities in northern Australia. The 

systematic surveys have also shown that many of these high-fidelity species are amongst 

the most frequent and abundant components of the Mitchell grassland fauna and flora. 

Inventory of the previously unknown ant fauna similarly showed that, within the limits of 

contemporary knowledge of distribution patterns, a high percentage of species are 

restricted to Mitchell grassland communities (as much as 29% of the known fauna). 

These results emphasise that the fauna and flora of Mitchell grasslands can only be 

adequately represented by protected areas within the Mitchell grasslands themselves. This 

statement may appear self-evident. but it is not trivial. For landscapes where pastoral (or 

other enterprise) values are high, it is important to be able to rebut arguments that the biota 

is already, or could possibly be, adequately represented by protected areas in other less 

valuable land types. 
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I suggest that one priority for conservation planning within the Mitchell grasslands are the 

endemic and high-fidelity species. The distribution and factors influencing the relative 

abundance of many of these species are now partly understood, and priority can be given 

to adequate representation of these within a 'reserve'-design exercise used to select 

representative conservation areas. 

Biogeographic patterns within Mitchell grassland communities 

There are commonalities in the distribution patterns of plant, vertebrate and ant species 

within the Mitchell grasslands and related communities. At a regional scale, there is a 

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

the intrusion of Torresian species into the northern Mitchell grasslands, and Eyrean species 

into the southern margins of the biome. However, many of the more frequent Mitchell 

grass species occur throughout the study region, the climate gradient mediating their 

relative abundance, rather than presence or absence. At a local scale, species 

composition is influenced by edaphic factors, and vertebrate composition is strongly related 

to vegetation structure. 

Existing vegetation mapping partly describes biogeographic patterns within the Mitchell 

grassland communities. For example, it separates Astrebla grassland on basalt-derived 

soils in the northern VRD from the riiore extensive grasslands on Tertiary sediments, which 

reflects differences in composition for ants, vertebrates and plants. Similarly, the A. 

georginae woodlands in the southeast of the study region and Chenopodium shrub lands in 

drainage depressions have distinct floral and faunal elements. However, biogeographic 

variation also occurs at a finer scale than existing mapping because of local topographic 

and edaphic variation. In particular, gravel rises that occur patchily throughout the clay 

plain support a different assemblage of species to the typical Mitchell grasslands. In 

addition to 'fixed' environmental factors, the relative abundance of many species is also 

influenced by spatial and temporal variation in seasonal rainfall. 

A notable feature of the distribution patterns of plants and ants is the strong 'location' effect, 

so that compositional similarity is greatest between sites within one location. I have 

hypothesised that this may be due to a number of factors, including the influence of rainfall 

history, grazing management history, differences in edaphic or other factors that were not 

quantified, and a turnover of species with geographic distance that is independent of 

environmental differences. A similar location effect was not evident for vertebrates, and 

geographic distance had an insignificant influence on compositional similarity between 

sites. 
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"Reserve-design" analyses show that the majority of Mitchell grassland species can be 

represented in a small number of selected sites. However, because there are a high 

proportion of singleton or very infrequent species, a large number of sites is require to 

achieve reservation targets of dose to 100% of species. Reservation of a high percentage 

of species is more likely to be achieved by a number of small reserves with a wide 

geographic distribution than one or few large 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. 

Impacts of pastoral use on biota 

The impacts of cattle grazing and other effects of pastoral use on the Mitchell grassland 

biota are subdued. At higher grazing intensities, the frequency and cover of perennial 

grasses is reduced, and there is non-random variation in plant species composition along 

gradients of grazing intensity. Aside from the provision of additional sources of free water 

throughout the landscape, impacts of pastoral use on fauna are probably primarily 

mediated by regular reduction in plant cover by grazing during the dry season. This study 

did not identify any species in the Mitchell grasslands that persist only in areas subject to 

no, or very light, grazing pressure. Nevertheless, a significant portion of plant, vertebrate 

and ant faunas were shown to have a decrease response to grazing pressure. The 

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

substantially disadvantaged by pastoral use. This study was unable to adequately examine 

the impacts of grazing pressure on higher dispersive species, such as Rattus villosissimus 

and Flock Bronzewing, although the highest recorded abundance of the latter species was 

within Connell's Lagoon Conservation Reserve. The effects of pastoral use on more than 

50% of all plant, ant and vertebrate species recorded during the study also remains 

uncertain, as they occurred too infrequently for analysis. 

Hence, another priority for conservation management within the Mitchell grasslands are the 

decreaser species. In particular, management should aim to maintain populations of 

species that are both decreasers and have a high-fidelity to Mitchell grasslands. This 

includes at least 15 plant species, 10 vertebrate species and six ant species. 

Synthesis 

The majority of species currently inhabiting Mitchell grassland communities in the Northern 

Territory are likely to be adequately conserved within the framework of current extensive 
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pastorallanduse. In this system, the goals of sustainable pastoral management are 

generally coincident with the maintenance of biodiversity values, notably the control of total 

grazing pressure to levels whereby the composition and frequency of native perennial 

grass species is maintained. Some other subsidiary goals of pastoral management, such 

as the control of significant weeds such as Acacia nilotica and Parkinsonia, and the control 

of densities of large macropods (in Queensland), are also likely to have positive biodiversity 

benefits. 

However I suggest that there are two priorities for management action additional to the 

requirement of sustainable pastoral management: 

• maintenance of regional populations of identified decreaser species, particularly those 

species that also have a fidelity for Mitchell grassland communities. This management 

is not site-specific, in that most of these species occur widely within the Mitchell 

grasslands; 

• management of some site-specific conservation values associated with important 

habitats for waterbirds and migratory birds, and populations of rare and threatened plant 

and vertebrate species. 

Decreaser species 

One method of maintaining regional populations of decreaser species is to retain (or 

create) a regional network of land that is subject to low grazing pressure, either because it 

is remote from water-points or because stock are excluded by fencing. This approach has 

also been advocated in other semi-arid and arid rangelands in Australia (Landsberg et af. 

1997, James eta/. 2000, Biograze 2000) as an off-reserve conservation mechanism to 

protect decreaser species, and potentially offers an economically, politically or socially 

more viable alternative to the acquisition of additional reserves (James et af. 1999a). The 

imperative for this approach is particularly powerful where grazing-sensitive species are 

entirely restricted to areas of low or nil grazing pressure. 

