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Abstract  

This thesis examines the responses of ant communities to land-use in arid Australia, in the context 

of ants as biological indicators. Four independent case studies are presented documenting 

disturbance induced dynamics of ant communities throughout Australia’s arid zones to: 1. SO2 

emissions at Mount Isa (Qld); 2. Sheep grazing in the Kingoonya region (SA); 3. Cattle grazing in 

the Victoria River District (NT); and 4. Fire in the Victoria River District.  

 

Ants were sampled in all studies by pitfall traps and identified to the species level. Species richness, 

total ant abundance, the abundance of species and the relative abundance of functional groups were 

compared with and without disturbance. Only the study of the responses of ants to fire was sampled 

more than once. 

 

Ants were responsive to disturbance in all studies. Generally disturbance reduced total abundance 

and species richness, and induced significant changes in the abundance of many species, but did not 

greatly change functional group composition. The greatest number of responses were found 

following the most severe disturbance of SO2 emissions, whereas ants were least responsive to 

sheep grazing. Where multiple habitats were sampled within a study, results were often conflicting 

between the habitats. The results of these independent studies are compared with ant community 

dynamics in relation to disturbance in more mesic regions.  

 

The thesis culminates in the first synthesis and review of the dynamics of ants following 

disturbance throughout Australia, with particular focus on the functional group classification 

system. The results of 43 studies are summarised, and (where data could be obtained) the results are 

re-analysed according to latest species classifications into functional groups. These classifications 

are provided for the first time for the entire known Australian ant fauna. Functional group dynamics 

are interpreted within the context of biogeography and disturbance type. While the functional group 

scheme is a useful tool for disturbance analysis, it appears to have limited appliation within the arid 

zones.  
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1. General introduction 

1.1 Ecosystem management 

Ecologically sustainable development seeks to maintain a balance between commercial gain and 

conservation whereby profit can be obtained from land use whilst conserving ecosystem integrity 

(Mott & Bridgewater 1992). Protocols for the implementation of sustainable development are still 

being developed, but involve the recognition of a few key concepts. First is that management 

decisions must be holistic and based at the ecosystem level, so as to sustain ‘systems’ rather than 

‘individuals’ (Beattie 1996; Ludwig & Tongway 2000). The argument for this concept is that viable 

populations of species can be conserved by default if system integrity is maintained. Second is the 

recognition that ecosystems are dynamic, thus management decisions must be adaptive to allow for 

natural fluctuations and change (Holling 1996). Third, while decisions need to be considered at the 

ecosystem level, ecosystem properties must be assessed from multiple spatial scales to account for 

different resolutions of natural patterns and processes (Rastetter et al. 1992). Although broad and 

potentially difficult to implement, these concepts are being taken seriously by major land managers 

and represent a large shift in traditional land management (Hauber 1996).  

 

Ecosystem management is dependent on sound ecological knowledge for its effective 

implementation and success (Stanford & Poole 1996). An understanding of ecosystem dynamics is 

required initially for models of ecosystem ‘health’ and resilience to define management objectives, 

and later for monitoring to assess and refine management plans (Grumbine 1994; Ringold et al. 

1996). But ecology currently lacks precise definitions and specific measures for attributes such as 

ecosystem integrity, health and resilience (Meyer & Swank 1996) which are so integral to 

ecosystem management. For this reason, there is much scientific focus on ecosystem processes and 

species diversity, which are the major properties of ecosystems, especially how they are affected by 

disturbance, so that ecosystem management can proceed with clear measures of success. This thesis 

looks at how a variety of disturbances influence species diversity, organisation and structure of ant 

communities throughout arid Australia in the context of using ants as bioindicators in ecosystem 

management. 
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1.2 Biological indicators 

A bioindicator is a biotic element of a system that is quantified to provide a surrogate measure of 

another biotic or abiotic component of the environment. The applications of bioindicators are 

almost limitless and there are now numerous studies utilising a multitude of indicator taxa for a 

wide array of objectives. McGeogh (1998) recently divided all bioindicators into three categories 

based on their main applications: biodiversity indicators, environmental indicators and ecological 

indicators. These are discussed in order of increasing relevance to ecosystem management. 

 

Biodiversity indicators provide a measure of the diversity of other (often unrelated) biota in a 

system. These have been most popular for rapid biodiversity assessments, particularly for the 

identification of biodiversity “hotspots” in the selection and design of conservation reserves 

(Kremen et al. 1993; Gaston and Blackburn 1995). Likewise, these indicators can be used to 

monitor changes in the diversity of the study target following a disturbance and therefore have a 

large role to play in the study of ecological changes due to climate change with global warming 

(Smith et al. 1997 and references therein). However, the reliability of one species or a group of 

species to reflect the diversity of other taxa or wholesale species diversity of a system is still 

questionable.  

 

Environmental indicators are those that can detect the presence of disturbance. Examples include 

morphological and physiological changes in ants with heavy metal contamination (Migula et al. 

1993; Pętal 1980), and the accumulation of metals in leaves from atmospheric pollution (Valerio et 

al. 1989). This is taken a step further by ecological indicators whose measurable qualities are 

predictably related to environmental conditions and reflect the response of at least a subset of other 

biota within a system, thus providing a quantifiable measure of the change of environmental state 

(McGeogh 1998). Examples include changes in vegetation structure and composition with varying 

grazing intensity (Ludwig et al. 1999), and changes in the abundance of birds and reptiles with 

varying fire regimes (Woinarski et al. 1999). 

 

Our understanding of the effects of disturbance has been greatly enhanced by the use of 

bioindicators, and clearly they have a large role to play in the conservation of biodiversity through 

adaptive management (Ringold et al. 1996; Stanford and Poole 1996). Ecological indicators are 

particularly suited to this task. Biodiversity indicators provide us with knowledge of species 

richness and can monitor changes in diversity after a disturbance, but they have no predictive 

capabilities of the vulnerability of biota or processes within a system to disturbance. From a 

conservation perspective, biodiversity indicators merely document the change in numbers of 



 3 

species. Environmental indicators only provide individualistic responses to a disturbance. 

Ecological indicators, on the other hand, demonstrate the effects of disturbance on other system 

components and processes, providing a greater understanding of the changes induced by a stressor.   

 

Ecological indicators, however, can only be used effectively when we have a sound understanding 

of their complex interactions with sympatric biota and abiotic processes (McGeogh 1998). The 

dynamics of aquatic invertebrates have relatively clear ecological interpretations, as invertebrates 

have been used extensively in water-quality monitoring activities since the early 1900's (Rosenberg 

et al. 1986). However, bioindication within terrestrial ecosystems has been conducted widely only 

over the last couple of decades and our understanding of terrestrial ecosystem dynamics is greatly 

limited. Thus much research is now devoted to the identification of a few key indicator taxa that are 

functionally important, have validated relationships with other system components and processes 

that are simple and clear, and whose protocols for use are simple and amenable to the requirements 

of land managers (Andersen 1999). Ants appear to satisfy these criteria. 

 

1.3 Ants as bioindicators 

Effective bioindicators must satisfy a range of criteria. They should be: 1. diverse; 2. abundant; 3. 

widespread; 4. responsive to the disturbance being studied; 5. functionally important; and 6. readily 

sampled; (Majer 1983; Andersen 1990; Kremen 1992). Ants satisfy all of these criteria and are 

considered to be among the best indicator taxa (Brown 1997; Landsberg et al. 1997). These criteria 

are discussed in relation to ants in more detail below. 

 

1. Indicator taxa should be diverse so as to respond to all factors associated within an ecosystem, to 

allow selection and thus provide greater analytical sensitivity. There are more than 8800 species of 

ants described in the world (Hölldobler & Wilson 1990) with an large number of species 

undescribed or as yet uncollected. Australia’s ant diversity is rich by world standards, being 

estimated to be around 6000 (Alan Andersen pers. com.). This great continental diversity is also 

seen at the local level; for example, 138 species have been recorded from a 0.4 ha site at Wyperfield 

National Park in Victoria (Andersen 1983b; Andersen & Yen 1992). Such diversity is unrivalled by 

most other groups of organisms and provides great potential for selection of key indicator species.  

 

2. Great abundance allows easy and adequate sampling. Ants are very abundant in most terrestrial 

ecosystems, usually exceeding counts of all other macro-invertebrates (Whelan et al. 1980; Majer 
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1984). The biomass and energy consumption of ants alone exceeds that of vertebrates in most 

terrestrial habitats (Wilson 1976). 

 

3. Indicators should be widespread so that they may be used across a range of biogeographical 

regions. Ants have attained world-wide distribution on all major land masses except the polar 

regions. Their presence in all vegetation types, except the highest montane areas, allows their usage 

over the entire Australian continent and most of the terrestrial world.  

 

4. Indicators should have predictable and rapid responses to disturbance. Ant community 

composition and structure changes with vegetation structure (Andersen 1986b) due to predictable 

changes in resource competition and microclimate (Greenslade 1971, 1974, Savolainen et al. 1989; 

Andersen 1992b). Ants are quick to respond to ecological change (Andersen 1990b) due to short 

generation times and large reproductive output (Andersen 1995a). Consequently, they are quick to 

recolonise (Majer 1983a, 1984) and show strong successional patterns (Gallé 1991), particularly in 

ecosystems undergoing restoration (Fox & Fox 1982; Majer 1984, 1985; Andersen 1993b).  

 

5. A variety of processes critical for natural function must be considered to fully appreciate and 

understand ecosystem integrity. Ants are the invertebrate group best suited for disturbance analysis 

as they are ecologically dominant (Greenslade 1979) and functionally important at all trophic levels. 

They are among the principal predators of other invertebrates (Wilson 1976; Greenslade 1979; 

Greenslade & Greenslade 1984), function as decomposers, aid in pedogenesis and ameliorate, 

turnover, aerate and increase infiltration of the soil (Andersen 1988c; Lobry De Bruyn & Conacher 

1990; Anderson et al. 1991; Lobry De Bruyn 1994). So diverse are their interactions with other 

fauna, that harboured within their colonies alone there are more than three thousand species of 

athropods (Haskins 1939).  

 

The integral roles that ants play within ecosystems is best displayed by their diverse interactions 

with plants. Ants protect host plants against herbivores (Kelly 1986; Oliviera et al. 1987; Koptur 

1984, 1985; Koptur & Lawton 1988) in turn increasing plant fecundity (Schemske 1980, 1982; 

Horvitz & Schemske 1990) and seed production (Stephenson 1982; Compton & Robertson 1988). 

Ants aid in seed dispersal (Andersen 1988a), sometimes depositing them in nutrient rich microsites 

(Westoby et al. 1982a, b; Rice & Westoby 1986; Andersen 1988c; Bond & Stock 1989). Ants 

protect seeds from rodents and other means of losses (Bond & Slingsby 1984), and are themselves 

major seed predators (Majer 1980b, 1990b; Andersen 1988a). Ants adversely affect plants by 

indirectly or directly protecting herbivorous larvae (Koptur & Lawton 1988), providing no 
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protection of the host plant (Tempel 1983) or its seeds. So entwined are the interactions between 

ants and plants, that the plants themselves may bear syndromes of their relationship, like extrafloral 

nectaries (Koptur 1984, 1985; Kelly 1986; Oliviera et al. 1987; Koptur & Lawton 1988), elaisomes 

and modified flowers for ant pollination (Peakall et al. 1987, 1990), although the latter is extremely 

rare, with most ants adversely affecting pollen (Hull & Beattie 1988). This functional importance of 

ants to plants is very well developed in Australia, and the highest known concentration of 

myrmecochores occur in the sclerophyllous vegetation of southern Australia (Berg 1975, 1981).  

 

6. Ants in open habitats are readily sampled in pitfall traps (Andersen 1991c; Majer 1997), as the 

majority of species forage on the ground surface. A minority of Australian ants are strictly cryptic 

or arboreal and are less likely to be captured in pitfall traps, but these species are primarily found in 

mesic habitats with greater structural complexity and can also collected with relative ease by simple 

techniques such as litter samples, foliage beats and hand collections (Majer et al. 1996; Majer 

1997). However the use of pitfall traps alone is adequate where a complete census of ants is not 

required and surface-foraging ants are the focus of study (Majer 1997). 

 

Several problems associated with using ants as bioindicators can be identified. The first relates to 

the extreme seasonality of the activity of many species. Ant activity is limited by temperature stress 

(Andersen 1995), thus most species reduce or cease foraging during winter and are most active 

during summer (Andersen 1986a), particularly thermophilic species (Christian & Morton 1992). 

Therefore, for species-level analysis, these natural fluctuations in forager abundance can mask those 

changes induced by disturbance. This problem may be lessened by performing surveys four times 

throughout the year in temperate and arid regions (once in each of the seasons) and twice yearly in 

the tropics. However, this poses little problem for one-off surveys where all sites and field 

variations are sampled simultaneously and a complete census is not required. 

 

Second is the lack of knowledge of the biology and ecology of most species of ants in Australia. 

This lack of information severly limits our explanation of species responses to disturbance, 

restricting us to merely showing that a species responds in a particular manner and (at most) 

postulating why. However, this problem is partly alleviated by the use of higher-taxon analysis or 

the amalgamation of species into functional groups (see later).  

 

Third is the lack of data demonstrating how ant responses to disturbance reflect general ecological 

change. Very few data exist demonstrating the relationships between the responses of ants and that 

of other biota and ecosystem processes (Andersen and Sparling 1996; Griffiths 1998), but what has 
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been demonstrated suggests that ants are capable of reflecting a broad spectrum of ecosystem 

properties. Here we require more purposively designed, process-based studies that will result in a 

clear understanding of the relationships between ants and other biota and system processes, 

providing an overall assessment of the “health” of ecosystems. However, it should be noted that 

these problems are not confined to ants, being almost universal throughout the invertebrates, and 

most bioindicators. 

 

1.4 Australian ant functional groups  

Faced with the complexity of ecological systems and the diversity of biota contained within them, 

scientists have attempted to simplify communities by amalgamating species into a few basic 

ecological groups (Kremen et al. 1993; Woodward & Kelly 1997). These amalgamations cut across 

traditional taxonomic boundaries and allow the bypass of knowledge (or lack) of individual species, 

while potentially providing insight into patterns and processes of systems and species assemblages 

that is not found by study of individual species alone. They also allow the comparison of species 

assemblages at multiple spatial scales such as between sites or across biogeographic zones in spite 

of high species turnover (Andersen 1997b).  

 

Ecological groups can be based on a range of ecological criteria, and their enthusiastic development 

has resulted in a plethora of systems for many taxa designed for an array of purposes. Each 

classification system has been designed around each author’s (often specific) criteria, and as a result 

there is no clear terminology differentiating between kinds of systems. To provide some distinction 

between the systems, many recent publications have attempted to classify systems into system types 

(Gitay & Noble 1997; Wilson 1999). Functional groups represent one system type where individual 

groups are divided by functional roles (Lavorel et al. 1997). These include groups divided by roles 

relating to life-history strategies (Grime 1979), relationships with ecosystem functions or process 

(Reynolds et al. 1997; Sala et al. 1997), resource use (Root 1967; Woinarski 1990) and response to 

disturbance (Noble & Slayter 1980; Belsky 1992). Gitay & Noble (1997) took a more narrow view 

of the latter division, defining functional groups as those whose members of each group respond 

similarly to a perturbation and are mediated by the same mechanism.  

 

Australian ants have been classified into functional groups for over 20 years, whose relative 

abundances vary predictably in response to external limiting factors (Andersen 1995). Furthermore, 

changes in the relative proportions of groups in this scheme can be interpreted in relation to general 
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ecological change (Andersen 1997; Majer & Nichols 1998). The Australian ant functional group 

scheme is a focus of this thesis. 

 

The Australian ant functional group scheme was pioneered by Greenslade (1978) and was designed 

to describe the organisation of arid-ant communities by grouping species (predominantly at the 

generic level) according to their habitat requirements, historical biogeography and competitive 

interactions with dominant species, particularly species of Iridomyrmex (Greenslade 1986). 

Modified by Andersen (1986a, 1990, 1995), with a greater emphasis on community dynamics 

(Andersen 1992b), this scheme has now been used widely to describe the structure of ant 

communities around Australia (Andersen 1986a, b; Andersen & Majer 1991; Reichel & Andersen 

1996; Andersen & Clay 1996). This community classification scheme is possible as ants are 

primarily regulated by, and vary predictably to, a few external limiting factors, particularly low 

ambient temperature and solar insolation of the soil surface (Andersen 1995), with the latter being 

regulated by vegetation structure. Moreover, interspecific competition is an important factor in ant 

communities (Majer 1976; Fox & Fox 1982; Andersen & Patel 1984), resulting in ecological 

interactions between species with different resource requirements (Andersen 1995).  

 

Seven ant functional groups are recognised and a simplified model displaying the interactions 

between these groups is shown in Figure 1.1. While functional classifications cut across taxonomic 

classifications, some functional groups reflect taxonomic groups as there is often a strong 

relationship between the systematics and ecological behaviour of species (Brooks and McLennan 

1991). 

 

The most influential group is Dominant Dolichoderinae, predominantly species of Iridomyrmex. 

This genus is numerically and behaviourally dominant in most Australian habitats (Haering and Fox 

1987; Andersen 1992a, 1993a; Andersen & Patel 1994), exerting a strong competitive influence on 

other ant species (Greenslade 1976; Andersen 1992b). All members of Dominant Dolichoderinae 

are generalised feeders that monopolise available resources (Greenslade & Halliday 1993). Their 

numerical dominance is achieved through large colonies that can contain tens of thousands of 

workers. Activity is predominantly diurnal, ceasing temporarily during the hottest parts of the day 

(Greenslade 1975b). Most species of this group prefer hot, open habitats and as such they are 

limited by litter cover. Likewise, their greatest diversity is found within the semi-arid and arid 

regions. Iridomyrmex is replaced by Anonychomyrma as the dominant genus in the cooler and 

wetter regions of southern and eastern Australia (Andersen 1995) and, to a lesser extent, by 

Philidris in the wet tropics of northeastern Australia.  
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So great is the competitive influence of Iridomyrmex that this genus is believed to have influenced 

the evolution of several sympatric genera that posess specialised physiology, morphology or 

behaviour that reduces their competitive interactions with Iridomyrmex. An example is the 

thermophilic behaviour of Melophorus species (see later under Hot Climate Specialists) (Andersen 

1995). The larger “meat ants” of the Iridomyrmex purpureus species-group are also believed to be a 

significant factor in the maintenance of high levels of ant species diversity in Australia’s arid and 

semi-arid landscapes (Greenslade 1976).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. The functional group model of ant community organisation in Australia (modified from 

Andersen 1987). Arrows indicate the direction and magnitude of interactions between habitat 

variables and ant functional groups.  
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Members of Subordinate Camponotini are found everywhere that Dominant Dolichoderinae occur, 

but are submissive and avoid confrontation. While capable of rapid recruitment to a food source, 

they are easily displaced by Iridomyrmex and therefore never attain dominant status in the presence 

of Dominant Dolichoderinae (Andersen 1991a). Unlike Dominant Dolichoderinae, Subordinate 

Camponotini like moderate amounts of litter and vegetative cover, but they favour well-insolated 

habitats and are most abundant and diverse in arid regions (Andersen 1991a). Most limit their 

interactions with dominant species by being either large and generally nocturnal (Notostigma and 

most species of Camponotus) (Greenslade 1975) or strictly arboreal or scansorial if diurnal 

(Calomyrmex, Echinopla and most species of Polyrhachis). There are some exceptions. The first are 

the Camponotus species-groups innexus and ephippium who use batesian mimicry to allow them to 

forage with the larger “meat ants” Iridomyrmex purpureus group (Greenslade & Halliday 1983). 

Second is the genus Opisthopsis whose species are extremely timid with a distinctive “jerking” gait. 

While not postulated before, this characteristic locomotion could be a unique defensive mechanism 

against interference from Iridomyrmex. 

 

Since Andersen (1991c), the Climate Specialists have been split into three subgroups based on 

distinct climatic zones: The Hot Climate Specialists of arid and sub-tropical distributions; the Cold 

Climate Specialists of cool-temperate Australia; and the Tropical Climate Specialists of tropical 

Australia. Hot Climate Specialists are characteristic of hot and open habitats where Dominant 

Dolichoderinae are most diverse and abundant, and as such, have the most specialised adaptations 

that allow then to co-exist with Iridomyrmex. The thermophilic genus Melophorus is removed  

ecologically from dominant species by being tolerant of extreme mid-day temperatures that allow 

them to be active when Iridomyrmex is not (Christian & Morton 1992; Hoffmann 1998). 

Morphological and behavioural adaptations are seen in Meranoplus, which has a dorsal shield on 

the trunk and deep scrobes on the head that allow the retraction of legs and antennae when 

approached by Iridomyrmex. The seed harvesting Monomorium spp. (rothsteini gp.) form large 

foraging trails, and also possess chemical defences that repel Iridomyrmex (Andersen et al. 1991).  

 

Tropical Climate Specialists are typical of tropical rainforests where Iridomyrmex is absent and 

Dominant Dolichoderinae is more generally poorly represented (Reichel & Andersen 1996, King et 

al. 1998). This group includes the aggressive formicine Oecophylla and species of Leptomyrmex 

and Tetraponera. Several genera are extremely rare, are represented by a single species within 

Australia, and known from only a few specimens (Shattuck 1999), and as such very little is known 

of their biology. Cold Climate Specialists is the southern Australian counterpart of Tropical 

Climate Specialists, but is represented by genera that are much more common, particularly 
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Dolichoderus, Notoncus, Prolasius and Stigmacros. Members of this group are typical of 

environments with great temperature stress that limit ant productivity (in the most southern parts of 

Australia) and where ant diversity is relatively low (Andersen 1986; Greenslade 1991). Most are 

believed to have generalised diets. 

 

Cryptic Species forage in litter or are subterranean, have little interaction with other ants and 

therefore are little influenced by competition. The most common genera are Hypoponera and 

Solenopsis. Most members of this group are uncommonly encountered and include some of 

Australia’s most rarely recorded species (Shattuck 1999). They are most abundant in vegetation 

with great structural complexity and where large amounts of litter accumulate. Many are predacious 

with specialised diets, but unlike the Specialist Predators they are generally small to minute, most 

with extremely small eyes (if any) and very slow. Their colonies are generally very small and are 

often transient (Shattuck 1999).  

 

Species classed as Opportunists are unspecialised, omnivorous, and poorly compettive. They can 

tolerate a wide range of environmental conditions and so are characteristic of sites where stress 

(e.g. waterlogged soils, low food availability, cold climate) or disturbance severely limit ant 

productivity and diversity (Andersen & McKaige 1983; Andersen 1993a, b, 1995). The most 

common genera are Rhytidoponera, Paratrechina, Tapinoma and Tetramorium, all of which have 

Australia-wide distributions (Shattuck 1999). Like Subordinate Camponotini many species are 

capable of recruitment to a food source but they are very timid and easily displaced. They are most 

abundant where Iridomyrmex is least abundant, such as in cool-temperate regions (Andersen 1986a, 

b), shaded habitats elsewhere (Andersen & Majer 1991; Reichel & Andersen 1996) or areas of low 

ant diversity (Andersen 1993a). 

 

The group Generalised Myrmicinae contains species that are unspecialised and ubiquitous with 

general diets, but they are highly competitive (Andersen 1993b) and have the ability to dominate 

where Dominant Dolichoderinae are absent (Andersen & Patel 1994). This group is represented by 

the three cosmopolitan genera Crematogaster, Monomorium (species not included in Climate 

Specialists and Cryptic species) and Pheidole. Their ability to dominate is based on rapid 

recruitment to a food source and often coupled with the release of defensive compounds that repel 

Iridomyrmex (Andersen et al. 1991, Andersen 1995). The majority of species are recent arrivals to 

the Australian continent on an evolutionary time-scale, migrating from the Asian region, and are 

generally considered to be poorly integrated with the remainder of the Australian ant fauna 

(Greenslade 1975). 
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Specialist Predators was created by Andersen (1995) and approximately equates to Greenslade’s 

(1978) Large Solitary Foragers. It contains group raiders such as Leptogenys and Cerapachys 

(excluding the cryptic edentatus species-group), the predacious genera Myrmecia and 

Bothroponera, and non-cryptic dacetonines. All species are predacious, usually have specialised 

diets, have low population densities and don’t interact much with other ant species (Andersen 

1993b). As such, they are not greatly influenced by competition.  

 

A major benefit of the functional group scheme is that it can compare communities at multiple 

scales, allowing the comparison of communities between sites (Andersen 1986), across 

biogeographic zones (Andersen 1993; Andersen & Clay 1996) and between continents (Andersen 

1997b). It is also not limited by variations in sampling technique or intensity between studies, as 

analysis is performed on the relative proportions of functional groups rather than of exact numbers 

of ants collected.  

 

To illustrate this, and provide a brief overview of Australian ant biogeography, I have contrasted the 

organisation of semi-arid and rainforest ant faunas from around Australia (Table 1.1). The 

functional group composition of semi-arid and arid Australia is remarkably consistent throughout 

the continent (Figure 1.2). Proportions of numbers of species of Dominant Dolichoderinae and 

Subordinate Camponotini, and Opportunists and Generalised Myrmicinae are very similar across 

Australia, with a greater representation of Cold Climate Specialists in the south (part of Others in 

Figure 1.2). This clearly contrasts with the composition of rainforests (Figure 1.3). Those in cool-

temperate forests of southern Australia are clearly dominated by Cold Climate Specialists, with the 

remainder being predominantly Cryptic species. Vegetation from warm-temperate through to the 

humid tropics along the east coast contains ant faunas with similar organisation, with less Cold 

Climate Specialists and the presence of other groups. However the structure of monsoonal rainforest 

resembles that of nearby semi-arid sites. Semi-arid and rainforest ant faunas have been previously 

documented in detail (Andersen 1993a; Andersen & Clay 1996; Reichel & Andersen 1996) and will 

not be discussed further here, but clearly the organisation of ant communities changes predictably 

and reliably with climate and vegetation structure. 

 

Using these functional group classifications, Andersen (1995) developed a global ant community 

classification scheme based on the C-S-R plant strategies of Grime (1979). This model of 

Australian ant communities, describes them according to structural attributes that parallel models of 

plant vegetation structure. Ants share many attributes with plants (see Andersen 1991a) that have 

led to parallels in competitive interactions, the evolution of ecological strategies and the 
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organisation of communities into functional groups. Moreover, both have functional groups that 

vary predictably in relation to the external limiting factors of low temperature stress and 

disturbance. 

 

Within the model, the three primary community types are: competitive (C), stress-tolerant (S) and 

ruderal (R) which occur respectively under conditions of low stress and low disturbance, high stress 

and low disturbance, and low stress and high disturbance (Figure 1.4; Table 1.2). In competitive 

communities structure is dictated by competition (predominantly by Dominant Dolichoderinae), in 

stress-tolerant communities low temperature stress is the driving factor and in ruderal communities 

it is disturbance (or disturbance-induced temperature stress) (Andersen 1995). Secondary 

communities are also recognised where stress and/or disturbance are moderate: competitive ruderal 

(C-R) where stress is low and disturbance is moderate, stress-tolerant ruderal (S-R) where both 

stress and disturbance are moderate, and stress-tolerant competitive (C-S) where stress is moderate 

and disturbance is low (Andersen 1995). 

 

But perhaps the greatest application of the functional group scheme has been its application in the 

assessment of the ecological effects of disturbance. Although this system was designed to describe 

compositional differences between communities at a biogeographical scale, Andersen (1990b) 

recognised that this system could be used to evaluate disturbance induced change in ant 

communities at a site scale. This is because changes in vegetation structure due to disturbance at a 

site reflect natural differences in vegetation structure across biogeographic boundaries. The 

disturbance induced changes in vegetation complexity influence temperature stress (from an ant’s 

perspective) and litter development, and these in turn affect the abundance of dominant species and 

hence the competitive influence exerted on other members of an ant community (Andersen 1996a). 

Hence changes in the relative abundance of functional groups can reflect the degree of alteration to 

a habitat due to disturbance. Predicted responses of functional groups to disturbance in mesic 

regions are given in Table 1.3.  

 

Most published studies of ants as bioindicators within Australia have been conducted in temperate 

and tropical regions where vegetation complexity is great. Here there are three vertical layers of 

niche space for ant activity, permitting the existence of three groups of ant species based on their 

habitat use, namely: cryptic species - active within soil and litter; arboreal species - restricted to 

woody vegetation; and other epigaeic species - nesting in one stratum but foraging into the other 

(Greenslade 1986). Disturbance in such environments at the site level causes gross change in habitat 
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structure, particularly in the ground layer, comparable to changes in vegetation structure seen at the 

biogeographical scale. This is capable of inducing large changes in ant community structure. 

 

However, within the arid zone habitat complexity is greatly reduced, with the vertical layering of 

ant habitat reduced to two dimensions where nearly every species must nest in soil and be active on 

the soil surface (Greenslade 1986). As a result, a disturbance at the site level will only induce a 

limited change in vegetation structure (e.g. open shrubland to a very open shrubland), that may not 

result in substantial changes in ant community structure. The dynamics of functional groups within 

arid landscapes are a focus of this thesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Organisation of semi-arid ant faunas based on functional group composition of the 

presence/absence of species. Functional group classes are: DD = Dominant Dolichoderinae, SC = 

Subordinate Camponotini, HCS = Hot Climate Specialists, OPP = Opportunists, GM = Generalised 

Myrmicinae and OTHERS = all remaining groups combined. Studies used are provided in table 1.1. 

 

Cape Arid 
DD 

SC 

HCS OPP 
GM 

OTHERS 



 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. Organisation of rainforest ant faunas based on functional group composition of the 

presence/absence of species. Functional group classes are: DD = Dominant Dolichoderinae, SC = 

Subordinate Camponotini, HCS = Hot Climate Specialists, OPP = Opportunists, GM = Generalised 

Myrmicinae; Cold Climate Specialists = Cold Climate Specialists; Cryptic species  = Cryptic 

species; and OTHERS = all remaining groups combined . Studies used are provided in table 1.1. 
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Table 1.1. Summary list of quantitative surveys of Australian rainforest, semi-arid and arid ant 

communities used here 

 

Vegetation Location Collecting methods Reference 
Cool-temperate 
rainforest 

Tasmania 
 
 
 
Wilson’s 
Promontory, Vic. 

comprehensive sampling at 
12 sites, and miscellaneous 
collections from other sites 
 
pitfall traps at a single site 

Greenslade 1991 
 
 
 
Andersen 1986 

Warm-temperate 
rainforest 

East Gippsland, 
Vic. 

pitfall traps at two sites Andersen 1983a 

Sub-tropical 
rainforest 

Callide mine nr 
Bioloea, Qld. 

pitfall traps at a single site Andersen & 
Hoffmann 2000 

Tropical rainforest Atherton 
Tableland, Qld. 

comprehensive sampling at 
two sites 

King et al. 1998 

Monsoonal 
rainforest 

Holmes Jungle, 
N.T. 
 
Northern N.T.  
 
 
Kimberley, W.A. 

pitfall traps and litter 
extraction at 1 site 
 
pitfall traps and hand 
collections at 56 sites 
 
comprehensive sampling at 16 
sites 
 
comprehensive sampling at 8 
sites 

Andersen & Reichel 
1994 
 
Reichel & Andersen 
1996 
 
Andersen 1992 
 
 
Andersen & Majer 
1991 

Semi-arid, tropical 
woodland 

Mount Isa, Qld. 
 
 
Lawn Hill, Qld. 
 
 
Victoria River 
District, N.T.  
 
 
 
Bowen Basin, 
Qld. 

pitfall traps at 40 sites 
 
 
pitfall traps and hand 
collections at 9 sites 
 
pitfall traps at 40 sites 
 
 
pitfall traps at 11 sites 
 
comprehensive sampling at 5 
sites 

Hoffmann et al. 2000 
 
Andersen 1993 
 
 
Hoffmann in review 
 
 
Hoffmann in press 
 
Andersen & Spain 
1996 

Semi-arid hummock 
grassland 

Hamersley, W.A. comprehensive sampling at 19 
sites 

Majer 1980a 

Semi-arid heath, 
mallee 

Cape Arid, W.A. pitfall traps at 15 sites Andersen & Burbidge 
1992 

Arid chenopod 
shrubland, mulga 

Kingoonya 
region, S.A. 

pitfall traps at 40 sites Hoffmann this thesis 

Semi-arid chenopod 
shrubland, mallee 

Danggali, S.A. pitfall traps at 18 sites Andersen & Clay 
1996 

Semi-arid heath, 
mallee 

Wyperfeld, Vic. pitfall traps at 2 sites Andersen 1983b 
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Figure 1.4 A generalised template of Andersen’s classification of Australian ant communities in 

relation to stress and disturbance following the nomenclature of Grime (1979). Redrawn from 

Andersen (1995). 

 

 

 

 

 

Table 1.2 Classifications of Australian ant communities based on the nomenclature of Grime (1979) 

and general descriptions of habitats where they are found. Modified from Andersen (1995). 

community general habitat  

C arid zones, open woodlands 

S tropical to cool-temperate rainforests 

R severely disturbed sites  

C-S cool and shaded  

C-R highly disturbed or warm areas as for C, but of low productivity 

S-R shaded 

C-S-R cool but open 
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Table 1.3 Predicted changes in the relative abundance of ant functional groups with disturbance in 

mesic habitats based on their competitive interactions and responses to environmental stress.  

Functional group Predicted change in relative abundance with disturbance 
 
Dominant Dolichoderinae 

 
The opening of the vegetation will increase insolation 
of the soil and decrease litter accumulation, increasing 
this group’s relative abundance. 
 

Subordinate Camponotini An increase in competition from Dominant 
Dolichoderinae will result in a decrease in relative 
abundance of this group. 
 

Hot Climate Specialists An increase in the solar insolation of the soil with the 
opening of the vegetation by disturbance and a decrease 
of litter will increase this group’s relative abundance. 
 

Tropical Climate Specialists Either a reduction of litter or an increase in competitive 
interactions or both will reduce this group’s relative 
abundance. 
 

Cold Climate Specialists A reduction in litter and vegetative cover will reduce 
the capacity of this group to avoid aggressive 
interactions, reducing its relative abundance. 
 

Cryptic species A reduction in litter and vegetative cover will reduce 
this group’s relative abundance.  
 

Opportunists An increase in competitive interactions will reduce the 
relative abundance of this group. However, if the site is 
stressful to ants (low ambient temperature) or poorly 
productive (waterlogged, scree slope) where 
competitive interactions are suppressed, their relative 
abundance will increase.  
 

Generalised Myrmicinae An increase in competitive interactions will reduce the 
relative abundance of this group  
 

Specialist Predators A reduction in litter cover or general simplification of 
the environment will reduce this groups relative 
abundance. The response will be due to a reduction of 
both specialised nesting sites and specific prey. 
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1.6 Aims of the thesis 

The overall objective of this thesis is to document the responses of ants to landscape-scale land-use 

within Australia’s arid zones, as a basis for their use as bioindicators. To achieve this, four 

independent case studies of a range of disturbances from around Australia are presented (and as 

such the ant species codes for undescribed species are not uniform throughout the thesis). Studies of 

the responses of ants to cattle grazing were conducted in the Victoria River District (VRD) of the 

Northern Territory, and to sheep grazing in the Kingoonya region of southern South Australia. 

Responses of ants to fire were studied in the VRD, and to SO2 mining emissions at Mount Isa in 

Queensland (Figure 1.5). The thesis then draws these disparate studies together to review the use of 

ants as bioindicators within Australia by presenting a synthesis of all published ant papers utilising 

ants for disturbance analysis, with particular focus placed on the dynamics of functional groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5 Location of study sites and rainfall isohyets. The sites of German Creek and Callide are 

those of studies provided as appendices. 
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The specific questions addressed in the case studies are: 

 

• How does ant species abundance, diversity and composition change with different disturbances? 

• How effectively do ant functional groups facilitate the interpretation of the responses of ants to 

disturbance within Australia’s arid zones? 

• How do the responses of ant functional groups to disturbance in Australia’s arid zones compare 

with responses from more mesic environments within Australia? 

 

The specific questions addressed in the review of ants as bioindicators are: 

 

• How reliable are the responses of species and functional groups to disturbance? 

• Which species or species-groups can be used as key indicators for rapid assessment? 

• Do responses vary between disturbance types and biogeographical zones?  

 

 

This thesis provides new knowledge of how ant diversity, species composition and community 

organisation change with fire regimes, livestock grazing and offsite mining emissions throughout 

arid and semi-arid Australia and compares these results with previous work on successional patterns 

of ant communities following disturbance from more mesic environments. Where applicable, 

attention is also given to the relationships between ants, co-occurring biota and ecosystem 

processes, and further interpreted in the context of disturbance. This thesis also provides for the first 

time a complete classification of all of Australia’s known ant genera into functional groups. 
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2. Responses of ant communities to dry sulphur deposition from 

mining emissions in semi-arid tropical Australia, with 

implications for the use of functional groups 
 

Benjamin D. Hoffmann1,3, Anthony D. Griffiths1,2 and Alan N. Andersen1 

1 Tropical Savannas Cooperative Research Centre, CSIRO Tropical Ecosystems Research Centre, 

PMB 44 Winnellie NT 0822, Australia. 
2Key Centre for Tropical Wildlife Management, Northern Territory University, Darwin, NT 0909. 

 

2.1 Abstract 

The impact of dry deposition of SO2 emissions on ant abundance, diversity and composition was 

investigated at Mount Isa in the semi-arid tropics of northern Australia. Forty plots were sampled, 

stratified at two levels: sulphur deposition zones (high, medium, low, and two control zones) and 

habitat (Ridge and Plain). The two habitats supported distinctly different ant communities. Ants had 

clear responses to SO2 emissions. Ant abundance was lowest in the high and medium sulphur zones 

in both habitats. Species richness in high SO2 plots (up to 5 km from the source) was approximately 

half that of control plots in Ridge habitat, and was substantially less than controls in the Plain 

habitat. Ant community composition in the high sulphur zone was clearly separated from those of 

other zones in ordinations. Vector fitting showed soil SO4 concentration as a primary correlative 

factor in this separation. Ant abundance and richness were both negatively correlated with soil SO4 

concentration, and positively correlated with plant species richness and distance away from the 

smelters. The abundance of ten of the 21 most common species showed significant responses to 

emissions. Five species showed positive responses, and all belong to species-groups known to be 

abundant at disturbed sites throughout northern Australia. Relative abundance and richness of 

Eyrean (arid adapted) taxa collectively responded positively to sulphur, and Torresian (tropical) and 

Widespread species responded negatively. Despite large changes in species composition and 

abundances, there was relatively little change in the abundance of functional groups that have been 

widely used in studies of Australian ant communities. Ants are sensitive to SO2 emissions and 

appear good candidates as an indicator group in this context. However, an alternative functional 

group framework is required for the identification of recurrent responses of arid zone ant 

communities to disturbance.  
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2.2 Introduction 

Acid-rain produced by sulphur emissions is a major cause of ecosystem degradation in temperate 

environments throughout the industrialised world. Ecological impacts of acid rain are well 

documented, and include foliar injury and reduced plant health (Fox et al. 1986; Roelofs 1986), soil 

acidification and metal mobilisation (Falkengren-Grerup 1986), and changes in invertebrate 

diversity and abundance (McNary et al. 1981; Heneghan & Bolger 1996; Carcamo et al. 1998). 

Within arid regions the lack of atmospheric water vapour reduces the incidence of acid-rain, with 

sulphur being removed from the atmosphere primarily by dry deposition (Brandt & Eldik 1995). 

Unlike acid rain, the ecological consequences of dry sulphur deposition are poorly known.  

 

Ants are increasingly being used as indicators of ecological change following environmental 

perturbations (Majer 1985b; Burbidge et al. 1992; Bestelmeyer & Wiens 1996; Andersen 1997c). 

Ants are ubiquitously abundant and diverse, even in areas exposed to industrial pollution or 

modified by mechanical disturbance (Pętal 1978, 1980; Krzysztofiak 1991; Read 1996; Madden & 

Fox 1997). They play key functional roles in most ecosystems, and are a particularly dominant 

faunal group in arid and semi-arid Australia (Greenslade 1979; Greenslade & Greenslade 1984, 

1989; Majer 1984). Moreover, ants have been found to respond predictably to disturbance in a 

manner that reflects general ecological change, including changes in important ecosystem processes 

(Majer 1985b; Andersen 1997a; Andersen & Sparling 1997).  