This study provided no firm evidence that any such species occurred within the Mitchell 

grasslands, although the total regional population of some species has possibly declined by 

as much as 73% under pastorallanduse. It is therefore possible that populations of 

decreaser species within the Northern Territory Mitchell grasslands can be maintained 

under the current configuration of grazing distribution. However, this cannot be 

guaranteed, for two reasons: 

• the biodiversity values of areas where relatively high perennial grass cover is maintained 

are likely to be most pronounced in extended periods of low rainfall, where these areas 

probably act as refugia for many species. Under current management, during periods 
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of unusually low rainfall, existing water-remote areas of Mitchell grassland are likely to 

be heavily grazed (to the extent of removing most foliage cover) before stock are 

removed from the area, as this is not at odds with sustainable pastoral practice; 

• current best-practice pastoral management aims at reducing piosphere effects and 

spreading grazing load evenly throughout paddocks. The development of new 

waterpoints in existing water-remote areas is promoted as one means of achieving this, 

which is likely to have negative impacts on decreaser species. 

As a consequence, a conservation management strategy for the Mitchell grasslands should 

involve some fonn of management agreement with landholders that will guarantee that 

selected areas of land remain water remote and/or lightly grazed in the long-term. The 

selection of a set of water-remote areas can be based on the same approach used in 

reserve design. The same general conclusion drawn in Chapter 6 in relation to reserve 

selection would apply here, particularly the need for a geographic spread to incorporate 

regional variation in species composition. Water-remote areas should also incorporate 

local-scale habitat variation, such as gravel rises, that is important to some species. In fact, 

a well-designed set of water-remote 'conservation' areas is likely to contain a high 

percentage of species occurring in the Mitchell grasslands and satisfy many of the goals for 

a representative reserve system. In the following section, I develop some example 

conservation scenarios for the Barkly Tableland, that explore more fully some of the 

considerations involved in selecting and maintaining these "conservation areas". 

Site-specific values 

Determining the appropriate management for site-specific conservation values depends on 

an adequate understanding of current or potential threatening processes. In Queensland, 

concern for populations of threatened vertebrate species were important factors in the 

acquisition of Diamantina Lakes and Astrebla Downs National Parks (Sattler & Williams 

1999). The most significant mound springs have been fenced to exclude stock (Sattler & 

Williams 1999) and the Great Artesian Basin Rehabilitation Program may allow artesian 

water flows to be maintained (Noble eta/. 1998). In the Northern Territory Mitchell 

grasslands, most site-specific conservation values are associated with wetland areas, 

which were largely excluded from this study. The impacts of pastoral use on sites in the 

Barkly Tableland important for wetland birds are poorly understood but concerns have been 

raised about reduction in the density of Lignum (Muehlenbeckia cunninghamt) and 

suppression of regeneration of Coobah Acacia stenophylla and Bluebush Chenopodium 

auricomum by grazing cattle; invasion of riparian areas by Parkinsonia acufeata (and 

potentially Acacia nilotica); and high levels of siltation in some lakes which may be 

attributable to overgrazing within the catchment (Jaensch & Bell chambers 1995). 

Chapter 9. Conservation management 465 



Chenopodium bushes are somewhat resilient to defoliation by cattle (Brock 2000) but 

prolonged heavy grazing may entirely remove stands of bluebush (pers. obs.). A long

term cattle exc!osure at Lake Sylvester had the largest plants and highest density of 

Chenopodium of 45 sites (the remainder of which were grazed) sampled by Brock (2000), 

and also supported the highest recorded density of Yellow Chat Epthianura crocea, one of 

two bird species (other than waterbirds) that favour this habitat. 

Wetland or run-on areas are also the major habitat for rare and threatened plant species in 

the Mitchell Grass downs and at least some of these species are believed to be sensitive to 

grazing or habitat modification associated with pastoral use (White eta/. 2000, Sattler & 

Williams 1999). While further research is warranted, there is sufficient evidence to suggest 

that a precautionary approach to management of the most significant areas would be to 

fence them to exclude cattle, especially as these wetlands are preferentially grazed. It is 

possible that some significant wetland habitats that are remote from permanent water 

could be incorporated into conservation areas created to protect decreaser species (see 

below). By definition, however, many of these areas are not water-remote, and bluebush 

swamps are also highly valued by pastoralists because of very high carrying capacity 

following rain (Perry 1960). Nevertheless, some wetland areas in the southern VRD have 

been fenced by the pastoral managers because of concerns about ecological impacts of 

grazing (S. Petty, Heytesbury Beef, pers. comm.). 

Some arguments can be advanced to support the creation of additional 'formal' 

conservation reserves within the Northern Territory Mitchell grasslands. While there were 

not marked differences between the composition of biota at sites sampled within and 

outside Connell's Lagoon Conservation reserve, the total richness of vertebrates, the 

richness and abundance of reptiles; the richness and abundance of vertebrates with a 

fidelity to Mitchell grasslands; and the total richness of ant species were significantly higher 

within the reserve than in grazed sites throughout the Barkly Tableland. The abundance of 

several decreaser species with a high fidelity to Mitchell grassland (notably Flock Pigeon) 

was also higher in sites within the reserve than any grazed sites, suggesting that ungrazed 

grassland may provide optimal habitat for some species. 

Similar conditions may be created in off-reserve conservation areas that were fenced. 

Nevertheless, conservation reserves are likely to be larger than areas managed for 

conservation on pastoral leases and provide a more secure guarantee that an area will 

remain ungrazed for long periods of time. Conservation reserves may also provide areas 

where alternative management strategies (eg. use of fire), that pastoralists are unwilling to 

countenance, may be tested, and they may also be areas where greater effort or resources 
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are devoted to controlling some threatening processes, such as weeds and feral cats. 

Conservation reserves may be the most appropriate management approach for areas with 

high concentration of site-specific conservation values, particularly if maintenance of these 

values requires active management and pastoralists are unwilling to countenance suitable 

management agreements to cover these areas. Considerations in the selection of areas 

for reserves were addressed in Chapter 6. A small number of small reserves could be 

selected to represent a high percentage of Mitchell grassland species, but it is unlikely that 

reserves can represent and maintain all species. 

Options for conservation management in the Barkly Tableland 

Background 

The Barkly Tableland is not strictly defined as an administrative or pastoral region, rather 

occupying about one-third of the far more diverse Barkly administrative district. 

Environmentally, however, it is clearly demarcated by the boundary (within the Northern 

Territory) of the Mitchell Grass Downs bioregion, which follows the well-defined margin of 

the cracking clay plain, developed on Tertiary sediments (Fig. 9.2*). Apart from small areas 

of Aboriginal land, conservation reserve, townships and stock routes, the entire tableland 

is taken up by large pastoral leases, and for the purposes of this study I have defined the 

limits of the region as the boundaries of the pastoral leases that contain a significant area 

of the Mitchell Grass Downs Bioregion. This comprises a total area of 115 200km2
, of 

which 84 870km2 lies within the Mitchell Grass Downs bioregion. This area comprises 28 

perpetual pastoral leases, ranging in size from 1990km2 to 12280km2 (Brunette Downs, the 

single largest lease in the Northern Territory), and with a mean size of 4110 km2• However, 

pastoral 'stations' as management units may be made up of two or more leases, the largest 

station (Alexandria) occupying a total of 16 600km2
• Currently, over 80% of the total area is 

owned by 5 large pastoral companies. 