 

Many studies outside Australia have examined the impacts on ants of pollutants dispersed within 

industrial emissions. Such pollutants can cause morphological and physiological change (Pętal 

1980; Migula et al. 1993), can affect abundance, species richness, and community structure (Pętal 

1978; Puszkar 1976; Puszkar et al. 1978; Bengtsson & Rundgren 1983), and can result in the 

accumulation of toxicants in individuals (Martin & Nuorteva 1997; Rabitsch 1997a, b; Stary & 

Kubiznakova 1987; Yla-Mononen et al. 1989). Within Australia, however, there is a dearth of 

knowledge of responses of ant communities to off-site mining emissions, with the only relevant 

studies we are aware of concerning salt-spray (Read 1996) and fluoride (Madden & Fox 1997). This 

is despite Australia having some of the world’s greatest point source emissions of sulphur dioxide 

(Ayers & Granek 1995). Such lack of knowledge of off-site impacts of mining contrasts with the 

numerous studies of colonisation by ants of mine sites undergoing rehabilitation, in the context of 

assessing restoration success (Majer et al. 1982, 1984; Majer 1985b; Andersen 1997a).  

 

Many studies of Australian ant communities have adopted a functional group scheme whereby taxa 

are classified according to continental-scale responses to environmental stress and disturbance 
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(Andersen 1995). This has provided a framework for analysing biogeographical patterns of 

community composition, and identifying recurrent responses of ant communities to disturbance. For 

example, throughout southern Australia disturbance often promotes the abundance of Opportunists, 

especially species of Rhytidoponera, at the expense of more specialised functional groups 

(Andersen 1990b; Burbidge et al. 1992). Similarly, in northern Australia disturbance often favours 

sun-loving groups such as Dominant Dolichoderinae and Hot Climate Specialists by creating a 

more-open habitat, with the abundance of Generalised Myrmicinae subsequently being suppressed 

due to increased competitive pressure (Andersen 1991c; Vanderwoude et al. 1997). All the above 

studies, however, have been conducted in complex habitats of mesic environments, where 

disturbance causes gross change in habitat structure, particularly in the ground layer. Such dramatic 

habitat change is not possible in structurally simple plant communities of arid environments. This 

calls into question the utility of the functional group scheme as a framework for analysing the 

responses of arid zone ant communities to disturbance. 

 

A copper, lead, zinc and silver mine has been operating at Mount Isa since 1924, with a copper 

smelter being commissioned in 1951 and a lead smelter soon thereafter. Together, these smelters 

produce approximately 700,000 tonnes of SO2 per annum (Mount Isa Mines pers. comm.), much of 

which is removed from the atmosphere by dry deposition. Here we detail the responses of ant 

abundance, richness, composition and community structure to emissions from the smelters, as part 

of a larger study investigating the impact of SO2 deposition on biodiversity of the Mount Isa region 

(Griffiths 1998). In addition to describing the impact on ants, we address the question: To what 

extent does the functional group scheme commonly used in studies of Australian ant communities 

provide a useful framework for analysing ant community responses to disturbance in the arid zone?  

 

2.3 Methods 

2.3.1 Study region 

The study plots were located around Mount Isa mine in northwestern Queensland. Mean annual 

rainfall is 405 mm, falling predominantly between October and March, with average maximum and 

minimum temperatures of 32OC and 18OC respectively (Australian Bureau of Meteorology). 

Sandstone, shale and quartzite dominate the geology. The region is characterised by two distinct 

landforms. The first (subsequently referred to as Ridge), consists of rocky ridges supporting low 

open Eucalyptus woodland, with a ground-layer of Triodia hummock grass. The second 

(subsequently referred to as Plain), consists of extensive alluvial plains supporting Atalaya 
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hemiglauca/Acacia cambagei low woodland, with a ground-layer of sparse tussock and annual 

grasses.  

 

2.3.2 Study design 

Ant communities were surveyed in three areas downwind (NW) of the smelters in comparison to 

two randomly selected control areas upwind. As is typical of environmental impact studies 

(Underwood 1991; Wiens & Parker 1995), we were unable to sample multiple impact areas or to 

randomise treatment plots in space. We compensated for this in two ways. First, we sampled two 

randomly selected control areas so that at least controls were replicated (Keough & Mapstone 

1995). Second, in addition to considering sulphur as a continuous variable, we considered it is a 

categorical variable by clustering the study plots into five a priori sulphur deposition zones that had 

previously been identified based on soil sulphate levels (Buck 1995): High sulphur levels (70-120 

ppm; 3-5 km NW of the smelters); Medium levels (30-70 ppm; 7-15 km NW); Low levels (10-30 

ppm; 30-35 km NW); and background levels in two Control zones (1-5 ppm; 15-30 km E and S). 

The use of categories strengthens confidence in the statistics because the magnitude of the 

contamination is expressed with greater resolution (Wiens & Parker 1995). Forty 1-ha plots were 

sampled, with 8 plots per zone and 4 plots in each habitat (Figure 2.1). Plots were randomly located 

within the zones, but are regionally clustered due to spatial distributions of habitats and accessibility 

limitations. The second control zone was not part of the larger study (Griffiths 1998), and only ant 

data were collected here.  

 

The validity of using distance as a surrogate of SO2 contamination was confirmed prior to ant 

sampling. Two soil surface (0-2 cm) samples were taken from each plot in plastic bags, air dried, 

sieved to 2 mm grain size fraction and extractable SO4-S was measured following Page (1982). Soil 

sulphur concentration decreased rapidly away from the smelters and was highly negatively 

correlated with distance downwind (r2 = 0.72, P < 0.001). Likewise, the sulphur zones proved 

significantly different in soil sulphur concentration (One-way ANOVA on log transformed data, F = 

71.8; d.f. = 3; P < 0.001), with post hoc comparison of means indicating all zones to be different 

(Figure 2.2). We have only investigated changes relative to sulphur concentrations, however, we 

acknowledge that the results may also be influenced by heavy metals emitted from the smelters in 

relatively lower concentrations. 
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Figure 2.1. Location of study plots, showing sulphur zones and major roads. 
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Figure 2.2. Mean (±SE) S04 concentration in each sulphur zone (excluding the second control 

area). 

2.3.3 Sampling 

Ant sampling was conducted from 24 October to 3 November 1997 during the first rains of the wet 

season. Daytime temperatures exceeded 40° C and fell to 15° Cat night. Ants were sampled using 

4.5 em diameter pitfall traps partly filled with ethylene glycol as a preservative. A 5 x 3 grid of 

traps with 10m spacing was established randomly within each plot and operated for 48 hours. 

Environmental variables were quantified at all plots, except those in the second control zone. Only 

those variables that are known to be of significant influence to ant communities are considered here. 

Percentage ground cover (bare ground, hummock and tussock grass, shrubs, and litter) and number 

of logs were recorded at 2m intervals along the perimeter of each plot. Canopy cover(%) was 

measured using a modified Bitterlich wedge (Friedel & Chewings 1988). The number of plant 

species was counted within each plot. 
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2.3.4 Analysis 

Ant specimens were sorted to species level, but the taxonomy of northern Australian ants is poorly 

known, with most species undescribed (Andersen in press). Unidentified species were assigned 

code letters that apply only to this study, with a complete set of voucher specimens being held at the 

CSIRO Tropical Ecosystems Research Centre in Darwin. The abundance of each species in each 

trap was scored according to a 7-point ordinal scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-20 ants; 4 = 21-

50 ants; 5 = 51-100 ants; 6 = 101-1000 ants; 7 = >1000 ants) to avoid data distortions caused by 

numerous ants from a single colony falling into one or a few traps (Andersen 1991c). The total 

abundance of a species within a plot was calculated as the sum of its abundance scores from each 

trap. Individual species were considered for analysis only if they were present at more than half of 

the plots in either of the habitats, and had a total abundance greater than 10. 

 

Patterns of species responses were investigated by assigning each species to a biogeographical class 

based on the affinity of the species-group to which it belongs, namely: Eyrean (arid); Bassian (cool 

temperate); Torresian (tropical); or Widespread. These classifications follow Andersen (in press). 

 

Species were assigned to the functional groups that are commonly used in studies of Australian ant 

communities. Seven functional groups are recognised: Dominant Dolichoderinae; Subordinate 

Camponotini; Climate Specialists (sub-divided here into ‘Hot’ and ‘Cold’); Cryptic species; 

Opportunists; Generalised Myrmicinae; and Specialist Predators. Cold Climate Specialists were 

omitted from analyses due to low numbers. Subordinate Camponotini was analysed without 

Camponotus sp. A (denticulatus gp.) as this species made up 46% of the group’s abundance in Plain 

plots, and responded differently to all other members of the group.  

 

A preliminary multivariate analysis was conducted to determine if the two habitats supported 

distinct ant communities. Plots were classified by agglomerative heirarchical fusion (FUSE; Belbin 

1994), using a Jaccard similarity index of presence/absence data of all species. All plots clustered 

into their respective habitats with no overlap, so all subsequent analyses treated habitats separately. 

 

Analysis of variance (ANOVA) was used to compare ant variables between sulphur zones and 

habitats. Two-way ANOVAs were used for ant abundance and richness, relative abundance and 

richness of biogeographical classes, and relative abundances of each functional group. One-way 

ANOVAs were used for species abundance in respective habitats. The ANOVAs were further 

designed to detect responses (particularly sensitivity thresholds) that would otherwise fail to be 

revealed by linear correlations (Wiens & Parker 1995). This was achieved using four planned 
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comparisons of means (df = 1) testing a priori hypotheses: 1.high, medium and low zones 

combined vs control zones to test if there was an overall response to sulphur; 2. high vs medium 

and low zones combined to test if any responses were different closest to the smelters; 3. medium vs 

low to test if responses were detectable at distance from the smelters; and 4. control 1 vs control 2 

to test if there was significant background variation between areas. Planned comparisons were used 

as they are performed within the ANOVA, as opposed to after with post hoc comparisons, and are 

therefore more powerful than post hoc tests, despite low degrees of freedom (Netter et al. 1985). 

The use of ANOVA also provided the opportunity to apply ant data from the second control zone, 

so that at least control plots were replicated. Homogeneity of data for all ANOVAs was confirmed 

using Cochran’s test. Plots were considered independent as they were always separated by at least 

100 m (up to 10 km), despite being regionally clustered.  

 

Correlations of soil sulphate concentration and distance from the smelters were performed with total 

ant abundance and richness, and species abundance. All correlations with soil sulphur levels were 

performed with untransformed and log- transformed data to assess linear and curvilinear responses. 

Where both correlations were significant, only the most significant is given. All other correlations 

were linear. All correlations with distance downwind from the smelters have control plots excluded, 

as these plots are at negative distances with respect to the other sulphur zones. Environmental 

variables found significant by vector fitting in the ordination were correlated with total plot ant 

abundance and richness and the abundance of the common species. 

 

Variation in ant species composition was explored by multivariate analysis, using multi-

dimensional scaling (SSH; Belbin 1994) of a Jaccard similarity index of presence/absence data of 

all species at each plot. Vector fitting of plot environmental data was performed on each ordination 

to determine which variables were associated with the patterns of ant species composition using the 

principal axis correlation program (PCC; Belbin 1994). Only those variables significant at P < 

0.001 were considered in order to eliminate spurious correlations. 
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2.4 Results 

2.4.1 The fauna 

A total of 174 species from 24 genera were recorded, with the most speciose genera being 

Melophorus (45 species), Iridomyrmex (24) and Monomorium (23) (Table 2.1). Totals of 97 and 

138 species were collected from the Ridge and Plain habitats respectively. The five most common 

species were Iridomyrmex sp. L (rufoniger gp.) (9% of total ant abundance, combined data for all 

plots), Iridomyrmex sp. J (gracilis gp.) (8.5%), Melophorus sp. B (pillipes gp.) (6.9%), 

Rhytidoponera rufithorax (4.3%) and Iridomyrmex mayri (3.8%). The most widespread species 

were Rhytidoponera rufithorax (collected at 80% of plots), Monomorium sp. A (nigrius gp.) (75%) 

and Melophorus sp. B (pillipes gp.) (70%). 

 

2.4.2 Community responses 

Ant abundance was lowest in the high sulphur zone, and was significantly negatively correlated to 

sulphur in both habitats (Table 2.2). A significant overall effect of sulphur in ANOVA was found 

only for the Ridge habitat (Figure 2.3c; Table 2.3), with greatest abundance being in the low zone 

for the Plain habitat. In the Plain habitat, the three sulphur-affected zones proved different from 

each other. Whenever significant, abundance and richness were positively correlated with distance 

from the smelters, plant richness, abundance of logs and density of hummock grass (in Ridge 

habitat) (Table 2.2). 

 

Species richness showed a significant negative response to sulphur, with both habitats having an 

overall effect in ANOVA, but only significant by correlation in the Ridge habitat (Figure 2.3a; 

Tables 2.2, 2.3). Mean species richness per plot in the two control zones was approximately double 

that of the high zone in the Ridge habitat, and was substantially greater in controls compared with 

the high zone in the Plain habitat. Total species richness in each zone showed similar trends (Figure 

2.3b). 

 

 

 

 

 

 



Table 2.1. Ant species found within the study area in each sulphur zone (High- Control2) and habitat type (Ridge and Plain). Numbers represent 
summed pitfall catches of pooled sites according to a 7-point ordinal scale for each trap (15 traps per site). Sulphur zones contain 8 sites each and 
habitats 20 sites each. Biogeographical affinity: B: Bassian; E: Eyrean; T: Torresian; W: Widespread. Functional group: DO: Dominant 
Dolichoderinae; SC: Subordinate Camponotini; HCS: Hot Climate Specialists; GM: Generalised Myrrnicinae; OPP: Opportunisits; SP: Specialist 
Predators. 

Biogeographical Functional Sulphur zone Habitat 
Se!!cies affini!l( grou2 High Medium Low Control1 Control2 Ridge Plain 
Dorylinae 
Cerapachys sp. A (brevis gp.) T SP 5 1 6 
Cerapachys sp. B (clarki gp.) E SP 2 2 
Cerapachys sp. C (clarki gp.) E SP 1 1 
Cerapachys sp. D (brevis gp.) T SP 1 4 4 

Ponerinae 
Anochetus sp. nr. paripungens T SP 3 3 
Anochetus sp. B (rectangularis gp.) T SP 
Bothroponera sp. A (denticu/ata gp.) T SP 1 
Bothroponera sp. B (excavata gp.) T SP 1 
Brachyponera Jutea T OPP 1 1 
Rhytidoponera reticulata T OPP 4 43 25 ' 61 11 
Rhytidoponera rofithorax E OPP 75 53 32 90 94 138 206 
Rhytidoponera sp. nr. comuta T OPP 11 4 48 7 25 26 69 
Rhytidoponera sp. C (convexa gp.) E OPP 20 49 11 80 
Rhytidoponera sp. E (tenuis gp.) T OPP 4 17 19 40 
Leptogenys adlerzi T SP 5 14 2 20 3 38 
Odontomachus sp. A (ruficeps gp.) T OPP 1 3 3 6 2 

Myrmicinae 
Cardiocondyla sp. A T OPP 2 16 8 10 16 20 
Crematogaster queenslandica w GM 5 5 2 11 23 
Crematogaster sp. A (australis gp.) w GM 2 1 8 11 
Crematogaster sp. C (queenslandica gp.) w GM 2 2 
Crematogaster sp. D (comigera gp.) E GM 
Meranoplus sp. A E HCS 9 4 5 19 
Meranoplus sp. C (diversus gp.) E HCS 9 2 12 
Meranoplus sp. D (diversus gp.) E HCS 1 1 
Meranoplus sp. E E HCS 1 1 
Meranoplus sp. F E HCS 10 3 13 
Meranoplus sp. G (hirsutus gp.) T HCS 4 39 22 65 
Meranoplus sp. H (diversus gp.) E HCS 3 3 
Meranoplus sp. I (diversus gp.) E HCS 4 4 
Meranoplus sp. J T HCS 
Meranoplus sp. K (diversus gp.) E HCS 
Meranoplus sp. L (diversus gp.) E HCS 
Meranoplus sp. M (fenestratus gp.) E HCS 2 2 
Monomorium ?fieldi T GM 14 15 17 34 5 16 69 
Monomorium sp. A (nigrius gp) T GM 48 38 69 39 58 70 182 
Monomorium sp. B (rothsteini gp.) E HCS 25 55 88 88 28 7 2n 
Monomorium sp. C (rothsteini gp.) E HCS 6 16 61 11 32 10 116 
Monomorium sp. D T GM 4 5 9 
Monomorium sp. E (/aeve gp.) E GM 11 19 26 50 6 
Monomorium sp. G (nigrius gp.) T GM 2 2 
Monomorium sp. H (/aeve gp.) E GM 5 10 12 46 6 45 34 
Monomorium sp. I (/aeve gp.) E GM 1 3 12 7 23 
Monomorium sp. J (rothstefni gp.) E HCS 2 3 1 6 
Monomorium sp. K (laeve gp.) E GM 2 5 2 1 3 1 12 
Monomorium sp. L T GM 5 2 2 5 
Monomorium sp. M (rothsteini gp.) E HCS 20 5 15 
Monomorium sp. 0 T GM 6 3 1 10 
Monomorium sp. Q (laeve gp.) E GM 4 4 3 5 1 15 
Monomorium sp. T T GM 1 3 1 3 
Monomorium sp. U (inso/escens gp.) E GM 3 3 
Monomorium sp. V (inso/escens gp.) E GM 1 1 
Monomorium sp. X (nigrius gp.) T GM 3 5 8 
Monomorium sp. Y T GM 1 1 
Monomorium sp. Z (sordidum gp.) E GM 5 5 
Monomorium sp. AA T GM 1 1 



Biogeographical Functional Sulphur zone Habitat 
Species affini!l grou2 High Medium Low Control1 Control2 Ridge Plain 
Monomorium sp. AB T GM 1 1 
Pheidole sp. A E GM 9 13 7 21 50 
Pheido/e sp. B E GM 5 92 46 54 197 
Pheidole sp. C w GM 2 2 1 2 3 
Pheido/e sp. D E GM 1 3 5 5 4 
Pheidole sp. F w GM 5 3 2 4 6 
Pheidole sp. G w GM 1 1 
Pheido/e sp. H w GM 7 7 
Pheidole sp. J w GM 3 2 1 
Pheido/e sp. L (hartmeyeri gp.) E GM 2 1 3 
Tetramorium sp. A (strio/atum gp.) E OPP 29 12 17 47 46 33 118 
Tetramorium sp. B (spinninode gp.) E OPP 3 7 33 35 3 5 76 
Tetramorium sp. C (impressum gp.) E OPP 1 1 2 
Tetramorium sp. 0 (striolatum gp.) E OPP 2 15 10 1 16 12 
Tetramorium sp. nr. sjostedti E OPP 2 2 3 2 2 7 
Tetramorium sp. F (striolatum gp.) E OPP 1 3 4 
Tetramorium sp. G (impressum gp.) E OPP 2 2 
Tetramorium sp. H (impressum gp.) E OPP 2 2 

Dolichoderinae 
lridomyrmex agilis E DO 9 9 
lridomyrmex bigi E DO 6 7 
lridomyrmex ? hartmeyeri E DO 16 9 9 34 
lridomyrmex mayri E DO 3 49 69 12 101 83 151 
Jridomyrmex sanguineus E DO 24 27 47 13 29 82 
lridomyrmex sp. A (rufoniger gp.) E DO 55 6 18 79 
lridomyrmex sp. B (pallidus gp.) E DO 57 25 14 18 70 44 
lridomyrmex sp. C (mattiroloi gp.) E DO 69 24 36 72 191 10 
lridomyrmex sp. D (rufoniger gp.) E DO 115 1 43 36 7 42 160 
lridomyrmex sp. E (suchieri gp.) E DO 33 7 1 17 11 2 67 
lridomyrmex sp. F (pallidus gp.) E DO 3 2 13 18 
Iridomyrmex sp. G (pallidus gp.) E DO 7 1 4 4 
Iridomyrmex sp. H (suchieri gp.) E DO 5 5 6 3 19 
lridomyrmex sp. I (mattiroloi gp.) E DO 58 42 23 46 29 147 51 
lridomyrmex sp. J (gracilis gp.) E DO 117 154 81 155 173 645 35 
lridomyrmex sp. K (anceps gp.) T DO 7 36 22 55 42 26 136 
lridomyrmex sp. L (rufoniger gp.) E DO 16 114 316 164 115 47 678 
lridomyrmex sp. P (suchieri gp.) E DO 18 4 3 25 
lridomyrmex sp. 0 (bicknelli gp.) E DO 3 2 2 4 11 
tridomyrmex sp. S (suchieri gp.) E DO 2 3 5 
lridomyrmex sp. V (pallidus gp.) E DO 10 10 
tridomyrmex sp. W (pallidus gp.) E DO 5 22 10 37 
lridomyrmex sp. X (cyaeneus gp.) E DO 2 1 
lridomyrmex sp. Y (gracilis gp.) E DO 1 
Ochetellus flavipes E OPP 1 
Ochete/tus sp. A (glaber gp.) w OPP 2 3 
Ochetellus sp. C (glaber gp.) w OPP 4 4 
Papyrius sp. A (nitidus gp.) w DO 7 7 
Tapinoma sp. A (minutum gp.) w OPP 1 5 4 6 3 14 
Tapinoma sp. B (minutum gp.) w OPP 1 1 

Formicinae 
Calomyrmex ?cyanea E sc 2 2 
Camponotus ? dromas E sc 1 1 
Camponotus fieldi ·T sc 5 47 14 33 73 27 
Camponotus sp. A (denticulatus gp.) E sc 32 7 1 1 6 3 44 
Camponotus sp. C (discors gp.) w sc 1 1 2 2 6 8 4 
Camponotus sp. D (novaehol/andiae gp.) T sc 1 2 13 5 21 1 
Camponotus sp. E (c/aripes gp.) w sc 1 1 
Camponotus sp. F (subnitidus gp.) E sc 1 
Camponotus sp. G (pel/ax gp.) E sc 3 4 
Camponotus sp. H E sc 1 2 
Camponotus sp. I (rubiginosus gp.) w sc 1 1 
Camponotus sp. J (claripes gp.) w sc 1 2 1 1 1 4 
Melophorus sp. A (fieldi gp.) E HCS 33 62 2 1 49 22 125 
Melophorus sp. B (pillipes gp.) E HCS 115 135 142 22 139 481 72 

30 



Biogeographical Functional Sulphur zone Habitat 
SEecies affini~ groUE High Medium Low Control1 Control2 Ridge Plain 
Metophorus sp. C E HCS 6 7 3 1 3 20 
Melophorus sp. D E HCS 36 23 99 4 24 185 
Melophorus sp. E (whee/eli gp.) E HCS 6 13 10 2 31 
Melophorus sp. F E HCS 11 4 32 14 12 73 
Melophorus sp. G E HCS 3 3 6 
Melophorus sp. H (fieldi gp.) E HCS 50 13 12 40 35 59 91 
Melophorus sp. I E HCS 39 67 13 94 15 228 
Melophorus sp. J (froggatti gp.) E HCS 5 2 2 5 
Melophorus sp. K E HCS 2 3 5 11 
Me/ophorus sp. L (mjobergi gp.) E HCS 3 2 
Me/ophorus sp. M (bruneus gp.) E HCS 1 1 
Melophorus sp. N E HCS 5 1 16 6 29 
Melophorus sp. 0 (froggatti gp.) E HCS 2 9 3 13 1 
Metophorus bagoti E HCS 7 1 78 22 86 194 
Melophorus sp. P (mjobergi gp.) E HCS 1 2 4 3 5 15 
Melophorus sp. Q E HCS 1 2 13 2 17 1 
Melophorus sp. R (wheeleri gp.) E HCS 55 12 23 10 100 
Melophorus sp. S (fie/di gp.) E HCS 11 23 2 6 30 
Melophorus sp. T (froggatti gp.) E HCS 4 4 
Me/ophorus sp. U (mjobergi gp.) E HCS 4 5 
Melophorus sp. V E HCS 2 2 5 
Melophorus sp. W E HCS 2 6 8 17 32 1 
Melophorus sp. X (mjobergi gp.) E HCS 5 5 9 4 15 
Melophorus sp. Y (mjobergi gp.) E HCS 1 1 
Melophorus sp. Z (mjobergi gp.) E HCS 3 3 
Mefophorus sp. M (mjobergi gp.) E HCS 2 3 
Melophorus sp. AB (fulvihirtus gp.) E HCS 1 1 
Melophorus sp. AC (mjobergi gp.) E HCS 1 2 5 3 5 
Melophorus sp. AE (froggatti gp.) E HCS 1 1 3 1 5 
Melophorus sp. AG E HCS 15 57 26 97 1 
Melophorus sp. AH (froggatti gp.) E HCS 1 1 
Melophorus sp. AI (perthensis gp.) E HCS 3 21 24 
Melophorus sp. AK (aeneovirens gp.) E HCS 2 7 9 
Melophorus sp. AL (froggatti gp.) E HCS 3 3 
Melophorus sp. AM (mjobergi gp.) E HCS 2 3 6 11 
Melophorus sp. AN E HCS 11 2 13 
Melophorus sp. AO (mjobergi gp.) E HCS 3 3 
Melophorus sp. AQ (bruneus gp.) E HCS 2 9 2 14 
Melophorus sp. AS (froggatti gp.) E HCS 11 9 20 
Melophorus sp. AT E HCS 4 4 
Melophorus sp. AV E HCS 5 5 10 
Melophorus sp. AW E HCS 2 2 
Melophorus sp. AX E HCS 2 
Opisthopsis haddoni T sc 2 2 4 
Opisthopsis rufithorax T sc 2 2 
Opisthopsis rufoniger T sc 1 2 3 1 
Paratrechina sp. A (obscura gp.) w OPP 7 5 7 3 17 
Paratrechina sp. B (minutula gp.) w OPP 1 1 1 2 1 
Polyrllachis inconspicua T sc 2 1 3 
Polyrhachis sp. nr. io T sc 1 
Polyrhachis senilis T sc 3 1 1 5 
Polyrhachis sp. A (schwietandi gp.) E sc 2 1 3 
Potyrllachis sp. B (gravis gp.) T sc 1 1 1 
Polyrhachis (Hagiomyrma) sp. D T sc 1 1 2 
Polyrllachis ( Chariomyrma) sp. E T sc 1 1 
Stigmacros sp. nr. flavinodus B ccs 1 1 
Total Species 53 87 90 109 122 97 138 
Total Abundance 1123 1378 1798 1714 1827 3043 4797 

31 



 32 

Table 2.2. Summary of significant correlation analyses between total site ant abundance and 

richness, and species present at more than half the sites in a habitat with environmental variables 

found significant by vector fitting of ordination analysis. Distance down-wind from mine excludes 

control sites. Values are R, with direction indicated. Variables Log(x+1) transformed indicated by 

(L). * P < 0.05, ** P < 0.01, ***, P < 0.001. The first four species are from Ridge and the rest are 

from Plain. 

variable SO4 SO4 (L) Distance Plant Rich Tussock Hummock Logs 

Richness in Plain    0.55*    

Richness in Ridge  -0.79*** 0.78** 0.82***  0.65** 0.67** 

Abundance in Plain  -0.53* 0.89*** 0.66**    

Abundance in Ridge  -0.67**    0.65**  

Meranoplus sp. G  -0.56* 0.7* 0.76***    

Monomorium sp. H  -0.5*      

Iridomyrmex sp. B 0.73***  -0.6*   -0.62**  

Melophorus sp. AG  -0.62*  0.69**  0.53*  

Monomorium sp. A   0.75**     

Monomorium sp. C   0.68*     

Pheidole sp. B  -0.59* 0.95*** 0.54* 0.51*   

Tetramorium sp. B   0.8** 0.53*    

Iridomyrmex sp. B 0.71**  -0.7* -0.56*   0.82*** 

Iridomyrmex sp. E   -0.59*     

Iridomyrmex sp. L   0.8**     

Camponotus sp. A  0.67** -0.7* -0.67** -0.53*  0.51* 

Melophorus sp. H 0.52*   -0.62*    

Melophorus bagoti   0.71**  0.6*   
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Table 2.3. Results of Two-way ANOVAs of total site abundance and richness, relative functional group abundance, and relative abundance and richness of 
biogeographical classes across sulphur zones and habitat type. d.f. sulphur = 4, habitat = 1, residual = 30.     * P < 0.05, ** P < 0.01, *** P < 0.001, NS = not 
significant. Variables Log(x+1) transformed to satisfy Cochrans test indicated by (L). Trends: –: negative; +: positive. Planned comparison of means of 
combinations of sulphur zones are divided by habitat in each ANOVA. H = high, M = medium, L = low, C1 = control 1 and C2 = control 2 sulphur 
deposition zones. df = 1. 
 Variable Sulphur Habitat Sulphur        

x Habitat 
Habitat       

type 
Trend with  
increasing 

sulphur 

HML v C H v ML M v L C1 v C2 

Abundance *** *** NS Ridge – * * NS NS 
    Plain – NS * * NS 
Richness (L) *** *** ** Ridge – *** ** ** *** 
    Plain – * NS NS NS 
Dominant Dolichoderinae NS *** NS Ridge + NS NS NS NS 
    Plain + NS ** NS NS 
Subordinate Camponotini (L)   * ** * Ridge – NS NS NS NS 
    Plain – ** NS NS ** 
Hot Climate Specialists  NS *** NS Ridge – NS NS NS NS 
    Plain + NS NS NS NS 
Opportunists NS NS NS Ridge + NS NS NS NS 
    Plain – NS NS NS NS 
Generalised Myrmicinae  NS ** ** Ridge + NS * NS NS 

    Plain – NS ** * NS 
Specialist Predators NS NS NS Ridge – NS NS NS NS 
    Plain – NS NS NS NS 
Eyrean abundance ** * NS Ridge + ** NS NS NS 
    Plain + NS * NS NS 
Torresian abundance NS NS NS Ridge – * NS NS NS 
    Plain – NS NS NS NS 
Widespread abundance NS NS NS Ridge – NS NS NS NS 
    Plain – NS NS NS NS 
Eyrean richness *** *** ** Ridge + *** *** NS * 
    Plain + NS * NS * 
Torresian richness * *** NS Ridge – *** NS NS NS 
    Plain – NS NS NS NS 
Widespread richness NS * NS Ridge – NS * NS NS 
    Plain – NS NS NS NS 
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Ordinations of ant species composition of both habitats clearly separates the high zone plots from 

all others (Figures. 2.4a-b). No clustering of Plain plots, other than those in the high zone, is 

evident. The two medium zone plots clustered with the high zone plots in Ridge were the closest 

(medium zone) plots to the smelters. In both ordinations, vector fitting of environmental variables 

shows that axes 3 in Ridge and 2 in Plain are associated predominantly with soil sulphate 

concentrations and inversely with the distance away from the smelters (Figures. 2.4c-d). Axis 1 in 

both is less defined and appears to reflect habitat structure. 

 

 

2.4.3 Species responses 

The abundance of 10 of the 21 most common species (five each in Ridge and Plain) responded 

significantly to sulphur, eight in correlations, seven in ANOVA and five in both (Tables 2.2, 2.4). In 

Ridge plots, Iridomyrmex sp. B (pallidus gp.) showed a positive response, whereas Melophorus sp. 

AG (fieldi gp.), and Meranoplus sp. G (hirsutus gp.) were absent from both the high and medium 

zones (Figure 2.5). In Plain plots, both Pheidole sp. B and Melophorus bagoti had reduced 

abundances in the high and medium zones, whereas Camponotus sp. A and Iridomyrmex sp. D 

(rufoniger gp.) were more abundant (Figure 2.6). Species that were significantly positively 

correlated with soil sulphate concentration were also negatively correlated with distance downwind 

from the smelters, plant species richness, density of hummock and tussock grasses in the Ridge and 

Plain respectively, and positively correlated with the number of logs (Table 2.2). 

 

Biogeographical profiles showed clear responses to SO2 (Table 2.3). In particular, both the richness 

and collective abundance of Eyrean taxa were positively correlated with sulphur. The richness of 

Torresian taxa was negatively correlated with sulphur, and sulphur also had a significant negative 

effect on the collective abundances of Torresian and Widespread taxa in some of the planned 

comparisons (Table 2.3).  
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Figure 2.4. (a, b) Position of plots (excluding second control area) from Ridge (a) and Plain (b) 

habitats in ordination space, based on occurrence of species with a total abundance score greater 

than 10 (32 and 48 species respectively; B, L, M and H respectively represent background (control), 

low sulphur, medium sulphur and high sulphur plots respectively; Stress= 0.14 in both cases). The 

central cross indicates the centroid for all plots, and the dotted lines indicate apparent plot clusters. 

In (c) and (d), vectors of best fit for environmental variables are shown in the same ordination space 

as in (a) and (b) (dotted lines, P < 0.01; solid lines P < 0.001). 
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Table 2.4. Results of significant One-way ANOVAs of abundance of species across sulphur zones. 

Species are those present at more than half of the sites within a habitat. d.f. = 4. * P < 0.05, ** P < 

0.01. ). Planned comparison of means of combinations of sulphur zones in each habitat. H = high, 

M = medium, L = low, C1 = control 1 and C2 = control 2 sulphur deposition zones. NS = not 

significant. df = 1. 

Species Habitat Sulphur HML v C H v ML M v L C1 v C2 

Pheidole sp. B Plain ** NS * ** NS 

Iridomyrmex sp. D Plain * NS *** NS NS 

Camponotus sp. A Plain ** NS *** NS NS 

Melophorus bagoti Plain * NS NS * * 

Meranoplus sp. G Ridge * * NS NS NS 

Iridomyrmex sp. B Ridge * NS * NS NS 

Melophorus sp. AG Ridge * * NS NS NS 
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2.4.4 Functional groups 

Functional group abundance showed little variation across sulphur zones. Only the relative 

abundance of Subordinate Camponotini and Generalised Myrmicinae varied significantly according 

to ANOVA, although Dominant Dolichoderinae showed a response to sulphur in the planned 

comparisons in the high zone of Plain habitat (Table 2.3). Opportunists, a group found to be 

especially sensitive to disturbance in mesic environments, showed no significant response. 

 

2.5 Discussion 

2.5.1 Responses to sulphur 

Ants have clearly been affected by smelter emissions at Mt. Isa, conforming with results from other 

studies investigating off-site emission impacts (Pętal et al. 1972; Puszkar 1976; Pętal 1978; Madden 

& Fox 1997). Although impacts were greatest in the area closest to the emission source, they were 

still detectable 35 km downwind. Ridge habitat was more sensitive than Plain habitat, probably 

because areas of higher topography are more frequently and directly affected by the sulphur plume 

(Buck 1995).  

 

Individual species displayed marked responses to sulphur. Camponotus sp. A (denticulatus gp.), 

Iridomyrmex sp. B (pallidus gp.), I. sp. D. (rufoniger gp.) and Melophorus sp. H all showed positive 

responses, and this is consistent with previous knowledge of the species-groups to which they 

belong. The denticulatus group of Camponotus appears to be a disturbance-tolerant complex 

throughout central and northern Australia (B.D. Hoffmann unpublished data; A.N. Andersen 

unpublished observations), and the pallidus group of Iridomyrmex is known to contain ‘weedy’ 

species that persist in modified environments (e.g. Andersen 1993b). Species in the rufoniger group 

of Iridomyrmex have previously been identified as indicators of disturbance in arid Australia (Read 

1996; Andersen & Hoffmann 1998) and species of the genus Melophorus are thermophilic 

(Hoffmann 1998) being favoured by the opening of vegetation by disturbance (Vanderwoude et al. 

1997). 

 

Not surprisingly, species that were positively associated with sulphur were negatively associated 

with plant richness and grass cover. However, most species and total species richness were 

positively correlated with vegetation diversity and structural complexity. In particular, the 

abundance of logs was significantly positively associated with ant diversity in the Ridge habitat. 
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Logs are known to be important refugia for the conservation of ant diversity (Madden & Fox 1997; 

Andrew et al. 2000), particularly for rare species.  

 

While it is clear that ants were responsive to smelter emissions and that this was correlated with 

SO4 concentration in the soil, the mechanism of this response is not totally clear. At least in the 

medium and low sulphur zones, it is likely that the response is primarily an indirect one, relating to 

habitat structure. The most obvious change in the habitat was a decrease in the herbaceous cover 

with increasing sulphur concentration (Griffiths 1998). Ant species richness was highly positively 

correlated with plant species richness in both habitats, and with hummock grass cover in the Ridge 

habitat, and the ordinations of ant species composition showed strong correlations with habitat 

variables. However, some changes are presumably a direct result of sulphur toxicity, especially in 

the high sulphur zone, as has been documented for pollutants elsewhere in the world (Stary & 

Kubiznakova 1987; Yla-Mononen et al. 1989; Martin & Nuorteva 1997; Rabitsch 1997a, b). There 

is also a likelihood of indirect effects of competitive interactions between ant species. This is 

particularly true for behaviourally dominant species of Iridomyrmex, which are known to maintain 

mutually exclusive territories (Fox et al. 1985). For example, the low abundances of Iridomyrmex 

sp. D in the medium and low zones might have been a response to increased abundance of 

Iridomyrmex sp. L (rufoniger gp.) and to a lesser extent I. mayri. 

 

2.5.2 Functional groups 

All four species described above as responding positively to smelter emissions belong to Eyrean 

species-groups, and these are known to favour open habitats (Andersen in press), including those 

created by disturbance (Vanderwoude et al. 1997). Indeed, biogeographical profiles were generally 

responsive to smelter emissions, and this was consistent across habitats. However, there were few 

significant changes in the abundances of different functional groups, and any changes tended to be 

inconsistent. There were some changes in the directions suggested by previous studies, but these 

were not statistically significant. For example, the absence of Specialist Predators in the high 

sulphur zone of both habitats is indicative of high levels of disturbance (Andersen 1993b; Andersen 

& Hoffmann 1998), but proved not significant due to low overall abundance. The weak and 

inconsistent changes in functional group composition contrasts with the marked changes following 

fire (Andersen 1991c; Vanderwoude et al. 1997), mining rehabilitation (Andersen 1993b), clearing 

(King et al. 1998) and, to a lesser extent, habitat fragmentation and grazing (Abensberg et al. 1996) 

in forests and woodlands of mesic Australia.  
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The resilience of functional group composition in the present study indicates a lack of gross change 

in vegetation structure from an ant’s perspective. Sulphur caused marked reductions in Triodia 

cover in Ridge habitat within the High zone (Griffiths 1998), and this is undoubtedly important for 

vertebrates that use Triodia for shelter. However, most ants use soil rather than Triodia for shelter, 

and the vegetation change in this study is not comparable to the dramatic structural changes that can 

occur in mesic forests following disturbance. From an ant community’s perspective, the emissions 

changed open grasslands and woodlands to more-open grasslands and woodlands. This affected ants 

at the species level, but not at the level of functional group. A similarly weak functional group 

response occurs in relation to grazing by livestock in arid rangelands (Landsberg et al. 1997; Read 

& Andersen 2000). Indeed, functional group profiles appear to be highly consistent throughout arid 

Australia, reflecting a relatively uniform vegetation structure across much of the region (Andersen 

1993a, 1995).  

 

In conclusion, smelter emissions at Mt. Isa have had a major impact on ant species abundance, 

richness and composition, and this impact is detectable up to 35 km from the emission source. 

However, the functional group scheme that has been widely used in studies of ant communities in 

relation to disturbance in mesic environments proved to be relatively insensitive to these changes. 

An alternative functional group framework is therefore required for the identification of recurrent 

responses of ant communities to disturbance in the arid zone. 
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3. Responses of local ant faunas to sheep grazing in the 

Kingoonya region of arid South Australia. 
 

Benjamin D. Hoffmann and Craig D. James1 

1 Centre for Arid Zone Research, CSIRO Wildlife & Ecology, PO Box 2111, Alice Springs, NT 

0871, Australia. 