The broad vegetation types within the region are shown in Fig. 9.3*. The Mitchell Grass 

Downs bioregion is almost entirely taken up by a small number of mapunits occurring on 

clay soils, the most extensive of which is Astrebla pectinata grassland (56 200 km2
). 

Gidgee (A. georginae) woodlands occur in the south-east of the region and the most 

extensive areas of Coolibah (E. micotheca sens. lat.) woodland and Chenopodium swamps 

are associated with the internally draining basin in the centre of the Tableland, and the 

Newcastle Creek and Lake Woods system in the north west. However, areas of riparian 

woodland and swamps below the resolution of existing vegetation mapping occur 
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throughout the Tableland. Apart from the internal drainages, the major river system in the 

region comprise the James and Georgina Rivers, which flow out of the southeast of the 

region toward the Lake Eyre Basin. The clay plains are bordered on the north by eucalypt 

woodlands on lateritic earths and to the south by eucalypt woodlands and acacia 

shrublands on sands and loams. Some residual low rises of lateritic red earths supporting 

eucalypt woodlands are also found within the extensive clay plains. 

Infrastructure development within the pastoral properties is shown in Fig. 9.2*. Some very 

large paddocks or unfenced areas extending into the 'desert' country on the margins of the 

study area were excluded from the analysis. Within the area considered, there are 785 

paddocks with an area greater than 1 km2
. Most of the land is contained within paddocks 

larger than 1 00km2
, median paddock size for these larger paddocks is 280km2 (Fig 9.5). 

Water for cattle is provided by a well-developed network of artificial waterpoints, primarily 

sub-artesian bores equipped with diesel pumps, supplying raised earth dams and gravity

fed troughs. Throughout the region, the mean distance between waterpoints is 6.0km, 

although waterpoint density varies between properties. Most paddocks have a number of 

waterpoints, with each waterpoint typically supporting mobs of 200-400 cattle (although 

larger numbers may congregate at a single point). 

The rated carrying capacity of Mitchell grassland communities in the Barkly tableland is 5-6 

head/km2 (Christian & Stewart 1.954), with Bluebush swamps intermittently supporting up to 

30 head/km2
. Accurate figures for cattle production in the region are difficult to obtain 

because data are reported for the much larger Barkly statistical region. Statistics for 1998 

(ABARE 1999) show that there were c. 540,000 head in the Barkly District; if 90% of these 

were on the Barkly Tableland then this equates to an average regional stocking rate of 

approximately 5 head/km2
. However, several station managers told me that they rated 

their carrying capacity on Mitchell grasslands as 4 cattle units/km2 (a cattle unit being a 

Figure 9.5 Cumulative size distribution 
of paddocks in pastoral properties in the 
Barkly Tableland. 
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cow with calf). Because most of the pastoral companies can transfer stock to holdings 

ellsewhere in northern Australia, cattle numbers on a property may decrease by up to 50% 

after particularly poor growing seasons. Properties are used for a mixture of breeding and 

raising store cattle for transfer to properties in Queensland, and increasingly for supplying 

the live export trade to Indonesia. 

Analysis 

The development of spatial data layers for pastoral infrastructure and GIS analyses of 

waterpoint distribution were described in Chapter 7. Spatial analysis involved the 

construction of piospheres around each waterpoint, which took into account the barriers to 

cattle movement created by fences. Consequently, the distribution of land in each paddock 

within specified distanceMfrom-water intervals (in this case 1km bands) can be mapped and 

the area calculated. These intervals can be further subdivided by vegetation type (or any 

available land classification), so that the area of land within mapunit x and at distance y 

from water is readily calculated. 

For this thesis, I limit the analysis to land that is mapped as Astrebla grassland (the shaded 

area on Fig. 9.2), for two reasons. This community was most intensively sampled during 

this study, and contains the majority of decreaser species that are the focus of this 

analysis. I also consider that the available mapping for the other clay-soil communities is 

too coarse to permit a realistic analysis, as these communities generally occur as patches 

embedded in the matrix of Astrebla grasslands. A comprehensive regional plan would 

require these other communities to be considered, but restricting the analysis to Astrebla 

grasslands is sufficient to illustrate the approach. 

Calculating economic costs of additional reserves 

The economic cost of establishing a conservation reserve that alienates other land uses is 

relatively simply calculated from the cost of acquiring the land, initial infrastructure costs to 

establish the reserve (eg. boundary fencing) and annual maintenance costs. These costs 

have been estimated for an additional reserve in the Barkly Tablelands, similar in size and 

management cost to the existing Connell's Lagoon Conservation Reserve (Table 9.4). The 

estimated acquisition cost is high because of high capital value of land in this region and 

high value of production that would be foregone when the land is acquired. Initial 

infrastructure costs are minimal because existing levels of infrastructure development 

(fences and tracks) are likely to already exceed those required for reserve management. 

Based on experience for Connell's Lagoon Conservation Reserve, annual maintenance 
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Table 9.4 Estimated costs associated with the establishment and maintenance of a new 
conservation reserve, in the Mitchell grasslands of the Northern Territory. Costs are based on 
the creation of a square reserve with an area of 200km2 by acquisition of existing paddocks 
within a pastoral property. Costs associated with a larger reserve would be greater in 
approximate proportion to the increase in area, until a point was reached where additional 
ongoing management was required (eg. staff based at the reserve). Maintenance costs are 
based on current costs for Connell's Lagoon Conservation Reserve and assume minimal visitor 
services. 

Activity Cost Rationale 

Acquisition $400,000 Acquisition cost of $2000 I km' Is based on recent purchase price for entire 
properties in the region. Approximately equivalent to estimated gross margin 
from cattle production over 12 year period. 

Initial infrastructure minimal Assumes that boundary fences and internal tracks already exist. 

If additional boundary fencing is required, costs are substantial ($2000/km). 

Minor costs may also be associated with removal of some waterpoints, yards 
and internal fences. 

Annual maintenance $15,700 p.a. Grading boundary firebreaks and internal tracks (90km @ $30) = $2700 

Maintenance of boundary fence (5%/year@ $1000/km) = $3000 

0.1 person/years staff lime and vehicle costs (@$70,000/year) = $7000 

Signs, weed control, etc. = $3000 

Substantial additional costs may be incurred for controlling wildfire, major 
weed infestations or active rehabilitation. 

costs are low because minimal management effort is applied. If additional visitor or 

interpretative facilities were developed, then annual costs would be greater. 