 

3.1 Abstract 

The impact of sheep grazing on ant diversity, species composition and community organisation was 

investigated in the Kingoonya region of arid, South Australia, using distance from water as a 

surrogate of grazing intensity. Grazing gradients were sampled in seven paddocks on five pastoral 

properties, four on calcareous soil and three on sandy soil. Two vegetation types per soil type were 

sampled along each gradient, mulga and chenopod shrubland on calcareous soil, and mixed acacia 

and grassy chenopod shrubland on sandy soil. Pitfall trap arrays were positioned at 1, 4, 7 and 10 

km from a water source. A total of 171 ant species were identified, with 112 species in the sandy 

soil and 144 in the calcareous soil. Multivariate analysis showed soil type was the primary factor 

influencing ant species composition. The faunas of the vegetation types within soil type was less 

distinct, with much spatial autocorrelation within paddocks. Total site abundance and richness of 

ants did not change significantly with distance from water. Faunal composition and organisation 

and the occurrence of rare species also showed no consistent trends with grazing intensity. The 

abundance of eight of the 29 most common species changed significantly with distance from water, 

four were promoted by grazing, four were suppressed and one responded both ways dependent on 

soil type. The ant fauna of the more structurally complex vegetation types of mulga and mixed 

Acacia appear to be the most vulnerable to grazing effects. Key species for monitoring sustainable 

management have been identified. The majority of species appear to be able to coexist with current 

management practices. 
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3.2 Introduction 

The Australian arid zone has undergone much change since the introduction of ungulate 

mammalian herbivores, with pastoralism believed to have contributed to the extinction of 12 species 

of mammals (one-third of the arid fauna), 78 plant species, and is currently threatening many more 

(Woinarski & Braithwaite 1990; State of the Environment Advisory Council 1996; James et al. 

1999). The capacity to support and manage stock within the arid zone has been greatly improved by 

the establishment of artificial watering points, such that in the southern arid zone, where 

predominantly sheep are grazed, few areas now remain less than 2-3 km from water (James et al. 

1995). 

 

The Kingooyna district in South Australia is 65, 815 km2 of predominantly sheep grazing pastoral 

leases approximately 600 km north-west of Adelaide. There is only one dedicated conservation area 

adjoing the northern boundary of the district. It has been argued that conservation reserves alone are 

not sufficient to cater for the needs of native species in an environment that is so variable in 

environmental conditions (James et al 1995). Hence, conservation of species may best be achieved 

by a combination of on and off-reserve measures. A recent lease assessment report stated that 

approximately 28% of all land in the region is disturbed to a sufficient degree to be of concern, and 

another 30% is severely disturbed, with much of this land too severely disturbed to be reversed by 

the removal of stock alone (Rangeland Assessment Unit 1991). Much of this degradation had 

occurred due to higher stocking rates up until 30 years ago, with current stocking levels being much 

lower. The reports’ findings were based purely on changes in vegetative cover, however the 

response of plants to a limiting environmental factor such as grazing does not necessarily reflect 

that of other biota (Klimes 1987) and fails to address conservation from a holistic viewpoint. 

Rather, we require knowledge of how grazing affects a greater portion of the regional biodiversity 

to understand changes at the ecosystem level, ensuring that strategic grazing practices minimise 

both pasture and ecosystem degradation (Walker 1995). 

 

Social insects are believed to play a major role in the functioning of ecosystem processes within 

Australia’s arid ecosystems (Stafford Smith & Morton 1990). In particular, ants are the numerically 

dominant epigaeic social insect (Greenslade 1979) and are known to play key roles in nutrient 

cycling (Greenslade & Greenslade 1984), pedogenic processes (Lobry de Bruyn & Conacher 1990), 

seed dispersal (Davidson & Morton 1981; Andersen 1990a) and other functions important to 

ecosystem stability. Moreover, ants have been found to respond predictably to disturbance in a 

manner that reflects general ecological change, including changes in important ecosystem processes 

(Majer 1985b; Andersen 1997a; Andersen and Sparling 1997).  
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Because of their explicit functional importance, the responses of ant communities to disturbances 

such as grazing can be interpreted in the context of ecosystem integrity. This practical application of 

ants has been utilised by the Australian mining industry for rehabilitation assessment for over 20 

years (Andersen 1997a). Recently, this application within Australia has been extended to address 

ecosystem management issues of mining emissions (Madden & Fox 1997; Hoffmann et al. 2000), 

forestry (Neumann 1992; York 1994; Vanderwoude et al. 1997; Hoffmann in review), habitat 

fragmentation (Abensperg-Traun et al. 1996) and cattle grazing (Read 1999; Hoffmann in press). 

 

Here we report on the responses of ant communities to sheep grazing in arid southern South 

Australia, using distance from water as a surrogate of grazing intensity. Seven paddocks were 

sampled, varying in soil types, vegetation, and grazing history, but all having an underlying grazing 

gradient. Specifically, we address how ant diversity, species composition and community 

organisation change with grazing pressure in order to identify key indicators for monitoring and 

assessing sustainable grazing management, whereby viable populations of all native biota and the 

proper functioning of ecosystem processes are maintained in the presence of sheep grazing. Data 

were collected as part of a larger study (CSIRO BioGraze Program; James et al. 2000) investigating 

the impacts of sheep grazing on biodiversity  

 

3.3 Methods 

3.3.1 Study sites 

The study sites were located in the Kingoonya district of South Australia (Figure 3.1). Mean annual 

rainfall is amongst the lowest in Australia and varies from 150 mm in the north-east to around 200 

mm in the south west, with great annual variability and no apparent seasonality (Bureau of 

Meteorology 1989). Mean minimum and maximum temperatures are 160C to 350C in summer and 

50C to 180C in winter. The topography is flat to undulating, with drainage predominantly into 

numerous salt lakes and pans. The region has a diverse geology of igneous rocks resulting from 

volcanic activity to shales from marine deposition. The vegetation is predominantly chenopod 

shrublands and mulga (Acacia aenura) woodlands (Kingoonya Soil Conservation Board 1996).  
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Figure 3.1. Location of the study sites. The dotted line indicates the boundary of the Kingoonya 

region. 
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3.3.2 Sampling 

Distance from water is known to be a surrogate of grazing intensity in arid areas where the 

availability of water for drinking limits how far grazing animals can move from water, and 

temperatures limit the duration between drinks. Hence, grazing activity declines in radial symmetry 

with distance from a point water source (Lange 1969; Graetz 1978; Foran 1980; Andrew 1985). 

Grazing gradients were sampled in seven paddocks in October 1998. The primary stratification for 

these was by soil type: four paddocks on calcareous soil (Gina landsystem) and three paddocks on 

sandy soil (Commonwealth and Indooroopilly landsystems – Table 3.1). Different vegetation was 

associated with the different soil types: on calcareous soils, chenopodiaceous shrubs (Atriplex and 

Maeriana spp.) with a mulga overstorey dominated, while on sandy soils mulga, Sandhill mulga 

(Acacia ramulosa), and shrubs (Senna, Dodoneae and Eremophila) dominated. 

 

 

 

 

Table 3.1. Paddock name, code and soil type of each grazing gradient  

Paddock Gradient 
code 

Soil type 

Canna C Sandy 

Digitalis D Calcareous 

Lochaline L Calcareous 

Rose R Sandy 

Satisfaction S Sandy 

West Forty WF Calcareous 

West Mullina WM Calcareous 

 

 

 

 

Previous studies have shown high rates of species-assemblage change across small spatial scales in 

one “habitat” type (gamma-diversity), and between patch types that are close together (beta-

diversity – C. D. James, S. R. Morton and J. Landsberg unpublished data). In an attempt to sample 

the range of species present at a particular distance from water, arrays were spread out over a 

distance of 1 km at each distance from water, along a transect perpendicular to the gradient from 
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water. Two patch types were sampled along this transect: chenopod shrubland and mulga. The 

relative positions of these two vegetation types is regulated by run-off and run-on redistribution 

processes (Ludwig & Tongway 1996) which result in open areas and areas with greater biomass of 

woody and perennial plants respectively. A pair of pitfall traps positioned 8m apart constituted an 

array. Five arrays were placed in each of five replicates of both patch types at 1, 4, 7 and 10 km 

from water in each paddock (Figure 3.2) and operated for four days.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Layout of the survey design. All plots within each paddock were selected within one 

land system, with a similar array of open and grove habitats. Plots were positioned at 1, 4, 7 and 10 

km from a point water source. Modified from Landsberg et al. (1997). 

 

Trap array in mulga 

Sandy soil 

Calcareous soil 

Water point 
Plot 1  (1 km) 

Plot 2  (4 km) 

Plot 3  (7 km) 

Plot 4  (10 km) 
Paddock  

Trap array in chenopod  
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Pitfall traps were plastic containers with a diameter of 10 cm, filled with 80% water 19% ethylene 

glycol, 1%glacial acetic acid and a trace of detergent as a preservative. The contents of all ten traps 

within a patch type at each distance were lumped in the field during collection. This, combined with 

the arrangement of traps limits the study to an analysis of local ant faunas, rather than of 

‘communities’. The plot furthest from water (10 km) in each paddock was regarded as a reference 

plot as grazing activity is only a few percent of that within 3 km of water at this distance (Stafford 

Smith et al. 1986). 

 

3.3.3 Analysis  

Ant specimens were sorted to species level, but the taxonomy of Australian ants is poorly known, 

with most species undescribed. Unidentified species were assigned code letters that apply to this 

study only. A complete set of voucher specimens is held at the CSIRO Tropical Ecosystems 

Research Centre in Darwin. The abundance of each species at each plot was log transformed to 

avoid distortions caused by numerous ants from a single colony falling into one or a few traps. This 

transformation applied to plot ant abundance was the most similar option to the scaling of trap ant 

abundance used in studies of Australian ant communities (e.g. Andersen 1991b) and all other 

studies in this thesis. The total abundance of ants at each plot is therefore the sum of their logged 

abundances. 

 

Patterns of ant community organisation were investigated by assigning each species to a functional 

group following Andersen (1995). Seven ant functional groups are recognised, based on 

continental-scale responses to stress and disturbance: Dominant Dolichoderinae; Subordinate 

Camponotini; Climate Specialists (sub-divided here into Hot and Cold Climate Specialists); Cryptic 

species; Opportunists; Generalised Myrmicinae; and Specialist Predators.  

 

Total abundance and richness, the abundance of common species (present at more than 12 plots) 

and the relative abundance of functional groups were analysed with General linear mixed models 

(GLM) using the software package Genstat 5 (Anon 1987). The variables soil, habitat within soil 

type and distance were fitted in that order. Paddock effects were analysed separately. The functional 

groups Cold Climate Specialists, Cryptic species and Specialist Predators were not analysed 

separately due to few data. Site faunal data were analysed by multivariate analysis using PATN 

(Belbin 1987). Plots were classified into a dendrogram by agglomerative heirarchical fusion (FUSE 

option), using a Jaccard association index of the presence/absence of each species.  
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Two-way indicator species analysis [TWINSPAN: Gauch (1982)] was used to generate groups of 

species based on presence/absence of the most common species (present at > 12 sites, n = 40) and to 

identify clusters of sites best discriminating each species group. There is no generally accepted 

method for determining the appropriate number of groups, so the parameters of maximum level of 

divisions and minimum group size were set at 3 and 5 respectively, based on recommendations by 

McCune and Mefford (1995). Analysis was performed using the multivariate analysis package PC-

ORD (McCune and Mefford 1995). Species classification in this analysis were compared with the 

observed responses of the same species in GLM analyses.  

 

3.4 Results 

3.4.1 The fauna 

A total of 171 species from 25 genera were recorded (Table 3.2). The most speciose genera were 

Melophorus (35 species), Iridomyrmex (27) and Camponotus (22). Totals of 112 and 144 species 

were collected from the sandy and calcareous soils respectively, with 85 species found in both soil 

types. Iridomyrmex sp. A (rufoniger gp.) comprised 78% of all individuals caught (untransformed 

data), with a further 17% being contributed by Iridomyrmex sp. I (rufoniger gp.). The abundance of 

each other species represented less than 1% of the total abundance of the fauna, with 30 species 

(18% of the fauna) being represented by a single individual. The most widespread species was 

Iridomyrmex sp. A, being found at 52 (93%) sites. Forty nine species (29% of the fauna) were found 

at only one site. 

 

3.4.2 Responses to grazing 

Within GLM analyses, almost all variables were significantly different between the paddocks, 

predominantly at P < 0.01, indicating great spatial variability in the ant faunas. Differences 

attributable to grazing effects were much fewer. Species richness and total abundance showed no 

response to variations in grazing intensity (Figure 3.3). However, the abundance of eight of the 29 

most common species changed significantly with distance from water (Table 3.3), with four being 

increasers, three being decreasers and one being both, depending on the soil type. The number of 

uncommon species found at a single distance class showed no trend with grazing intensity, with 15, 

17, 13 and 15 species found only at 1, 4, 7 and 10 km from water respectively. Likewise, ant 

functional group composition was stable, with only the relative abundance of Generalised 

Myrmicinae changing significantly (P < 0.008), increasing with distance from water. 
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Table 3.2. Ant species found at the study sites with data given as distance from water (1-10 km) and 

soil type (sandy and calcareous). Data are untransformed abundances pooled across sites (7 traps 

per site). Functional groups are: DD - Dominant Dolichoderinae; SC - Subordinate Camponotini; 

HCS - Hot Climate Specialists; CCS - Cold climate Specialists; CRY - Cryptic species; OPP - 

Opportunisits; GM - Generalised Myrmicinae; SP - Specialist Predators.  

 
Species Functional Distance from water (km)  soil 
 group 1 4 7 10  sandy calcareous 
Cerapachynae         
Cerapachys sp. nr. princeps SP  1     1 
Cerapachys sp. A (fervidus gp.) SP   58    58 
Cerapachys sp. D (brevis gp.)  SP 1   1  1 1 
Cerapachys sp. E SP  1     1 
         
Ponerinae         
Bothroponera sp. A (denticulata gp.) SP  1    1  
Brachyponera lutea CRY 2 1 1 1  1 4 
Odontomachus sp. A (ruficeps gp.) OPP  1     1 
Rhytidoponera sp. A (foveolata gp.) OPP 38 12 57 8  27 88 
Rhytidoponera sp. B (metallica gp.) OPP 1 79 47 5  71 61 
Rhytidoponera sp. C (tyloxys gp.) OPP  1  1  1 1 
Rhytidoponera sp. D (metallica gp.)  OPP 86 10 16 42  71 83 
Rhytidoponera sp. E (metallica gp.)  OPP  4 3 5  11 1 
Rhytidoponera sp. F (tyloxys gp.) OPP  1 5 3  9  
         
Myrmicinae         
Cardiocondyla sp. A OPP 9      9 
Crematogaster sp. A (queenslandica gp.) GM    1   1 
Crematogaster sp. B (australis gp.) GM  63 14   77  
Crematogaster sp. C (australis gp.) GM 3  3    6 
Meranoplus sp. A (diversus gp.) HCS    1   1 
Meranoplus sp. B (fenestratus gp.) HCS 2  6   6 2 
Meranoplus sp. C HCS  2     2 
Meranoplus sp. E HCS 4 7 9 1  3 18 
Meranoplus sp. F  HCS    60   60 
Meranoplus sp. G HCS 2 5 15 6  4 24 
Meranoplus sp. H (fenestratus gp.) HCS    21   21 
Meranoplus sp. I HCS    1   1 
Meranoplus sp. J HCS  13 1 4  15 3 
Meranoplus sp. K HCS 1  2 1  1 3 
Monomorium whitei GM 2      2 
Monomorium sp. A (eremophilum gp.)  GM 2 1 1   2 2 
Monomorium sp. B (rothsteini gp.) HCS 3 8  8  15 4 
Monomorium sp. C (eremophilum gp.)  GM 1  1   2  
Monomorium sp. D (nigrius gp.) GM 2 7 8 5   22 
Monomorium sp. E (laeve gp.) GM 1 7  17  13 12 
Monomorium sp. F (sordidum gp.) GM 412 461 111 232  854 362 
Monomorium sp. G (rothsteini gp.) HCS 43 3 73 162  26 255 
Monomorium sp. H (eremophilum gp.)  GM 5  1 2  5 3 
Monomorium sp. I (sordidum gp.) GM 24 31 68 40   163 
Monomorium sp. J (laeve gp.) GM 10 7 4 6  8 19 
Monomorium sp. L (eremophilum gp.)  GM 22 4 8 7  9 32 
Monomorium sp. M (laeve gp.) GM 6 3 2 16  20 7 
Monomorium sp. N (eremophilum gp.)  GM 2      2 
Monomorium sp. O (centralis gp.) GM   1   1  
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Species Functional Distance from water (km)  soil 
 group 1 4 7 10  sandy calcareous 
Monomorium sp. P (laeve gp.) GM 49 16 21 2  77 11 
Monomorium sp. Q (rothsteini gp.)  HCS 6 1  1  7 1 
Monomorium sp. R (centralis gp.)  GM  4 1   2 3 
Monomorium sp. S (laeve gp.) GM 4 1 5 5  9 6 
Monomorium sp. T (laeve gp.) GM 1 1  6  8  
Monomorium sp. U (falcatus gp.) GM 2   1   3 
Pheidole sp. A GM 8 36 57 14  78 37 
Pheidole sp. B GM 26 13 11 13  59 4 
Pheidole sp. C GM 43 50 30 19  60 82 
Pheidole sp. D GM 3 2 8 11   24 
Solenopsis sp. A CRY 2 3  3  4 4 
Tetramorium sp. nr. sjostedti OPP    1  1  
Tetramorium sp. A (impressum gp.) OPP   1   1  
Tetramorium sp. B (striolatum gp.) OPP 6 21 8 2  27 10 
Tetramorium sp. C (laticephalum gp.) OPP 4 2 2 2  1 9 
Tetramorium sp. D (impressum gp.) OPP    2  1 1 
Tetramorium sp. E (impressum gp.) OPP   2 9  2 9 
Tetramorium sp. F (impressum gp.) OPP  2 2   1 3 
Tetramorium sp. G (impressum gp.) OPP 6     1 5 
Tetramorium sp. H (striolatum gp.) OPP    3  3  
Tetramorium sp. I (impressum gp.) OPP 9 10 4 1  14 10 
Tetramorium sp. J (impressum gp.) OPP   1 2   3 
Tetramorium sp. L (impressum gp.) OPP 3  2   1 4 
Tetramorium sp. M (striolatum gp.) OPP  1    1  
Tetramorium sp. N (striolatum gp.) OPP 2 5  7  12 2 
Tetramorium sp. O (laticephalum gp.) OPP  1     1 
Tetramorium sp. P (impressum gp.) OPP   1    1 
         
Dolichoderinae         
Doleromyrma sp. A OPP 5 125  7  11 126 
Dolichoderus sp. A (reflexus gp.) CCS 1     1  
Iridomyrmex agilis DD 22 52 52 92  49 169 
Iridomyrmex discors DD 152 1 1 2  41 115 
Iridomyrmex viridianeus DD 80 1646 63 8  64 1733 
Iridomyrmex sp. A (rufoniger gp.) DD 39967 36955 39625 42252  132233 26566 
Iridomyrmex sp. B (bicknelli gp.) DD 118 99 104 145  142 324 
Iridomyrmex sp. C (anceps gp.) DD 18  10 10   38 
Iridomyrmex sp. D (gracilis gp.) DD   2    2 
Iridomyrmex sp. E (pallidus gp.) DD 52 25 40 14  67 64 
Iridomyrmex sp. F (mattiroloi gp.) DD 7 9 23   1 38 
Iridomyrmex sp. G (hartmeyeri gp.) DD 3 5 1 6  4 11 
Iridomyrmex sp. H (mattiroloi gp.) DD 22 13 52 37  13 111 
Iridomyrmex sp. I (rufoniger gp.) DD 22267 1480 6404 4425  26067 8509 
Iridomyrmex sp. K (bicknelli gp.) DD 36 21 10 6  31 42 
Iridomyrmex sp. L (suchieri gp.) DD 1 5 8 4  1 17 
Iridomyrmex sp. M (suchieri gp.) DD 2 21 2   12 13 
Iridomyrmex sp. O (mattiroloi gp.) DD 1 1     2 
Iridomyrmex sp. P (gracilis gp.) DD  63 2 3  63 5 
Iridomyrmex sp. Q (pallidus gp.) DD 1   15   16 
Iridomyrmex sp. R (gracilis gp.) DD   1 3  4  
Iridomyrmex sp. S (vicina gp.) DD 9 3 2 2  3 13 
Iridomyrmex sp. T (vicina gp.) DD 2 2 3   2 5 
Iridomyrmex sp. U DD 1  10   1 10 
Iridomyrmex sp. V DD   4    4 
Iridomyrmex sp. W (hartmeyeri gp.) DD   1    1 
Iridomyrmex sp. X (suchieri gp.) DD   8   8  
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Species Functional Distance from water (km)  soil 
 group 1 4 7 10  sandy calcareous 
Iridomyrmex sp. Z DD   1    1 
Iridomyrmex sp. AA (pallidus gp.) DD  6    6  
Tapinoma sp. A OPP 92 138 69 70  183 186 
         
Formicinae         
Calomyrmex ?cyanea SC  2 4 1  4 3 
Camponotus aurocinctus SC 4 4 2 1   11 
Camponotus gouldianus SC   5    5 
Camponotus nigriceps SC 2 4 1 1   8 
Camponotus wiederkehri SC 16 186 35 24  25 236 
Camponotus sp. A (discors gp.) SC 5 3 1 12  5 16 
Camponotus sp. B (discors gp.) SC 5  1 1  1 6 
Camponotus sp. D (sponsorum gp.) SC  1  3  1 3 
Camponotus sp. E (discors gp.) SC 2      2 
Camponotus sp. F (discors gp.) SC    2   2 
Camponotus sp. G (subnitidus gp.) SC 1 1 2   4  
Camponotus sp. H (nigroaeneus gp.) SC  8     8 
Camponotus sp. I (rubiginosus gp.) SC    1   1 
Camponotus sp. J SC 6   2  8  
Camponotus sp. K (claripes gp.) SC 1 2    3  
Camponotus sp. N (nigroaeneus gp.) SC 2 2 2   2 4 
Camponotus sp. O (nigroaeneus gp.) SC 1      1 
Camponotus sp. P (ceriseipes gp.) SC 10      10 
Camponotus sp. Q (ephippium gp.) SC 2 1     3 
Camponotus sp. R (ephippium gp.) SC 1      1 
Camponotus sp. S SC  1     1 
Camponotus sp. T (ceriseipes gp.) SC 1      1 
Camponotus sp. U (subnitidus gp.) SC   8    8 
Melophorus sp. A (fieldi gp.) HCS 41 25 34 18  105 13 
Melophorus sp. B  HCS 256 70 112 152  153 437 
Melophorus sp. C (mjobergi gp.) HCS 17 63 90 94  65 199 
Melophorus sp. D (wheeleri gp.)  HCS 45 61 73 81  102 158 
Melophorus sp. E  HCS 58 60 23 132  271 2 
Melophorus sp. F  HCS 3 9 2 2  3 13 
Melophorus sp. G  HCS 2      2 
Melophorus sp. H  HCS 58 8 24 54  39 105 
Melophorus sp. I (mjobergi gp.) HCS 8 19 9 9   45 
Melophorus sp. K (mjobergi gp.) HCS  5 3 1   9 
Melophorus sp. L  HCS 46 25 33 22  2 124 
Melophorus sp. M  HCS 1     1  
Melophorus sp. N (wheeleri gp.)  HCS 1  2   3  
Melophorus sp. P (mjobergi gp.) HCS  7 5 14  26  
Melophorus sp. Q (froggatti gp.) HCS 6 8 6 2  18 4 
Melophorus sp. R (mjobergi gp.) HCS 42 40 31 46  70 89 
Melophorus sp. S (bruneus gp.)  HCS 19 3 6 8  26 10 
Melophorus sp. T (wheeleri gp.)  HCS 3 8 12 9  17 15 
Melophorus sp. U (mjobergi gp.) HCS 4 9  1  7 7 
Melophorus sp. X (bruneus gp.)  HCS 41 24 71 71  61 146 
Melophorus sp. Y (wheeleri gp.) HCS 50 7  1  37 21 
Melophorus sp. Z (mjobergi gp.) HCS  4    3 1 
Melophorus sp. AA (pillipes gp.) HCS 4 1  5   10 
Melophorus sp. AB (wheeleri gp.) HCS  1  2   3 
Melophorus sp. AC (bruneus gp.) HCS   4 2  2 4 
Melophorus sp. AD  HCS   1 3  2 2 
Melophorus sp. AE (wheeleri gp.) HCS  1    1  
Melophorus sp. AF (froggatti gp.) HCS  3     3 
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Species Functional Distance from water (km)  soil 
 group 1 4 7 10  sandy calcareous 
Melophorus sp. AG HCS    1   1 
Melophorus sp. AI (froggatti gp.) HCS   3   2 1 
Melophorus sp. AJ HCS  10 8 18   36 
Melophorus sp. AL (potteri gp.) HCS 12 1     13 
Melophorus sp. AN (mjobergi gp.) HCS  2     2 
Melophorus sp. AP (bruneus gp.) HCS 2      2 
Melophorus sp. AR (mjobergi gp.) HCS 1      1 
Notoncus sp. A (enormis gp.) CCS    1   1 
Opisthopsis rufithorax SC  1     1 
Opisthopsis sp. A (diadematus gp.) SC   2   2  
Polyrhachis sp. A (macropus gp.)  SC 3 1 3 6  3 10 
Polyrhachis sp. B (schwiedlandi gp.) SC 3 1 1 1  6  
Polyrhachis sp. C (macropus gp.)  SC 1     1  
Polyrhachis sp. D (schwiedlandi gp.) SC    2  2  
Stigmacros sp. nr. spinosa CCS    2   2 
Stigmacros sp. A CCS 1 1  4  3 3 
Stigmacros sp. B CCS 1 1 1   2 1 
Stigmacros sp. E CCS    1  1  
Stigmacros sp. F CCS 33 1 1   35  
Stigmacros sp. G CCS  2     2 
Stigmacros sp. H CCS  1     1 
Total richness  107 109 102 105  112 144 
Total abundance  64538 42271 47790 48675  161755 41519 
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Figure 3.3. Mean abundance and species richness (± SE) of ants with distance from water on sandy 

soil sites (white bar) and calcareous soil sites (black bar). Abundance data is log transformed. 
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Table 3.3. Mean variance ratios from General Linear Mixed Models analyses of the effects of 

distance (df = 3), soil x distance interaction (df = 3) and the two habitats on sandy soil x distance 

interaction (df = 3) on the logged abundances of the most common species (present at > 12 sites) 

(residual = x). Only those species with significant effects are given. *: P < 0.05; **: P < 0.01.  

Trend with grazing is indicated as “+” for Increasers and “-“ for Decreasers.  

Variable distance Soil x 
distance 

sand 
habitats       
x distance 

trend 
with 
grazing 

Monomorium sp. F (sordidum gp.) 8.37** 3.49 0.54 + 

Monomorium sp. I (sordidum gp.) 8.56* 6.42* 0.00 + 

Monomorium sp. P (laeve gp.) 9.35** 5.86* 0.62 + 

Iridomyrmex agilis 6.33* 1.10 0.30 − 

Iridomyrmex sp. B (bicknelli gp.) 0.66 0.99 6.16** − 

Melophorus sp. A (fieldi gp.) 1.35 1.40 5.21* − 

Melophorus sp. C (mjobergi gp.) 22.39** 0.38 0.04 + 

Melophorus sp. R (mjobergi gp.) 0.19 4.50* 0.05 +/− 

 

 

 

Multivariate analyses show that environmental variables had a greater influence on the ant faunas 

than grazing. Soil was the principal influence, producing an almost dichotomous split within the 

data (Figure 3.4). Within the soil types, sites were divided to a lesser extent into the 

chenopod/Acacia habitats, with much spatial autocorrelation of sites within paddocks. The cluster 

containing all of the sites from the West Forty paddock was an exception, splitting from all other 

sites. No clustering due to distance from water is evident. In particular, the sites of least (10 km) 

and greatest (1 km) grazing intensity are interspersed with each other.  

 

TWINSPAN analysis created 5 groups of species and 7 groups of sites (Table 3.4). Site groups A to 

G represent a continuum of habitats from predominantly closed mixed Acacia/mulga to 

predominantly open grass/chenopod shrubland, such that ant species groups 1 to 5 represent a 

continuum of species with a preference for closed habitats to open habitats respectively. 

Accordingly site groups C and D are an even mix of habitats and soil types, and species group 3 

contains the most widespread species. Site clusters were not influenced by distance from water, and 

were less dependent on soil type than in the dendrogram (Figure 3.4).  
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Soil Paddock Distance Habitat Dissimilarity index 

  (km)  0.46       0.56        0.67        0.77        0.88      0.98 
    |           |           |           |           |           | 

sand c 1 grass _____________                                                 
sand c 7 grass _           |                                                 
sand s 1 grass |___________|______________                                   
sand r 7 grass ______________            |                                   
sand r 10 grass _____________|____________|___                                
sand r 1 grass _____________________________|________                        
sand c 4 grass ____________________                 |                        
sand c 10 Acacia ___________________|____             |                        
calc d 1 mulga _______________________|________     |                        
sand c 10 grass ____                           |     |                        
sand c 7 Acacia ___|_____________              |     |                        
sand c 4 Acacia ________________|___________   |     |                        
sand s 4 grass ___________________________|___|_____|_                       
sand c 1 Acacia _________________________             |                       
calc d 10 mulga ________________________|_____________|__________             
sand s 7 grass _____________________________________________   |             
sand s 10 grass ____________________________________        |   |             
sand s 7 Acacia ___________________________________|_____   |   |             
sand s 1 Acacia ________________________________        |   |   |             
sand s 4 Acacia _______________________________|________|___|___|_            
sand r 1 Acacia ____________________                             |            
sand r 7 Acacia _______________    |                             |            
sand r 10 Acacia ______________|____|____                         |            
sand r 4 Acacia _______________________|_________________________|_____       
sand s 10 Acacia _________________                                     |       
calc d 4 cheno ________________|_____                                |       
calc d 10 cheno _____________________|______                          |       
calc l 10 mulga ___________________________|___                       |       
calc l 1 cheno ______________________________|_______                |       
calc d 4 mulga _____________                        |                |       
calc d 7 mulga ____________|_________________       |                |       
calc l 1 mulga __________________________   |       |                |       
calc l 4 mulga _________________________|___|_______|_               |       
calc d 7 cheno ______                                |               |       
calc l 7 cheno _____|__________________              |               |       
calc l 10 cheno _______________________|____          |               |       
calc l 7 mulga ___________________________|__________|___            |       
calc l 4 cheno ________________                         |            |       
calc wm 7 cheno _______________|_                        |            |       
calc wm 10 cheno ________________|____                    |            |       
calc wm 4 cheno ____________________|_________           |            |       
calc wm 1 cheno _____________________________|____       |            |       
calc wm 1 mulga ____________________________     |       |            |       
calc wm 4 mulga ___________________________|_    |       |            |       
calc wm 7 mulga ____________________        |    |       |            |       
calc wm 10 mulga ___________________|________|____|_______|____________|______ 
sand r 4 grass ___________________                                         | 
calc d 1 cheno __________________|_______________________                  | 
calc wf 1 cheno ______________________                   |                  | 
calc wf 4 cheno _____________________|_______            |                  | 
calc wf 7 cheno ____________________________|_           |                  | 
calc wf 1 mulga _______________              |           |                  | 
calc wf 4 mulga ______________|______________|___________|                  | 
calc wf 10 cheno ________________________________________||______            | 
calc wf 7 mulga _____________                                  |            | 
calc wf 10 mulga ____________|__________________________________|____________| 
Figure 3.4. Dendrogram of ant species composition at each site, based on presence/absence data. 
See Table 3.1 for paddock codes and Methods for vegetation descriptions. Acacia refers to mulga 
and mixed Acacia stands on the sandy soil. 

soil 
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Table 3.4. Two-way table of ant species groups by site groups as found by TWINSPAN analysis. Plot codes are printed vertically, with the 

nomenclature being: first letter set = paddock (see table 1); numbers = distance from water (km); and second letter set = habitat: m = mulga 

(calcareous), c = chenopod shrubland (calcareous), a = acacia (sand), and g = grass (sand). 
 Species Sites 
  Group A B C D E F G 
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1 Melophorus sp. I    * * * *  * *  *   *                                          
 Melophorus sp. L   *  * *  * *  * * * * *    *              *            *            
 Melophorus sp. R * * * *    * *  * * * * *                   * * * *              *      
                                                          
2 Rhytidoponera sp. B  *  *  *  *     * *   *  * * * * *  * *            * *                  
 Meranoplus sp. E     *       * * * * * *  * *    *      *           *                
 Tetramorium sp. B * * *   *       *  * *   * *    * *                              *  
 Iridomyrmex agilis    * * * * * * * * * * * * *  * * * *   * * * * *  * * * * *   * *  *    *             
 Iridomyrmex sp. B *        * * * * * * * * * *  * * * *  * * * * * * * *  *  *                 *  *  
 Iridomyrmex sp. I *  *  *    *   *      * * * * *     * * * * *   *  *     *  *     *         
 Melophorus sp. B * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *      *    *    * *   
 Melophorus sp. H    * *   * * * * * * * * * *         *  *   * *    * *        *         *   
 Melophorus sp. S *  *    *        *    * *   * *  *   *  *   *  *      *             *  
                                                          
3 Rhytidoponera sp. A *   * * * *  *    *                    *      *  *    * *           
 Monomorium sp. F * * *  * *   * *  * * * * * * * * *   * * * * * * * * * *   * * * * * * * * *     * * * * * * * * * 
 Monomorium sp. G *   * *  *   * * *  * *   *        * *  *    * *   * * *  * *   * *  *   *      
 Pheidole sp. A * * *   * * *     * *     *  *    *    *    * * *   *   * *           *    
 Pheidole sp. B * * *  *              *     *          * *                    * * 
 Iridomyrmex 

viridianeus 
* *  * * * * * * * * * * * *  * * * *  *            *    * * * *  * *      * * *    * 

 Iridomyrmex sp. A * * * * * * * * * * * * * * * * *  *  * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * *  * * * * 
 Tapinoma sp. A * *  * *  * * * * * * * * * * * * * * *   * * * * * * * * *  * * * * *  * * * * * * *  * * * * * * * * * 
 Melophorus sp. C  * * * * * * * * * * *  * * * *  * * *  *   * * *  * * * * * * * * * *      * * *  *    *    
 Melophorus sp. X  * * * * *  *  * *  * *  * * *  * * * *   * * * * * * * * *   * *    *   *  *  * * * * * * *  



 59 

 Species Sites 
  Group A B C D E F G 
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4 Camponotus 

wiederkehri 
     *  *     *    * * * *   *  *       *     *   *  *   *     *       

 Melophorus sp. A           *           *  *   *  *   * * * * * *        *   * *  *  * *   
 Melophorus sp. T                 *     *     * * *   * *    * *          *         
 Monomorium sp. P * *  *     *  * * *                 *    *  *    *        * *  *  * * *  
 Pheidole sp. C        *    *    * *  * * * * *     *  *    *   *   * *  * *    * *  *  * * * * 
 Iridomyrmex sp. E * *       * *  * *   *  *    * * * *  * *   *    * *  *     *   * * * *  *   * * * 
 Melophorus sp. D    * * *   * * *    *  * *  *      * * * *  * *  *   * * * * * * * *  *  * * *  * * *   
 Melophorus sp. E * * *            *            * * * * *   * *             * * * * * * * *  
                                                          
5 Rhytidoponera sp. D *  *  *         *                     *   *     *  *      * * *    
 Monomorium sp. I       *  * * *  * * *                  *     * * * * * * *  * *         * 
 Monomorium sp. L    *               * * *     *   *   * *     * * *      * * *  *  *  *  * 
 Doleromyrma sp. A  *    *       *  *                         *        *   * *    * 
 Iridomyrmex discors      *               *           *      *          *  * *     * 
 Iridomyrmex sp. F    *  * *  * *                            * *  *  * *          *   
 Iridomyrmex sp. H          *                * *          *   * *    * * *   * * *    * 
 Iridomyrmex sp. K  *               * *                *  *    * * * *  *   * * *  * * *  * 
 Tetramorium sp. I                           *   *        *  *   * *  *   * * *  *  *  
 Melophorus sp. Y                             * *                  *   * * * *  * 
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3.5 Discussion 

Grazing pressure had a relatively minor influence on the local ant faunas, with soil type the primary 

determinant, and vegetation structure secondarily important. The overriding influence of these 

environmental factors is not surprising, given that soil type is a major determinant of vegetation 

(Daubenmire 1974), and vegetation structure is a major determinant of ant community composition 

(Andersen 1986b). Hoffmann (in press) studying ant community responses to cattle grazing in 

northern semi-arid Australia also found that soil type was the primary influence on ant community 

composition. However unlike here, there were clear secondary compositional changes in the 

communities with distance from water. Thus on a regional scale, the distinctive species composition 

of ant faunas with respect to habitat is unchanged by contemporary grazing patterns based on 

distance from water and is not subject to faunal homogenisation, as has been found for bird faunas 

with disturbance (Woinarski 1999).  

 

Ungulate grazing within Australia appears not to affect total ant diversity or abundance (Abensperg-

Traun et al. 1996; Landsberg et al. 1999; Hoffmann in press), consistent with similar studies of 

communities overseas (Kirkham & Fisser 1972; Heske & Campbell 1991), although abundance has 

been found to increase, due to Iridomyrmex species (Hutchinson and King 1980; H. Pringle 

unpublished data), as has species richness (Majer & Beeston 1996). Dominant Iridomyrmex species 

are known to increase their abundance with disturbance in less arid environments (Andersen 

1993a), but here the abundance of the two Iridomyrmex species that changed significantly in GLM 

analyses decreased with increasing grazing intensity. Within the cooler temperate regions of 

Australia, Iridomyrmex is promoted by disturbance by the greater insolation of the soil, but it would 

appear that an increase of insolation in arid Australia due to disturbance has little effect on 

Iridomyrmex. Hence it is not surprising that the unchanged influence of dominant Iridomyrmex 

species resulted in little change in the ant faunal organisation according to functional group 

composition. 

 

Some changes in the abundance and distribution of individual species were evident. Landsberg et 

al. (1999) studying the responses of biota to sheep grazing in chenopod and mulga shrublands 

around arid Australia found that per gradient, 10-33% of ant species were increasers, 15-38% were 

decreasers and 36-75% of species were neutral. Fewer trends were found here due to fewer sites and 

the exclusion of uncommon species, but the percentages of species responding is similar.  
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Three of the four species found to be negatively associated with grazing in GLM analyses are most 

common in the predominantly closed-habitat site groups A-D in TWINSPAN analysis and four of 

the 5 species promoted by grazing have a preference for open habitats (site groups E-G) or are 

widespread. This suggests that the greatest negative impact will occur in the mulga/mixed Acacia 

habitats, regardless of soil type which is not surprising, as these vegetation communities would have 

the greatest structural change with disturbance. These species with negative relationships with 

grazing in these habitats represent key indicator species for future monitoring of sustainable 

management of this region. In contrast, Pringle (unpublished data), studying changes in regional ant 

faunas to sheep grazing on chenopod shrubland and mulga in south-western Western Australia, 

found that the fauna of chenopod shrublands was the most negatively affected by grazing. Causes of 

the differences between these studies is unclear. 

 

While the vulnerability of most individual species to grazing cannot be interpreted due to few data, 

over one quarter of the species were represented by a few individuals found at only one site, and 30 

species (18% of the fauna) were represented by only a single individual. This highlights the rarity of 

a significant portion of the fauna. Despite that the distribution of their occurrences suggested no 

influence with grazing intensity, their apparent rarity makes them the most vulnerable to local 

extinction due to unfavourable conditions such as those induced by overgrazing. All species 

promoted by grazing had Eyrean biogeographical affinities (see Andersen 1993a), as has been 

found for all species promoted by grazing (Hoffmann in press) and tolerant of disturbance induced 

by sulphur dioxide emissions (Hoffmann et al. 2000) in semi-arid northern Australia. These species 

would appear to be the most tolerant of extreme arid conditions and elevated levels of these species 

would be indicative of overgrazing.  

 

In conclusion, this study has shown a rich regional fauna with little characterisation due to grazing 

intensity as given by distance from water. However, the sacrifice zones (Andrew & Lange 1986) 

near the watering points where the greatest environmental impacts occur (Graetz & Ludwig 1978) 

were not sampled, and measuring only medium to low grazing intensity zones has probably masked 

the responses of individual species. But on a regional scale, sacrifice zones make up only a minor 

proportion of the total area, and changes here within the context of the landscape would be 

superficial. Overall, it appears that the majority of species appear able to coexist with current 

grazing practices over the greater region.  
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4. Changes in ant species composition and community 

organisation along grazing gradients in semi-arid rangelands of 

the Northern Territory 
 

Benjamin D. Hoffmann 

 

4.1 Abstract 

The impact of cattle grazing on ant diversity, species composition and community organisation was 

investigated in the Victoria River District of the Northern Territory, using distance from water as a 

surrogate of grazing intensity. Two gradients were sampled, one on red earth at Kidman Springs (5 

plots), the other on black cracking clay at Mount Sanford (6 plots). Sites were sampled in April 

(both sites) and October (Kidman Springs only)1998. The two sites supported distinctly different 

ant communities, with 70 species at Kidman Springs and 36 at Mount Sanford. Species richness and 

total abundance did not change significantly with distance from water, although species richness 

was always greatest at the most distant plot. However, multivariate analysis showed that ant species 

composition changed markedly. Despite large changes in species composition, the abundance of 

only six of the 24 most common species (two at Kidman Springs and four at Mount Sanford) were 

significantly correlated with grazing intensity. The abundance of Bassian taxa was promoted by 

grazing, whereas the species richness of Torresian taxa and the abundance and species richness of 

Widespread taxa were suppressed. Ant functional group analysis showed community organisation 

was resilient, with slight changes being primarily driven by Hot Climate Specialists and dependent 

on the season. However, the relative richness of five functional groups correlated significantly with 

grazing intensity, all negatively. Ant variables suppressed by grazing were positively associated 

with patch cover variables and litter, and negatively correlated with annual grass and bare ground, 

and may serve as indicators of rangeland condition.  
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4.2 Introduction 

It is now recognised that Australia’s reserve network cannot conserve all of biodiversity and thus 

off-reserve conservation is essential. Moreover, conservation practices should be a priority of land 

managers, because species diversity is important to ecosystem function (Walker 1992; Symstad et 

al. 1998), and therefore contributes to sustainable land management. Northern Australia’s pastoral 

industry relies predominantly on uncleared native savannas and here there is a great potential to 

conserve native biodiversity whilst managing the region for commercial use. But while much 

research has gone into developing sustainable management practices that increase productivity (e.g. 

Scanlan et al. 1994; Johnston et al. 1996; Dyer et al. 1997), little is understood about the effects of 

grazing on the interactions between plants, animals, soils and landscape processes.  

 

By far, invertebrates contribute most to species richness in any ecosystem (excluding microbes) and 

the responses of the many invertebrate groups to mammalian grazing around the world vary, both 

within and between taxa. For example grasshoppers and beetles have been found to be both 

promoted and suppressed by grazing (Holmes et al. 1979; Putman et al. 1989; Fielding and Brusven 

1995; Abensperg-Traun et al. 1996) but the responses are dependent on the season and taxonomic 

composition of the fauna (Jepson-Innes and Bock 1989). There is a general reduction in overall 

spider diversity, primarily web builders, but responses vary between families (Gibson et al. 1992; 

Abensperg-Traun et al. 1996). Ants have also displayed mixed responses between taxa (Hutchinson 

and King 1980; Bestelmeyer and Wiens 1996; Landsberg et al. 1997), although, overall diversity 

and abundance is often unchanged (Kirkham & Fisser 1972; Heske & Campbell 1991; Abensperg-

Traun et al. 1996; Whitford et al. 1999). 

 

The responses of ants to disturbance are particularly informative for ecosystem management as they 

are the numerically dominant invertebrate group in Australia’s rangelands and play vital roles in 

most ecosystem processes such as seed dispersal (Davidson & Morton 1981; Andersen 1990a), 

nutrient cycling (Greenslade & Greenslade 1984), and soil modification (Lobry de Bruyn & 

Conacher 1990). Ants may also directly influence the plant species composition and pasture 

productivity of rangelands by selectively harvesting the seeds from plants that are unpalatable to 

mammalian herbivores (Milton and Dean 1993). But despite the obvious importance of ants to 

ecosystem function, little is understood about the relationships between ant community dynamics 

and cattle grazing. Here I report the responses of ant communities to cattle grazing in northern 

Australia’s semi-arid savannas, using distance from water as a surrogate of grazing intensity. 

Specifically, I address how ant diversity, species composition and community organisation change 

with changes in grazing pressure. These response patterns are then related to environmental data to 
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expose interactions of ants with vegetation structure and landscape processes. Data were collected 

as part of a larger study investigating the impacts of cattle grazing on patch dynamics and 

biodiversity (Ludwig et al. 1999), however, only results relating to ants are presented here. 

 

4.3 Methods 

4.3.1 Study sites 

The study sites were located in the Victoria River District of the Northern Territory. This region is 

of particular interest as it supplies most of the Northern Territory’s cattle for the live export market 

(Dyer et al. 1997). Two study sites were selected, one at the Victoria River Research Station 

(Kidman Springs) and the other at Mount Sanford Station, approximately 150 km apart. Mean 

annual rainfall is 640 mm at Kidman Springs and 475 mm at Mount Sanford, falling predominantly 

between October and April during the monsoonal wet season (Clewett et al. 1994).  

 

The landscape is characterised by rocky outliers interspersed with extensive plains. The soil of the 

plains is dominated by well drained calcareous red earth that supports arid short-grass vegetation (at 

Kidman Springs) dominated by the grasses Enneapogon polyphyllus, Heteropogon contortus and 

Dichanthum fecundum (nomenclature following Wheaton 1994), with a sparse overstorey of 

predominantly Eucalyptus pruinosa, E. terminalis, and the shrub Carissa lanceolata. Poorly drained 

areas support Mitchell grasslands (at Mount Sanford) on basaltic cracking black clay, dominated by 

the grasses Astrebla pectinata and Chrysopogon fallax. 

 

Grazing intensity was defined as distance from a point water source, based on the piosphere effect 

of radial grazing (Osborn et al. 1932; Lange 1969). Two grazing gradients were sampled, one at 

Kidman Springs with five plots on red earth, and one at Mount Sanford with six plots on black clay 

(Figure 4.1). The 6 plots sampled at Mount Sanford are plots 2-7 of Ludwig et al. (1999), as plot 1 

within the ‘sacrifice zone’ (Andrew & Lange 1986) was not sampled for ants, but the plot numbers 

given in Ludwig et al. (1999) are retained for cross-reference with associated studies (T. Churchill 

and J. Orgeas unpublished data). Each ant sampling plot was positioned on a 100 m transect, 

oriented downslope, used for the collection of environmental variables. The plots were carefully 

selected for distance from a point water source, and were positioned on one topographic slope of the 

same land unit at both sites. Plot 2 at Kidman Springs was an exception, having finer textured soils 

than the other Kidman Springs plots, but was unavoidable due to the limited distribution pattern of 

Calcarosols in the study area (Ludwig et al. 1999).  
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Figure 4.1. Location of the Victoria River District, study sites and layout of plots showing artificial 

and natural water sources. 

 

 

 

 

The distance from water was limited due to fences and natural drainage lines, with the greatest 

distance being 3 km at Kidman Springs. This, however, reflects current grazing practices within the 

Victoria River District. Plot 5 at Kidman Springs was within a 25 year grazing and fire exclosure 

and was assigned the distance of 10 km (Ludwig et al. 1999) as cattle are limited to this distance 

from water in dry environments (Hodder and Low 1978). No grazing exclosures were available at 

Mount Sanford. All plots (except plot 2 at Kidman Springs) had not been burned for at least 2 years. 

The current grazing intensity of the two sites was low, varying between 5 – 7 head/km2 depending 

on rainfall. However, historical stocking rates have been much greater (Foran et al. 1985). 
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4.3.2 Validation of distance from water as a measure of grazing intensity 

Distance from water was validated as an appropriate surrogate of grazing intensity by Ludwig et al. 

(1999) and is only briefly described here. Recent grazing pressure was measured by counting the 

number of hoof prints and dung pats in each plot. The density of hoof prints and dung pats was 

greatest closest to the water sources, resulting in the formation of sacrifice zones (Andrew & Lange 

1986), and rapidly declined away from the watering point at both sites. These piosphere trends 

reflect effects of radial grazing from a point water source (Osborne et al. 1932; Lange 1969) and are 

consistent with patterns of grass biomass increasing with lowering grazing pressure with distance 

from water (Andrew & Lange 1986; Ludwig et al. 1999). It was therefore concluded that distance 

from water reflects grazing use.  

 

4.3.3 Ant sampling 

Fieldwork was conducted in mid-April (both sites) and mid-October 1998 (Kidman Springs only) 

during the last and first rains of two wet seasons respectively. Ants were sampled using 4.5 cm 

diameter pitfall traps partly filled with propylene glycol as a preservative. A 10 x 3 grid of traps 

with 10 m spacing was established randomly along each transect and operated for 7 days. Due to 

rain, the April sample at Mount Sanford was operated for only 6 days.  

 

4.3.4 Environmental correlates 

Environmental variables known to influence ant communities were quantified at each plot. 

Percentage measures of litter cover, bare ground, patch (predominantly perennial grass) and annual 

grass cover were estimated by measuring the length each 100 m transect was intercepted by the 

study variable (i.e. the line-intercept method; Bonham 1989). Patch density was measured by 

counting the number of patches intercepting each transect. Plant species richness was assessed in 

five, 2 m2 quadrats positioned equidistant along each transect.  

 

4.3.5 Analysis  

Ant specimens were sorted to species level, but the taxonomy of northern Australian ants is poorly 

known, with most species undescribed. Unidentified species were assigned code letters that apply to 

this study only. A complete set of voucher specimens is held at the CSIRO Tropical Ecosystems 

Research Centre in Darwin. The abundance of each species in each trap was scored according to a 
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6-point ordinal scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-20 ants; 4 = 21-50 ants; 5 = 51-100 ants; 6 = 

>100 ants) to avoid data distortions caused by numerous ants from a single colony falling into one 

or a few traps (Andersen 1991c). The total abundance of a species within a plot was calculated as 

the sum of its abundance scores from each trap.  

 

A preliminary multivariate analysis was conducted to determine if the two habitats supported 

distinct ant communities. Using the multivariate analysis package PATN (Belbin 1994), plots were 

classified by agglomerative heirarchical fusion (FUSE option), using a Bray-Curtis association 

index (Bray and Curtis 1957) of the abundance of each species. All plots clustered into their 

respective sites with no overlap, so all subsequent analyses treat the two sites separately. 

 

Patterns of species responses to grazing were investigated by assigning each species to a 

biogeographical class based on the affinity of the species-group to which it belongs, namely: Eyrean 

(arid); Bassian (cool temperate); Torresian (tropical); or Widespread. These classes are used 

extensively for the analysis of biogeographical patterns in Australian ant communities, and are now 

being used for disturbance ecology. The species classifications follow and extend those 

designations already published from northern Australia (Andersen 1993a; Andersen and Spain 

1996). 

 

Ant species composition was compared across plots by multi-dimensional scaling (SSH; Belbin 

1994) using a Bray-Curtis association index of the abundance of each species. Vector fitting of site 

environmental data was performed on each ordination to determine which variables were associated 

with the patterns of species composition using the principal axis correlation program PCC (Belbin 

1994).  

 

Patterns of ant community organisation changes to grazing were investigated by assigning each 

species to a functional group following Andersen (1990b). Seven ant functional groups are 

recognised in Australia, based on continental-scale responses to stress and disturbance: Dominant 

Dolichoderinae; Subordinate Camponotini; Hot Climate Specialists; Cryptic species; Opportunists; 

Generalised Myrmicinae; and Specialist Predators. Relative abundance was used to compare the 

organisation of foraging ants, and relative richness was used to compare the organisation of the ant 

fauna. 

 

Correlation analyses were perfomed on total plot abundance and richness, species abundance, 

relative abundance and richness of biogeographical classes, and relative abundance and richness of 
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functional groups with grazing intensity surrogates and environmental data. Untransformed distance 

(km) tested for linear responses and distance log (100 x distance) transformed was used to test for 

curvilinear responses to grazing intensity. All other correlations were linear. Species data were 

analysed only if a species was present in all plots at Kidman Springs during a sample time or in at 

least 5 plots at Mount Sanford to eliminate spurious correlations with low degrees of freedom. Only 

ant variables that correlated with at least one grazing intensity surrogate are discussed.  

 

4.4 Results 

4.4.1 The ant fauna 

Eighty five species of ants from 23 genera were recorded (Table 4.1), with 70 species collected at 

Kidman Springs (61 in April and 50 in October), and 36 at Mount Sanford. Twenty one species 

were collected at both sites. The fauna strongly resembled that of arid central Australia (e.g. 

Greenslade & Halliday 1983) with the majority of taxa (49%) having an Eyrean affinity. However, 

many tropical taxa were present (32%), typical of the semi-arid tropics (Andersen 1993a; Hoffmann 

et al. 2000). The most speciose genera were Monomorium (16 spp.), Melophorus (12), Pheidole (9) 

and Camponotus (8). The most abundant ants at both sites were species of Iridomyrmex, 

Rhytidoponera, Melophorus and Monomorium. The species Tetramorium sp. A (striolatum gp.) and 

Rhytidoponera. sp. B (convexa gp.) were collected at all plots. 

 

4.4.2 Responses of ants to grazing 

Changes in ant species composition along the gradients varied between the two sites. No 

correlations were found between total ant abundance and richness with distance from water, but 

greatest species richness at both sites was always at the furthest plot (Figure 4.2). The species 

similarity matrix (% of species shared between plots) for Kidman Springs (Table 4.2a) surprisingly 

shows that all plots have highest affinity with plot 1, and that plots 4 and 5 have the least related 

faunas. Conversely at Mount Sanford (Table 4.2b) the ant composition of plots was less similar 

with plot 2 with increasing distance from water.  

 

Multivariate analysis shows that ant species composition changed systematically in relation to 

grazing at Mount Sanford, but not at Kidman Springs (Figure 4.3). Patterns in multidimensional 

space at Kidman Springs also reveal that species composition was most similar between sample 

times than between plots, indicating that grazing effects were greater than seasonal effects. Vector  
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Table 4.1. Ant species found at the study sites with plots given as distance (km) from water. Data 

are summed pitfall catches, with both sampling times combined (Kidman Springs only) according 

to a 7-point ordinal scale for each trap (30 traps per plot). Functional group: DD: Dominant 

Dolichoderinae; SC: Subordinate Camponotini; HCS: Hot Climate Specialists; GM: Generalised 

Myrmicinae; OPP Opportunists; SP: Specialist Predators; CRY: Cryptic species. Biogeographical 

affinity classifications: B: Bassian; E: Eyrean; T: Torresian; W: Widespread. 
Species                                                        Functional                                   
                                                                          group 

Biogeo-
graphical 
affinity 

Distance from water (km) 

Kidman Springs Mount Sanford 

   0.08 0.5 1.4 3 10 0.15 0.3 0.5 0.8 1.3 2.2 
Dorylinae              
Cerapachys sp. E (singularis gp.) SP E   1         
Cerapachys sp. F (brevis gp.) SP T    1        
Cerapachys sp. G (edentatus gp.) CRY T     1       
Sphinctomyrmex sp. A CRY T    1 1       
              
Ponerinae              
Anochetus sp. A (rectangularis gp.) SP T  1         1 
Leptogenys adlerzi SP T      2 5 11 2 4 17 
Leptogenys sp. B SP T          2  
Odontomachus ?ruficeps OPP T 2 5 4  6      2 
Odontomachus sp. A (turneri gp.)  OPP T 1 3          
Platythrea sp. A (parva gp.) SP T 19  25 19        
Rhytidoponera sp. A (reticulata gp.) OPP T 36 8 13 27 13       
Rhytidoponera sp. B (convexa gp.) OPP E 63 33 78 87 78 64 29 21 8 59 57 
Rhytidoponera sp. C (convexa gp.) OPP E      97 74 50 67  3 
Rhytidoponera sp. D (aurata gp.) OPP T 28   82        
              
Myrmicinae              
Cardiocondyla sp. A OPP T 1    2       
Crematogaster ?queenslandica GM W     1  7 5 6 2 3 
Meranoplus sp. A (diversus gp.) HCS E   14  3       
Meranoplus sp. B (diversus gp.)  HCS E 3 4 37 36 2 24 33 23 6 6  
Meranoplus sp. C (mjobergi gp.)  HCS T   3         
Meranoplus sp. D (hirsutus gp.) HCS T     3       
Meranoplus sp. F (testudineus gp.) HCS T  2  1        
Meranoplus sp. G HCS E 1 1          
Monomorium sp. A (laeve gp.) GM E 13 5 32 9 55      7 
Monomorium sp. B (laeve gp.) GM E   16  29 68 12 4   3 
Monomorium sp. C (nigrius gp.) GM T  2    6 8 16 2  4 
Monomorium sp. D  GM T 8 6  33 40       
Monomorium sp. E (rothsteini gp.) HCS E 39 53 28 60 24 45    1  
Monomorium sp. F (rothsteini gp.) HCS E  1    8 17 22 6 2  
Monomorium sp. G (rothsteini gp.) HCS E     11       
Monomorium sp. H (nigrius gp.) GM T 21 3 3 10 19       
Monomorium sp. J (laeve gp.) GM E     2  2     
Monomorium sp. K (laeve gp.) GM E           2 
Monomorium sp. L (laeve gp.) GM E 4    9       
Monomorium sp. M (laeve gp.) GM E     4       
Monomorium sp. S (insolescens gp.) GM E   2  1       
Monomorium sp. T (insolescens gp.) GM E       1     
Monomorium sp. U (sordidum gp.) GM E  18          
Monomorium sp. V (laeve gp.) GM E      10 16 23 4 18 54 
Pheidole sp. B GM E 73 7 56 34 17       
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Species                                                        Functional                                   
                                                                          group 

Biogeo-
graphical 
affinity 

Distance from water (km) 

Kidman Springs Mount Sanford 

   0.08 0.5 1.4 3 10 0.15 0.3 0.5 0.8 1.3 2.2 
Pheidole sp. F GM T 3 6 3 14        
Pheidole sp. G GM W      3 1 8 7 5 1 
Pheidole sp. H GM W 2 4   6       
Pheidole sp. K GM W           4 
Pheidole sp. M GM W  3          
Pheidole sp. P GM W    1        
Pheidole sp. Q GM E      4    1 3 
Solenopsis sp. A CRY W      3 1  1 3 7 
Tetramorium sp. A (striolatum gp.) OPP E 8 14 45 4 6 12 7 7 3 3 18 
Tetramorium sp. B (spininode gp.) OPP E 7  2         
              
Dolichoderinae              
Doleromyrma sp. A OPP B    1  7 3  2 1  
Iridomyrmex sanguineus  DD E 84 134 79 25 89       
Iridomyrmex sp. A (anceps gp.) DD E 2 7  28  75 63 98 15 83 51 
Iridomyrmex sp. C (anceps gp.) DD E 1 9 12  4     2 1 
Iridomyrmex sp. D (mattiroloi gp.) DD E 39 4 119  113      6 
Iridomyrmex sp. J (pallidus gp.)  DD E 25  33 1        
Ochetellus sp. A (glaber gp.) DD W  1       1   
Tapinoma sp. A (minutum gp.) OPP W      2    4 11 
Tapinoma sp. B (minutum gp.) OPP W     2       
              
Formicinae              
Camponotus? fieldae SC T 2   1      2 13 
Camponotus sp. A (novaehollandiae gp.) SC T 15 1 1 3 2       
Camponotus sp. C (ephippium gp.) SC E    2        
Camponotus sp. E (discors gp.) SC W 1 1   1       
Camponotus sp. G (denticulatus gp.) SC E  22   9       
Camponotus sp. H (nigroaeneus gp.) SC W         1 2 2 
Camponotus sp. I (novaehollandiae gp.) SC T  4  2        
Camponotus sp. K (discors gp.) SC W     1  1    1 
Melophorus sp. A (wheeleri gp.) HCS E 12 2 31 27 2       
Melophorus sp. B (aeneovirens gp.)  HCS E 48 38 9 14 15  2   4  
Melophorus sp. D HCS E 38 45 93 70 66       
Melophorus sp. F HCS E   1 1        
Melophorus sp. H (fieldi gp.) HCS E 30 46 46 45 21       
Melophorus sp. I HCS E 16  50 14 1       
Melophorus sp. J HCS E   2  3       
Melophorus sp. K HCS E        1   2 
Melophorus sp. L (froggatti gp.) HCS E 1 4 1 3 14      3 
Melophorus sp. M (mjobergi gp.) HCS E     2       
Melophorus sp. N (froggatti gp.) HCS E      62 33 21 5 13 1 
Melophorus sp. O (mjobergi gp.) HCS E      1      
Opisthopsis haddoni OPP T 6 9 7  1       
Paratrechina sp. A (minutula gp.) OPP W     10       
Paratrechina sp. B (obscura gp.) OPP W 5 1 24  12       
Polyrhachis inconspicua SC T  3          
Polyrhachis prometheus SC T  1 4 2        
Polyrhachis senilis SC T    1        
Polyrhachis sp. E SC T  1          
TOTAL ABUNDANCE   657 512 874 659 701 493 315 310 136 217 277 
SPECIES RICHNESS   35 39 33 33 42 18 19 14 16 20 26 

 

 



fitting of environmental data with ant species composition in ordination space shows that the 

secondary axis of both sites is predominantly associated with vegetative cover, grazing intensity 

(number of hoof prints) and distance from water at Mount Sanford. The primary axis at Kidman 

Springs is associated with annual grass cover, but associations are not clear at Mount Sanford. 
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Figure 4.2. Total ant abundance and species richness in each plot at the two sites and sample times 

with increasing distance from water (km). 

Despite clear changes in ant species composition, the abundance of only six of the 24 most common 

species (2 of 12 at Kidman Springs and 4 of 13 at Mount Sanford) correlated with at least one 

grazing intensity surrogate (distance, hoof prints and dung pats) (Table 4.3), suggesting that 

compositional changes were a reflection of the responses of the numerous less abundant and less 

common species. These correlations, however, were not consistent between seasons at Kidman 

Springs, with the two Melophorus species only responding significantly in April. Moreover, neither 

of the two species present on both transects (species B and L) correlated significantly at any time. 

Interestingly though, all species relationships were positively associated with increasing grazing 

intensity. 

72 



 73 

 

Table 4.2. Percentage of shared species for all pairs of plots at (a) Kidman Springs for both 

sampling times combined; and (b) Mount Sanford. 

(a) Kidman Springs 

 1 2 3 4 

2 57.4    

3 58.1 46.0   

4 51.1 41.2 46.7  

5 51.0 42.1 50.0 31.6 

 

(b) Mount Sanford 

 2 3 4 5 6 

3 60.9     

4 60.0 65.0    

5 61.9 66.7 66.7   

6 58.3 50.0 41.7 56.5  

7 41.9 40.6 42.9 40.0 43.8 

 

 

Patterns of ant species responses in biogeographical profiles were significant in analyses only at 

Mount Sanford (Table 4.3). Abundance of Widespread taxa was positively correlated with distance 

from water, and that of Bassian taxa was negatively correlated. The richness of Torresian and 

Widespread taxa correlated positively with distance from water. 

 

The changes in species composition also reflect distinct differences in functional group abundance 

between plots closest to and furthest from water (Figure 4.4). These changes are also in accordance 

with correlations between ant functional groups relative abundance with grazing intensity 

surrogates (Table 4.3). Greatest change occurred at Mount Sanford, with changes at Kidman 

Springs dependent on the season. Dominant Dolichoderinae, Cryptic species and Subordinate 

Camponotini (at Mount Sanford) increased their relative abundance with increasing distance from  
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Figure 4.3. The position of plots determined by ordination of species abundance data using the 

scaling program SSH in PATN at (a) Kidman Springs (3 dimensions: stress= 0.11) and (b) Mount 

Sanford (2 dimensions: stress= 0.12). Plot codes for Kidman Springs: x.l =April sampling; x.2 = 

October sampling. The central cross indicates the centroid for all plots. Vectors of best fit for 

environmental variables in the ordination space determined by ant species composition of each plot 

are significant at P<O.Ol. 

water, whereas Hot Climate Specialists decreased markedly. Specialist Predators was composed 

primarily of two species: Platythyrea sp. A (parva gp.) at Kidman Springs and Leptogenys adlerzi 

at Mount Sanford, which had opposing responses to grazing intensity. The October sample at 

Kidman Springs was an exception, with no change in functional group composition, corresponding 

with no significant correlations with grazing intensity surrogates. 
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Figure 4.4. Community organisation as shown by the relative abundance of functional groups at 

plots closest to (plots 1 and 2 at Kidman Springs and Mount Sanford respectively) and furthest from 

water (plots 5 and 7). DD: Dominant Dolichoderinae; SC: Subordinate Camponotini; HCS: Hot 

Climate Specialists; CRY: Cryptic species; OPP: Opportunists; GM: Generalised Myrmicinae; SP: 

Specialist Predators. 

 

 

 

 

Species richness within functional groups varied little across the gradients (Figure 4.5). Despite the 

lack of apparent change, the richness of many functional groups (except Opportunists at Mount 

Sanford) was significantly negatively correlated with grazing intensity (Table 4.3), with all but one 

of these correlations occurring at Mount Sanford.  
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Figure 4.5. Community organisation as shown by the relative richness of functional groups at plots 

closest to (plots 1 and 2 at Kidman Springs and Mount Sanford respectively) and furthest from 

water (plots 5 and 7). Functional group codes as for Figure 4.4. 

 

4.4.3 Environmental correlates 

In general, ant variables were enhanced with increasing patch density (5 out of 7 correlations +ve), 

annual grass cover (4 out of 5), litter cover (2 out of 3) and patch cover ( 3 out of 5, but strongest is 

–ve). Ant variables suppressed by grazing were positively associated with patch density, patch 

cover and litter, and negatively correlated with annual grass and bare ground. No ant variables 

correlated with plant species richness. Correlations were generally significant only at one sample 

time and at one study site. Opposing correlations between the two study sites were found for 

Subordinate Camponotini abundance with bare ground and Specialist Predator richness with annual 

grass.  
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Table 4.3. Summary of significant correlations between ant species abundance, ant biogeographical classification abundance and richness, and ant 

functional group classification relative abundance and richness with grazing intensity surrogates and environmental variables. Variables of ant richness 

indicated by: (R). +: positive correlation; −: negative correlation. One symbol: P < 0.05; two symbols: P < 0.01, three symbols: P < 0.001. Study site 

and sampling time given in parentheses: (1): Kidman Springs April sample; (2): Kidman Springs October sample; (3) Mount Sanford sample. 
 

 Grazing intensity surrogates  Environmental variables 
ant variable distance from 

water (km) 
log(100 x 
distance) 

# hoof  prints # cow  pats  patch  
density 

% patch 
cover 

% annual   
grass cover 

% litter 
cover 

% bare      
ground 

Rhytidoponera sp. C −(3)  +(3)    −−−(3) +(3)   
Meranoplus sp. B −(3)       +(1,2)   
Monomorium sp. E    +(3)     +(3)  
Melophorus sp. B  −(1)        +++(1) +(2) 
Melophorus sp. H −(1)     −(1) −(1)  −(1)  
Melophorus sp. N  −−(3) ++(3)        
           
Bassian  −(3) ++(3) +(3)       
Widespread +++(3)     +(2)    −(3) 
           
Torresian (R) ++(3)         −(3) 
Widespread (R) ++(3)     +(1) +(1)  +(1)  
           
Subordinate Camponotini ++(3)         +(1) −(3) 
Hot Climate Specialists −−(3)  +(3)        
Specialist Predators +(3)  ++(1) ++(1)  +(3)     
Cryptic species +(1) ++(3)         −(3) 
           
Dominant Dolichoderinae (R) ++(3)          
Hot Climate Specialists (R)  ++(2)    +(2) +(2)   −(1) 
Opportunists (R)    ++(3)  −(3)     
Subordinate Camponotini (R) ++(3)          
Specialist Predators (R) +(3)     +(3) +(3) +(2) −(3)  −(3) 
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4.5 Discussion 

4.5.1 Responses to grazing 

Ants have clearly responded to grazing intensity conforming to results found in other studies of 

mammalian grazing around the world (Hutchinson and King 1980; Abensberg-Traun et al. 1996; 

Bestelmeyer and Wiens 1996; Landsberg et al. 1997). Grazing induced changes in species 

composition of the ant communities, and to a lesser extent, community organisation but had no 

impact on total diversity. 

 

The large compositional changes found in ordinations reflect the responses of the numerous less 

abundant and less common species which appear to be affected by high grazing levels. This was 

most obvious at Kidman Springs as plot 1 contained all of the most common species (present at 3 

sites or more, except Polyrhachis prometheus) and distinctly lacked less common species, with no 

species being found only at plot 1. On the other hand, no species appear to be chronically intolerant 

to grazing and at risk of local extinction. Although ten species were found only in the grazing 

exclosure at Kidman Springs, only one of these species, Cerapachys sp. G (edentatus gp.), has not 

been found in nearby grazed areas in another study (Hoffmann unpublished data), probably due to 

its cryptic habits. Vulnerable ant taxa cannot be identified from Mount Sanford, given the relative 

closeness of the furthest site to the water source, and the lack of cattle exclusion.  

 

That all ant species collected here were able to persist with regular grazing suggests that the 

conservation of  ant diversity within the Victoria River District is achievable. This is important, as 

within this region around 6% of the area of Mitchell grasslands (black clays) is within 1 km of 

water and grazed intensively, 80% is within 5 km and grazed regularly and 100% is within 10km 

(Alaric Fisher pers. comm) leaving no areas as refugia for grazing intolerant species. Similar, but 

slightly lower percentages would be so for the red soils, typical of northern Australia’s semi-arid 

rangelands (James et al. 1999). Although encouraging news, it may be possible that this outcome is 

a reflection of chronic grazing sensitive species already being locally extinct from historically much 

greater grazing intensities (see Foran et al. 1985).  

 

Despite large changes in the composition of the fauna, changes in the organisation of the 

communities were relatively small compared to differences found following other disturbances, 

such as fire (Andersen 1991c; Vanderwoude et al. 1997) and clearing (King et al. 1998), in tropical 

and temperate forests. The concern that the current functional group scheme appears insensitive to 
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change in Australian arid ant communities, despite great changes in species composition, has 

already been expressed (Hoffmann et al. 2000) and is supported by results here. Interestingly, 

changes within functional group profiles appeared to be driven predominantly by Hot Climate 

Specialists. The ecological significance of this group is unclear, but it may hold the key to 

understanding ant community organisation in the Australian arid zone. 

 

4.5.2 Relationship with ecosystem function and rangeland condition 

While species richness is generally considered to be intricately linked to ecosystem function (e.g. 

Symstad et al. 1998), results here suggest otherwise. Landscape condition, and its ability to retain 

limited resources including water, nutrients and litter was greatly reduced as grazing intensity 

increased, with a reduction in patch cover from 58% in the exclosure at Kidman Springs to 16% 

beside the water source (Plate 4.1) and from 49 to 9% at Mount Sanford (Plate 4.2), resulting in the 

formation of scald areas (Ludwig et al. 1999). But total ant species richness and abundance showed 

no overall effect along the grazing gradients, conforming to findings of other studies of grazing 

within Australia (Abensberg-Traun et al. 1996; Landsberg et al. 1997; Read and Andersen 2000), 

suggesting either no link between ant diversity and ecosystem function, or that the integrity of the 

role of ant diversity in ecosystem function is unchanged by disturbance. The latter concurs with the 

notion of species redundancy in non-equilibrium systems (Walker 1995), whereby suites of species 

co-exist that perform analogous roles under different environmental conditions. These mixtures of 

species are unstable whereby their relative proportions constantly change with prevailing 

conditions, but allow the system to continue functioning when disturbed. This could also explain the 

extremely high species turnover seen between plots of close proximity in this region (mean number 

of species common between plots = 27%: Hoffmann unpublished data). This resilience in species 

diversity contrasts with clear changes in grasshopper (Ludwig et al. 1999), beetle (J. Orgeas 

unpublished data) and spider (T. Churchill unpublished data) diversity at the same plots. 

 

Although total diversity was not responsive, individual ant species and higher order classifications 

that were promoted by grazing were predictably correlated with many measures of declining 

rangeland condition (Friedel and James 1995; Dyer et al. 1997), including an increase of annual 

grass cover and an overall decrease in herbage cover. These ant measurements could potentially 

serve as indicators of pasture and rangeland condition. 
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(a) 

(b) 

Plate 4.1. (a) Plot 1 (closest to water) and (b) plot 5 (exclosure) at Kidman Springs. 
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(a) 

(b) 

Plate 4.2. (a) Plot 2 (closest to water) and (b) plot 7 (furthest from water) at Mount Sanford. 
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5. Sustainable management of northern australia’s semi-arid 

rangelands: the responses of ant communities to experimental 

fire regimes 
 

Benjamin D. Hoffmann 

 

5.1 Abstract 

The responses of ant communities to experimental fire regimes were investigated in the Victoria 

River District in the semi-arid tropics of northern Australia. Forty plots were sampled, stratified at 

two levels: soil type (Red and Black), and fire treatment (unburnt, burnt twice in successive years in 

early (May) or late (October) dry season and unburnt thereafter, and burnt twice, three years apart, 

in early or late dry season). Ants were sampled in mid-April of 1997 and 1998. The two habitats 

supported distinctly different ant communities. Species richness was not responsive to fire 

treatment, but was positively correlated with time since fire on Black soil (P = 0.035). Total 

abundance was responsive to burnt vs unburnt in the 1998 sample (P = 0.039) and positively 

correlated with time since fire on Black soil (P = 0.001). Sampling time had a greater influence on 

ant community composition in multivariate analysis than did fire regime. The abundance of 19 

species across fire regimes was significantly different in ANOVA, 13 on Red soil and six on Black 

soil. No species responded significantly on both soils. The abundance of eight species (four each on 

red and black soil) changed significantly with time since fire, with seven promoted by burning. 

Functional group profiles changed little with fire. Total ant abundance and richness had significant 

relationships with key pasture species and vegetative variables, namely positive relationships with 

Dicanthium sericeum and Eualia fulva on black soil, and dicot cover on red soil, and negative 

relationships with Chrysopogon fallax and total cover on black soil, and Heteropogon contortus on 

red soil. The responses of ants largely recapitulate that of plants, birds and reptiles on the same 

study plots. This research provides the basis for effective off-reserve conservation of biodiversity of 

northern Australia’s rangelands. 
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5.2 Introduction 

Fire is a significant feature of Australia’s savannas in the northern seasonally arid tropics, with 

more than 50% of the vegetation being burnt each year (Braithwaite & Estbergs 1985; Press 1988). 

This great extent of burning is a reflection of high grass production each year during the wet season 

(November to April) followed by a prolonged dry season. Consequently fire is a major determinant 

of the structure of the savannas (Bowman et al. 1988).  

 

The northern savannas have been burnt deliberately for at least 40,000 years under traditional 

aboriginal fire regimes, which were believed to produce a fine-scale mosaic of unburnt and burnt 

patches, with fires lit progressively during the dry season (April to July) as the grass cured (Haynes 

1985; Bowman 1998). This practice is believed to have reduced fuel loads, preventing larger and 

greater-intensity late dry season fires (July to October). These traditional regimes were largely 

altered following the arrival of Europeans, but non more-so than in the semi-arid zone where fire 

has been mostly excluded on the cattle rangelands. The removal of fire has resulted in major 

vegetation structural changes, particularly an increase in woody plant species (Dyer et al. 1997), 

which reduce herbaceous biomass and thus pasture productivity. Such changes within savanna 

landscapes with a reduction in fire frequency are readily observed around the world (Bullock et al. 

1998). 

  

Fire is increasingly being promoted as a management tool on pastoral properties, particularly for the 

control of shrubs (Purvis 1986; Noble et al. 1999) and much research is now focused on identifying 

the ‘best’ fire regimes coupled with stocking rates for sustainable pasture management (e.g. Scanlan 

et al. 1994; Ash et al. 1996; Johnston et al. 1996). These studies will ultimately set the framework 

for best management practices of the cattle industry. But to date little consideration has been given 

to the responses of biota other than plants to fire regimes, which is unwise as species diversity may 

be important to ecosystem function (Chapin et al. 1997). As such, the off-reserve conservation of 

biodiversity should also be a goal of pastoralists.  

 

To effectively manage ecosystems within rangelands, we require a suite of broad-based indicators 

whose responses can be used to interpret the dynamics and interactions of animals, soils, plants and 

landscape processes in the context of ecosystem ‘health’. From this we can identify best 

management practices whereby the savanna landscape is utilised for commercial gain whilst 

maintaining all its basic functions and viable populations of biota at all spatial scales.  
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Ants are commonly used for disturbance assessment within Australia, particularly within the mining 

industry (Majer 1984; Andersen 1997; Majer & Nichols 1998), as they are among the most diverse, 

abundant and functionally important taxa (Greenslade & Greenslade 1984; Davidson & Morton 

1981). But while the successional patterns of ants in rehabilitating lands following the gross 

disturbance of mining are well known, little is understood about the relationships between ant 

community dynamics, fire and cattle grazing within relatively intact ecosystems. 

 

In 1993 a study was initiated to describe the dynamics of fire and rangeland condition in the semi-

arid savannas of the Victoria River District (VRD) in the Northern Territory (Dyer et al. 1997). Fire 

frequency and seasonality were manipulated to assess changes in vegetation with results interpreted 

within the framework of pasture health and productivity. Key findings included: 1. Soil type and 

season have the greatest influence on pasture composition. 2. Key pasture species are responsive to 

fire, with the cover of the perennials Heteropogon contortus (Black spear grass), Dichanchim 

fecundum (Blue grass) and the annual Dichanthium sericeum (Queesland blue grass) increasing in 

growing seasons following fire, and that of the perennial Chrysopogon fallax (Ribbon grass) 

decreasing. 3. Responses of plants are greater in arid-short grass communities on red soil than in 

Ribbon/Blue grass communities on black soil (see later for vegetation descriptions).  

 

This experiment still operates and has now been sampled for the responses of other biota including 

birds and reptiles (Woinarski et al. 1999). Here I report the responses of ant communities to these 

fire regimes, providing much needed knowledge of how ant diversity, species composition and 

community organisation change with manipulated fire regimes selected for large-scale rangeland 

management. These response patterns are then related to vegetation data and interpreted within the 

framework of ecosystem ‘health’ and pasture productivity.  

5.3 Methods 

5.3.1 Study sites 

The study was conducted at the Victoria River Research Station (Kidman Springs) in the Victoria 

River District (VRD) of the Northern Territory. Mean annual rainfall is 650 mm, falling 

predominantly between October and April during the monsoonal wet season (Clewett et al. 1994).  

The landscape is characterised by rocky outliers interspersed with extensive plains. The soil of the 

plains is dominated by well drained calcareous red earth that supports arid short-grass vegetation 

dominated by the grasses Enneapogon polyphyllus, Heteropogon contortus and Brachyachne 

convergens (nomenclature following Wheaton 1994), with a sparse overstorey of predominantly 
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Eucalyptus pruinosa, E. terminalis, Carissa lanceolata and Hakea arborescens. Poorly drained 

areas on the plains have cracking black clays dominated by mid-height perennial grasses, including 

Chrysopogon fallax and Dichanthium fecundum with low, woody trees such as Terminalia volucris 

and Lysipyllum cunninghamii. These two habitats are hereafter referred to as red and black soil 

respectively. 