Calculating economic costs of off-reserve 'conservation areas' 

There are four potential sources of cost associated with maintaining areas within pastoral 

leases as conservation management areas (Table 9.5) (James et al. 2000, James et al. 

1 999a). Two of these costs entail determining whether there is any change in the current 

and potential value of production from an area of land, resulting from the management 

scenario. To do this, I estimated the value of cattle production per unit area of land as a 

function of distance from watering points, using data from Mitchell grasslands in the Barkly 

Tablelands. 

The grazing distribution of cattle is strongly determined by distance from water and this 

relationship has been quantified during this study (Chapter 7). The level of cattle activity 

within each distance interval can be expressed relative to a maximum level that occurs 

close to waterpoints (Fig. 9.6b). Two activity-distance models are presented here: one 

derived from all sample sites in Mitchell grasslands ("Barkly model") and a second from the 

grazing gradient sampled at Helen Springs. The latter relationship has a steeper slope and 

cattle activity declines to zero at approximately 1 Okm from water, compared to 13km in the · 

first model. I interpret the Barkly model as representing the distance-activity relationship in 
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Table 9.5 Costs associated with establishing and maintaining 'conservation management 
areas' within existing pastoral leases. Examples of the costs associated with different 
management scenarios are developed below. Infrastructure and maintenance costs were 
supplied by staff of NT Department of Primary Industries and station managers. 

Cost Description 

Lost production A cost is incurred if cattle are excluded form the conservation area. The annual net value tor 
production of the land within the conservation area can be calculated using the distance from 
water-cattle activity model, as described in Box 1. 

If cattle are not excluded from the conservation area (or it is so remote from water that grazing 
value Is minimal), then there is no cost assocJated with lost production 

Opportunity cost The opportunity cost is the potential for increased cattle production in the area, that will be lost if 
it is managed for conservation and is no longer available for development. This can be 
calculated as the increase in net value of production resulting from establishing a waterpoint in 
the area, minus the cost of establishing the waterpoint (amortised over a set period). 

In the scenarios developed here. the cost of establishing a new waterpoint (bore, dam and 
troughs) was estimated at $40,000, and this cost was amortised over 20 years. An opportunity 
cost only exists if the increase in net value of production exceeds the cost of development. 

Establishment If the conservation area is fenced, then there is a fixed capital cost related to fencing. This is 
estimated at $2,000/km for a new fence. 

If the conservation area is unfenced, there are no capital costs. 

If a formal conservation agreement is made with the landholder then there may be costs 
associated with establishing this agreement, but these are considered here to be negligible. 

Maintenance Ongoing costs for maintenance of the conservation area will obviously depend on the level of 
management required. They may range from nil, if no specific management activities are 
required, to substantial, for example if weed control and f1re management are necessary. 

For a fenced conservation area, I estimate annual costs associated with maintaining a graded 
firebreak and fence maintenance as $80/km p.a. 

poor to average years and the Helen Springs model as representing relatively high-rainfall 

years (or where pastures are in very good condition). 

I have assumed that the relative contribution of a unit of land to cattle production is 

proportional to the relative cattle activity for that unit of land. This is appropriate as the 

cattle activity index incorporates measures of the amount of biomass removed, the density 

of cattle in a unit area (footprints) and the amount of time spent by cattle in each area 

(dung). The assumption may be less appropriate if production from the same period of 

grazing activity varies with distance from water (because of variation in nutritional value of 

pastures). The relative contribution to total production of all land within each distance from 

water interval can therefore be calculated as Tc/To,where: 

Td (total activity in zone d) =Ad* area (d), 

To (total activity in all zones) = Ld{Ad*area (d)], and 

Ad= relative cattle activity at distanced 

The contribution of a unit area of land at a specified distance from water to total production 

is simply Ac/T0• 
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Figure 9.6 Calculating the value of cattle production within each distance-from-water zone, 
for Mitchell grasslands on the Barkly Tableland: (a) percentage of total area within each zone 
(values on the x-axis are outer limits of 1 km wide zones); (b) relative cattle activity within each 
zone (activity in the 1 km zone set as 100); (c) percentage of total cattle activity within each 
zone, derived from (a) and (b); (d) cumulative percentage of total activity with increasing 
distance from water (total activity beyond 1 Okm is negligible). For (b) -{d), solid columns 
show the results if the relative cattle activity is determined from all sample sites; hatched 
columns if relative activity is determined from sites at Helen Springs (see Chapter 7). 

The relative contribution of each distance interval to cattle production, calculated for 

Mitchell grasslands in the Barkly Tableland as a whole, is shown in Fig. 9.6c,d. In practise, 

relative contributions were calculated for distance intervals within individual paddocks. 

To be meaningfully applied, the relative contribution to production value of an area of land 

must be converted to dollar values. This can be done precisely if the net value of 

production from the area considered is known, but such economic data are known only 

approximately at a regional scale and no such data are available for individual paddocks. 

Therefore, a relatively simplistic approach was taken to calculating net value, using an 

estimate of the gross margin per head of cattle achieved by pastoral properties in this 
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region. This was derived from estimates of the herd size and economic value of the cattle 

industry in the Barkly region (ABARE 1999), and gives an annual gross margin of $40 

/head. Discussions with pastoral operations managers from two companies with properties 

in the Barkly Tablelands (North Australian Pastoral Co., Australian Agricultural Co.) 

supported this estimate as being realistic. [In this region, producers do not use gross 

margins as an economic indicator for individual properties, because of the movement of 

stock between properties within the company holdings]. 

The net value of cattle production in any paddock is therefore given as: 

Value = GM x SR x area 

where GM is the gross margin/head and SR is the stocking rate (head per unit area). The 

net value for production of each unit of land at a specified distance from water can be 

calculated as: 

Value,= GM x SR X A,/To (Ad, TO as above) 

and the net value from all land within a specified distance interval in a paddock simply as 

Valued • area( d). 

The cost (in terms of lost production) resulting from removing any specified area of land 

from grazing use can therefore be calculated. Similarly, changes in net value resulting from 

alteration in the distribution of land between distance-from-water classes (eg. from 

establishing an additional waterpoint or closing an existing waterpoint) can also be 

calculated. 

Calculating biodiversity benefits and costs from changes in management 

The biodiversity benefits or costs arising from adjusting the distribution of grazing pressure 

could most simply be indexed by the increase or decrease in the total area of water-remote 

or ungrazed land. An alternative approach, which is potentially more informative, is to 

estimate the change in population size of selected decreaser species within the area of 

concern (paddock, station or region). I illustrate the latter approach below for the scenarios 

within a single paddock. I do not attempt this for the regional scenarios, as this requires 

additional spatial data layers to model the distribution of each species. 

The relationship between relative abundance and distance from water for three hypothetical 

decreaser species that have low, moderate and high sensitivity to grazing pressure is 

illustrated in Fig. 9.7. The response curves are based on those for real species (Singing 

Bushlark, Planigale ingrami and Ctenotus rimaco/a, respectively) but have been expressed 

as a logistic equation so that the maximum abundance is reached at 14km from water, 

where grazing pressure is minimal (Chapter 7). These abundance curves can be used to 
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Figure 9.7 Relationship between relative abundance and distance from water for three 'model' 
decreaser species, that have low (sp 1 ), moderate (sp 2) and high (sp 3) sensitivity to grazing 
effects. These species are used to measure the biodiversity cost/benefit of management 
scenarios (Fig. 9.8 and Table 9.6). 

calculate the total abundance of each species within a given area for which the spatial 

distribution of waterpoints is known, 1n a similar fashion to that described for cattle 

production. If waterpoint distribution are altered or stock are excluded from selected areas, 

then changes in the population size of each decreaser species can also be calculated, 

assuming that population densities increase in areas that are destocked. 

Example conservation scenarios for a single paddock 

In this section, I use a hypothetical example based on a single paddock to explore 

approaches to off-reserve conservation management in this landscape, and examine the 

relative costs and benefits of each approach. A single large paddock is shown in Fig. 9.8a, 

with a total area of 1000km2 and having ten permanent waterpoints. The entire area of the 

paddock is Mitchell grassland, except that there is a large Chenopodium swamp toward the 

northeast corner. For this example, I assume that the paddock is stocked at 4 head/km2 

and therefore carries 4000 head of cattle. Based on a gross margin of $40/head, the net 

annual value of production from the paddock is $160,000 (Table 9.6). 

At the existing level of development, there is a large area of water-remote land in the north

east corner of the paddock, including 37km2 of land that is sufficiently water-remote to be 
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Figure 9.8 Examples of mana~ement scenarios within a hypothetical large paddock. The total 
area of the paddock is 1 OOOkm : the location of ten existing waterpoints are shown by black 
dots. Shading shows distance from water, in 4km intervals. The darkest shading indicates 
areas that are ungrazed by cattle, either because they are very distant from water (> 12km) or 
fenced to exclude stock. The white speckled area is a Chenopodium swamp. (a) existing 
situation; (b) corner of paddock fenced to create an ungrazed conservation area; (c) area 
fenced to include Chenopodium swamp; (d) two waterpoints (open circles) are removed, 
crosses show possible additional waterpoints; (e) new waterpoint (cross) established in corner 
of paddock; (f) pastoral use intensified by establishing an additional 3 waterpoints. Costs and 
benefits of each scenario are listed in Table 9.6. 

rarely grazed. This area of land has a high conservation value because it supports high 

densities of decreaser species and a high cover of perennial grass is maintained. 

Scenario a: status-guo (Fig 9.8a) 

Conservation management for this paddock may simply involve an agreement with the 

landholder that the water-remote area will be retained, and no additional waterpoints will be 

developed in this part of the paddock. There are no establishment costs or costs of lost 

production for this option. There is however, an opportunity cost associated with the 

agreement that there will be no development. If a new watering point was to be established 

in the north-east corner of the paddock (Fig 9.8e), then production could be increased by 

8.2% (using the 'Barkly' distance-grazing model). This would likely be attractive to the 

pastoralist, as the net annual return is high compared to the cost of establishing the 
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Table 9.6. Changes in the area of water-remote land, economic cost/benefit and biodiversity 
cost/benefit of each management scenario for the single paddock shown in Fig. 9.8. For 
changes in cattle activity and gross margin 'model1' is the Barkly model and 'model2' the Helen 
Springs model (see Fig. 9.6). 

Scenario 

• b ' d • f 

land >8km from water (km 2
) 137.4 62.1 76.4 181.3 87.5 6.7 

"ungrazed"land (km2
) 36.6 121.8 171.9 203.7 0 0 

additional fences (km) 25.6 21.3 - - -
capital cost $51,2001 $42,6001 minor"l $40,0003 major4 

maintenance cost (p.a.) - $2,050 $1,700 

change in (compared to 'a'): 

cattle activity model1 (100%) -2.6% -9.6% -23.6% +8.2% + 25.4%5 

model2 - 0.1% -7.8% - 26.9% +9.5% +37.2% 

gross margin model1 ($120,000) -$3,120 -$11,520 - $28,320 + $9,840 + $30,4805 

model2 -$120 -$9,360 - $32,280 + $11,400 + $44,640 

popn size decreaser sp1 (100%) +0.3% + 1.5% +4.1% - 1.4% -4.3% 

popn size decreaser sp2 (100%) + 1.0% +5.0% + 14.0% -4.8% -16.0% 

popn size decreaser sp3 (100%) +6.7% + 23.0% + 54.0% -19.1% -48.4% 

1. cost of fencing estimated at $2,000 I km 
2. some minor costs associated with removing existing waterpoints, not estimated here 
3. estimated cost of establishing new waterpoint, with dam and troughs. 
4. a large cost would be incurred to establish 4 new waterpoints; this may be reduced by piping water from existing bores 
5. increase in productivity assumes the number of cattle per waterpoinl is the same as (a). In reality, additional 
waterpoints would probably be used to spread grazing pressure rather than increase cattle numbers, so increase in gross 
margin would be smaller. 

waterpoint. The negative impact on biodiversity values of this development is shown by 

the reduced population sizes of the decreaser species, the most grazing-sensitive species 

declining by 19%. [In fact, the declines in decreaser species are not large because a 

substantial area of water-remote (>Bkm) land remains (Fig. 9.8e). If all land in the 

remainder of the paddock was within 6km of water, then the reduction in relative population 

size would have been greater]. 

This scenario (of no further development) is attractive because there no capital or 

maintenance costs, and no alteration to the current pastoral management. The major 

drawback with this scenario is that grazing impacts within the conservation area are not 

actively managed. Grazing pressure in the area would probably increase in periods of low 

rainfall when pasture cover was low in the remainder of the paddock. [Depending on the 

strength of the agreement with the landholders, they may also be tempted to promote the 

use of the area by cattle under drought conditions]. During such times, the potential 

importance of lack of grazing in the conservation area for maintaining local populations of 

decreaser species is also greatest. During and immediately after the wet season, cattle 

may also seek out areas that are preferred for foraging (such as gravel rises), even if they 
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are a substantial distance from water. This 'status~quo' approach is most likely to preferred 

when the core of the water~remote area is large and there are impediments to development 

of the area (eg. no suitable artesian water). 

Scenario b: exclosure fencing around conservation area (Fig. 9.8 b). 