 

5.3.2 Study design 

Two study sites were selected, one on red earth and the other on black clay. Plots (each 

approximately 2.6 ha) were separated by fire breaks and randomly assigned a fire regime according 

to a randomised block design. This study reports only on three fire regimes: (1) unburnt with 

continual grazing; (2) burnt every three years with continual grazing; and (3) burnt, spelled and 

burnt in two successive years with continual grazing and no fires thereafter (Figure 5.1). Each 

regime was replicated twice on each soil type. Fires were further divided into early (June) and late 

(October) dry season fires. Although fire frequency is a factor of the overall experiment, at the time 

of sampling both fire regimes that involved burning had been burnt twice. Therefore the timing 

between fires of the same frequency is considered here.  

 

The entire experiment was subject to cattle grazing, as the aim was to provide information relevant 

to grazing management practices. Grazing intensity was low, varying between 5 – 7 head/km2 

depending on rainfall, but historical stocking rates have been much higher (Foran et al. 1985). An 

assumption of this work is that grazing intensity (when present) was constant across plots and sites. 

Both sites (soil types) were equidistant and further than 1 km from water, where changes in ant 

abundance due to piosphere grazing effects (Osborn et al. 1932; Andrew & Lange 1986) are 

greatest (Hoffmann in press). It was therefore considered that any influence of grazing is constant 

across the study. 

 

5.3.3 Sampling 

Ants were sampled in mid-April (end of wet season) of both 1997 and 1998 using 4.5 cm diameter 

pitfall traps partly filled with ethylene glycol as a preservative. Two 4 x 3 grids of traps with 10 m 

spacing were established in each plot and operated for 48 hours. The same trap locations were used 

for both sampling times. Although it could be argued that placing traps in the same locations 

violates the assumption of randomness of sampling (Underwood 1991), this method reduces plot 

spatial variance due to high species turnover (Philippi et al. 1998 and references therein).  
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1993                  1994                  1995                  1996                   1997                  1998                 1999 
 
 
 
L3                   B        spell        B                                             grazing 
 
L2                   B                                     grazing                            B             grazing 
 
E3                                   B         spell        B                           grazing 
 
E2                                   B                     grazing                                            B   grazing 
 
U                                                            grazing 
 

 
 

Figure 5.1. Burning treatments applied in the experiment indicating timing of fires (B), sampling 

times (dotted lines), and cattle grazing (grazing vs spell). Burning treatment codes: L = late dry 

season burn, E = early dry season burn, U = unburnt control, 2,3 = fire regime respectively being 

burnt every three years with continual grazing, and burnt twice in two years and no burning 

thereafter with no grazing between the two burns. 

 

5.3.4 Analysis 

Ant specimens were sorted to species level, but the taxonomy of northern Australian ants is poorly 

known, with most species undescribed. Unidentified species were assigned code letters that apply 

only to this study. A complete set of voucher specimens is held at the CSIRO Tropical Ecosystems 

Research Centre in Darwin. The abundance of each species in each trap was scored according to a 

7-point ordinal scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-20 ants; 4 = 21-50 ants; 5 = 51-100 ants; 6 = 

>100 ants; 7 = > 1000 ants) to avoid data distortions caused by numerous ants from a single colony 

falling into one or a few traps (Andersen 1991b). The total abundance of a species within a site was 

calculated as the sum of its abundance scores from each trap.  

 

To investigate patterns of ant community organisation, each species was assigned to a functional 

group following Andersen (1995). Seven ant functional groups are recognised, based on 

continental-scale responses to stress and disturbance: Dominant Dolichoderinae; Subordinate 

Camponotini; Hot Climate Specialists; Cryptic species; Opportunists; Generalised Myrmicinae; and 

Specialist Predators. Cryptic species were excluded from analyses due to low numbers. 
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Ant community composition was compared across plots using the multivariate analysis package 

PATN (Belbin 1994). Sites were classified by agglomerative heirarchical fusion (FUSE option), 

using a Canberra-Metric association index of the presence/absence of each species. TWINSPAN 

analysis (Gauch 1982) was conducted to construct two-way tables of groups of species and plots 

using the analytical software PC-ORD (McCune & Mefford 1995). 

 

ANOVAs were used to test differences in ant species richness, total abundance, individual species 

abundance and functional group abundance across the fire regimes. Sample times were treated 

separately. To reduce possible pseudoreplication errors, the abundance of each species, species 

richness and functional group relative abundance of the two plots within each site were summed 

and averaged to provide a single value of each variable per site. This provided two replicates of 

each fire regime per soil type. As there was only one study area for each soil type, soil interactions 

were not tested. Data homogeneity of all variables was confirmed using Cochrans test, and those 

that did not satisfy the test were log (ln(x+1)) transformed. 

  

Four planned comparisons of means (df = 1) were used to test specific a priori hypotheses. These 

were: 1: burn vs no burn; 2: season of burn (late vs early dry season); 3: timing between burns, 

being burnt three years apart or burnt 1 year apart with no fires thereafter (codes of 2 and 3 

respectively following Dyer 1997); and 4: season by frequency interaction. Planned comparisons 

were used as they are performed within the ANOVA, as opposed to after with post hoc 

comparisons, and are therefore more powerful than post hoc tests, despite low degrees of freedom 

(Netter et al. 1985). 

 

Ant species richness, total abundance, individual species abundance, functional group relative 

abundance and environmental variables that may influence ant communities were modelled as a 

function of time since fire in regressions. Environmental variables were the % cover of the most 

abundant pasture species, total vegetative cover, dicot cover, and yield (kgDM/ha). Measures of 

environmental variables in both sampling times were collected by Rodd Dyer within 3 weeks of ant 

sampling, with sampling techniques provided in Dyer (1997). Ant species richness and total 

abundance and were also modelled against cover of key pasture species using linear and non-linear 

regression. Linear terms were fitted initially, and quadratic terms fitted subsequently. Quadratic 

terms were included in the final model only if significant, and if inclusion significantly (P < 0.05) 

improved the R2 of the model.  
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5.4 Results 

5.4.1 The fauna 

A total of 93 species from 19 genera were recorded (Table 5.1), with the most speciose genera 

being Melophorus (15 species), Monomorium (14), Camponotus (11) and Pheidole (10). Seventy 

five and 63 species were collected from the red and black soil sites respectively. The most common 

species was Iridomyrmex sp. A (gracilis gp.) (37% of total ant abundance, combined data for all 

sites) and was also the only species to be collected at all plots.  

 

Totals of 83 and 81 species were collected in the 1997 and 1998 samples respectively. Pooled data 

across plots (Table 5.1) shows that the abundance of the fauna over the two years appears to be 

strikingly similar, having an R2 of 0.98 (P < 0.0001). This is worth highlighting given the results at 

the community level (see below). 

 

5.4.2 Community responses 

Species richness did not change significantly across the fire regimes, and total abundance showed a 

significant response in ANOVA only to burnt vs unburnt in the 1998 sample (P = 0.039) (Figure 

5.2). Species richness and abundance both changed significantly with time since fire in regressions 

(P = 0.035 and P = 0.001 respectively) but only on black soil (Figure 5.3). Mean species richness 

and total abundance was almost always greatest on the most recently burnt plots. 

 

 Multivariate analysis of ant community composition clearly shows that soil type and sampling time 

have a greater influence on the ant communities than fire. The dendgrogram dichotomously splits 

the plots into their respective soil types (Figures 5.4a, b). The plots are secondarily divided by 

sampling time, with a few exceptions on the black soil. No clustering of plots with time since fire, 

fire seasonality or frequency is obvious. Indeed, the unburnt controls intermingle with all other 

plots, such that two of the four red soil control plots in the 98 sample cluster with the most recently 

burnt (E2) plots. The composition of E2 plots (the only plots burnt between the 97 and 98 samples) 

changed little across the two sample times, with their associations with other plots remaining 

similar on both soil types.  
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Table 5.1. Ant species found in each fire treatment by soil type and for each sample time summed 

across study plots. Data are summed scaled abundances pooled across sample time for soil type and 

soil type for sample time. Functional group classifications: DD: Dominant Dolichoderinae; SC: 

Subordinate Camponotini; HCS: Hot Climate Specialists; GM: Generalised Myrmicinae; OPP 

Opportunists; SP: Specialist Predators; CRY: Cryptic species. See Figure 5.1 for fire regime codes. 

Ant species groups follow Andersen (in press). 
Species Functional 

group 

Black soil  Red soil  1997 1998 

  E2 E3 L2 L3 U 

 

 E2 E3 L2 L3 U 

 

   
Cerapachynae                
Cerapachys sp. A (clarki gp.) SP        3 1    4  
Cerapachys sp. B (singularis gp.) SP       1       1 
Cerapachys sp. C (fervidus gp.) SP        1     1  
Cerapachys sp. D (fervidus gp.) SP       1      1  
Cerapachys sp. E (singularis gp.) SP   1          1  
Cerapachys sp. H (fervidus gp.) SP       1       1 
Sphinctomyrmex sp. A CR

 

      1       1 
                

Ponerinae                
Odontomachus sp.  nr. ruficeps OP

 

 1      2 1 1 2  5 2 
Odontomachus sp.  nr. turneri OP

 

      1  1    2  
Platythrea sp. A (parva gp.) SP   4     8 39 30 3  57 27 
Rhytidoponera sp. A (reticulata gp.) OP

 

1 1 2  3  8 20 21 6 1  49 15 
Rhytidoponera sp. B (convexa gp.) OP

 

9 7 8 5 35  1 20 3 9 3  40 69 
Rhytidoponera sp. C (convexa gp.) OP

 

5 4 6  12        9 12 
      4          

Myrmicinae                
Cardiocondyla sp. A (nuda gp.) OP

 

  1     1     2  
Crematogaster queenslandica GM 1 3 3 2 2  10  19 2 16  33 25 
Meranoplus sp. A (diversus gp.) HC

 

      33 12 20 10 33  92 16 
Meranoplus sp. B (diversus gp.)  HC

 

3 2  1   14 41 14 42 6  65 58 
Meranoplus sp. C (mjobergi gp.)  HC

 

       4 7 1 1  8 5 
Meranoplus sp. D (hirsutus gp.) HC

 

      37 21 14 6 14  56 36 
Meranoplus sp. E HC

 

1      5      5 1 
Meranoplus sp. F (testudineus gp.) HC

 

       2 1 11 3  10 7 
Meranoplus sp. G HC

 

       2 4 2    8 
Meranoplus sp. H HC

 

         2   1 1 
Monomorium sp. A (laeve gp.) GM  2     104 56 127 151 76  294 222 
Monomorium sp. B (laeve gp.) GM 7 18 8 3 7  138 139 95 190 259  454 410 
Monomorium sp. D  GM   1    132 26 39 50 52  146 154 
Monomorium sp. E (rothsteini gp.) HC

 

 11 32    73 131 222 180 95  463 281 
Monomorium sp. F (rothsteini gp.) HC

 

22 5 16 8 26  58 38 9 46 12  161 79 
Monomorium sp. G (rothsteini gp.) HC

 

6      18 20 5    43 6 
Monomorium sp. H (nigrius gp.) GM 53 14 32 3 10  197 171 121 95 134  404 426 
Monomorium sp. J (laeve gp.) GM 21 25 30 1 3   23 45  6  80 74 
Monomorium sp. K (laeve gp.) GM 18 17 2 3 4   10 4 4   55 7 
Monomorium sp. L (laeve gp.) GM     2  4 11 5 1 14  22 15 
Monomorium sp. M (laeve gp.) GM 1 5  1         7  
Monomorium sp. R (rothsteini gp.) HC

 

3      3 4  1   9 2 
Monomorium sp. W (laeve gp.) GM    2     2  1  1 4 
Pheidole sp. B GM     3  125 118 147 90 106  305 284 
Pheidole sp. C GM          1    1 
Pheidole sp. E GM       22 10 5 5 16  52 6 
Pheidole sp. F GM               
Pheidole sp. H GM 7 8 18 2 8        27 16 
Pheidole sp. I GM    1 18        2 17 
Pheidole sp. J GM 11 12 4 2 10        26 13 
Pheidole sp. K GM  1 1  3        2 3 
Pheidole sp. L GM   9          8 1 
Pheidole sp. M GM  3           3  
Tetramorium sjostedti  OP

 

      37 3 1 10 50  60 41 
Tetramorium sp. A (striolatum gp.) OP

 

3 4 8 4 12  13 33 20 28 13  123 15 
Tetramorium sp. B (spininode gp.) OP

 

6 4 2 4 6  23 46 22 40 16  76 93 
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Species Functional 

group 

Black soil  Red soil  1997 1998 

  E2 E3 L2 L3 U 

 

 E2 E3 L2 L3 U 

 

   
Dolichoderinae                
Doleromyrma sp. A OP

 

 1           1  
Iridomyrmex sanguineus  DD   8  15   19 4 55 1  67 35 
Iridomyrmex sp. A (anceps gp.) DD 488 481 476 452 238  504 420 475 394 496  2605 1819 
Iridomyrmex sp. C (anceps gp.) DD 2 7 15 1 2  3 25 19 36 5  42 73 
Iridomyrmex sp. D (mattiroloi gp.) DD 4 14 5  1  46 70 44 59 95  184 154 
Iridomyrmex sp. I (bicknelli gp.) DD  2 3    7  2 8 3  15 10 
Iridomyrmex sp. J (pallidus gp.)  DD   17    6 23 6  3  54 1 
Tapinoma sp. A (minutum gp.) OP

 

2 6 3  3   2 7 3   25 1 
Tapinoma sp. B (minutum gp.) OP

 

 2     1 5 1  3  3 9 
                

Formicinae                
Camponotus sp. A (novaehollandiae 

 

SC 1 3   4  11 7 11 1 6  37 7 
Camponotus ?fieldae SC           2   2 
Camponotus sp. C (ephippium gp.) SC 1  2 1     2    6  
Camponotus sp. D (rubiginosus gp.) SC         2 1   2 1 
Camponotus sp. E (discors gp.) SC 1      4 10 4 5 8  21 11 
Camponotus sp. F (novaehollandiae 

 

SC       4 4 1 2 6  9 8 
Camponotus sp. G (denticulatus gp.) SC    1   1 1 1  1  1 4 
Camponotus sp. H (nigroaeneus gp.) SC 5 1 6 6 3        17 4 
Camponotus sp. I (novaehollandiae 

 

SC 2 5 24 3 5        37 2 
Camponotus sp. J (discors gp.) SC 7 7 1 1 1        17  
Camponotus sp. K (discors gp.) SC        1      1 
Melophorus sp. A (wheeleri gp.) HC

 

  1    27 46 70 65 40  131 118 
Melophorus sp. B (aeneovirens gp.)  HC

 

1 1 8    46 27 55 61 29  124 104 
Melophorus sp. C (froggatti gp.) HC

 

8 3 9 2     3  3  12 16 
Melophorus sp. D HC

 

1 1 4    7 15 23 13 15  51 28 
Melophorus sp. E  HC

 

       1 1 1 6  1 8 
Melophorus sp. F HC

 

3 6 1 3   3 1   1  5 13 
Melophorus sp. G (froggatti gp.)  HC

 

5 1 2 4 14        21 5 
Melophorus sp. H (fieldi gp.) HC

 

      5 25 12 1 3  17 29 
Melophorus sp. I HC

 

      2 37 3 20 3  34 31 
Melophorus sp. J HC

 

    1   1  2   3 1 
Melophorus sp. K HC

 

4  6 2         3 9 
Melophorus sp. L (froggatti gp.) HC

 

3      2 3      8 
Melophorus sp. M (mjobergi gp.) HC

 

       1      1 
Melophorus sp. P (mjobergi gp.) HC

 

       2   1   3 
Melophorus sp. Q  HC

 

         1    1 
Opisthopsis haddoni OP

 

1 1 5 2 5  11 11 7 3 28  32 42 
Paratrechina sp. A (minutula gp.) OP

 

      1  4 1   4 2 
Paratrechina sp. B (obscura gp.) OP

 

    1  33 20 60 16 39  35 134 
Paratrechina sp. C (minutula gp.) OP

 

        1     1 
Polyrhachis inconspicua SC 2  2  2  1  1    8  
Polyrhachis prometheus SC   1      4 1   6  
Polyrhachis senilis SC 2  12 3 11  1 11 15 4 1  53 7 
Polyrhachis sp. D (appendiculata gp.) SC 1            1  

                
Total abundance  722 689 799 523 474  1786 1764 1852 1767 1730  6948 5158 
Species richness  39 37 42 28 33  48 55 57 50 48  83 81 
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Figure 5.2. Mean (± SE) ant species richness and abundance in each fire regime on red and black 

soil during 1997 (white columns) and 1998 (black columns). Numbers above the columns are time 

(years) since last burn of each fire regime. 
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Figure 5.3. Regressions of ant species richness and total abundance with time since fire (years) on 

black soil (n=20, df = 1, 18). 
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 (1) black soil 
years fire plot year Dissimilarity index 
since regime   0.26        0.48        0.69        0.91        1.13     1.35 
fire    |           |           |           |           |           | 
3.0 E2 3a 97 ____________________                                          
3.0 E2 2b 97 ___________________|________                                  
2.5 L3 1b 97 ___________________________|____                              
3.0 E2 3b 97 _______________                |                              
2.0 E3 4b 97 ______________|_________       |                              
4+ U 9a 97 _______________________|__     |                              
3.0 E2 2a 97 _____________________    |     |                              
2.0 E3 5b 97 ____________________|____|_____|_                             
0.5 L2 6a 97 _________________               |                             
0.5 L2 6b 97 ________________|_____          |                             
2.0 E3 5a 97 _____________________|__________|_____                        
4+ U 16a 97 ____________                         |                        
4+ U 16b 97 ___________|________                 |                        
0.5 L2 7a 97 _________________  |                 |                        
2.5 L3 11a 97 ________________|__|___              |                        
1.5 L2 7b 97 ________________      |              |                           
2.0 E3 4a 97 _______________|______|______________|________                
4+ U 9b 97 _______________________                      |                
1.5 L2 6b 98 ______________________|___                   |                
2.5 L3 1a 97 _________________________|___                |                
5+ U 9a 98 ____________________________|_____           |                
1.0 E2 3a 98 ____________                     |           |                
1.0 E2 2b 98 ___________|_________            |           |              
1.0 E2 2a 98 _______________     |            |           |                
1.5 L2 6a 98 ______________|_____|_______     |           |                
3.5 L3 11a 98 ______________________     |     |           |                
3.0 E3 5b 98 _____________________|_____|___  |           |                
1.0 E2 3b 98 __________________            |  |           |                
3.0 E3 5a 98 _________________|_____       |  |           |                
5+ U 9b 98 ______________________|______ |  |           |                
1.5 L2 7a 98 ____________________________|_|__|____       |                
2.5 L3 11b 97 ________________________             |       |                
3.5 L3 11b 98 _______________________|__________   |       |                
1.5 L2 7b 98 __________________               |   |       |                
3.0 E3 4a 98 _________________|________       |   |       |                
3.5 L3 1a 98 _______________          |       |   |       |                
3.0 E3 4b 98 ______________|__________|_______|__ |       |                
5+ U 16a 98 ___                                | |       |                
3.5 L3 1b 98 __|__                              | |       |                
5+ U 16b 98 ____|______________________________|_|_______|_______________ 

                                                                | 
    joins Fig. 4b 

 

 
 
 
 
 
 
 
 
 
 
 

soil 

year 
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(2) red soil 
 
 

years fire plot year Dissimilarity index 
since regime   0.26        0.48        0.69        0.91        1.13     1.35 
fire    |           |           |           |           |           | 
2.5 L3 32a 97 ___________                                                 | 
3.0 E2 22a 97 __________|______                                           | 
2.0 E3 25b 97 ________        |                                           | 
0.5 L2 20b 97 _      |        |                                           | 
3.0 E2 27b 97 |_____ |        |                                           | 
4+ U 26b 97 _____|_|___     |                                           | 
3.0 E2 27a 97 _________ |     |                                           | 
3.0 E2 22b 97 ____    | |     |                                           | 
4+ U 26a 97 ___|__  | |     |                                           | 
4+ U 21a 97 _____|__|_|_____|__________                                 | 
2.5 L3 32b 97 _______                   |                                 | 
4+ U 21b 97 ______|______             |                                 | 
0.5 L2 30a 97 ____________|_            |                                 | 
2.5 L3 17a 97 ____________ |            |                                 | 
2.5 L3 17b 97 ___________|_|_____       |                                 | 
2.0 E3 19a 97 ____________      |       |                                 | 
0.5 L2 20a 97 ___________|_____ |       |                                 | 
2.0 E3 19b 97 ________________|_|_      |                                 | 
2.0 E3 25a 97 ___________________|___   |                                 | 
0.5 L2 30b 97 ______________________|___|____________                     | 
3.5 L3 32a 98 ___________                           |                     | 
1.5 L2 20b 98 __________|                           |                     | 
3.0 E3 19a 98 _________ |                           |                     | 
1.5 L2 20a 98 ________|_|________                   |                     | 
3.0 E3 25b 98 _______________   |                   |                     | 
5+ U 21a 98 ______________|___|_                  |                     | 
3.5 L3 32b 98 _______            |                  |                     | 
1.0 E2 22b 98 ______|____        |                  |                     | 
3.0 E2 27b 98 __________|_       |                  |                     | 
1.5 L2 30a 98 ___________|___    |                  |                     | 
3.0 E2 27a 98 ________      |    |                  |                     | 
5+ U 26a 98 _____  |      |    |                  |                     | 
5+ U 26b 98 ____|__|_____ |    |                  |                     | 
1.0 E2 22a 98 ____________|_|____|___               |                     | 
3.5 L3 17a 98 _____________         |               |                     | 
3.5 L3 17b 98 __________  |         |               |                     | 
5+ U 21b 98 _________|__|____     |               |                     | 
3.0 E3 19b 98 ____________    |     |               |                     | 
3.0 E3 25a 98 ___________|____|_____|_______        |                     | 
1.5 L2 30b 98 _____________________________|________|_____________________| 

     
 
 
Figure 5.4. Dendrogram of ant species composition in each trap grid based on presence/absence of 

species in the (1) black soil, and (2) red soil sites. Fire regime codes are given in Figure 1. Plot 

numbers have been provided to show the similarity of the two grids (a, b) within each plot. 

soil 

year 
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5.4.3 Species responses 

Nineteen species were found to have significant responses to fire in ANOVA, 13 on the red soil and 

six on the black soil (Table 5.2). Only Melophorus sp. I showed a significant response at both 

sampling times, and no species responded significantly on both soils. Six responses were from the 

1997 sample and 14 were from the 1998 sample. In the planned comparisons, the greatest number 

of significant responses were to burnt vs unburnt (11), followed by timing (7), season (4) and the 

season by timing interaction (2). The abundance of eight species (four on red soil and four on black 

soil) changed significantly with time since fire in regressions (Figure 5.5), with seven promoted by 

burning. 

 

TWINSPAN analyses created three groups of sites in both soils (Table 5.3), and seven and five 

groups of species on the red and black soils respectively (Tables 5.4, 5.5 respectively). No 

clustering due to any fire variables was evident in site groups, with one to three splitting based 

primarily on the two sample times. For example, site group two of both analyses is an even mix of 

plots of both sampling times and the mid species groups contain species common during both 

sampling times. This is consistent with the dendrogram of ant community composition (Figure 5.4). 

 

5.4.4 Functional group responses 

Dominant Dolichoderinae and Generalised Myrmicinae both responded significantly to overall 

treatment effects in ANOVA but only in the 1998 sample (Table 5.2). Dominant Dolichoderinae 

was only responsive on the black soil, whereas Generalised Myrmicinae was responsive on both 

soils (Figure 5.6). Planned comparisons showed that they both had significant differences in burnt 

vs unburnt and timing between burnts, and Generalised Myrmicinae also had a response to season 

of fire. Dominant Dolichoderinae was promoted by shorter times between fires and, to a lesser 

degree, by late dry season (hotter) fires. Generalised Myrmicinae responses were consistently 

opposite. These trends were also present in the 1997 sample but were not statistically significant. 

Despite these distinct differences with fire regime, their responses with time since fire is not clear, 

with unburnt plots containing abundances most similar to the most recently burnt plots and as such 

no functional groups responded significantly with time since fire in regressions. 
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Table 5.2. Significant differences of ant species from red and black soil and ant functional groups in 

relation to fire treatment and planned comparisons in 2-way ANOVA. Data are significant P values. 

* indicates that data were log transformed. 

Variable year Overall 

treatment 

burn season frequency season x 

frequency 

Red soil species       

Platythyrea sp. A* 98   0.05   

Rhytidoponera sp. A* 97 0.007 0.004   0.003 

Crematogaster sp. A* 97  0.034    

Monomorium sp. L* 98     0.046 

Pheidole sp. B* 98   0.037 0.037  

Tetramorium sjostedti* 97  0.038    

Iridomyrmex sp. C* 98 0.012  0.011   

Iridomyrmex sp. I* 98  0.012  0.004  

Camponotus sp. E* 98      

Melophorus sp. B* 97  0.036    

Melophorus sp. D* 98 0.038 0.028  0.041  

Melophorus sp. I* 97    0.022  

Melophorus sp. I* 98 0.019   0.003  

Opisthopsis haddoni* 98 0.015 0.003    

       

Black soil species       

Rhytidoponera sp. B* 98  0.033    

Rhytidoponera sp. C* 97 0.048 0.014    

Monomorium sp. B* 98    0.015  

Monomorium sp. J* 98 0.047 0.025    

Iridomyrmex sp. A* 98 0.004 <0.001    

Melophorus sp. A* 98 0.023  0.041 0.04  

       

Functional groups       

Dominant Dolichoderinae  98 0.003 <0.001  0.025  

Generalised Myrmicinae* 98 <0.001 0.036 0.006 <0.001  
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Table 5.3. Composition of plot groups of fire regimes based on ant species as found by TWINSPAN 

analysis for black soil (a) and red soil (b). 

(a) 

plot group L3 97 E3 97 L2 97 E2 

97 

No 

burn 

97 

L3 98 E3 98 L2 98 E2 

98 

No 

burn 

98 

1 (n = 13) 2 2 2 3 4      

2 (n = 13) 1 2 2 1   1 2 2 2 

3 (n = 14) 1     4 3 2 2 2 

 

(b) 

plot group L3 97 E3 97 L2 97 E2 

97 

No 

burn 

97 

L3 98 E3 98 L2 98 E2 

98 

No 

burn 

98 

1 (n = 5)       1  2 2 

2 (n = 17) 1 1 2 4 4 1  1 2 1 

3 (n = 18) 3 3 2   3 3 3  1 
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Table 5.4. Composition of groups of black soil ant species based on their distribution across sites as 

found by TWINSPAN analysis. Data are frequency of occurrence in plots within a plot group.   

 species plot group   species plot group 
group 1 2 3  group 1 2 3 
1 Cerapachys sp. E 1     Iridomyrmex sp. J   2  
 Cardiocondyla sp. A 1     Tapinoma sp. B  1  
 Monomorium sp. G  2 1    Camponotus sp. A  5  
 Monomorium sp. R  1     Camponotus sp. C  3  
 Monomorium sp. K  5 4    Camponotus sp. E   1  
 Pheidole sp. B 1     Melophorus sp. B   4  
 Pheidole sp. J 4 6 1   Melophorus sp. A   1  
 Tetramorium sp. A  8 5    Paratrechina sp. B   1  
 Doleromyrma sp. A 1     Polyrhachis prometheus  1  
 Tapinoma sp. A 7 3    Polyrhachis sp. D   1  
 Camponotus sp. I  7 5        
 Camponotus sp. J  6 3   4 Rhytidoponera sp. C  6 5 3 
 Melophorus sp. G  7 2 1   Crematogaster sp. A  1 5 1 
 Melophorus sp. J 1     Monomorium sp. F  7 2 4 
 Polyrhachis inconspicua 4 2    Monomorium sp. U  8 11 5 
 Polyrhachis senilis 6 2 1   Pheidole sp. H 6 6 2 
       Camponotus sp. H  8 1 3 
2 Rhytidoponera sp. A  1 5    Melophorus sp. C   8 3 
 Monomorium sp. M  1 2    Melophorus sp. D  4 1 
 Pheidole sp. K 1 2        
 Iridomyrmex sanguineus  1 2   5 Odontomachus ruficeps   1 
 Iridomyrmex sp. D  2 6    Rhytidoponera sp. B  4 9 8 
 Opisthopsis haddoni 2 5    Meranoplus sp. B  1  2 
       Monomorium sp. A    1 
3 Platythrea sp. A   1    Monomorium sp. J  1 9 7 
 Meranoplus sp. E  1    Monomorium sp. H    1 
 Monomorium sp. E   5    Pheidole sp. I 1  3 
 Monomorium sp. D   1    Tetramorium sp. B   6 6 
 Monomorium sp. B  1 8    Iridomyrmex sp. A  13 13 14 
 Monomorium sp. L   1    Camponotus sp. G    1 
 Pheidole sp. L  2    Melophorus sp. F   7 
 Pheidole sp. M  1    Melophorus sp. K  3 2 
 Iridomyrmex sp. C 1 7    Melophorus sp. L    1 
 Iridomyrmex sp. I  2        
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Table 5.5. Composition of groups of red soil ant species based on their distribution across sites as 

found by TWINSPAN analysis. Data are frequency of occurrence in plots within a plot group.   

 species plot group   species plot group 
group 1 2 3  group 1 2 3 
1 Cerapachys sp. B  1     Camponotus sp. G  2  2 
 Cerapachys sp. D   1    Melophorus sp. B 5 16 18 
 Cerapachys sp. H  1     Melophorus sp. A  5 15 16 
 Sphinctomyrmex sp. A  1    Melophorus sp. C  1 1 2 
 Crematogaster 

queenslandica  
4 11 3   Melophorus sp. D 5 8 13 

 Meranoplus sp. A  2 16 3   Paratrechina sp. A 1 1 2 
 Meranoplus sp. D  5 12 3   Polyrhachis senilis  5 4 
 Meranoplus sp. E  3        
 Pheidole sp. E 2 12 1  5 Rhytidoponera sp. A  3 7 12 
 Tetramorium sjostedti  3 14    Meranoplus sp. B  2 8 12 
 Iridomyrmex sp. I  1 5 1   Monomorium sp. E  2 14 17 
 Iridomyrmex sp. J  1 4 2   Monomorium sp. F  1 7 9 
 Camponotus fieldi 1     Monomorium sp. R   2 3 
 Camponotus sp. F  3 7 2   Iridomyrmex sp. C  4 4 11 
 Camponotus sp. K  1     Camponotus sp. E  1 8 10 
 Melophorus sp. L  2 1 1       
 Melophorus sp. M  1    6 Odontomachus ruficeps  2 4 
 Melophorus sp. P  2     Platythrea sp. A   3 13 
 Polyrhachis inconspicua  2    Rhytidoponera sp. B   3 7 
       Meranoplus sp. C  2 1 5 
2 Monomorium sp. L  1 7 5   Tapinoma sp. A   1 3 
 Tetramorium sp. A  2 14 10   Camponotus sp. D   1 2 
 Camponotus sp. A   8 4   Melophorus sp. E  1  4 
 Melophorus sp. F  2 1   Melophorus sp. H  3 1 9 
       Melophorus sp. I  5 13 
3 Monomorium sp. D  5 16 10   Polyrhachis prometheus  1 2 
 Iridomyrmex sp. D  5 16 13       
 Opisthopsis haddoni 4 12 9  7 Cerapachys sp. A    3 
 Paratrechina sp. B  5 14 8   Cerapachys sp. C    1 
       Cardiocondyla sp. A   1 
4 Odontomachus sp. nr. 

turneri 
 1 1   Meranoplus sp. F    6 

 Meranoplus sp. H  1 1   Meranoplus sp. G 1  6 
 Monomorium sp. G  1 3 3   Monomorium sp. J  1 5 
 Monomorium sp. A  5 17 17   Monomorium sp. K    6 
 Monomorium sp. B  5 17 16   Pheidole sp. C   1 
 Monomorium sp. W   1 1   Iridomyrmex sanguineus   1 7 
 Monomorium sp. H  5 17 18   Camponotus sp. C    1 
 Pheidole sp. B 5 17 17   Melophorus sp. J   2 
 Tetramorium sp. B  5 13 13   Melophorus sp. Q    1 
 Iridomyrmex sp. A  5 17 18   Paratrechina sp. C    1 
 Tapinoma sp. B  3 1 4       
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regime. 
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5.4.5 Relationship with environmental variables 

Total ant abundance and richness were found to have positive relationships with Dicanthium 

sericeum and Eulalia fulva on black soil and dicot cover on red soil, and negative relationships with 

Chrysopogon fallax and total cover on black soil and Heteropogon contortus on red soil (Figure 

5.7). No relationships were found with fuel load (yield), percentage cover of all perennial or annual 

grasses, or with the cover of many other dominant grasses. 

 

5.5 Discussion 

5.5.1 Responses of ant communities to fire 

The most significant finding of this study is the relative resilience of ants to fire, with soil type and 

sampling time exerting a much greater influence. Soil type (and hence the vegetation) was clearly 

the primary determinant of ant community composition with the two soils supporting distinct ant 

communities. The secondary influence of sampling time is presumably that of weather as it is 

known to be a major determinant of ant activity (Andersen 1986). If so, this was most probably the 

effect of preceding rainfall as the 1998 sampling was initially abandoned due to rain on the 

anniversary date of the 1997 sampling. No rain had fallen 40 days prior to the 1997 sampling 

(Bureau of meteorology). This difference in sampling time was also reflected in the responsiveness 

of ants to fire, with a greater number of significant responses in the 1998 sample. 

 

Burning throughout more mesic regions in Australia has been shown to induce large changes in the 

composition and structure of ant communities (Andersen & Yen 1985; Andersen 1988, 1991b; 

Burbidge et al. 1992; Vanderwoude et al. 1997). Here there were changes in the abundance of many 

species due to fire, but there were no overall differences in the composition of the ant communities 

between fire regimes, and functional group composition was very stable. In particular, there was no 

noticeable change in the ant communities in E2 plots which were burnt between the two sample 

times. Ants appear most responsive simply to whether an area was burnt or not rather than to any 

season of fire, with unburnt areas supporting the least species richness and total abundance. This 

suggests that other management decisions, such as grazing intensity and intentionally not burning, 

would have a greater effect on the conservation of ant species richness in the VRD than fire.  
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5.5.2 Comparative dynamics of biota 

Comparing the responses of ants and plants, I have shown that ant communities support the first key 

finding of Dyer et al. (1997) that plant communities are primarily regulated by soil and seasonal 

weather. Ant dynamics also recapitulate the second key finding that species are responsive to fire. 

But the responsiveness of ant communities to fire contrasts with the third key finding of Dyer et al. 

(1997) that red soil plant communities were more responsive to fire. Ribbon/Blue grass pastures on 

black soils are well adapted to fire, and no fire regime resulted in a major reduction in yield, cover 

or favourable species, but the ants were most responsive on black soil. Whereas arid short-grass 

pastures on red soil are not as resistant to fire, especially high intensity fires, with burning resulting 

in a reduction in yield, cover and proportion of perennial grasses, but fewer and smaller responses 

in ants. These differences can be explained by the degree of temperature stress from an ants 

perspective between the two habitats. The greater grass cover on the black soil restricts solar 

insolation of the soil surface greater than vegetation on the red soil, providing an environment that 

is more stressful to ants. This stress is (temporarily) alleviated by fire on the black soil, but changes 

little on the red soil. This same reasoning has been used to explain why ants are more sensitive to 

grazing on black soils than red soils in the same region (Hoffmann in press).  

 

Like ants and plants, bird and reptile communities were distinct between soil types (Woinarski et al. 

1999) and many bird species were responsive to fire regimes. Only reptiles were not responsive, but 

both vertebrate taxa were able to move between fire plots and exploited plots of different fire 

regimes at different times of the day. The larger home ranges of the vertebrates also gave rise to the 

interesting finding that frequent burning resulted in the homogenisation of the distinct bird faunas of 

the two soil types. This was not the case for ants or plants, and given the markedly different 

environmental conditions between the two soil types I do not believe that this would occur even 

with long-term fire treatment, although it may be likely on similar soils (e.g. the array of loams).  

 

5.5.3 Implications for management of rangelands  

This research has greater implications than just reporting the responses of ants to fire regimes. In 

particular, it has implications for the use of ants as ecological indicators (McGeogh 1998) whereby 

the relatedness of ants to an array of taxa and ecosystem processes provides a measure of the overall 

state of a landscape system. As such they can be used to monitor the maintenance of desirable land 

condition for both pastoralists and conservationists alike, whose perspectives of environmental state 

are not necessarily all that different. From a pastoralist’s perspective, a rangeland in good condition 
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has high graminoid cover with a majority proportion of palatable perennial grasses, low dicot 

densities, and no scald areas or erosion. Such a condition is also considered to be conducive from a 

conservation perspective as perennial grass patches minimise erosion and maintain productivity 

(Ludwig et al. 1997), and a (natural) reduction in the density of dicots to that prior to European 

occupation (Foran et al. 1985; Purvis 1986) can be considered a desirable state.  

 

Here, ant abundance and richness were correlated to key vegetation components that have indicator 

values of the state of land condition (Figure 5.7). On black soil, positive relationships were found 

with the annual Dicanthium sericeum and the perennial Eulalia fulva and a negative relationship 

was found with Chrysopogon fallax. All three grasses are considered to be desirable cattle fodder 

(Wheaton 1994), but the latter two are not preferentially grazed (Dyer et al. 1997). Chrysopogon 

fallax is tolerant of poor land conditions which is important as the cover of this species appears to 

have an inverse relationship with the preferentially grazed perennial Dichanthium fecundum. Ant 

species richness and abundance were found to have positive, but not significant, relationships with 

Dicanthium fecundum.  

 

The negative relationships of ant variables with total cover is most probably a reflection of greater 

temperature stress placed on ants by vegetation which increases in the absence of fire. While high 

cover, predominantly of palatable grasses, is considered good land condition for pastoralism, 

pastures that remain unburnt become rank and unpalatable and thus require burning every few years 

to maintain quality (Dyer et al. 1997). Ant abudance on the red soil on the other hand, displayed a 

negative relationship with dicot cover. This indicates that the small and sparse trees and shrubs have 

little effect on temperature stress from an ants perspective, and may facilitate a greater abundance of 

the most abundant ant species, Iridomyrmex sp. A. Ant abundance was negatively related to the 

cover of the increaser species Heteropogon contortus. This perennial is indicative of disturbance 

and poorer land conditions (Wheaton 1994) and has greatly expanded its range across Australia 

since the introduction of cattle, but is considered to be good cattle fodder. Interestingly, of all the 

vegetation variables that ants correlated to, only Dicanthium sericeum and total cover responded 

significantly to time since fire during these sample times (Figure 5.8). 

 

These relationships extend from others found from the same region between ants and plants along 

grazing gradients, interpretable within the context of land condition (Hoffmann in press). In 

particular, ant variables were negatively correlated to total annual grass cover and bare ground 

which indicate poor pasture condition, and positively correlated perennial grass and total patch  
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cover which indicate good pasture condition. While it is unlikely that the links shown here between 

plant species and ants are causal, their relatedness with pyric succession demonstrates that ant 

communities can provide a indication of the overall state of land condition.  

 

5.6 Conclusions 

Ants are increasingly being used for biomonitoring applications due to their great diversity and 

abundance, ecological importance, ease of sampling and biologically interpretable community 

dynamics (Andersen 1995, 1997). But the extent to which ants can reflect responses of other taxa to 

disturbance and general ecosystem integrity is poorly understood. I have demonstrated here that 

ants can provide a good indication of the dynamics of other biota, especially of vegetation 

communities. The wide array of responses of animal taxa reviewed here also shows that the study of 

plants alone is not a suitable surrogate of the effects of disturbance on ecosystems, and is 

particularly poor at reflecting the dynamics of taxa with large home ranges. But the study of ants at 

the plot scale was able to provide an indication of trends in biodiversity at a larger scale. 

 

Ants clearly have an important role to play in the sustainable management of Australia’s rangelands 

aiding the conservation of biodiversity. This study provides knowledge amenable to pastoralists and 

conservationists alike, and coupled with studies of the responses of other biota to fire in these 

treatment areas (Dyer et al. 1997; Woinarski et al. 1999) and cattle grazing in the region (Ludwig et 

al. 1999; Hoffmann in press) provides the basis for the effective off-reserve conservation of 

biodiversity within much of northern Australia’s semi-arid rangelands. 
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6. A review of the responses of ants to disturbance within 

Australia, with particular focus on functional groups 
 

Benjamin D. Hoffmann 

 

6.1 Introduction 

The studies presented in this thesis thus far have investigated the responses of Australian arid ant 

communities to major land-uses, and compared these results with prior research conducted within 

more mesic regions. The thesis has investigated the impacts of disturbance types that have had little 

or no prior ant research (SO2 emissions, cattle grazing), and contribute much new knowledge of ant 

community dynamics following disturbance. Overall it has advanced the use of ants as bioindicators 

in the context of ecosystem management. 

 

The use of ants as bioindicators is now, arguably, the most advanced of all terrestrial animal 

bioindicators within Australia. There are more than 50 studies documenting disturbance induced 

changes in ant communities, we have an advanced understanding of their predictive dynamics to 

stress and disturbance that can be applied at multiple spatial and temporal scales (Andersen 1997), 

and there is enthusiastic support for their use (e.g. Majer 1983; Andersen 1995, 1999; Brown 1997; 

King et al. 1998). In part, this success of the use of ants is due to the development of the functional 

group scheme (Chapter 1). This scheme has provided a framework for the comparison of ant 

communities with high species turnover, which is not possible with species-level analysis, with 

predictive group dynamics in relation to stress and disturbance. Such models are poorly developed 

for most other terrestrial organisms (Andersen 1997). 

 

But despite their value and common use as bioindicators, there has been no comprehensive review 

of the responses of ant species to disturbance. Few species are recognised as having reliable 

responses to disturbance that can be targeted for rapid assessment. Furthermore, there has been no 

assessment of the reliability of the use of the functional group scheme for disturbance analysis. It is 

unclear how reliable the responses of functional groups are to disturbance, or if responses are 

dependent on disturbance type or biogeography. Indeed, the case studies presented within this thesis 

have shown that the functional group scheme appears to have limited use within the arid zones. 

 



 111 

This lack of clarity of functional group dynamics is made worse by the many reclassifications of 

species within functional groups due to the “evolutionary state” of the scheme. The functional 

groups scheme was designed qualitatively, based on a few scientist’s extensive knowledge of 

Australian ants, and over time it has undergone multiple revisions of the classifications of species 

within groups and even of the groups themselves (Andersen 1990b, 1995). For example, 

Greenslade’s (1978) group Large Solitary Foragers was renamed Specialist Predators by Andersen 

(1990b) and expanded to include genera such as Cerapachys and Myrmecia. Similarly, the group 

Sub-cryptic species first published by Andersen & McKaige (1987) was reclassified by Andersen 

(1995), with the predominant members Paratrechina minutula gp. and Stigmacros being moved to 

Opportunists and Cold Climate Specialists respectively.  

 

These issues have important implications for the use of ants as bioindicators, and need to be 

addressed if ants are to be used successfully as an assessment tool. Here, I provide a general review 

of the impacts of disturbance on Australian ant communities, by integrating my research with the 

results of the many other studies of disturbance impacts on ants. Specifically I aim to identify key 

indicator species, and provide a critical review of the dynamics of ant functional groups in relation 

to disturbance. In particular, I describe successional patterns across biogeographic zones and 

disturbance types, and address the apparent limited utility of the functional groups scheme within 

arid zones. I also provide the first list of functional group classifications for all Australian ant 

genera, with new classifications for some species. 

 

6.2 Methods 

The results of 43 studies using ant communities for disturbance assessment within Australia were 

summarised (Figure 6.1, Table 6.1). These studies are those where pitfall trap data has been 

obtained from the text, obtained from the author(s), or where the responses of key species were 

described. Where the same data were presented in multiple papers, only the paper containing the 

most comprehensive or revised data was used.  Where multiple sampling techniques were used, 

only the data from pitfall traps are utilised, for ease of comparison and because most ant species are 

epigaeic foragers.  

 

In studies where scaling had not been applied to raw data at the trap level, ant abundances were 

recalculated using ln(x+1) transformations at the site level. Data transformation is particularly 

important for studies of ant communities as it reduces the problem of a large number of ants falling  
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Table 6.1. Summary list of quantitative studies utilising ants as environmental indicators in Australia used in this review.  

 

Disturbance type Vegetation  Location Collecting methods Source 
fire / mining / farming Jarrah forest Dwellingup, W.A. pitfall traps at 4 sites Majer 1977 
fire wandoo woodland  

and Jarrah forest  
Kojonup, W.A. pitfall traps, soil and     

litter samples at 5 sites 
Majer 1980a 

fire Jarrah – Banksia woodland 25 km Sth. Perth, W.A. pitfall traps at 6 sites Whelan et al. 1980 
fire Eucalyptus regnans forest Brindabella Range, A.C.T. pitfall traps at 2 sites O’Dowd & Gill 1984 
fire semi-arid heath and mallee Wyperfeld National Park, Vic. pitfall traps at 2 sites Andersen & Yen 1985 
fire dry eucalypt forest Belair National Park, S.A. pitfall traps at 2 sites O’Dowd 1985 
fire cool-temperate heath and 

woodland 
Wilson’s Promontory, Vic. pitfall traps and baits         

at 2 sites 
Andersen 1988 

fire tropical savanna Kakadu National Park, N.T. pitfall traps at 6 sites Andersen 1991b 
fire Eucalyptus regnans forest Victorian Central Highlands pitfall traps at 3 sites Neumann 1991 
fire / logging Eucalyptus regnans forest Victorian Central Highlands pitfall traps at 3 sites Neumann 1992 
fire / logging Eucalyptus regnans forest Victorian Central Highlands pitfall traps at 3 sites Hosking & Turner 1997 
fire wet sclerophyll forest Dandenong Ranges, Vic. pitfall traps at 20 sites Neville et al. 1997 
fire dry eucalypt forest Bauple State Forest nr. Gympie, 

Qld. 
pitfall traps at 6 sites Vanderwoude et al. 1997 

fire eucalypt forest Bulls Ground State Forest, N.S.W. pitfall traps and litter 
samples at 12 sites 

York 2000 

fire semi-arid woodland and   
Mitchell grassland 

Victoria River District, N.T.  pitfall traps at 40 sites Hoffmann this thesis 

fire / clearing & grazing cool-temperate woodland Rotamah Island, Vic. pitfall traps at 3 sites Andersen & McKaige 1987 
fire / clearing & mining dry sclerophyll forest Tomago, nr. Newcastle, N.S.W. pitfall traps at 44 sites Jackson & Fox 1996 
grazing dry eucalypt woodland Kellerberin region, W.A. pitfall traps at 22 sites Scougall et al. 1993 
grazing / weed invasion gimlet woodland Kellerberin region, W.A.  pitfall traps at 26 sites Abensberg-Traun et al. 1996 
grazing dry eucalypt woodland 200 km NE Melbourne, Vic. pitfall traps at 15 sites Bromham et al. 1999 
grazing semi-arid woodland and 

Mitchell grassland 
Victoria River District, N.T.  pitfall traps at 11 sites Hoffmann in press 

 grazing  chenopod shrubland, mulga Kingoonya region, S.A. pitfall traps at 40 sites Hoffmann & James this thesis 
grazing arid chenopod shrubland    

and Acacia 
Olympic Dam, S.A. pitfall traps at 42 sites Read & Andersen 2000 
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Table 6.1 continued.     
Disturbance type Vegetation  Location Collecting methods Source 
clearing & grazing / 
clearing  & rehabilitation 

tropical rainforest Atherton Tableland, Qld. pitfall traps, litter samples 
and baits at 3 sites 

King et al. 1998 

mine site rehabilitation heath Eneabba, W. A.  pitfall traps and hand 
collections at 16 sites 

Majer et al. 1982 

mine site rehabilitation monsoonal savannas northern Australia pitfall traps at 22 sites Majer 1984 
mine site rehabilitation arid hummock grassland Pilbara, W. A. pitfall traps at 5 sites Dunlop & Majer 1985 
mine site rehabilitation open forest on sand dunes North Stradbroke Island, Qld. pitfall traps, foliage beats 

hand collections and litter 
samples at 15 sites 

Majer 1985b 

mine site rehabilitation tropical savanna Ranger Uranium mine, N. T. pitfall traps at 8 sites Andersen 1993b 
mine site rehabilitation Jarrah forest Dwellingup, W.A. pitfall traps at 15 sites Majer & Nichols 1998 
mine site rehabilitation sub-tropic woodland German Creek, Qld. pitfall traps at 10 sites Andersen & Hoffmann 1999 
mine site rehabilitation heath Eneabbe, W. A. pitfall traps at 10 sites Bisevac & Majer 1999 
mine site rehabilitation sub-tropic woodland Callide mine nr Bioloea, Qld. pitfall traps at 9 sites Andersen & Hoffmann 2000 
borrow pit rehabilitation arid hummock grassland, 

mulga and mixed Acacia  
Pilbara, Qld pitfall traps at 11 sites Fletcher 1990 

post flooding rehabilitation Jarrah forest Canning Reservoir, Perth, W.A. pitfall traps at 10 sites Woodroff & Majer 1981 
revegetation, recreation open forest and woodland Mount Lofty Ranges, S.A. pitfall traps at 19 sites Yeatman & Greenslade 1980 
SO2 emissions Semi-arid woodland Mount Isa, Qld. pitfall traps at 40 sites Hoffmann et al. 2000 
urbanisation urban gardens & coastal   

heath 
Swan Coastal Plain, Perth, W.A. pitfall traps and hand 

collections at 45 sites   
(incl. 12 sites in Rossbach 
and Majer 1983) 

Majer & Brown 1986 

urbanisation / plantations / 
grazing & weed invasion 

various woodlands, heath    
and dune vegetation 

Yanchep National Park, W.A. pitfall traps at 20 sites  Burbidge et al. 1992 

agriculture wandoo woodland Dryandra State Forest, W.A. nest densities at 1 site 
(compared to Majer 1985a) 

Majer et al. 1987 

agriculture various heath and woodland Wubin – Perenjori, W.A. comprehensive sampling   
at 6 sites 

Keals & Majer 1991 

agriculture heath and wandoo woodland Durokoppin Reserve nr. 
Kellerberin, W. A.  

pitfall traps and hand 
collections at 22 sites 

Lobry de Bruyn 1993 

plantation wandoo woodland, mallee Dryandra State Forest W.A. pitfall traps at 14 sites Majer 1985a 
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Figure 6.1. Location of experimental sites within studies investigating the responses of ants to 

disturbance used in this review. Symbols indicate the disturbance type under investigation. 
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into a few traps when traps are placed beside colony entrances or along foraging trails (Andersen 

1990b). While scaling at the trap level would have been the preferred treatment to maintain 

uniformity between studies, this was not possible. 

 

Most ant species within Australia do not have names, but where possible, species have been placed 

into informal species-groups following Andersen (1991b, in press). Where possible, whenever 

current functional group classifications (see below) differ from those published, or when actual 

abundance of functional groups was used rather than relative abundance, the relative abundance of 

each group was re-calculated. Climate Specialists within Majer and Brown (1986), Keals and Majer 

(1991), Scougall et al. (1993) and Cryptic species within Majer and Brown (1986) and Scougall et 

al. (1993) were excluded as they contained species from multiple groups and I was unable to 

separate them. Functional group relative abundances were also calculated from some studies that 

did not report them (e.g. Majer 1978; Fletcher 1990). 

 

Responses of species and functional groups to disturbance were qualitatively assessed according to 

a three point scale: 1 = weak response (possible noise), 2 = clear and strong response and 3 = very 

strong response. The scaling of these responses was also weighted relative to sample size and 

replication. A response was considered to be either a successional trend or a distribution indicative 

of a particular condition (e.g. unburnt), but was not necessarily statistically significant. Where 

possible, the direction of a response (increaser / decreaser) was relative to control plots, except for 

age of rehabilitation following mining. In all cases, the response is given relative to increasing 

disturbance levels (i.e. an increaser increases its abundance with increasing disturbance levels).  

 

For the purpose of summarising the changes in relative abundance, sites within some of the studies 

were amalgamated. Site data amalgamated and averaged were those sites within the two 

background (control) zones in Hoffmann et al (in press), control and disturbed sites in Dunlop and 

Majer (1985), Fletcher (1990) and Lobry de Bruyn (1993), and the controls and four and eight year 

old rehabilitation sites in Andersen (1993b). Also, for ease of comparison, ant succession within 

borrow pits (Fletcher 1990) was considered to be minesite rehabilitation. 

 

Species were classed into functional groups according to the comprehensive classification of all 

Australian genera in Table 6.2. The functional group classification of many genera and species-

groups are reported for the first time, or have been moved from functional groups reported in 

Andersen (1995). Note that some genera, especially Monomorium, have more than one functional 

group classification. 
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Table 6.2. Classification of Australian ants into functional groups. * indicates that the classification is reported for the first time, or modified from a 
prior classification. New and modified classifications are the result of 3 years of discussion of functional group classifications between myself and 
Alan Andersen. Note that the Monomorium species-groups: bifidum, eremophilum, euryodon and longinodis are unpublished manuscript names from 
the PhD thesis of Brian Heterick from the Curtin University of Technology, Perth. 
Functional group Ants 
Dominant Dolichoderinae 
 

Anonychomyrma, Iridomyrmex, Froggattella, Papyrius, Philidris 
 

Subordinate Camponotini 
 

Calomyrmex, Camponotus, Echinopla, Notostigma, Opisthopsis, Polyrhachis 
 

Hot Climate Specialists 
 

Pheidole (hartmeyeri gp.)*, Melophorus, Meranoplus, Monomorium (bifidum, centralis, eremophilum, insolescens, 
longinodis, longiceps, rothsteini & whitei gps.), Ochetellus flavipes, unnamed genus (ex. Monomorium falcatus gp.) 
(Shattuck 1999) 
 

Cold Climate Specialists 
 

Dolichoderus, Heteroponera, Monomorium (euryodon, kiliani, leae, flavipes & sculpturatum gps.), 
Myrmechorhynchus, Notoncus, Prolasius, Pseudonotoncus, Stigmacros, unnamed genus (ex. Monomorium 
flavigaster) (Shattuck 1999) 
 

Tropical Climate Specialists 
 

Brachyponera (excl. lutea)*, Dilobocondyla*, Gnamptogenys*, Leptomyrmex, Lordomyrma*, Machomyrma*, 
Mayriella*, Monomorium turneri gp.*, Myrmecina*, Oecophylla, Podomyrma, Pristomyrmex*, Pseudolasius*, 
Rhopalomastix*, Rhoptromyrmex*, Romblonella*, Teratomyrmex*, Tetraponera, Turneria, Vollenhovia*, 
Vombisidris*,  
 

Cryptic species 
 

Acropyga, Adlerzia*, Amblyopone, Anillomyrma, Anisopheidole*, Bothriomyrmex, Brachyponera lutea, 
Calyptomyrmex*, Cerapachys edentatus gp.*, Cryptopone, Discothyrea, Eurhopalothrix*, Hypoponera, 
Machomyrma*, Metapone*, Monomorium talpa, Mystrium, Oligomyrmex, Onychomyrmex, Pheidologeton, 
Plagiolepis, Ponera, Prionopelta*, Probolomyrmex*, Proceratium, Pyramica, Rhopalothrix*, Solenopsis 
(Diplorhoptrum), Sphinctomyrmex, Strumigenys, Trachymesopus darwinii, Willowsiella, unnamed genus #3* 
(Shattuck 1999)  
 

Opportunists 
 

Aphaenogaster, Cardiocondyla, Diacamma, Doleromyrma, Ochetellus (excl. flavipes)*, Odontomachus turneri gp., 
Paratrechina, Rhytidoponera (excl. tyloxys gp.)*, Tapinoma, Technomyrmex, Tetramorium 
 

Generalised Myrmicinae  Crematogaster, Monomorium (remaining groups), Pheidole (excl. hartmeyeri gp.) 
 

Specialist Predators 
 

Aenictus*, Anochetus, Bothroponera, Cerapachys (excl. edentatus gp.), Colobostruma, Ectomomyrmex, 
Epopostruma, Leptogenys, Mesoponera*, Mesostruma, Myopias*, Myopopone*, Myrmecia, Nothomyrmecia*, 
Odontomachus (excl. turneri gp.)*, Orectognathus, Peronomyrmex*, Platythyrea, Rhytidoponera tyloxys gp.*, 
Trachymesopus (excl. darwinii)* 
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6.3 Results  

6.3.1 Species responses 

Most species within any study were either apparently unresponsive, present in too few sites or had 

an abundance too low to confidently describe their response. Likewise few species have been 

sampled in multiple studies of disturbance around Australia (Table 6.3), so the consistency of their 

response cannot be assessed. For example, the four entries of both Iridomyrmex mattiroloi gp. and 

Melophorus mjobergi gp. each represent three species. Most species-groups occurring in more than 

one study displayed mixed responses to disturbance. This is particularly true for Monomorium laeve 

gp. and Tapinoma minutum gp whose trends appear to be unpredictable. This unreliability of 

species responses was most prominent in the few studies that sampled multiple vegetation types 

(e.g. Hoffmann et al. 2000, Hoffmann this thesis), where many species responded differently across 

habitat types.  

 

Some species and species-groups were consistently responsive to different disturbances, often over 

a large biogeographic area. These were Rhytidoponera tasmaniensis, Aphaenogaster longiceps and 

Iridomyrmex pallidus, and members of the species-groups Camponotus denticulatus gp. and 

Melophorus aeneovirens gp., all being consistent increasers. Many other species were regularly 

responsive and have largely Australia-wide distributions. Unnamed members of the Rhytidoponera 

metallica species-group, Camponotus claripes species-group, Iridomyrmex mattiroloi species-group 

and the numerous species within the Iridomyrmex purpureus species-group (greensladei, 

sanguineus, purpureus and viridianeus) were all predominantly increasers. Brachyponera lutea, 

Monomorium rothsteini species-group and Meranoplus species predominantly increased following 

fire (and to a lesser extent following grazing) but decreased following mining. 

 

Other species were consistently responsive in multiple studies, but have been shown to be so over 

only a small biogeographic area. In the south-eastern forests, Anonychomyrma biconvexa (ex. 

Iridomyrmex foetans) and species of Prolasius were consistent increasers following fires or 

selective logging. In the south-west, Rhytidoponera inornata generally decreased following mining 

and increased following other disturbance types, and Rhytidoponera violacea also regularly 

responded, as did other unnamed species within the convexa species-group. 
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Table 6.3. Responses of ant species to disturbance found within studies listed in table 6.1. + and – 

respectively indicate an increase or decrease in a species abundance with increasing disturbance. 

The number of symbols indicate the strength of a species response such that one symbol = weak 

response, three symbols = very strong response. Both symbols together indicate opposing responses 

either in different habitats, or at different times within a study. 

species response disturbance source 
sub-family Myrmeciinae    
Myrmecia – 

– – – 
– – 
+ 

mining rehabilitation 
urbanisation 
agriculture 
fire 

Majer 1984 
Majer & Brown 1986 
Lobry de Bruyn 1993 
Neville et al. 1997 

Myrmecia forficata ++ fire Andersen 1988 
Myrmecia pilosula ++ fire Andersen 1988 
    
sub-family Ponerinae    
Anochetus – – agriculture Lobry de Bruyn 1993 
Bothroponera ?oculata – fire Vanderwoude et al. 1997 
Bothroponera regularis – – agriculture Lobry de Bruyn 1993 
Brachyponera lutea + 

– 
++ 
+ 
+ 

+++ 
– 

mining rehabilitation 
mining rehabilitation 
mining rehabilitation 
fire 
mining rehabilitation 
fire 
grazing 

Majer 1984 
Majer 1985b 
Jackson & Fox 1996 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
York 2000 
Read & Andersen 2000 

Heteroponera ?imbellis – – fire Vanderwoude et al. 1997 
Hypoponera – fire York 2000 
Leptogenys adlerzi – – grazing Hoffmann in press 
Leptogenys + fire York 2000 
Mesoponera australis – fire Vanderwoude et al. 1997 
Odontomachus ruficeps gp. – – 

– – 
mining rehabilitation 
agriculture 

Majer et al. 1992 
Lobry de Bruyn 1993 

Rhytidoponera – 
+ 

grazing 
pasture 

Bromham et al. 1999 
Bromham et al. 1999 

Rhytidoponera aurata ++ fire Andersen 1991b 
Rhytidoponera confusa ++ clearing and grazing Andersen & McKaige 
Rhytidoponera convexa gp. + / – 

+ 
grazing 
fire 

Hoffmann in press 
Hoffmann this thesis 

Rhytidoponera inornata + 
– 
+ 
+ 

– – 
++ 
+ 

fire 
mining, agriculture 
fire 
flood rehabilitation 
mining rehabilitation 
urbanisation 
mining rehabilitation 

Majer 1978 
Majer 1978 
Majer 1980a 
Woodroff & Majer 1981 
Majer et al. 1982 
Majer & Brown 1986 
Majer & Nichols 1998 

Rhytidoponera metallica gp. + 
+++ 
+++ 
– – 
– 

revegetation, recreation 
agriculture 
mining rehabilitation 
mining rehabilitation 
grazing 

Yeatman & Greenslade 1980 
Lobry de Bruyn 1993 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Read & Andersen 2000 
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Table 6.3 continued    
species response disturbance source 
Rhytidoponera reticulata – – SO2 emissions Hoffmann et al. 2000 
Rhytidoponera rufithorax gp. + fire Vanderwoude et al. 1997 
Rhytidoponera tasmaniensis ++ 

+++ 
+ 

++ 

fire 
clearing and grazing 
fire 
fire 

Andersen & McKaige 1987 
Andersen & McKaige 1987 
Andersen 1988 
Neville et al. 1997 

Rhytidoponera tenuis gp. – – – SO2 emissions Hoffmann et al. 2000 
Rhytidoponera trachypyx ++ 

– – 
fire 
mining rehabilitation 

Andersen 1991b 
Andersen 1993b 

Rhytidoponera turneri gp. – – mining rehabiliation Andersen 1993b 
Rhytidoponera victoriae ++ 

+ 
++ 
– – 
+ 

fire 
fire 
fire 
fire 
clearing and grazing 

O’Dowd & Gill 1984 
Andersen & McKaige 1987 
Andersen 1988 
Vanderwoude et al. 1997 
King et al. 1998 

Rhytidoponera violacea + 
+ 

– – 
++ 
– – 

flood rehabilitation 
urbanisation 
agriculture 
mining rehabilitation 
mining rehabilitation 

Woodroff & Majer 1981 
Majer & Brown 1986 
Lobry de Bruyn 1993 
Majer & Nichols 1998 
Bisevac & Majer 1999 

Trachymesopus rufonigra – – mining rehabilitation Majer & Nichols 1998 
    
sub family Myrmicinae    
Adlerzia froggatti ++ 

++ 
fire 
urbanisation 

Andersen & Yen 1985 
Majer & Brown 1986 

Anillomyrma + fire Andersen 1988 
Aphaenogaster barbigula + fire Andersen & Yen 1985 
Aphaenogaster pythia + 

+ 
fire 
clearing and grazing 

Vanderwoude et al. 1997 
King et al. 1998 

Aphaenogaster – – – agriculture Lobry de Bruyn 1993 
Aphaenogaster longiceps – – 

– – – 
– – 

fire 
mining rehabilitation 
fire 

Andersen 1988 
Jackson & Fox 1996 
Vanderwoude et al. 1997 

Cardiocondyla + 
++ 
– – 
++ 
+ 

++ 
– – 

flood rehabilitation 
mining rehabilitation 
mining rehabilitation 
urbanisation 
fire 
mining rehabilitation 
mining rehabilitation 

Woodroff & Majer 1981 
Majer 1984 
Majer 1985b 
Majer & Brown 1986 
Vanderwoude et al. 1997 
Majer & Nichols 1998 
Andersen & Hoffmann 1999 

Crematogaster unidentified gp – 
+ 

++ 
– – 

– – – 
+ + 

mining, agriculture 
fire 
fire 
agriculture 
mining rehabilitation 
fire 

Majer 1978 
Majer 1980a 
O’Dowd 1985 
Lobry de Bruyn 1993 
Jackson & Fox 1996 
Vanderwoude et al. 1997 

Crematogaster australis gp. + 
– 

fire 
SO2 emissions 

Andersen & Yen 1985 
Hoffmann et al. 2000 

Crematogaster dispar ++ fire Andersen & Yen 1985 
Crematogaster perthensis – – – disturbed vegetation Burbidge et al. 1992 
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Table 6.3 continued    
species response disturbance source 
Lordomyrma – fire York 2000 
Meranoplus dimidiatus gp. ++ fire Andersen & Yen 1985 
Meranoplus diversus gp. ++ fire Andersen 1991b 
Meranoplus hirsutus – – SO2 emissions Hoffmann et al. 2000 
Meranoplus mjobergi gp. + fire Hoffmann this thesis 
Meranoplus numerous groups – – 

– – 
– – 

+ / – 

mining, agriculture 
mining rehabilitation 
urbanisation 
grazing 

Majer 1978 
Majer et al. 1982 
Majer & Brown 1986 
Read & Andersen 2000 

Mesostruma ++ fire O’Dowd 1985 
Monomorium eremophilum gp. +++ fire Andersen 1988 
Monomorium ?fieldi + mining rehabilitation Andersen & Hoffmann 1999 
Monomorium insolescens gp. ++ fire Andersen 1991b 
Monomorium laeve gp. – – 

+ / – 
– – 
– – 

+ / – 
++ / – – 

++ 

fire 
fire 
mining rehabilitation 
SO2 emissions 
grazing 
fire 
grazing 

Andersen & Yen 1985 
Andersen 1991b 
Andersen 1993b 
Hoffmann et al. 2000 
Hoffmann in press 
Hoffmann this thesis 
Hoffmann & James this thesis 

Monomorium nigrius gp. – – 
– – 
– – 
+ + 

fire 
fire 
mining rehabilitation 
fire 

Andersen & Yen 1985 
Andersen 1991b 
Andersen 1993b 
Vanderwoude et al. 1997 

Monomorium rothsteini gp. ++ 
++ 

+++ 
– – 
++ 

fire 
agriculture 
mining rehabilitation 
SO2 emissions 
fire 

Andersen 1991b 
Keals & Majer 1991 
Bisevac & Majer 1999 
Hoffmann et al. 2000 
Hoffmann this thesis 

Monomorium sordidum gp. – 
+ 

++ 

fire 
grazing 
grazing 

Andersen & Yen 1985 
Read & Andersen 2000 
Hoffmann & James this thesis 

Monomorium numerous groups – – 
– – 
– 

– – 
+ 

++ 
– 

+ / – 
+ 

++ 
– – 
– – 
+ 

mining, agriculture 
mining rehabilitation 
fire 
plantation 
agriculture 
agriculture 
disturbed vegetation 
agriculture 
fire 
mining rehabilitation 
mining rehabilitation 
grazing 
grazing 

Majer 1978 
Majer et al. 1982 
Andersen & Yen 1985 
Majer 1985a 
Majer et al. 1987 
Keals & Majer 1991 
Burbidge et al. 1992 
Lobry de Bruyn 1993 
Vanderwoude et al. 1997 
Majer & Nichols 1998 
Bisevac & Majer 1999 
Hoffmann in press  
Read & Andersen 2000  

Pheidole numerous groups ++ 
+ 

+ / – 
++ 

+++ 
+ / – 
++ 

fire 
agriculture 
fire 
agriculture 
agriculture 
mining rehabilitation 
fire 

Andersen & Yen 1985 
Majer 1987 
Andersen 1991b 
Keals & Majer 1991 
Lobry de Bruyn 1993 
Jackson & Fox 1996 
Vanderwoude et al. 1997  
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Table 6.3 continued    
species response disturbance source 
Pheidole numerous groups 
continued 

– – – 
– – 
+ 

+ / – 
+ 

SO2 emissions 
mining rehabilitation 
grazing 
grazing 
fire 

Hoffmann et al. 2000 
Andersen & Hoffmann 1999 
Read & Andersen 2000 
Hoffmann in press 
Hoffmann this thesis 

Pheidole latigena + 
+ 

plantation, agriculture 
fire 

Majer 1978 
Majer 1980a 

Solenopsis ++ 
– 

– – 
– – 

mining rehabilitation 
fire 
fire 
mining rehabilitation 

Majer 1984 
Andersen 1988 
Andersen 1991b 
Bisevac & Majer 1999 

Tetramorium + 
+++ 

fire 
mining rehabilitation 

Whelan et al. 1980 
Bisevac & Majer 1999 

Tetramorium impressum gp. +++ 
– 

mining rehabilitation 
grazing 

Andersen & Hoffmann 1999 
Read & Andersen 2000 

Tetramorium spininode – – SO2 emissions Hoffmann et al. 2000 
Tetramorium striolatum gp. ++ 

+ / – 
– – 

fire 
fire 
SO2 emissions 

Andersen 1991b 
Vanderwoude et al. 1997 
Hoffmann et al. 2000 

Strumigenys perplexus + fire Andersen 1988 
    
sub family Dolichoderinae    
Anonychomyrma – – 

– – 
mining rehabilitation 
mining rehabilitation 

Jackson & Fox 1996 
Majer & Nichols 1998 

Anonychomyrma biconvexa ++ 
+ 

++ 
++ 

fire 
fire 
fire  
fire / logging 

O’Dowd & Gill 1984 
Andersen 1988 
Neumann 1991 
Neumann 1992 

Doleromyrma – – 
++ 

fire 
grazing 

York 2000 
Hoffmann in press 

Doleromyrma darwinianus – – 
– – 

mining, agriculture  
mining rehabilitation 

Majer 1978 
Majer & Nichols 1998 

Dolichoderus – – – mining rehabilitation Majer & Nichols 1998 
Iridomyrmex numerous groups – 

+ / – 
++ 
– – 
++ 
– – 
++ 
++ 
– – 
– 

– – 
+ 

+ / – 
++ 
– – 
++ 
+ 

agriculture 
mining rehabilitation 
fire 
mining rehabilitation 
mining rehabilitation 
plantation 
mining rehabilitation 
fire 
urbanisation 
mining rehabilitation 
mining rehabilitation 
grazing 
mining rehabilitation 
fire 
fire 
grazing  
pasture 

Majer 1978 
Majer 1978 
Whelan et al. 1980 
Majer et al. 1982 
Majer 1984 
Majer 1985a 
Majer 1985b 
O’Dowd 1985 
Majer & Brown 1986 
Fletcher 1990 
Andersen 1993b 
Scougall et al. 1993 
Jackson & Fox 1996 
Neville et al. 1997 
Vanderwoude et al. 1997 
Bromham et al. 1999 
Bromham et al. 1999 

Iridomyrmex agilis + 
– 

flood rehabilitation 
grazing 

Woodroff & Majer 1981 
Hoffmann & James this thesis 
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Table 6.3 continued    
species response disturbance source 
Iridomyrmex anceps gp. ++ 

++ 
++ 

fire 
mining rehabilitation 
fire 

Andersen 1991b 
Majer & Nichols 1998 
Hoffmann this thesis 

Iridomyrmex bicknelli gp. – 
– – 
++ 

+++ 
– 

fire 
disturbed vegetation 
mining rehabilitation 
grazing 
grazing 

Andersen & Yen 1985 
Burbidge et al. 1992 
Majer & Nichols 1998 
Read & Andersen 2000 
Hoffmann & James this thesis 

Iridomyrmex conifer – fire, mining, 
agriculture 

Majer 1978 

Iridomymrex discors – – 
++ 

+++ 

agriculture 
mining rehabilitation 
mining rehabilitation 

Lobry de Bruyn 1993 
Majer & Nichols 1998 
Bisevac & Majer 1999 

Iridomyrmex dromus gp. – – 
+ 

fire 
grazing 

Andersen & Yen 1985 
Read & Andersen 2000 

Iridomyrmex gracilis gp. – – 
– – 
+++ 
+ / – 

fire 
fire 
mining rehabilitation 
grazing 

Andersen & Yen 1985 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
Hoffmann in press 

Iridomyrmex greensladei + 
+++ 
++ 

flood rehabilitation 
mining rehabilitation 
mining rehabilitation 

Woodroff & Majer 1981 
Majer & Nichols 1998 
Bisevac & Majer 1999 

Iridomyrmex mattiroloi gp. ++ 
+ 

– – 
+ 

fire 
fire 
grazing  
SO2 emissions  

Andersen 1991b 
Vanderwoude et al. 1997 
Hoffmann in press  
Hoffmann et al. 2000 

Iridomyrmex eteocles – – SO2 emissions Hoffmann et al. 2000 
Iridomyrmex nitidiceps ++ fire O’Dowd & Gill 1984 
Iridomyrmex pallidus ++ 

+++ 
+++ 
++ 

fire 
mining rehabilitation  
mining rehabilitation 
SO2 emissions 

Andersen 1991b 
Andersen & Hoffmann 1999 
Andersen & Hoffmann 2000 
Hoffmann et al. 2000 

Iridomyrmex purpureus +++ 
– 

mining rehabilitation 
mining rehabilitation 

Majer et al. 1982 
Fletcher 1990 

Iridomyrmex rufoniger gp. – – – 
++ 
++ 

+ / – 
+ / – 

agriculture 
fire 
mining rehabilitation 
SO2 emissions 
grazing 

Lobry de Bruyn 1993 
Vanderwoude et al. 1997 
Majer & Nichols 1998 
Hoffmann et al. 2000 
Read & Andersen 2000 

Iridomyrmex sanguineus ++ fire Andersen 1991b 
Iridomyrmex suchieri gp. + 

– – – 
SO2 emissions 
mining rehabilitation 

Hoffmann et al. 2000 
Andersen & Hoffmann 1999 

Iridomyrmex viridiaeneus – grazing Read & Andersen 2000 
Ochetellus glaber gp. – – mining rehabilitation Majer & Nichols 1998 
Tapinoma minutum gp. – 

++ 
+ 

– – – 
++ 
– 

+ / – 

mining rehabilitation 
mining rehabilitation 
mining rehabilitation 
agriculture 
mining rehabilitation 
SO2 emissions  
grazing 

Majer et al. 1982 
Majer 1984 
Majer 1985b 
Lobry de Bruyn 1993 
Andersen & Hoffmann 1999 
Hoffmann et al. 2000 
Read & Andersen 2000 
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Table 6.3 continued    
species response disturbance source 
Technomyrmex ++ fire Vanderwoude et al. 1997 
    
sub family Formicinae    
Acropyga – mining rehabilitation Majer 1984 
Calomyrmex – mining rehabilitation Majer 1984 
Camponotus – 

++ 
– – – 
– – 

– – – 
+ 

– – 

mining, agriculture 
fire 
mining rehabilitation 
plantation 
agriculture 
grazing  
pasture 

Majer 1978 
Whelan et al. 1980 
Majer et al. 1982 
Majer 1985a 
Lobry de Bruyn 1993 
Bromham et al. 1999 
Bromham et al. 1999 

Camponotus aeneopliosus ++ fire Vanderwoude et al. 1997 
Camponotus claripes gp. ++ 

++ 
– – 
+ 

fire 
fire 
mining rehabilitation 
grazing 

Andersen & Yen 1985 
Andersen 1988 
Andersen 1993b 
Read & Andersen 2000 

Camponotus consobrinus gp. ++ fire Vanderwoude et al. 1997 
Camponotus denticulatus gp. +++ 

+++ 
+ 

SO2 emissions 
mining rehabilitation 
grazing 

Hoffmann et al. 2000 
Andersen & Hoffmann 1999 
Hoffmann in press 

Camponous discors gp. ++ 
++ 
– 

fire 
mining rehabilitation 
SO2 emissions 

Andersen & Yen 1985 
Bisevac & Majer 1999 
Hoffmann et al. 2000 

Camponotus dryandrae ++ mining rehabilitation Bisevac & Majer 1999 
Camponotus evae ++  mining rehabilitation Bisevac & Majer 1999 
Camponotus fieldae – – SO2 emissions Hoffmann et al. 2000 
Camponotus innexus + fire Andersen 1988 
Camponotus intrepidus – 

++ 
fire 
fire 

Andersen & McKaige 1987 
Andersen 1988 

Camponotus nigroaeneus gp. – grazing Read & Andersen 2000 
Camponotus novaehollandiae gp. – SO2 emissions Hoffmann et al. 2000 
Camponotus obniger ++ mining rehabilitation Majer & Nichols 1998 
Camponotus sponsorum gp. ++ mining rehabilitation Andersen & Hoffmann 1999 
Camponotus terebrans +++ mining rehabilitation Bisevac & Majer 1999 
Melophorus numerous groups – 

+ 
– – – 

– 
– – 
– – 
++ 
– 

– – 
– – – 
++ 

+ / – 
– – 
+ 

mining, agriculture 
fire 
mining rehabilitation 
mining rehabilitation 
fire 
urbanisation 
fire 
disturbed vegetation 
mining rehabiliation 
agriculture 
fire 
mining rehabilitation 
SO2 emissions 
grazing 

Majer 1978 
Whelan et al. 1980 
Majer et al. 1982 
Majer 1985b 
Andersen & Yen 1985 
Majer & Brown 1986 
Andersen 1991b 
Burbidge et al. 1992 
Andersen 1993b 
Lobry de Bruyn 1993 
Vanderwoude et al. 1997 
Majer & Nichols 1998 
Hoffmann et al. 2000 
Read & Andersen 2000 
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Table 6.3 continued    
species response disturbance source 
Melophorus aeneovirens gp. ++ 

– – 
++ 

+++ 
++ 

fire 
mining rehabilitation 
fire 
mining rehabilitation 
grazing 

Andersen 1991b 
Andersen 1993b 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
Hoffmann in press 

Melophorus bagoti +++ SO2 emissions Hoffmann et al. 2000 
Melophorus fieldi gp. + / – 

– 
grazing 
grazing 

Read & Andersen 2000 
Hoffmann & James this thesis 

Melophorus froggatti gp. + / – 
+ 

grazing 
fire 

Hoffmann in press 
Hoffmann this thesis 

Melophorus mjobergi gp. – – 
– 

++ 

fire 
grazing 
grazing 

Andersen & Yen 1985 
Read & Andersen 2000 
Hoffmann & James this thesis 

Melophorus pillipes gp. ++ mining rehabilitation Andersen & Hoffmann 1999 
Notoncus – –  mining rehabilitation Majer 1985b 
Notoncus ectatommoides + fire Vanderwoude et al. 1997 
Notoncus enormis gp. – – 

+ 
mining rehabilitation 
fire 

Jackson & Fox 1986 
Vanderwoude et al. 1997 

Paratrechina +++ 
++ 
+ 

mining rehabilitation 
mining rehabilitation 
urbanisation 

Majer 1984 
Majer 1985b 
Majer & Brown 1986 

Paratrechina minutula gp. – 
++ 
– – 
++ 

fire 
fire 
fire 
fire 

Andersen & Yen 1985 
Andersen 1988 
Andersen 1991b 
Vanderwoude et al. 1997 

Paratrechina obscura +++ mining rehabilitation Andersen & Hoffmann 1999 
Paratrechina vaga gp. + clearing and grazing King et al. 1998 
Plagiolepis ++ fire Andersen 1988 
Polyrhachis – 

– – 
– – 

mining rehabilitation 
plantation 
agriculture 

Majer et al. 1982 
Majer 1985a 
Lobry de Bruyn 1993 

Polyrhachis micans gp. + fire Andersen 1988 
Prolasius sp. ++ 

– – – 
fire 
mining rehabilitation 

Jackson & Fox 1996 
Jackson & Fox 1996 

Prolasius niger gp. ++ fire Andersen 1988 
Prolasius nitidissimus ++ fire O’Dowd & Gill 1984 
Prolasius sp. nr. nitidissimus ++ fire Vanderwoude et al. 1997 
Prolasius pallidus ++ 

++ 
+ 

fire 
fire 
logging / fire 

Neumann 1991 
Neumann 1992 
Hosking & Turner 1997 

Stigmacros – 
+ 
– 

– – 
– 

++ 
– – 
++ 

++ / – – 

mining rehabilitation 
fire 
fire 
plantation 
mining rehabilitation 
fire 
agriculture 
mining rehabilitation 
fire 

Majer et al. 1982 
O’Dowd & Gill 1984 
Andersen & Yen 1985 
Majer 1985a 
Majer 1985b 
Andersen 1988 
Lobry de Bruyn 1993 
Jackson & Fox 1996 
York 2000 
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6.3.2 Functional group dynamics 

Dominant Dolichoderinae was the most responsive functional group (Table 6.4), reacting strongly 

in two thirds of all studies. This group is primarily an increaser following disturbance (Figure 6.2, 

Table 6.5), but there are three prominent exceptions. The first is immediately following fire within 

southern Australia where the abundance (and relative abundance) of Dominant Dolichoderinae 

decreases, but increases on the longer-term (Andersen & Yen 1985, Andersen 1988; Neville et al. 