An alternative conservation management option is to fence off the water~remote a.rea, 

excluding cattle and overcoming the drawbacks described for Scenario 1. Careful 

placement of the fence can limit the reduction in cattle production. In this case, 12.2% of 

the paddock is removed from production but the reduction in net value is only 2.6% (or 

close to nil if the Helen Springs grazing~distance model is used). The opportunity cost is 

the same as described for Scenario 1. However, there is a substantial capital cost for 

fencing and some annual costs associated with maintaining the conservation area. 

This scenario does not have substantial biodiversity benefits in terms of increased 

population size of decreaser species, because the fenced area is already water~remote. 

The major advantage compared to Scenario 1 is that fencing guarantees that there will be 

no grazing impacts within the entire conservation area, regardless of season or rainfall 

conditions. 

Scenario c: inclusion of significant localised features in conservation area (Fig. 9.8 c). 

This scenario illustrates that there may be additional considerations when selecting 

conservation areas. In this case, the large Chenopodium swamp is considered to be 

important habitat for waterbird species and some rare plants, and also more sensitive to 

grazing effects than the Mitchell grasslands (a similar scenario could apply to patches of 

gravel rise). A fenced conservation area is constructed to include the swamp and most of 

the water-remote Mitchell grasslands. In fact, a shorter fence is required than Scenario b, 

so that establishment and maintenance costs are lower, and the resultant area of ungrazed 

land is larger. However, costs due to lost production are greater than Scenario b, as some 

land that is close to existing waterpoints is included in the conservation area. 

In addition to the biodiversity benefits associated with protecting the Chenopodium swamp 

from grazing impacts, there is a greater increase in the population size of the 

representative decreaser species than was the case for Scenario b, particularly for the 

most grazing~sensitive. This occurs because a significant area of land that is not currently 

water~remote is "reclaimed' by the conservation area. Increases in the population of 

decreaser species assumes that population densities in the reclaimed areas will return to 

the same level as predicted for water-remote land. This is a reasonable assumption given 

that a large potential source population exists in the corner of the paddock, but may not 
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occur if changes to vegetation composition and landscape function as a result of heavy 

grazing are irreversible. 

Scenario 'c' is useful for illustrating two considerations in conservation planning in this 

landscape. If conservation areas are merely to contain representative areas of Mitchell 

grassland (and associated decreaser species), then appropriate areas will probably be 

determined primarily by economic considerations (ie. the selection of the largest existing 

water-remote areas will minimise costs). However, if other specific biodiversity values are 

to be incorporated, it is unlikely that these will perfectly coincide with existing water-remote 

areas. Where they do not, fencing the selected conservation area is likely to be 

appropriate and costs will therefore be relatively high. In the current example, a large 

water-remote area exists and can form the core of a conservation area. However, in other 

parts of the region, there may be no paddocks with large areas of water-remote land. In 

this situation, it may be appropriate to fence off an area within the paddock to create the 

desired area of ungrazed land. As shown by scenario 'c', the costs associated with lost 

production increase substantially when areas of land that are not currently water-remote 

are included in conservation areas. 

Scenario d: removing water points to enlarge water-remote area (Fig 9.8 d). 

This scenario is included to illustrate an alternative strategy to fencing areas of land. Cattle 

grazing distribution can be manipulated by turning off selected waterpoints within a 

paddock, thereby increasing the area of water-remote land. In this example, the area of 

ungrazed land in the northeast corner of the paddock is enlarged to encompass the 

Chenopodium swamp. The potential biodiversity benefits of this example are large, but the 

costs of lost production are also correspondingly large. However, an attraction of this 

approach is that establishment and maintenance costs are minimal. 

A more realistic example of where this approach may be considered is demonstrated by 

moving from Fig 9.8 e to 9.8 a. In regions where there are minimal existing areas of water

remote land, these may be created by strategic removal of waterpoints. Spatial analysis 

can be used to determine which waterpoints offer the greatest potential benefit from their 

removal. 

Scenario f: intensification of pastoral use (Fig 9.8 f). 

This scenario illustrates the potential for intensification of pastoral use. In addition to a 

waterpoint in the northeast corner of the paddock, additional permanent or temporary 

waterpoints are established in order to reduce the piosphere effect and achieve relatively 

even grazing distribution throughout the paddock. As a result, very little water-remote land 
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remains in the paddock and there is a substantial biodiversity cost (measured by the 

decline in population of decreaser species). Intensification has the potential to 

substantially increase total cattle production, although the economic viability of this option is 

determined by the cost of developing new waterpoints and increased management costs. 

In the current example, intensification would probably also involve additional fencing to 

partition the large paddock. Nevertheless, several pastoral companies are currently 

investigating the viability of intensification of use in properties based on Mitchell grasslands 

(Steve Petty, Heytesbury Beef, pers. comm.). Under an intensification scenario, there is 

clearly an increased need to develop appropriate conservation management strategies that 

will maintain populations of decreaser species. 

Example conservation scenarios at a regional scale 

Calculating economic costs associated with the selection of conservation areas across a 

region is simply an elaboration of the calculations described for a single paddock. To 

facilitate calculations, a Microsoft Excel spreadsheet was designed by Mark Stafford·Smith 

(CSIRO, Alice Springs) using data and grazing-distance relationships supplied by the 

author for Barkly Tablelands properties. The spreadsheet held values for the total area of 

Mitchell grassland within 1 km wide distance intervals within every paddock containing at 

least 100ha of Mitchell grassland. For nominated paddocks, the spreadsheet calculated 

costs associated with 'reserving' all land at a specified distances within the paddock. The 

spreadsheet also allowed stocking rates, gross margins and fixed costs to be varied. 

In this exercise, biodiversity benefits are simply equated to the total area of land included 

within conservation areas. As demonstrated in the example above, biodiversity benefits 

are likely to be greater when areas are fenced, except if the selected area is very water

remote. 

The location of all Astrebla grassland that is relatively distant from permanent water is 

shown in Fig. 9.9". The total area of water-remote land is small. A total of 4.1% (1320km2
) 

of the area of Mitchell grassland is further than Skm from water. Only 630km2 (1.1 %) of 

land is further than 10km from water. A clear geographic bias is obvious, with most water

remote land occurring in the central-east portion of the Tableland. Because of the regular 

distribution of waterpoints, areas of water-remote land are highly fragmented. Land that is 

further than 8km from water occurs as 287 polygons (individual contiguous parcels), with a 

median size of 136ha; land that is 10km from water as 115 polygons with a median size of 

68ha. Only a small proportion of polygons are larger than 10km2 (Fig. 9.10). 
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Figure 9.10 Frequency distribution of the area of polygons of Astrebla grassland on the Barkly 
Tableland that are further than (a) Bkm, (b) 1 Okm from waterpoints. 