1997). Second is when the disturbance (or rehabilitation following disturbance) involves a high 

cover of weeds or early successional vegetation, such as Acacias, that form dense shaded areas with 

a thick layer of litter (Andersen 1993b; Abensberg-Traun et al. 1996). Third is within areas subject 

to agriculture, where Generalised Myrmicinae (particularly species of Pheidole) become 

numerically dominant (Majer 1978; Greenslade & Mott 1979; Lobry de Bruyn 1993).  

 

The relative abundances of Subordinate Camponotini, Cold Climate Specialists, Cryptic species and 

Specialist Predators consistently decreased when their responses were strong, with the only 

exceptions being the response of Subordinate Camponotini to mine site rehabilitation in Bisevac 

and Majer (1999) and the response of Cryptic species to fire in Andersen & Yen (1985). 

Interestingly both Subordinate Camponotini and Cold Climate Specialists contain many species that 

are increasers (Table 6.3), including Camponotus denticulatus and claripes species groups, and all 

species of Prolasius and Notoncus. Thus it appears that the increased abundance of numerically 

dominant species following a disturbance (O’Dowd & Gill 1984; Andersen 1991b) masks the 

increased contribution of these species to the overall community population. 

 

While the proportion of Hot Climate Specialists within an ant community is positively related to the 

“openness” of vegetation at a biogeographic scale (Andersen 1993a), this group is not a reliable 

increaser following the opening of vegetation by disturbance. This group mostly had a lower 

proportional abundance in areas undergoing mining rehabilitation and agriculture (Majer et al. 

1982; Andersen 1993b; Lobry de Bruyn 1993) and in one study following fire in southern Australia 

(Andersen & Yen 1985), and a greater abundance in other studies of fire and grazing (Majer 1978; 

Andersen 1991b; Hoffmann in press). It seems that this group is primarily an increaser due to the 

opening of vegetation by disturbance, but there is a threshold of the level of disturbance it can 

tolerate after which it is a decreaser. This is supported by many species within this group being 

increasers following the less severe disturbances of fire and grazing (Andersen 1991b; Hoffmann in 

press) and being present only during mid-late succession following mining (Majer et al. 1982; 

Majer 1984; Majer & Nichols 1998). Like Dominant Dolichoderinae, this group is negatively 

affected by weeds and dense regenerating vegetation (Burbidge et al. 1992; Andersen 1993b). 
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Table 6.4. Responses of ant functional groups to disturbance as found within studies listed in table 

6.1.     + and – respectively indicate an increase or decrease in a functional group relative abundance 

with increasing disturbance. The number of symbols indicate the strength of a response such that 

one symbol = weak response, three symbols = very strong response.  

Functional group response disturbance source 
Dominant Dolichoderinae – – 

++ 
+++ 
– – 
+++ 

– 
– 

+++ 
+++ 
++ 
– – 

– – – 
+ 
–  

++ 
++ 

+++ 
– 

+++ 
+++ 
+++ 
++ 
+ 
+ 

agriculture 
mine site rehabilitation 
mine site rehabilitation 
fire 
mine site rehabilitation 
fire 
clearing and grazing 
borrow pit 
rehabilitation 
fire 
agriculture 
mine site rehabilitation 
agriculture 
grazing 
grazing, weed invasion 
clearing 
fire 
fire 
fire 
mine site rehabilitation 
mine site rehabilitation 
mine site rehabilitation 
SO2 emissions 
grazing 
fire 

Majer 1978 
Majer 1978 
Majer et al. 1982 
Andersen & Yen 1985 
Dunlop & Majer 1985 
Andersen & McKaige 1987 
Andersen & McKaige 1987 
Fletcher 1990 
Andersen 1991b 
Keals & Majer 1991 
Andersen 1993b 
Lobry de Bruyn 1993 
Scougall et al. 1993 
Abensperg-Traun et al. 1996 
King et al. 1996 
Neville et al. 1997 
Vanderwoude et al. 1997 
Andersen 1998 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Andersen & Hoffmann 2000  
Hoffmann et al. 2000 
Read & Andersen 2000 
Hoffmann this thesis 

Subordinate Camponotini – – – 
+ 

– – – 
– – – 
– – – 

+ 
– 

– – – 
– 

– – – 
– 
+ 
+ 
+ 

++ 
+ 

– – 
– 
+ 

mine site rehabilitation 
fire 
mine site rehabilitation 
fire 
clearing and grazing 
fire 
borrow pit rehabilitation 
agriculture 
plantation 
agriculture 
grazing 
fire 
fire 
mine site rehabilitation 
mine site rehabilitation 
mine site rehabilitation 
grazing  
SO2 emissions 
grazing 

Majer et al. 1982 
Andersen & Yen 1985 
Dunlop & Majer 1985 
Andersen & McKaige 1987 
Andersen & McKaige 1987 
Andersen 1988 
Fletcher 1990 
Keals & Majer 1991 
Burbidge et al. 1992 
Lobry de Bruyn 1993 
Scougall et al. 1993 
Neville et al. 1997 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Andersen & Hoffmann 2000 
Hoffmann in press  
Hoffmann et al. 2000 
Read & Andersen 2000 
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Table 6.4 continued    
Functional group response disturbance source 
Hot Climate Specialists – – – 

++ 
– – 
+ 
– 

+++ 
– 

– – 
– – – 

+ 
+ 

+++ 
– 

++ 
+ 
+ 

mine site rehabilitation 
fire, agriculture 
fire 
mine site rehabilitation 
borrow pits 
fire 
disturbed vegetation 
mine site rehabilitation 
agriculture 
fire 
mine site rehabilitation 
mine site rehabilitation 
mine site rehabilitation 
grazing 
grazing 
fire 

Majer et al. 1982 
Majer 1978 
Andersen & Yen 1985 
Dunlop & Majer 1985 
Fletcher 1990 
Andersen 1991b 
Burbidge et al. 1992 
Andersen 1993b 
Lobry de Bruyn 1993 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Andersen & Hoffmann 2000 
Hoffmann in press 
Read & Andersen 2000 
Hoffmann this thesis 

Cold Climate Specialist – – – 
+ 
– 
+ 

– – – 
– – 
– – 
– – 
– – 

mine site rehabilitation 
fire 
fire, grazing 
disturbed vegetation 
agriculture 
fire 
mine site rehabilitation 
mine site rehabilitation 
mine site rehabilitation 

Majer et al. 1982 
Andersen & Yen 1985 
Andersen & McKaige 1987 
Burbidge et al. 1992 
Lobry de Bruyn 1993 
Neville et al. 1997 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Andersen & Hoffmann 2000 

Cryptic species – – 
– – – 
++ 
– – 

– – – 
– – 
– – 
+ 

– – – 
– 

– –  
– 

mining, fire, agriculture 
mine site rehabilitation 
fire 
fire 
clearing and grazing 
fire 
agriculture 
disturbed vegetation  
clearing and grazing 
fire 
mine site rehabilitation 
grazing 

Majer 1978 
Majer et al. 1982 
Andersen & Yen 1985 
Andersen 1988 
Andersen & McKaige 1987 
Andersen 1991b 
Keals & Majer 1991 
Burbidge et al. 1992 
King et al. 1996 
Neville et al. 1997 
Bisevac & Majer 1999 
Read & Andersen 2000 

Opportunists +++ 
– – 
++ 

+++ 
++ 
+ 

– – 
++ 

+++ 
+++ 
– – 

– – – 
+++ 
– – – 

– 
– 

mine site rehabilitation 
mine site rehabilitation 
fire 
clearing and grazing 
fire 
borrow pit rehabilitation 
agriculture 
disturbed vegetation 
mine site rehabilitation 
clearing and grazing 
fire 
fire 
mine site rehabilitation 
mine site rehabilitation 
fire  
grazing 

Majer et al. 1982 
Dunlop & Majer 1985 
Andersen & McKaige 1987 
Andersen & McKaige 1987 
Andersen 1988 
Fletcher 1990 
Keals & Majer 1991 
Burbidge et al. 1992 
Andersen 1993b 
King et al. 1996 
Neville et al. 1997 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Hoffmann this thesis  
Read & Andersen 2000 
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Table 6.4 continued    
Functional group response disturbance source 
Generalised Myrmicinae – – 

++ 
– – – 
– – 
+++ 
– – 
+++ 
– – – 

+ 
– – – 

– 
– – – 

+ 
+++ 
– – – 
– – 
– – 
– 
+ 
– 
+ 

fire 
agriculture 
mine site rehabilitation 
clearing and grazing 
mine site rehabilitation 
borrow pit rehabilitation 
agriculture 
fire 
disturbed vegetation 
mine site rehabilitation 
grazing 
clearing and grazing 
fire 
fire 
mine site rehabilitation 
mine site rehabilitation 
mine site rehabilitation 
SO2 emissions 
grazing 
fire 
grazing 

Majer 1978 
Majer 1978 
Majer et al. 1982 
Andersen & McKaige 1987 
Dunlop & Majer 1985 
Fletcher 1990 
Keals & Majer 1991 
Andersen 1991b 
Burbidge et al. 1992 
Andersen 1993b 
Scougall et al. 1993 
King et al. 1996 
Neville et al. 1997 
Vanderwoude et al. 1997 
Andersen & Hoffmann 1999 
Bisevac & Majer 1999 
Andersen & Hoffmann 2000 
Hoffmann et al. 2000 
Read & Andersen 2000 
Hoffmann this thesis 
Hoffmann & James this thesis 

Specialist Predators 
 
 
 
 
 
 
 
 
 

– 
+ 
+ 
+ 

– – 
– 
– 
– 
– 
+ 
+ 
– 

– – 
+ 
– 

mine site rehabilitation 
fire 
fire 
fire 
agriculture 
disturbed vegetation 
mine site rehabilitation 
agriculture 
fire 
fire 
mine site rehabilitation 
grazing 
SO2 emissions 
grazing 
fire 

Majer et al. 1982 
Andersen & Yen 1985 
Andersen 1988 
Andersen 1991b 
Keals & Majer 1991 
Burbidge et al. 1992 
Andersen 1993b 
Lobry de Bruyn 1993 
Vanderwoude et al. 1997 
Neville et al. 1997 
Andersen & Hoffmann 2000 
Hoffmann in press  
Hoffmann et al. 2000 
Read & Andersen 2000 
Hoffmann this thesis 
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Figure 6.2. Strong and very strong responses of ant functional groups to disturbance throughout 

Australia as found in studies given in Table 6.1. Upwards and downward arrows indicate an 

increase or decrease in relative abundance respectively. White arrows indicate mining, thin black 

arrow with large head indicates fire, broad black arrow with a small head indicates ungulate 

grazing, and grey arrows indicate all remaining disturbances (agriculture and SO2 emissions). 

Arrows are placed over the location of the study sites.  
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Table 6.5. Summary descriptions of the responses of functional groups to the major land uses of mining, fire and grazing. Responses to grazing 

presented here may be confounded by clearing and weed invasion. The lack of a description indicates that there has been no, or too few responses to 

confidently provide a summary. 

 

functional group mining fire grazing  
Dominant Dolichoderinae increaser – particularly early sucession. 

Rehabilitation technique may cause 
decreaser response if litter layer and dense 
vegetation accumulates 
 

increaser – may have short-term decreaser 
response immediately following fire 

 

Subordinate Camponotini decreaser – contains many key increaser 
species that may produce conflicting results 
 

 decreaser – but few strong responses. 
Contains many key increaser species that 
may produce conflicting results 
 

Hot Climate Specialists decreaser – at least in early succession, may 
have increaser response mid succession 
 

increaser – may have short-term decreaser 
response immediately following fire 

increaser – but few strong responses 

Cold Climate Specialists decreaser decreaser – but actual abundance tends to 
increase 
 

 

Cryptic species decreaser decreaser – response of Adlerzia may be 
conflicting in southern Australia 
 

 

Opportunists predominantly increaser, particularly early-
mid succession 
 

  

Generalised Myrmicinae decreaser   
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The responses of Opportunists and Generalised Myrmicinae have no clear direction following 

disturbance other than that their respective reactions typically oppose each other (Figure 6.2). Their 

negative relationship is clearly demonstrated in the relationship between their respective changes of 

relative abundance across all studies (R2 = 0.5, P < 0.0001) (Figure 6.3). Opportunists was most 

often an increaser (6 out of 10 strong responses) and Generalised Myrmicinae was most often a 

decreaser (9 out of 13), particularly in minesite rehabilitation.  

 

 

 

 

 

 

 

 

Figure 6.3. Relationship of the change in contribution of total ant abundance (%) of Opportunists 

and Generalised Myrmicinae as found in all studies of disturbance reviewed here. 
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6.4 Discussion 

6.4.1 Disturbance type 

Clearly, the greatest influence on the response of ants is disturbance type, namely primary (new 

substrate) versus secondary (substrate intact) succession. Generally species responded to the severe 

disturbances of mining and agriculture opposite to the likes of fire and grazing, whereas only the 

magnitude of the response of functional groups was affected by disturbance type. For this reason 

common arboreal species (primarily Crematogaster, Anonychomyrma and Dolichoderus) are 

decreasers following mining but are consistent increasers following fire. Hot Climate Specialists 

was the only functional group whose direction of response was dependent on disturbance type, 

being a decreaser following mining, and an increaser following fire and grazing.  

 

Clearly, mining imposed the greatest number of strong responses relative to the number of studies 

(Table 6.6), followed by fire and grazing respectively. But apparent responsiveness following 

mining also differed between studies depending on whether early and/or late successional areas 

were considered against controls. For example, few species are present in early primary succession 

and the absence of a species is considered to be a decreaser response, but when many appear in 

mid-succession they have an inflated abundance compared to control areas giving them an increaser 

response (Majer et al. 1982; Jackson & Fox 1996; Majer & Nichols 1998; Bisevac & Majer 1999). 

For similar reasons the direction of the response of functional groups may change with time and 

thus it is important to factor the ‘state’ of rehabilitation when interpreting ant dynamics. Similar 

attention also needs to be given to rehabilitation technique, particularly for interpreting the 

responses of Dominant Dolichoderinae and Hot Climate Specialists. 

 

Fire within southern Australia resulted in an immediate reduction of Dominant Dolichoderinae 

abundance, but an increase in the longer term, as opposed to an increase elsewhere in Australia. 

Andersen and Yen (1985) suggested that this immediate suppression of abundance indicates that a 

large proportion of Dominant Dolichoderinae workers are killed in fires. They argued that the 

dominance of Dominant Dolichoderinae might be achieved by risking a large proportion of workers 

at the same time, with events such as fire only having short-term consequences on populations. This 

hypothesis could be tested easily by comparing the impacts of nighttime fires versus daytime fires, 

but I am unaware of any such research. The few published fire studies that have been conducted in 

northern Australia did not sample ants immediately following fire, so it is unknown if this effect is 

widespread or restricted to cooler, southern Australia. 
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Table 6.6. Number of strong and very strong responses of functional groups to disturbances. The 

number of studies of each disturbance is given in parentheses. 

 

 

Functional group grazing (7) fire (9) mining (8) other (6) 

Dominant Dolichoderinae – 4 8 5 

Subordinate Camponotini 2 1 3 2 

Hot Climate Specialists 1 3 3 2 

Cold Climate Specialists – 1 4 1 

Cryptic species 2 4 3 2 

Opportunists 2 4 5 2 

Generalised Myrmicinae 2 3 6 2 

Specialist Predators – – – 2 

Total 9 20 32 18 

 

 

Grazing induced the fewest strong responses overall (Table 6.6), and interestingly, the relative 

abundance of Dominant Dolichoderinae has never changed strongly in studies of the impacts of 

ungulate grazing. But rather than suggesting that this disturbance imposes the least impact, I believe 

that this is due to all (true) grazing studies being conducted within the arid zones where functional 

group responses are limited (see below). The other noteworthy point of Dominant Dolichoderinae 

responses is the general reduction in abundance with the presence of weeds, dense early 

successional vegetation or monocultural crops. Such conditions are stressful to sun-loving 

Iridomyrmex and they are unable to persist in great numbers despite the level of disturbance. It is 

likely that monocultural crops reduce Dominant Dolichoderinae abundance also because of the 

constant tilling of soil which would damage their relatively large nests. 

 

The responses of Opportunists and Generalised Myrmicinae were the most variable, although it 

appears that Opportunists is an increaser with grazing and opposite for Generalised Myrmicinae 

(Andersen & McKaige 1987; Abensperg-Traun et al. 1996; King et al. 1997). However, these 

responses are more likely an effect of clearing and weed invasion than of grazing. Exactly which 

direction the response of these two groups will be in any location is not yet clear, but it is 

noteworthy that their responses often vary between habitats within a study, and I suspect that their 

dynamics vary depending on how stressful the local environment is from an ants perspective. For 
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example Hoffmann et al. (2000) found that Generalised Myrmicinae increased in alluvial plains 

with low woodlands, but Opportunists increased on the scree slopes of ridges with spinifex. 

Opportunists are known to favour stressful habitats such as rocky ridges which have relatively 

lower productivity than surrounding plains (Andersen 1993a) and cool, shaded habitats (Andersen 

1986b) where Iridomyrmex is less abundant. Thus it likely that Opportunists increase in habitats 

that are locally more stressful and opposite for Generalised Myrmicinae. 

 

6.4.2 Biogeography 

The lack of species common to multiple studies conducted throughout Australia precludes the clear 

interpretation of their responses across biogoegraphical zones, so only functional groups are 

considered here. The magnitude of the response of functional groups is not consistent throughout 

Australia, with the greatest number of changes and the greatest magnitude of change occurring 

within the tropical and temperate regions and opposite for the arid zones (Table 6.7). For example, 

few responses from studies in this thesis were statistically significant with no strong responses of 

Dominant Dolichoderinae in any study. Exceptions were in studies of mining in the Pilbara (Dunlop 

& Majer 1985; Fletcher 1990). Similarly the response of Cold Climate Specialists was greatest in 

cool southern Australia (Lobry de Bruyn 1993), the weakest responses were in the tropics 

(Andersen 1991b, 1993b) and they were often absent from studies within the arid zones (Dunlop & 

Fletcher 1985; Hoffmann this thesis) (Table 6.8). 

 

The reduced sensitivity of functional groups in the arid zones is also obvious in triangular 

ordination of ant communities in relation to stress and disturbance following the CSR nomenclature 

of Grime (1979) (Figures 6.4 & 6.5; see Chapter 1). The distance between disturbed and 

undisturbed sites in ordination space is always greater in regions where vegetation complexity is 

high, particularly along the Competition axis. This is most easily seen comparing the 

responsiveness of ants to fire along a rainfall gradient from the monsoonal tropics (Andersen 

1991b) to the semi-arid tropics (Hoffmann this thesis) approximately 400 km south. In the 

structurally complex, savanna forests there is a large shift in functional group profiles towards more 

competitive ant communities. Whereas in the relatively less structurally complex semi-arid savanna 

woodlands, where temperature stress from an ant’s perspective is much less limiting, there is little 

shift in functional group profiles corresponding with negligible change in the competitiveness of the 

communities. Even following mining, the position of arid ant communities along the competition 

axis remains constant throughout their dynamic shift back from the C-R sector (refer to Andersen 5; 

Chapter 1). 
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Table 6.7. Change in contribution of total ant relative abundance (%) of functional groups with fire, mining emissions and mine site rehabilitation 

throughout Australia. Changes with disturbance are relative to controls or with increasing rehabilitation age for mine site restoration. Only responses 

that displayed a change ≥ 4 % of total ant abundance are shown. Data are from Andersen 1991b; Vanderwoude et al. 1997a; Hoffmann this thesis; 

Andersen & Yen 1985; Andersen 1988; Andersen & McKaige 1987; Andersen 1993b; Andersen & Hoffmann 1999, 2000; Dunlop & Majer 1985; and 

Fletcher 1990 respectively. 
 Fire  Emissions  Mine site rehabilitation 

 monsoonal 

tropics 

sub-tropics semi-arid 

tropics 
southern  

semi-arid 

cool-temperate  semi-arid  monsoonal 

tropics 

sub tropics arid 

 annual biennial annual periodic time since fire single fire  SO2  vs natural rehab. 

age 

vs 

natural 

Dominant Dolichoderinae +41 +14 +25 +14 +5 -8 -9  -25 -4 -4  +5 +11  -11 +13 +15 -9 +11 
Subordinate Camponotini       +4 +10 +5 -16 +7  -4        
Hot Climate Specialists +12 +5    +13 -16 -23 +19  -10          
Opportunists -10  -50 -48 -7   +8 +5 +13      +33  +7 -8  
Generalised Myrmicinae -40 -20 +20 +24  +7    +4 +19  +4 -10   -6 -24 +19 -9 
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Figure 6.4. Classification of ant communities in relation to stress and disturbance following the 
CSR nomenclature of Grime (1979) as found in studies of responses of ants to fire throughout 
Australia. The left hand vector of each triangle represents competition, the right hand vector 
represents disturbance and the lower vector represents stress. Black circles are burnt sites and grey 
circles are unburnt controls. Sites from Hoffmann (this thesis) are controls and the most recently 
burnt sites sampled in the 1997 sample. Plots of Andersen (1988) and Andersen and Yen (1985) are 
of combined multiple sampling times. The dashed arrow indicates the direction of ant succession 
with increasing disturbance. 
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Figure 6.5 Classification of ant communities in relation to stress and disturbance following the CSR 
nomenclature of Grime (1979) as found in studies of the sucession of ant communities following 
mining throughout Australia. The left hand vector of each triangle represents competition, the right 
hand vector represents disturbance and the lower vector represents stress. Black circles are 
rehabilitating sites and grey circles are undisturbed controls. The dashed arrow indicates the 
direction of ant succession with increasing disturbance. 
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The most likely explanation for the highly conservative functional group responses within 

Australia’s arid zones is the relative lack of change of vegetation structure. Changes in functional 

groups are largely dependent on changes in vegetation structure, (see Chapter 1), and changes in 

vegetation structure at the site level in mesic regions produce changes that are comparable to 

differences seen at the biogeographic level, but this is not possible in the arid zones. From an ants 

perspective, changes in vegetation structure in mesic areas will affect temperature stress, but will 

not in the arid zones. This lack of change is significant as it calls into question the utility of the 

functional group scheme for disturbance analysis within 70% of the continent. What is not clear 

though is exactly where the biogeographical threshold lies, over which the usefulness of the scheme 

becomes compromised. 

 

6.4.3 Key species 

The simplest bioindicators in ecological studies are key species that are known to be consistently 

responsive to different disturbances, preferably over a large biogeographic area. Most species 

appear to not conform to this ideal, particularly when they are pooled into species-groups. That 

responses of related species vary is not surprising given the diversity of species within groups 

(some over 50 species). But some species and species-groups have been identified here that appear 

to make good general indicators of disturbance.  

 

Rhytidoponera tasmaniensis inhabits cool-temperate Australia (Figure 6.6) where ant diversity and 

competition is generally low. It repeatedly increased its abundance following a disturbance, 

particularly when the environment has no chance of ecological recovery such as on farmland 

(Andersen & McKaige 1987). Iridomyrmex pallidus is found across monsoonal Australia, is 

common in most habitats, and has consistently increased its abundance following a range of 

disturbances (Andersen 1991b; Andersen & Hoffmann 1999; Hoffmann et al. 2000). Members of 

the Camponotus denticulatus species-group and Melophorus aeneovirens species-group have 

combined distributions covering most of the arid zones and were responsive to a wide array of 

disturbances. Finally, Aphaenogaster longiceps is found around the lower half of eastern Australia 

and has reliably increased in abundance with multiple disturbance types (Andersen 1988; Jackson & 

Fox 1996; Vanderwoude et al. 1997). 
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Figure 6.6. The known distributions of species identified here as having clear and repetitive 
responses to disturbance. Distribution are based on collected specimens in the invertebrate 
biodiversity laboratory at the CSIRO, Tropical Ecosystems Research Centre in Darwin. Different 
symbols represent different species within the same species-group. Large gaps in distributions, 
particularly within the desert regions, represent largely unsampled areas rather than non-presence. 
Note: the species denoted by black circles within the Camponotus denticulatus gp. is that of 
Andersen and Hoffmann (1999) and Hoffmann et al. (2000) and the one denoted by white circles is 
that found in Hoffmann (in press). Likewise, the Melophorus aeneovirens gp. species denoted by 
black circles is that found in Andersen (1991b, 1993b) and Hoffmann (in press), and the one 
denoted by grey circles is that of Vanderwoude et al. (1997) and Andersen and Hoffmann (1999). 
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The consistent trends of these species suggest that they are good candidates as target species that 

may ultimately allow for rapid assessment. Moreover, the combined distributions of these species 

covers most of the continent (tropical rainforests excluded), allowing the selection of at least one of 

these species in studies anywhere within Australia. Furthermore, the species-groups represented by 

Iridomyrmex pallidus, Camponotus denticulatus and Melophorus aeneovirens contain many species 

that may ultimately provide more key indicator species.  

 

Many other species can be identified that may prove also to be useful target species. Most strikingly 

are members of the Rhytidoponera metallica species-group (which includes Rhytidoponera 

tasmaniensis) that have long been thought to be opportunistic species (Yeatman & Greenslade 

1980) and thus potentially useful indicators of disturbance. These species lists are by no means 

exhaustive, and future research is sure to identify more key indicator species. An example is the 

Camponotus terebrans species-group which is closely related to the Camponotus denticulatus 

species-group. Species in this group are known to have inflated abundance in disturbed areas 

(Bisevac & Majer 1999), particularly around pastoral lease homesteads (Hoffmann unpublished 

data).  

 

6.4.4 Limitations of the functional groups scheme for disturbance 

analysis 

The functional group scheme is generally a useful tool for disturbance analysis, but it does have 

limitations. It should be noted though, that most of these problems are not necessarily restricted to 

this scheme, but may apply to any general framework that is designed to be utilised at a continental 

scale.  

 

First is the lack of responses of functional groups in the arid zones as has already been discussed in 

detail. Second is the change in many species classifications. Because the functional group scheme is 

still in a state of evolution, it will continue to be refined and some species classifications will 

inevitably change as knowledge improves. However, this is of relatively little concern as the most 

common and widespread (important) species/genera are securely placed within this scheme, often 

based on qualitative data (e.g. Andersen & Patel 1994). I am unable to quantify the changes in 

results (if any) of functional groups responses between those reported and the ones used here 

according to the latest species classifications, as I have scaled the data of most studies which also 

affects the magnitude of the responses of each group. But it is most likely that classification 

changes of predominantly minor species will have had only a minimal influence on results.  
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The incomplete taxonomy and general lack of knowledge of the biology of most Australian ants 

makes it difficult to confidently place many species into functional groups, and some questionable 

classifications remain. For example, Teratomyrmex is known from only a single individual and 

nothing is known of its biology (Shattuck 1999). Similarly, many genera (particularly some classed 

as Tropical Climate Specialists and Cryptic species) are rarely encountered and are equally 

unknown. The classifications of others are also debatable. Species of Sphinctomyrmex are classed as 

a Cryptic species due to their subterranean habits and minute eyes, but they are specialist predators 

of other ants (Briese 1984) and can have colonies containing several hundred workers similar to 

Aenictus which are “driver ants” and classed for the first time here as Specialist Predators. Aenictus 

was previously classed as a cryptic species as it too has minute eyes, but species of this genus form 

large and active foraging trails and they are not restricted to the litter layer (pers. obs.).  

 

The classification of Adlerzia froggatti is particularly worthy of mention as this species does not 

clearly fit into any particular functional group. Adlerzia is a monospecific genus that has been 

placed into multiple groups by different authors, namely Hot Climate Specialists (Andersen 1995; 

Vanderwoude et al. 1997; Bisevac & Majer 1999) and Cryptic species (Majer & Brown 1986, 

Andersen & Hoffmann 2000). It is considered here to be a Cryptic species as it has minute eyes, 

forages amongst litter and has a similar morphology (and probably biology) to all other genera 

within the tribe Pheidologetonini, which are also classed as Cryptic species. But unlike most other 

Cryptic species, Adlerzia froggatti is most abundant in the drier vegetation types of dry sclerophyll 

to mallee rather than wet sclerophyll or rainforest (Shattuck 1999). Moreover, this species is 

common in urban areas (Majer & Brown 1986) and is promoted by fire (Andersen & Yen 1985; 

Vanderwoude et al. 1997), atypical of trends of Cryptic species shown previously. Cryptic species 

(theoretically) should be promoted by litter accumulation, which is so for urban areas but not for 

fire. Likewise, Cryptic species should not be influenced by competition due to their cryptic nature, 

however, in all of these cases, the abundance of Dominant Dolichoderinae was suppressed and thus 

its response is typical of Generalised Myrmicinae.  

 

Third is the inconsistent responses of functional groups between many studies and between multiple 

habitats within studies. While differences between studies may be a result of inadequate sampling 

designs (i.e. one or a few sites), or differences in the timing of sampling relative to the disturbance 

(i.e. time since fire), explanations of differences in responses between habitats within a study, 

particularly that of Opportunists and Generalised Myrmicinae, remains speculative. These 

differences are most likely explained by limiting environmental conditions from an ant’s 
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perspective such as temperature, insolation, and waterlogging but are yet to be proven. Meanwhile, 

such inconsistencies reduce the predictability of this general framework of ant community structure. 

 

Fourth, many species within a functional group do not respond to disturbance in the manner typical 

of its group. For example, Iridomyrmex, which is the predominant member of the Dominant 

Dolichoderinae had 11 decreaser responses and 14 increaser responses (Table 6.3). Dominant 

Dolichoderinae relative abundance has been shown here to predominantly increase following 

disturbance. Likewise Camponotus, which is the predominant member of Subordinate Camponotini, 

had nine increaser responses and three decreaser responses. Subordinate Camponotini relative 

abundance has been shown here to decrease following disturbance. These inconsistencies by no 

means detract from the usefulness of the broad-scaled functional group classification system, rather 

it emphasises the “noise” that is found at the species-level. However, from a disturbance ecology 

perspective, the best system would be one in which all members of a group responded (at least) in 

the same direction. This would strengthen the dynamics of the groups. For this reason (coupled with 

its overwhelming abundance in traps) Hoffmann et al. (2000) excluded the abundance of 

Camponotus sp. A from Subordinate Camponotini in analyses.  

 

The fifth limitation is the utilisation of the groups that generally contain low abundance (Specialist 

Predators, Cold and Tropical Climate Specialists and Cryptic species). Often these groups cannot be 

analysed statistically due to such few data, especially in the arid zones, and thus it would appear 

that not all groups can be utilised at any one place. In an attempt to alleviate this problem a couple 

of recent studies have lumped these small groups together, as “Others” (King et al. 1998; Hoffmann 

et al. 1999). However this amalgamation severely limits interpretation of results in the context of 

ecosystem management. Ultimately, there is no problem with ignoring functional groups such as 

these, and it must be recognised that this is a general limitation of continental-scale classification 

systems.  

 

While it is not a problem to ignore groups with low abundance, where they do comprise a 

reasonable proportion of a community these groups may also contain so few species that the 

response is primarily that of the single most abundant species (Hoffmann in press; Read & 

Andersen 2000). The most striking example of this is the response of Adlerzia froggatti in Andersen 

and Yen (1985) where this species made up 98.9 % of Cryptic species’ abundance and increased its 

proportional abundance within ant communities by six and eight percent in two habitats 

respectively following fire. This is an obvious problem if the individual species does not conform to 

expected functional group trends. This problem can be taken a step further with the group Specialist 
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Predators, as the dynamics of this group may vary depending on whether the most abundant species 

are large and active genera such as Leptogenys and Cerapachys that are most diverse in open 

habitats, or small dacetines that prefer litter and are much more secretive. While purely speculative 

due to the lack of strong responses, further research may yet prove this divergence to be true. 

 

The final limitation is a lack of an interpretation of the responses of the groups Tropical and Cold 

Climate Specialists in the context of general ecological change. These groups are based purely on 

biogeography (a syndrome of the functional group system being designed to describe 

biogeographical differences between communities) which describes nothing of their function within 

ant communities nor implies anything about their response to disturbance. Most often these groups 

represent such a low proportion of total community composition that they are ignored, but where 

they have been found in sufficient numbers (Andersen 1988; King et al. 1998) nothing has or can be 

interpreted from them. Ideally these groups would be most practical if they could be utilised for 

disturbance analysis. I have already identified here that both groups are primarily decreasers, 

despite the small magnitude of change in most studies (Table 6.8). While it is doubtful that Tropical 

Climate Specialists will ever contribute much to disturbance analysis, because of the mostly 

uncommon and often arboreal nature of these species that results in few pitfall trap captures, I 

believe that Cold Climate Specialists can be useful within southern Australia where they comprise a 

large proportion of the fauna.  
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Table 6.8. Change of relative abundance of Cold Climate Specialists and Tropical Climate Specialists with fire, mining emissions and mine site rehabilitation 

throughout Australia. Changes with disturbance are relative to controls or with increasing rehabilitation age for mine site restoration. Data are from Andersen 1991b; 

Vanderwoude et al. 1997a; Hoffmann this thesis; Andersen & Yen 1985; Andersen 1988; Andersen & McKaige 1987; Andersen 1993b; Andersen & Hofmann 1999, 

2000; and Hoffmann in press respectively. 

 
 Fire  Mine site rehabilitation  grazing  agriculture 

 monsoonal tropics sub-tropics southern  

semi-arid 

cool-temperate  monsoonal 

tropics 

sub-tropics arid  tropics cool-

temperate 

 cool-

temperate 

  annual     biennial annual periodic single fire  age vs natural  vs natural  vs natural 

Cold Climate Specialists -0.3 -0.3 +0.4 +3.8 +8 +5 -4 -0.7 -14  -1.2 +0.9 -2.7 -3.1 -2.8  -1.1 -5  -25.5 
Tropical Climate Specialists -0.3 -0.3 +0.1 +0.2   -2      -0.7        
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6.5 Conclusions 

Although designed to describe differences in the structure of ant communities across biogeographic 

zones in the face of great species turnover, the functional groups scheme clearly has an important 

role to play in disturbance ecology. This paper has shown that the dynamics of the major groups can 

be interpreted within the context of stress, disturbance type and biogeography and that they are 

largely predictable and reliable. But it has also shown that this current scheme appears to have 

limited prospects for disturbance analysis within the arid zones. While one solution to this problem 

is to merely focus on the responses of key species identified here, particular species are not always 

present in all locations, whereas functional groups provide a framework for the study of ants that 

can be used everywhere and allow comparisons of faunas at multiple spatial scales (Andersen 

1997). I suggest we need to modify this existing scheme or develop a new scheme that identifies 

recurrent and predictable patterns in community structure or composition that can be interpreted in 

the context of disturbance and ecosystem health at multiple scales of resolution within the arid 

zones. But faced with a clear lack of studies of arid ant communities, it is not yet possible to modify 

the current system nor create a new one.  

 

Any new functional group classification system would be most beneficial to disturbance ecology if 

it’s dynamics could be interpreted within the context of impacts on other biota, limiting or dominant 

ecosystem processes and overall ecosystem integrity. This would provide a more holistic view of 

the impacts of disturbance on landscapes. Future management decisions will increasingly be made 

based on the proper functioning of ecosystems (Walker 1992; Mooney 1997) but as yet there is only 

a limited understanding of how the changes in ant community organisation as given by the current 

scheme relate to ecosystem processes. We require proven, quantitative and predictable links 

between ants and ecosystem processes and such knowledge can only be obtained from carefully 

designed experiments. Research of this nature could prove to be a profitable investment for the 

future of Australia’s biodiversity. 
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8. Appendices. Publications of particular relevance to the thesis 

Appendix I.  Ant monitoring at German Creek Mine, Queensland. 

 

Alan N. Andersen and Ben Hoffmann 

 

A consultancy report prepared for Capricorn Coal Management Pty Ltd 

January 1998 

 

Executive summary 

This report describes work conducted as part of a pilot program investigating the potential use of 

ants as bio-indicators at German Creek mine, Queensland. The report identifies the ants collected, 

describes differences in ant species richness and community structure between sites and sampling 

times, and makes recommendations regarding future ant monitoring at the mine. 

 

Nine sites had been selected for study by mine staff, comprising seven reference sites representing 

a range of local habitats, and two mine sites undergoing rehabilitation. Ants had been sampled by 

mine staff using pitfall traps operated during January (mid wet season), April (end of wet season) 

and September (late dry season) 1997, and sent to the consultants for identification and analysis. 

 

A total of 184 ant species from 30 genera were collected. Total species richness ranged from 50-77 

at reference sites, far higher than at the two rehabilitated sites (39 and 25 species respectively). 

Many of the more specialized groups of ants have failed to colonize the latter sites. Total ant 

abundance and species richness varied considerably between sampling periods, but community 

structure was rather uniform through time. January was clearly the best time for sampling, as both 

abundance and richness were highest, and community composition was virtually identical to that 

when all samples were pooled. 

 

This pilot study provides an excellent basis for the future monitoring of ants as indicators of 

restoration success at German Creek mine. It is recommended that: 1. Future monitoring be 

extended to include more minesites undergoing rehabilitation, representing the full range of ages 

and rehabilitation techniques; 2. A representative sub-set (sites 1, 3 and 7) of the reference sites be 
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included in the sampling program ; 3. Sampling be conducted during January each year; 4. The 

sampling procedure used in this pilot study be maintained; and 5. Ant surveys be accompanied by 

detailed descriptions of vegetation and other habitat variables (such as litter cover and depth). 

 

Introduction 

Ants have proven to be extremely useful bio-indicators of the success of minesite restoration 

throughout northern Australia A recent review of this topic by the senior author is attached 

(Andersen A. N. 1997. Ants as indicators of ecosystem restoration following mining: a functional 

group approach. Pages 319-325 in P. Hale and D. Lamb (eds) Conservation Outside Nature 

Reserves, Centre for Conservation Biology, The University of Queensland). 

 

This report describes work conducted as part of a pilot program investigating the potential use of 

ants as bio-indicators at German Creek mine, Queensland. The report: 

 

1. Identifies the ants collected during the pilot sampling program conducted by mine staff;  

 

2. Describes differences in ant species richness and community structure between sites and 

sampling times; and 

 

3. Makes recommendations regarding future ant monitoring at the mine. 

 

Methods 

Mine staff had selected nine sites for study, comprising seven reference sites representing a range 

of local habitats, and two minesites undergoing rehabilitation: 

 

1. Blue gum/Morton Bay ash woodland 

2. Bull oak woodland 

3. Lancewood low woodland 

4. Long-fruited bloodwood/Narrow-leafed ironbark mixed woodland 

5. Peppermint low woodland 

6. Poplar box/Narrow-leafed ironbark woodland 

7. Yapunyah woodland 

8. Pit C dump rehabilitation, C2/C3 area (7 yr old) 

9. Pit R North dump rehabilitation (2 yr old) 
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Ants had been sampled by mine staff using 6.5 cm diameter pitfall traps, partly filled with ethylene 

glycol as a preservative. A 5 x 3 grid of traps with 10 m spacing had been established at each site, 

and operated for 4 day periods during January (mid wet season), April (end of wet season) and 

September (late dry season) 1997. Ants had been removed from pitfall traps and sent to us for 

identification and analysis.  