Scenario 1 {Fig 9.11a). A sensible approach to selecting candidate conservation areas 

would be to choose the largest existing areas of the most water-remote land. For this 

scenario I selected the ten largest polygons of land that are more than 10km of water, as 

the 'core' of the conservation areas. The size of the conservation areas was then 

increased in two steps by including land in the same paddocks that was greater than Bkm 

from water, and greater than 6km from water. Selecting areas of land that are 10km from 

water reserves 0.9% of the total area of Mitchell grassland (Table 9.7). This proportion is 

increased to 2.5% if land that is further than Skm is included, and can be increased to 5.1% 

of the total area if additional land 6-Bkm from existing water is added to these ten 

conservation areas. The economic costs of these conservation areas depends on whether 

they are fenced. If they remain unfenced, the single cost is the opportunity cost 

(associated with not developing them), which increases from $55,000 p.a. for the 10km 

option to $303,000 p.a. for the 6km option (Table 9.7). If the areas are fenced, there is a 

capital cost associated with fencing and an additional ongoing cost associated with lost 

production (and minor maintenance costs). The costs of lost production are minimal for the 

1 Okm option {less than $200 p.a. for each conservation area) and relatively small for the 

8km option ($1000 pa for each conservation area). However, costs of lost production 

increase sevenfold between the 8km and 6km option. 

The geographic configuration of conservation areas selected under this scenario does not 

satisfy the goal of achieving a geographic spread. Seven of the ten areas are clustered 

into one quarter of the Barkly Tableland, and additionally are close to the existing Connell's 

Lagoon Reserve. Species occurring mainly in the north, north-west and south of the Barkly 

Tableland are likely to be poorly represented in the selected conservation areas. 
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Table 9.7. Area of Astrebla grassland reserved and costs associated with the conservation scenarios 
for the Barkly Tableland shown in Fig. 9.11. Scenario 1: selecting the ten largest polygons of land 
further than 10km from water. Scenario 2: selecting ten areas of water-remote land to maximise 
geographic spread. Scenario 3: selecting 5 entire paddocks to maximise geographic spread. Scenario 
4: enlarging the area of Connell's Lagoon Conservation Reserve. For Scenario 1 & 2, capital costs, 
costs of lost grazing and maintenance costs are only incurred if the conservation areas are fenced. 

Scenario 1 Scenario 2 Scenario Scenario 

10km Skm 6km 10 km Skm 6km 
3 4 

No. of paddocks affected 14 14 14 12 12 12 5 4 

Area reserved (km2
) 511 1349 2778 432 806 1479 1348 1559 

%total area 0.91% 2.47% 5.08% 0.77% 1.47% 2.71% 2.47% 2.85% 

Costs($) 

Capital costs (total) 285,940 464,585 666,690 262,900 359,110 486,457 2,696,000 3,118,000 

Cost of lost grazing (p.a.) 1,690 10,628 77,119 635 5,173 36,724 (226.085) (234,015) 

Opportunity cost (p.a.) 54,814 140,924 303,022 30,995 67,523 141,598 0 0 

Maintenance (p.a.) 11,440 18,580 26,670 10,520 14,360 19,460 105,818 122,382 

Total ongoing costs (p.a.) 67,944 170,132 406,811 42,150 87,D56 197,782 105,818 122,382 

Scenario 2 (Fig 9.11 b) attempts to achieve a more even distribution of conservation areas, 

by manually selecting ten existing water-remote polygons spread across the study region. 

However, to achieve this goal, smaller polygons of water-remote land must be selected as 

cores of the conservation areas. In particular, there is only a very small area of land further 

than 8km from water in the far north-west of the region ('i' on Fig 9.11 b) and no land at this 

distance in the north of the region ("ii"). The total area reserved by these selections is 

smaller than in Scenario 1, amounting to 1.5% of the total area for the 8km option and 2.7% 

for the 6km option. The costs are less than Scenario 1, proportional to the lower area 

involved (Table 9.7). 

A more complex scenario, which has not been calculated here, is likely to be preferred to 

achieve a geographic spread. In this scenario, a minimum size would be set for individual 

conservation areas (for example 50krrf). This would be met by land beyond 10 km of 

water for one of the selected polygons shown in Scenario 2, and land further than 8km of 

water for another 3. Additional land closer to water would be required to meet area targets 

for the remaining six selections. Costs associated within individual reserves of the same 

area would therefore be variable, and selections in the north and north-west of the 

tableland would be relatively expensive. 

Scenarios 3 and 4 (Fig 9.11 c) illustrate the alternative strategy of increasing the area of 

land within formal conservation reserves, either by purchasing paddocks spread throughout 

the region or by enlarging the existing reserve. The total area of land reserved is 

approximately equivalent to the 8km option in scenario 1. Capital costs associated with 
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purchasing whole paddocks are very high, approximately six times the costs of fencing 

associated with the off~reserve option that contains a similar area. Maintenance costs are 

also higher, but there is no opportunity cost associated with this option so that total annual 

costs are only 62% of those associated with the off~reserve option. Based simply on the 

current values and assuming that the opportunity cost was realised (eg. paid to the 

pastoralist as a 'stewardship' fee), the cumulative cost of the 8km option in Scenario 1 

would exceed that of Scenario 3 after 34 years. 

Discussion 

In this Chapter, I have developed a framework for biodiversity conservation in the Mitchell 

grasslands in the Northern Territory. In particular, the retention of a network of water~ 

remote or ungrazed 'conservation areas' will help to ensure that populations of decreaser 

species are maintained, particularly during periods of low rainfall. Ideally, the network of 

'conservation areas' would encompass sites with specific conservation values (such as 

populations of rare plants) and be designed with a geographic and environmental 

distribution that will encompass the regional variation in species composition in this biome. 

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

lightly grazed or ungrazed land in some areas of the Barkly Tableland is increased through 

fencing or the manipulation of waterpoint distribution. 

I have not attempted here to design such a network of 'conservation areas' for the Barkly 

Tableland or Victoria River District. Rather, this should be done as part of a regional or 

bioregional conservation planning exercise (eg. Price et af. 2000). Such a bioregional plan 

would make use of the technical information and the framework provided by this study, but 

would also involve: 

• development of a finer scale land classification that would, for example, map the 

distribution of riparian woodlands, swamps and gravel rises; 

• development of the spatial data layers required to develop spatially explicit models of 

species' distribution (based on the predictive models developed in this study); 

• consideration of other clay-soil communities in addition to Astrebfa grasslands. This 

would require an elaboration of the economic models to recognise, for example, the high 

production value of Chenopodium swamps; 

• consideration of the conservation values of environments that are on other soil types, 

that occur patchily throughout the region; 

• increased knowledge of the distribution of rare pant species; 
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• consideration of the management requirements of significant bird breeding habitats. 

Critically, the bioregional plan would also involve a consultation process with pastoral 

managers and other stakeholders in the region (Lambert & Elix 1996, James et al. 1999, 

Brunkhorst 2000). The framework developed here will be an important tool in that process, 

as it allows alternative conservation scenarios to be explored, and the relative costs and 

benefits of each scenario to be made explicit. 

It is clear that implementing additional conservation management strategies within the 

Mitchell grasslands may entail substantial costs. For example, one of the most modest 

scenarios (Scenario 1, Skm) has estimated establishment costs of $465 000 and annual 

costs of $170 000, resulting in 2.5% of the Mitchell grassland being included in 

'conservation areas'. It should be noted, however, that establishment costs would be 

spread over a number of years and the annual cost represent less than 2% of the 

estimated net value of cattle production from the Mitchell grasslands in this region. In fact, 

in all of the options within Scenario 1 and 2, between 75% and 80% of the annual cost 

consists of the opportunity cost associated with not developing the water-remote zones. 

Whether this represents a 'real' costs is a matter for conjecture, as the pastoral managers 

may have no intention of developing those zones due to financial or practical limitations. if 

the opportunity costs are removed, the annual costs of most of the conservation scenarios 

are relatively triviaL 

It is not within the scope of this thesis to consider in detail how the potential costs identified 

here may be borne, or the institutional mechanisms by which conservation areas outside of 

the formal national park system may be administered. Within the Northern Territory, there 

is provision under the Territory Parks and Wildlife ConsetVation Act 2000 for co-operative 

management agreements between the government and landholders. Such agreements 

may include financial assistance, although there is no precedent as yet for mstewardship" 

payments (sensu Morton eta/. 1995) under such agreements. Pastoralists, however, are 

typically reluctant to enter into conservation agreements that may place binding conditions 

on their lease (eg. Lefebvre 1999). There are also arguments that landowners should meet 

at least a portion of the cost of the development and maintenance of conservation areas, 

particularly as requirements to demonstrate environmentally sustainable management 

become more explicit (AFFA 1999, Carruthers 1999, Rouse 2000). In some cases, the 

ability to demonstrate that production is "biodiversity-friendly" may be important in ensuring 

market access and/or premium prices (ABARE 1999, Alexandra 1999, James 2000). 

A similar approach to conservation management has been investigated in the Kingoonya 

region in South Australia, where mulga woodlands and chenopod shrublands are used for 
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sheep grazing (James eta/. 1999, Biograze 2000, Maconochie eta/. 2000) and this 

provides some interesting contrasts to the Barkly Tableland. Conservation management 

planning in the Kingoonya region is potentially more complex, as there are five broad 

landscape types that should be represented in the conservation management system. 

However, because there is a lower level of infrastructure development than in the Barkly 

tableland, existing areas of water-remote land are more extensive. Consequently, there is 

more flexibility in selecting potential conservation areas and conservation planning may 

best be directed toward managing the placement of new waterpoints. An advantage of 

greater flexibility in the selection of conservation areas is that ecological goals, such as 

achieving a geographic spread or linking conservation areas into corridors are more readily 

achieved. Nevertheless, if some conservation areas are fenced to exclude stock, projected 

costs for the Kingoonya region are broadly similar to those estimated here (James eta/. 

1999). 

The approach to conservation management described here is applicable to Mitchell 

grassland environments in the Northern Territory. However, it may not be an appropriate 

approach for Mitchell grasslands in central Queensland and northern New South Wales 

because of difference in land tenure, property and paddock sizes, and waterpoint densities. 

In these regions, the area of water-remote land is likely to be even smaller and more 

dispersed than is the case in the Barkly Tablelands. Appropriate conservation 

management in these regions maY involve retaining entire paddocks in an ungrazed or 

lightly-grazed condition, a policy of "land retirement" where landowners forego pastoral 

production in return for stewardship payments (Fraser & Hone 2001) or the acquisition of 

pastoral properties for additional representative conservation reserves. 

Although the Mitchell grasslands in northern Australia remain poorly represented within the 

existing conservation reserve system and pastoral use is virtually ubiquitous throughout this 

environment, the potential for effective biodiversity conservation is high. This stands in 

stark contrast to the plight of native grasslands in southern Australia (Stuwe 1986, 

Kirkpatrick eta/. 1995, Lunt 1997, Benson 1997, Fensham 1998, Craigie & Hocking 1999) 

which have been reduced by development for agriculture and urbanisation to tiny relics, 

with the consequent decline or loss of constituent plant and animal species. Conservation 

management of these areas has become essentially a (losing) battle to reserve remaining 

fragments and insulate them from surrounding, highly modified environments. Similarly, 

extraordinary effort is expended on maintenance of biodiversity in remnants of native fertile 

grasslands in the Midwestern U.S.A. (eg. Herkert eta/. 1999, Walk & Warner 2000). This 

study suggests that biodiversity conservation can be integrated with extensive pastoral use 

in the Mitchell grasslands and that. with appropriate land management strategies, 
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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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Figure 9.1. (a) Location of conservation reserves in the Northern Territory that contain Mitchell 
grasslands and related communities (shaded). More details are given in Table 9.1. 
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Figure 9.2 The Barkly Tableland region of the Northern Territory, showing pastoral leases, the 
boundary of the Mitchell Grass Downs bioregion, fences and waterpoints. The location of 
conservation reserves is also shown and the mapped extent of Astrebla grassland (Wilson eta/. 
1990) is shaded. Tenure and pastoral infrastructure data was provided by NT Department of 
Lands, Planning and Environment. 
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Figure 9.3 Vegetation communities of the Barkly Tableland (modified from Wilson et al. 1990). 
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Figure 9.4 Location of wetlands of national importance (Environment Australia 2001) and sites 
of botanical significance (White et al. 2000) in the Barkly Tableland. Other mapped waterholes 
and intermittent wetland are also shown. 
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Figure 9.9. Location of Astrebla grassland in the Barkly Tableland that is further than 6km, 8km 
and 1 Okm from water. Distances are calculated 'as the cow walks' and take account of 
fencelines. 
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Figure 9.1 1. Conservation scenarios for Astrebla grasslands on the Barkly Tablelands 
(a) Scenario 1: selecting the ten largest polygons of land further than 1 Okm from water. 

492 Chapter 9. Conservation management 



133 E 

100 km ,.....---._....; 0 50 

Projection: UTM Zone 53 

NOTE: do not reproduce without author's permission 

SCENARI02 

.. > 10 km from waterpoints 

.. > 8 km from waterpoints 

N Fences 

1 I Astrebla grassland 
138 E 

Figure 9.11 {b) Scenario 2: Selecting ten areas of water-remote land to maximise geographic 
spread. (i) and (ii) refer to areas mentioned in the text. 
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Figure 9.11 (c) Scenario 3: selecting 5 entire paddocks to maximise geographic spread; and 
Scenario 4: enlarging the area of Connell 's Lagoon Conservation Reserve. 
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