 

We sorted the ants to species level, and scored the abundance of each species in each trap according 

to an 8-point scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-10 ants; 4 = 11-20 ants; 5 = 21-50 ants; 6 = 51-

100 ants; 7 = 101-1000 ants; 8 = >1000 ants). Species abundances were scaled like this to avoid 

data distortions caused by the common problem of numerous ants from a single colony falling into 

one or a few traps.  

 

The taxonomy of northern Australian ants is extremely poorly known, with most species 

undescribed. Unidentified species were assigned code numbers that apply only to this study. A very 

high proportion of undescribed species is typical for northern Australia, and should not be taken to 

imply that the local fauna is of special significance. 

 

Results 

General 

A total of 184 ant species were collected during the study, 137 in January, 116 in April and 110 in 

September (Appendix 1). The species represented 30 genera, with the richest being Melophorus (28 

species), Meranoplus (18), Iridomyrmex (17), Camponotus (17), Monomorium (15) and Pheidole 

(15). Total species richness ranged from 50-77 at reference sites, considerably higher than at 

minesites undergoing rehabilitation (39 and 25 species respectively). 

 

Overall ant abundance was also highest in January (abundance scores totaling 2276) and lowest in 

September (1096). The most abundant ants were species of Iridomyrmex and Melophorus 

(Appendix 1), as is the case throughout the Australian arid zone. Some species, including 

Rhytidoponera sp. A, Tetramorium sp. A, Iridomyrmex sp. C, Tapinoma sp. A and Melophorus sp. 

A, were recorded at all sites, but most species were patchily distributed (Table 1). The two 

minesites undergoing rehabilitation were distinguished from all reference sites by high abundances 

of Iridomyrmex sp. E, Iridomyrmex sp. G and Melophorus sp. E (Table 1).  
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Noteworthy species 

The fact that northern Australian ant species are poorly known makes it difficult to comment on the 

significance of individual species recorded during the study. However, two of the species are 

clearly noteworthy, and apparently have never been collected previously. One (Iridomyrmex sp. L) 

belongs to the recently described rufoinclinus group of Iridomyrmex, and has peculiar mandibular 

teeth. The other (Notoncus sp. C) belongs to the enormis group of Notoncus, and differs from all 

previously known species in having a very feeble metanotal process. 

 

Functional groups 

The use of functional groups is a useful way of comparing the structure of ant faunas (see attached 

review paper). The most important functional groups in terms of numbers of species were Hot 

Climate Specialists (primarily species of Melophorus and Meranoplus; 27% of total species), 

Generalised Myrmicinae (primarily species of Monomorium and Pheidole; 19%), Subordinate 

Camponotinae (species of Camponotus, Polyrhachis and Opisthopsis; 16%), Opportunists 

(primarily species of Rhytidoponera, Tetramorium and Paratrechina; 13%) and Dominant 

Dolichoderinae (primarily species of Iridomyrmex; 10%) (Fig. 1). Dominant Dolichoderinae was 

by far the most abundant functional group, representing 39% of total abundance scores, followed 

by Hot Climate Specialists (22%), Opportunists (18%) and Generalised Myrmicinae (12%) (Fig. 1). 

 

Functional group abundance profiles at minesites undergoing rehabilitation were similar to those at 

reference sites (Fig. 2). However, functional group richness was depauperate at the two minesites, 

with Cryptic Species, Cold Climate Specialists, Tropical Climate Specialists and, with one 

exception, Specialist Predators, being entirely absent. Many of the more specialized groups of ants 

have therefore failed to colonize the minesites undergoing rehabilitation. 

 

Seasonality 

Total ant abundance and species richness varied considerably between sampling periods. However, 

community structure was rather uniform through time, with functional group composition 

remaining almost identical (Fig. 1). This suggests that the seasonal changes in ant activity are not 

accompanied by the marked turnover of species through the year that occurs in temperate regions 

of southern Australia. Differences between sites were also relatively uniform throughout the year 

(Fig. 2). However, January was clearly the best time for sampling, as both abundance and richness 

were highest, and functional group composition was virtually identical to that when all samples 

were pooled (Figs 1, 2). 
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Conclusions and recommendations 

The German Creek area supports an extremely rich ant fauna that is characteristic of that occurring 

throughout most of the Australian arid zone. Ant composition varies between reference sites, but 

the ant faunas of the two minesites undergoing rehabilitation do not fall within this variation. The 

most abundant functional groups at the two rehabilitated sites are the same as those at reference 

sites, which is encouraging for the success of rehabilitation. However, the rehabilitated sites 

support considerably fewer species, are dominated by species that tend to be relatively uncommon 

at reference sites, and are missing several specialised functional groups. 

 

Given that only two minesites were included in this pilot study, it is not possible to evaluate 

changes in ant communities in relation to rehabilitation time (although the higher species richness 

at site 8 is presumably related to its greater age), or in response to different rehabilitation 

techniques. 

 

This pilot study provides an excellent basis for the future monitoring of ants as indicators of 

restoration success at German Creek mine. It is recommended that: 

 

1. Future monitoring be extended to include more minesites undergoing rehabilitation, representing 

the full range of ages and rehabilitation techniques; 

 

2. A representative sub-set (sites 1, 3 and 7) of the reference sites be included in the sampling 

program 

 

3. Sampling be conducted during January each year; 

 

4. The sampling procedure used in this pilot study be maintained; and 

 

5. For the most effective use of ant data, ant surveys be accompanied by detailed descriptions of 

vegetation and other habitat variables, particularly litter cover and depth. 
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Table 1. Distribution of the most abundant ant species (all species with a total abundance score 

>50) across sites. Species abundance scores have been transformed to a 5-point scale: 1 = 

abundance score 1-5; 2 = abundance score 6-10; 3 = abundance score 11-20; 4 = abundance score 

21-50; 5 = abundance score >50. 

 

      SITE     

 1 2 3 4 5 6 7 8 9 

Rhytidoponera sp. A 2 3 1 4 3 4 1 2 1 

Rhytidoponera sp. D 3 5  5 5 5     

Rhytidoponera sp. E      4 4    

Leptogenys conigera 2 2  1 1 1 3  3 

Monomorium sp. A  3 1  1    4 

Pheidole sp. A 3 4 4 4  4 1 1 1 

Pheidole sp. J 1 2 1 1 5 1  1 4 

Tetramorium sp. A 3 1 3 1 1 1 2 1 4 

Froggattella kirbii 4   3 1  4 1   

Iridomyrmex sp. B 3 5  2 1 1 4 3   

Iridomyrmex sp. C 1 5 5 4 5 5 2 2 5 

Iridomyrmex sp. D 1 5  4 1 4 1    

Iridomyrmex sp. E  5 5  5 4  1 5 

Iridomyrmex sp. G  1 1 1 1 1  4 4 

Iridomyrmex sp. H  1 2  1 1 4 4   

Iridomyrmex sp. I   2 1 1  2 4 5 

I. purpureus 5 1  3 1 4 5 1 1 

I. sanguineus        4 3 1 4  1 3  

Tapinoma sp. A 1 3 2 3 2 2 2 1 1 

Camponotus sp. Q      1   5 

Melophorus sp. A 4 5 4 5 3 5 4 4 4 

Melophorus sp. D 1 1 4 2 1 1 4 1   

Melophorus sp. E 3  2   1 3 4 5 

Melophorus sp. L   4 1   4    

Paratrechina sp. A 3    1 1  1 4 

 



Janua~abundanoe Janua~ richness 

sc 
OPP 

April abundance April richness 

OPP 

September abundance SeptemJ;>er richness 

OPP 

TOTAL abundance TOTAL richness 

·. OPP 

Figure 1. Seasonal changes in the structure of ant communities (data pooled across sites) 
according to the relative abundance (left hand side) and species richness (right hand side) of 
functional groups (DD =Dominant Dolichoderinae; SC =Subordinate Camponotinae; HCS =Hot 
Climate Specialists; OPP =Opportunists; GM = Gen~ralized Myrmicinae). 
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Figure 2. Seasonal changes in functional group composition (see Fig. 1) at each site (1-9). 
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Appendix. Ant species recorded at each site (first number of column headings) during each sampling period (second number of column headings). Data are total abundance scores. 
111 112 113 TOT 211 212 213 TOT 311 312 313 TOT 411 412 413 TOT 511 512 513 TOT 611 612 613 TOT 7\1 7\2 713 TOT 811 812 813 TOT 911 912 913 TOT TOT1 TOT2 TOT3 TOTAL 

Mvrmecllnae 
Myrmec/a varian• SP 1 1 1 1 1 1 2 
Myrmec/a gllbsrtl SP . 1 1 1 1 2 1 2 3 

Cerap_ochy_nae 
Csrapachv• clarki DPl A SP 1 1 1 2 3 1 1 3 2 5 
Cerapachr• brSvl$ gp) B SP 1 1 1 1 2 2 
Csrspacnyo slngularls gp) 0 SP 1· 1 1 1 
ICsrapachys varlans gp) D SP 1 1 1 1 
Cerapachy! /ervldu• gp) E SP 1 1 2 1 1 2 
CsrSPSchYs clarkl_llll} F SP 1 1 1 1 
Csrapachys slngularls gp) 0 SP 1 1 1 1 
Csrapachys sdsntatus gp) H CRY 1 1 1 1 

Ponerlnae 
Anochetus armstrong// SP 4 1 1 6 1 4 5 4 4 1 1 9 2 5 16 
Bothroponsra sublsavts gp.: A SP 7 7 7 7 
Bothroponera sublasvls gp.: B SP 1 1 1 1 
Bothroponera (porcata gp.: C SP 1 1 1 1 
Brachyp(){lera tulsa CRY 1 5 6 1 2 3 2 2 1 4 5 3 3 6 4 4 14 22 
Rhytldoponsra mstalllca Ql A OPP 6 6 3 2 7 12 1 1 23 3 26 10 4 14 21 21 42 1 1 2 5 2 1 8 3 3 49 32 33 114 
RhyJ/<J(JQ_onera convsxa.gp B OPP 18 7 25 16 7 25 
RhYI/doooners ancS/lS OP) 0 OPP 3 3 1 1 4 4 
RhY!Idooonsra convexa OP 0 OPP 3 8 11 44 29 29 102 39 20 22 81 26 30 13 69 34 26 60 112 121 90 323 
Rhyrtdooonera convsxs gp E OPP 26 26 6 20 6 34 32 20 8 60 
Rhytldop(){lera tsnuls gp) F OPP 3 3 1 1 4 4 
RhYI/dooonsra mstalltca DPl G OPP 2 2 6 6 1 1 2 2 4 7 11 
Leptogsnys conlasra SP 2 4 6 9 9 3 3 3 2 5 2 2 12 3 15 4 5 3 12 33 14 5 52 
Odontomschus rollceps gp) OPP 2 2 2 2 4 4 

PatudomvrmlclnH 
Tetraponsra puctulata TCS 1 1 1 1 

Myrmlclnae 
Ap/laenogastsr tonglcsps gp) OPP 2 2 5 9 2 2 5 9 
CardioconcJyta A OPP 7 7 2 9 8 19 1 1 1 1 1 1 3 3 7 10 15 32 
Crsmatogastst ?comlgsra A GM 1 1 1 1 2 1 1 1 3 
Crsmatog~~ststjg<tssnslandlca ool B OM 2 2 2 2 2 2 3 3 2 2 7 2 2 11 

rsmatoaastst austraH• oPl C GM 1 1 1 1 2 2 3 2 1 6 3 3 4 10 
Crsrnatogastsr austraHs gp) D GM 1 1 1 1 
Msranoplus A HCS 2 2 2 2 
Moranoplus B HCS 3 6 1 10 1 1 3 3 6 7 1 14 
Msranoplus d/vsrsu• gp) 0 HCS 3 3 2 8 2 2 1 1 5 4 2 11 
Msran_oefus D HCS 1 1 1 1 
Moranop/u$ dlversus OPl E HCS 1 1 3 3 3 1 4 
Msranoplus F HCS 1 1 2 2 2 1 3 
Msranoplus 0 HCS 1 1 1 1 1 1 2 
Meranoplus m obsfQI gp) H HCS 2 2 2 2 
Msranoplus I HCS 3 5 8 3 5 8 
Msranoplus J HCS 1 1 1 1 
Msranoplus K HCS 1 1 2 1 3 2 2 4 
Msranoplus L HCS 3 3 3 3 
MeranO(>Ius d/versus gp) M HCS 2 2 2 2 
Meranoplua mlnlmus gp) N HCS 3 6 0 3 6 9 
Moranoplua 0 HCS 1 1 1 1 

Msranoptus P HCS 2 2 1 1 3 3 

Msranoplus 0 HCS 1 2 3 1 2 3 
Meranoplus mlnlmus gp) R HCS 1 1 1 1 
Monomorlurr: rothstsln/1 gp) A HCS 8 9 17 2 2 4 5 5 9 23 32 19 39 58 
Monomorlurr: sordldum gp) B OM 7 5 1 13 1 1 2 2 5 0 2 2 2 2 1 1 11 9 8 28 

Monomorlurr: C GM 1 1 3 1 4 1 1 3 2 1 6 
Monomorturr E OM 1 1 1 1 11 1 5 17 1 1 1 1 12 4 5 21 
Monomorlurr F GM 2 2 1 1 1 2 3 
Monomorlum 0 GM 1 1 3 6 9 1 2 1 4 4 9 1 14 I 

Monomorlurr ?llsldl H GM 7 1 8 1 2 3 2 1 1 4 3 12 7 22 13 15 9 37 
Monomorturr: I OM 1 1 2 1 1 2 
Monomorlurr: J OM 1 1 1 1 
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Appendix (continued) 
MonomorliHT rothsteln/1 gp) L HCS 1 1 2 1 1 2 
MonornoriUIT sordldum_gQj M OM 2 2 2 2 
Monomorl!HT P OM 2 2 2 2 
Monornor/urr Q OM 1 1 1 1 
MonomorliHT R OM 5 6 1 1 3 3 3 6 9 
Monornorlurr sorrJ/dum gp) M OM 1 1 1 1 
Monornorlurr flsvlpes gp) T GM 1 1 1 1 
Monomorlurr rothsteln/1 gp) U HCS 2 2 1 1 5 5 6 8 
Monomorlurr nlgrtus_ gl'l_ W OM 1 1 1 1 
PheldolelmDress/ceos GM 2 2 4 3 3 2 5 7 
Pheldoltl A OM 7 5 12 12 26 38 22 28 so 11 14 25 18 13 8 39 4 4 1 1 1 1 74 87 9 170 
Pheldo/s B OM 7 3 5 15 1 1 2 2 2 9 2 11 3 3 10 13 10 33 
Pheldols C OM 1 2 3 1 1 2 1 3 2 5 7 1 1 3 4 8 15 
Phs/dole 0 OM 2 2 2 2 
Phs/dole E OM 2 6 8 1 1 2 7 9 
Pheldols F OM 2 2 2 2 2 2 4 
Phs/dole 0 aM 2 2 3 12 15 4 1 5 2 3 5 5 5 1 1 7 4 22 33 
Phs/dole H aM 6 7 13 6 6 1 1 12 1 7 20 
Phs/dole I aM 2 3 9 14 2 2 13 3 16 1 1 4 17 12 33 
Pheldols J aM 3 3 2 1 3 6 3 1 1 5 4 1 5 16 27 17 60 2 2 1 1 12 13 5 30 37 47 28 112 
Pheldols K aM 8 1 9 3 3 1 1 8 5 13 
Pheldols L aM 1 1 1 1 
Phs/dole N aM 6 8 1 1 1 1 2 2 10 10 
Phs/dole P aM 1 1 1 1 
Solenopsts D! Orlloptrurr. A CRY 1 1 1 1 
Solenopsts Dlp/Orlloptrurr. B CRY 1 1 1 1 
Solenopsts Dlp/Orlloptrurr. C CRY 1 1 1 1 
Tetramorturr. slrlolatum liP) A OPP 11 3 3 17 2 1 3 13 3 4 20 3 1 4 2 1 3 4 4 6 3 9 1 1 2 19 7 26 61 17 10 88 
Tetramorlurr. solnnlnode B OPP 10 7 17 5 3 8 4 4 3 3 22 7 3 32 
T etramorturr. sfrlolatum 01 C OPP 1 1 2 2 1 2 3 
Tetramorlurr. .ltTJKessum D OPP 1 1 1 1 3 3 11 4 2 17 15 5 2 22 
Tetrsmorturr. sfrlolatum 01 E OPP 1 1 1 1 1 1 8 8 1 1 2 1 9 12 
Tetramorlurr. sfrlolstum 01 F OPP 1 1 3 3 4 4 

Dollchoderlnao 
DoleromyrmA A OPP 6 2 1 9 6 2 1 9 
FroggsnsDs ldlbH DO 49 49 17 17 1 1 25 25 3 3 94 1 95 
lrldomymrex purp<Jrsus DO 42 11 21 74 3 3 13 1 14 3 2 5 24 8 32 34 18 22 74 3 3 4 4 103 62 44 209 
lrldoJf'J'!!'!!'X sanoulneus DO 30 30 16 18 2 2 22 22 1 1 2 18 18 52 35 1 88 
trldomyrms• B DO 1 16 17 52 3 65 5 1 6 1 1 1 3 4 30 30 13 1 14 50 53 24 127 
llfdomyrme• C DO 1 1 30 52 15 97 19 90 109 20 24 44 61 61 72 72 3 3 8 8 8 57 57 72 366 15 455 
lrldomyrmex D DO 1 1 39 25 64 30 30 4 4 22 22 4 4 39 88 125 
lrl<Jorrrrrm•• E DO 67 21 a a 98 48 144 61 61 47 47 2 2 78 55 133 349 126 475 
trl<Jo~>F DO 1 1 3 2 5 2 2 7 7 4 4 15 15 3 31 34 
lrldomvrm•• hanmeverl aol a DO 2 3 5 2 2 1 1 1 1 2 2 1 27 28 43 43 5 77 82 
lrldomyrmo> !os/1/dus aPl H DO 1 1 4 2 6 2 2 4 1 1 20 20 18 4 22 44 3 7 54 
llfdomyrmB>I DO 3 4 7 1 1 2 1 3 8 a 31 5 36 38 28 64 72 47 119 
lr/domyrmo> J DO 1 1 2 3 5 3 3 13 13 2 1 19 22 
trldomyrme• K DO 5 5 6 6 3 3 7 8 15 
lrldorrrrrm•• rufolncllnus IPl L DO 1 1 1 1 
lrldomyrm•• M DO 1 1 15 1 16 13 13 29 1 30 
lrldoreyrms• N DO 12 12 12 12 
trldomyrmo• P DO 3 3 4 1 5 4 4 8 
lrldoreyrmo• dlscors DO 1 1 2 2 3 3 
P~us nnldus gp) DO 6 6 2 1 3 1 1 16 5 2 23 1 1 25 6 3 34 
~noms mlnutum gpl_ A OPP 3 3 7 4 8 19 8 1 7 13 1 1 15 2 5 7 3 2 2 7 9 9 2 3 5 2 2 36 26 12 74 
TsJ]inoms B OPP 8 a 4 2 8 3 3 4 13 17 
Tschnornyrms> A OPP 3 3 3 3 

Formlclnee 
C._fTYJ_OilOIUS cobsobrlnus gp) A sc 2 5 7 2 5 7 
Camoonotus novsshollsndlso aol B sc 1 1 2 1 3 4 1 1 2 4 8 10 1 2 1 4 4 10 4 18 3 5 1 9 15 19 15 49 
Csrrw>onotus clsrloes OPl C sc 1 1 2 1 1 2 
Carrw>onotus aenoOj]Hosus sc 1 3 4 1 3 4 
Carrw>onotus IWI lnosus gp) F sc 2 2 2 1 3 1 1 3 3 2 7 9 
Csrrponotus IWI /nasus gp) a sc 1 1 1 1 
C11nponotus IWI /nasus gp) H sc 2 2 4 5 3 8 1 15 16 1 4 5 7 24 2 33 
c:._fTYJ_onotus drornl! I sc - 2 2 - 2 2 8 8 16 2 2 - -- 2 12 8 22 
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Appendix (continued) 
CBJ7V}onotu~ nr ephipplum J sc 2 2 4 4 8 1 1 2 5 4 11 
Csmp()llotu~ disco,. gp) L sc 1 1 1 2 3 2 2 3 2 5 4 4 3 11 
C~otu~ white/ sc 1 1 4 4 1 4 5 
Camponotu~ rublolnosus ool N sc 2 2 3 1 4 1 1 2 4 1 5 1 1 5 5 1 9 9 19 
Camponotus ?extensus 0 sc 2 2 2 2 
Camponotus clar as gpJ P sc 1 1 1 1 1 1 2 
CBJ7V}onotus denUculatus QPI Q sc 4 4 16 28 17 61 16 32 17 65 
Camponotus R sc 1 1 1 1 1 1 2 
Camponotus S sc 1 1 1 1 
Melophorus aenoovlrem A HCS 25 2 2 29 39 10 10 59 15 6 1 22 46 3 5 54 11 1 1 13 25 23 11 59 22 9 6 37 32 6 2 39 15 17 8 38 230 76 44 350 
MolophorLsB HCS 5 2 7 5 2 2 9 3 1 4 1 9 10 13 6 11 30 
Melophorus (mjobergl gp) C HCS 3 2 5 2 2 4 1 1 2 8 2 8 4 1 5 2 2 16 7 3 26 
Melopllorus 0 HCS 3 3 2 2 16 9 25 8 6 4 4 2 2 4 12 3 2 17 1 1 39 20 3 62 
Melo 'lprus E HCS 2 1 7 10 2 4 6 2 1 3 4 8 12 18 1 2 21 58 43 34 135 84 47 56 187 
Molo 'lprus lrQDgam_gp) F HCS 4 4 1 1 5 5 
Melo 'lprus 0 HCS 4 4 4 4 2 1 3 2 1 1 4 2 2 14 2 1 17 
Melop, 'lprus (IIU¢erg1 ge) H HCS 8 13 2 23 6 6 2 2 3 3 4 4 2 1 3 20 15 8 41 
Melo 'lprusl HCS 2 3 2 7 1 2 1 4 2 2 2 2 3 5 7 15 
Melo lotuS J HCS 11 3 14 5 5 9 9 8 6 1 1 27 8 35 
Melop 10111s lroaaant gpJ K HCS 8 3 2 13 2 1 3 1 1 9 5 3 17 
Melo 1orus lroagsm 'PI L HCS 30 10 40 2 2 ' 22 22 52 12 64 
Melo 1>orusM HCS 3 4 7 3 4 7 
Melo orus N HCS 4 2 6 1 1 13 13 4 4 5 19 24 
Melo orus troaaam gpJ 0 HCS 1 1 1 1 2 2 
Melo orus m obergl PI P HCS 1 2 3 1 2 3 
Mel~rusR HCS 3 3 1 1 2 2 3 5 3 7 10 
MeloPhorus S HCS 1 1 1 1 2 2 2 2 4 
Melophorus otter/ IP)T HCS 1 1 1 1 
Melop/>s>rus froggam gp) U HCS 1 1 1 1 
MeloPhorus V HCS 1 1 38 38 38 1 37 
MeloPhoru& X HCS 1 1 1 1 2 2 2 1 1 4 
Melophorus wheeterl gp) Y HCS 1 1 1 1 8 6 4 4 6 6 12 
Melop 'Jorus Z HCS 5 5 2 2 5 2 7 
Melo orus (mj_oberg1 gp) AA HCS 8 6 11 5 16 1 1 2 6 12 8 24 
Melo lorus lroooam OPI AB HCS 18 3 19 18 3 19 
Melo 1ortJI lmtoberal OPI AE HCS 9 9 9 9 
Melo >ortJI lroaaam rPI AF HCS 1 1 1 1 
Notoncus enormts cos 1 1 2 1 1 2 
Notoncus ectatomoide& gpJ B cos 2 2 2 2 
Notoncus C cos 2 2 2 2 
Oplsthopsls dladematus gp. A sc 1 1 2 3 6 3 3 6 
Oplstho_psls rulfthorax sc 1 1 1 1 2 2 
ODisthoosls olctul sc 1 1 2 2 3 3 
ODisthoost& haddonl sc 1 1 1 1 
Paratrochlna obscura A OPP 7 7 14 2 2 1 1 3 2 5 20 18 12 48 33 25 12 70 
ParstrfiChlna mlnutula gpJ B OPP 7 7 1 1 7 1 8 
Parstrochlna mlnurufa gp) C OPP 1 1 1 1 2 2 2 2 2 6 1 6 7 1 1 5 4 9 18 
P ymschls ?sen/11& sc 1 2 1 4 1 1 4 1 5 5 4 1 10 
P ymachls oseudorhrlnax sc 1 1 2 2 2 2 5 5 
P yrnschl& (sp endlculata gp) C sc 2 2 2 2 
P vrnschl& obtusa oPJ 0 sc 1 1 1 1 
p rflschl& nr oromartleus E sc 1 1 1 1 
P )'rtl_achls lnconsplcua sc 1 1 1 1 1 1 2 
P )'rtl_achls schwellandl gp)G sc 2 2 2 2 
P 'trllSch/$ fr8ll8Zoldes sc 2 2 2 2 
SUamacros A ccs 2 2 2 2 
SUgmacros B ccs 3 2 5 3 2 5 
SUgmacro& C ccs 3 2 ·5 3 2 5 
Stlgmacro& 0 ccs 5 4 2 11 5 4 2 11 
Sll~cros E ccs 2 2 4 2 2 2 2 6 2 8 
Sllg_macros smnosa gp) F ccs 1 1 2 1 1 2 
SUamacros 0 ccs 2 2 2 2 

TOTAL ABUNDANCE 218 132 91 439 332 2n 189 798 333 215 127 875 248 136 98 480 175 188 85 448 225 250 158 633 313 193 140 848 152 115 38 303 282 270 1n 729 2276 1n1 1099 5152 
TOTAL NUMBER OF SPECIES 34 30 19 60 37 39 37 70 48 38 31 70 38 28 23 64 27 31 28 69 44 30 30 72 45 31 35 n 18 28 16 39 13 15 18 25 137 118 110 184 
MEAN No. SPP PER TRAP 7.47 4.73 3.4 6.2 10.1 8.8 7.4 8.76 9.8 8.47 4.47 6.81 9.33 4.93 4.07 6.11 5.6 5.93 3.8 5.11 7.8 7.87 6.27 7.24 10.9 7.53 5.27 7.89 5.07 4.73 1.8 3.8 8.93 8.67 5.27 6.29 8.104 8.385 4.615 6.3679 
MEAN TOTAL ABUNDANCE 252.9 197.3 122.1 190.78 
MEAN NUMBER OF SPECIES 33.33 29.78 25.89 29.667 
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Appendix II.  Ant monitoring at German Creek Mine, 

Queensland – 1998 Sampling. 

Alan N. Andersen and Ben Hoffmann 

 

A consultancy report prepared for Capricorn Coal Management Pty Ltd 

January 1998 

 

Executive summary 

This report describes the results of the 1998 ant monitoring program at German Creek mine, 

Queensland.  Ants had been sampled using pitfall traps by a CapCoal consultant at three 

reference sites and six rehabilitated minesites during February, with the samples sent to us for 

identification and analysis.  The three reference sites (sites 1, 3 and 7) and two of the 

rehabilitated sites (site 8 and 9) had been previously sampled on three occasions during a pilot 

study in 1997 (Andersen and Hoffmann 1998).  

 

A total of 92 ant species from 22 genera were collected during 1998, including 21 species not 

recorded in the pilot study.  The 1998 samples support the conclusion of the pilot study that 

the German Creek area supports an extremely rich ant fauna, with up to 88 species so far 

recorded from a single reference site.   

 

There has been a high level of colonisation by ants at rehabilitated sites, with up to 38 species 

recorded at a single site, and overall abundance levels being comparable to those at reference 

sites.  This is likely to indicate the successful re-establishment of many of the processes 

required for successful ecological restoration, and suggests that rehabilitation is progressing 

well.  However, numerous species have yet to colonise rehabilitated sites, and marked 

differences are evident between rehabilitated and reference sites in both species richness and 

composition.  Several species have been identified as being unusually common at 

rehabilitated sites, and may be potentially useful indicators of persistent ecological effects of 

mining.  Future monitoring at German Creek should pay particular attention to these species, 

in addition to overall changes in species richness and composition at rehabilitated sites.  
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Introduction 

Ants have proven to be extremely useful bio-indicators of the success of minesite restoration 

throughout northern Australia (Andersen 1997), and, following a successful pilot study in 

1997 (Andersen and Hoffmann 1998), an ant monitoring program has been established at 

Capricorn Coal’s German Creek mine in central Queensland.  The monitoring program 

involves three reference sites, all of which had been sampled during the pilot study, and six 

rehabilitated minesites, two of which had been previously sampled. 

 

This report describes the results of monitoring during 1998.  The report: 

1.  Identifies the ants collected during 1998;  

2.  Describes sampling variation at the reference sites; and 

3.  Describes ant recolonisation at the rehabilitated sites. 

 

Methods 

Study sites 

The three reference sites and six rehabilitated sites were: 

Reference sites - 1. Blue gum woodland; 3. Lancewood low woodland; 7. Yapunyah 

woodland 

Rehabilitated sites – 8. Pit C dump rehabilitation, C2/C3 area (11 yr old); 9. Pit R North dump 

rehabilitation (3 yr old); 10. Richter’s dump rehabilitation (4 yr old); 11. Pit A dump 

rehabilitation (4 yr old); 12. Pit P dump rehabilitation (1 yr old); 13. Pit G dump rehabilitation 

(3 yr old) 

 

The three reference sites and rehabilitated sites 8 and 9 were all sampled in 1997 as part of the 

pilot study during January (mid wet season), April (end of wet season) and September (late 

dry season), whereas sites 10, 11, 12 and 13 were sampled for the first time in 1998.  Details 

of the rehabilitated sites are provided in Table 1 below, and the following pages show 

photographs of all sites.  
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Table 1.  Summary descriptions of rehabilitated sites. 

 

  

Site 8 

 

 

Site 9 

 

Site 10 

 

Site 11 

 

Site 12 

 

Site 13 

Date of rehabilitation 1986 1994 1993 1993 1996 1994 

Age at sampling (yrs) 11 3 4 4 1 3 

Soil type Grey-

brown 

sandy clay 

loam 

 

Grey-

brown 

clay 

loam 

 

- 

Red-brown 

sandy loam 

 

- 

Grey-

brown 

sandy 

clay 

loam 

Slope 5:1 5:1 10:1 5:1 5:1 5:1 

Contour interval (m) nil 50 nil 50 50 50 

Dominant grass species Golden 

beard/Red 

natal 

Indian 

blue 

Buffel Buffel Red natal Buffel 

 



Site 1 Blue Gum woodland (reference site), 22 April 1999. 

4 

187 



Site 3. Lancewood low woodland (reference site), 23 April1999. 

Site 7. Yapunyah woodland (reference site), 23 April 1999. 

5 
188 



Site 8. Pit C dump rehabilitation (12 yr old), 22 April 1999. 

Site 9. Pit R North dump rehabilitation (4 yr old), 22 April 1999. 

6 189 



Sit~ 10. Richter's dump rehabilitation (5 yr old), 22 April1999. 

Site 11. Pit A dump rehabilitation (5 yr old), 22 April 1999. 

7 
190 



Site 12. Pit P dump rehabilitation (2 yr old), 21 April1999. 

Site 13. Pit G dump rehabilitation (4 yr old), 21 Apri11999. 

8 191 
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Sampling and analysis 

Ants were sampled by a CapCoal consultant, using the same trapping procedure as in the pilot 

study.  A 5 x 3 grid of pitfall traps (6.5 cm diameter, partly filled with ethylene glycol as a 

preservative) with 10 m spacing was established at each site, and operated for a five day 

period during 13-20 February 1998.  Ants were removed from pitfall traps, transferred to 70% 

ethanol, and sent to us for identification and analysis.  

 

We sorted the ants to species level, and scored the abundance of each species in each trap 

according to an 8-point scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-10 ants; 4 = 11-20 ants; 5 = 21-50 

ants; 6 = 51-100 ants; 7 = 101-1000 ants; 8 = >1000 ants).  Species abundances were scaled 

like this to avoid data distortions caused by the common problem of numerous ants from a 

single colony falling into one or a few traps.   

 

The taxonomy of northern Australian ants is extremely poorly known, with most species 

undescribed.  Unidentified species were assigned code numbers that follow and extend those 

used in the pilot study.  A very high proportion of undescribed species is typical for northern 

Australia, and should not be taken to imply that the local fauna is of special significance. 

 

Results and Discussion 

A total of 92 ant species from 22 genera were collected during 1998, including 21 species not 

recorded in the pilot study (Appendix I). 

 

Reference sites 

The numbers of species recorded at sites 1, 3 and 7 were 24, 26 and 33 respectively.  When 

combined with results from the pilot study, this gives respective totals of 56, 78 and 88 

species for these sites. 

 

Both total ant abundance and species richness in February 1998 were substantially lower than 

in January 1997 (Appendix II).  The most common species in 1998 were also common in 

1997. However, in some cases (e.g. Iridomyrmex sp. C site 3, Iridomyrmex sp. B at site 7) 

species that were common in 1997 were not recorded during 1998. 
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The following observations can be drawn from these results: 

• The reference sites are extremely rich in ant species. 

• Only a relatively small proportion of species are recorded in any single trapping session. 

In 1998, fewer than half of the species were recorded from any site. 

• Substantial differences between sampling periods were evident in the relative abundances 

of common species, even when sampling was conducted at a similar time of the year (e.g. 

January 1997 compared with February 1998). 

 

Rehabilitated sites 

Ants were common at all rehabilitated sites, with total 1998 ant abundances at rehabilitated 

sites being comparable to those at reference sites (Fig . 1a).  However, the number of species 

at rehabilitated sites was generally lower than at reference sites.  The differences in species 

richness evident from 1998 samples (Fig. 1b) actually under-estimate the real magnitude of 

differences in species richness between rehabilitated and reference sites.  This is because most 

species occurring at rehabilitated sites were sampled during 1998, compared with the 

relatively small proportion of species collected at reference sites.  The true differences in site 

species richness are evident when the 1998 data are combined with those from the pilot study 

(Fig. 2).  

 

When sites are classified according to the similarity of the ant species occurring at them, the 

three reference sites are shown to be very different from the rehabilitated sites (Fig. 3).  This 

demonstrates that overall ant species composition at rehabilitated sites is not at all similar to 

that at reference sites.  

 

Comparing rehabilitated sites, ant species composition at sites 10 and 11 were extremely 

similar (Fig.3).  These sites were of the same age (4 yr old), and were in close proximity to 

each other.  Ant species composition at sites 12 and 13 was quite different from that at other 

rehabilitated sites.  Site 12 is the youngest site sampled (1 yr old).  Site 13 is somewhat older 

(3 yr old), but is the most distant of all sites from undisturbed vegetation, which is likely to 

limit its rate of colonisation by ants. 
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Functional groups 

Ants have frequently been classified into functional groups to help reveal predictable patterns 

of ant community responses to disturbance (Andersen 1995), and such functional groups often 

show clear successional patterns during minesite restoration (Andersen 1997).  No clear 

differences between reference and rehabilitated sites in the abundances of functional groups 

were evident in 1998 samples (Fig. 1a).  However, Generalised Myrmicines were consistently 

richer in species at reference sites (Fig. 1b).   When 1998 samples are combined with those 

from the pilot study, it is also clear that the relatively uncommon, more specialised functional 

groups (Cold Climate Specialists, Cryptic Species and Specialist Predators) are under-

represented at rehabilitated sites (‘others’ in Fig. 2). 

 



Dissimilarity (%>) 

0 10 20 30 40 50 60 70 80 90 100 

Site 1 

Site 7 

Site 3 

Site 8 

Site 9 

Site 10 

S ih.' l l 

Site 12 

Site 13 

Figure 3. Dendrogram showing site dissimilarities according to ant species 
compostion , considering all species with a total abundance score 
greater than 4 (41 species). Classification was by agglomerative 
hierarchical fusion (FUSE option in the multivariate software package 
PATN; stress = 0.18) , based on a Bray-Curtis association matrix using 
abundance data. 0% = identical, 100% = no similarity. Colours added to 
enhance sites most similar according to analysis . Sites 1, 3 and 7 = 
natural sites; Sites 8 to 13 =sites undergoing rehabilitation. 
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Figure 1. (a) Abundance and (b) species richness of ant functional groups (DD = 
Dominant Dolichoderinae; SC = Subordinate Camponotinae; HCS = Hot Climate 
Specialists; OPP =Opportunists; GM =Generalized Myrmicinae) at each site. 
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'igure 2. Total species richness of functional groups (see Fig . 1) at all sites over all 
ampling periods. Sites to the right of the broken line have only been sampled once (Feb 9 
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Conclusions 

The 1998 samples support the conclusion of the pilot study that the German Creek area 

supports an extremely rich ant fauna, with up to 88 species so far recorded from a single 

reference site.  However, only a relatively small proportion of species are trapped in any 

single sampling session, and there is considerable temporal variability in species composition 

in samples.  The causes of this variability are unknown, but both seasonality and weather 

during sampling are likely to be important. Such temporal variability means that caution must 

be exercised when interpreting results from one-off samples, and underlines the value of a 

long-term monitoring program.   

 

There has been a high level of colonisation by ants at rehabilitated sites, with 38 species 

recorded at the oldest site, and overall abundance levels being comparable to those at 

reference sites.  This is likely to indicate the successful re-establishment of many of the 

processes required for successful ecological restoration, and suggests that rehabilitation is 

progressing well.  However, there is obviously a considerable way to go, as evidenced by the 

fact that numerous species have yet to colonise rehabilitated sites, and that marked differences 

are evident between rehabilitated and reference sites in overall species composition. 

 

All of the common species at reference sites appear to have colonised rehabilitated sites 

(Appendix I), so that the major differences in species composition between reference and 

rehabilitated sites are due to a lack of colonisation by numerous uncommon species.  It is not 

possible to identify any particular ant species whose colonisation of minesites might indicate 

successful restoration.  On the other hand, several species are clearly over-represented at 

rehabilitated sites (Table 1), and such over-representation is indicative of persistent ecological 

effects of mining.  The species include representatives of the metallica group of 

Rhytidoponera and the obscura group of Paratrechina, which are opportunistic ants favoured 

by disturbance throughout much of Australia (Andersen 1990, 1995).  Future monitoring at 

German Creek should pay particular attention to these species, in addition to overall changes 

in species richness and composition at rehabilitated sites.  
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Table 1.  Ant species that are particularly abundant at rehabilitated sites (n = 6) compared 

with reference sites (n = 3).  Data are mean site abundances from 1998 samples. 

 

  

Reference 

Sites 

 

Rehabilitated 

sites 

 

Melophorus (pillipes gp.) sp. E 

 

3.7 

 

19.3 

 

Iridomyrmex (gracilis gp.) sp. I 

 

1.7 

 

18.3 

 

Melophorus (aeneovirens gp.) sp. A 

 

7.3 

 

12.0 

 

Camponotus (denticulatus gp.) sp. Q 

 

0.0 

 

10.7 

 

Rhytidoponera (metallica gp.) sp. A 

 

2.7 

 

8.2 

 

Paratrechina (obscura gp.) sp. A 

 

1.0 

 

4.8 
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Appendix I. Ant species recorded at each site. Data are total abundance scores. 
Functional group classes (FNCn are: DO = Dominant Dolichoderinae; SC = 
Subordinate Camponotinae; HCS = Hot Climate Specialists; CCS = Cold Climate 
Specialists; TCS = Tropical Climate Specialists; OPP = Opportunists GM = 
Generalized Myrmicines; CRY = Cryptic Species; SP = Specialist Predators. 

Site 
Species FNCT 1 3 7 8 9 10 11 12 13 TOTAL 
Mynneciinae 
Myrmecia vatians SP 1 1 

Cerapachynae 
Cerapachys (fervidus gp) E SP 1 1 
Cerapachys (tumeri gp) I CRY 1 1 

Ponerinae 
Bothroponera (sub/eavis gp.) A SP 15 15 
Brachyponera Jutea CRY 1 1 1 1 1 1 1 7 
Rhytidoponera (meta/fica gp) A OPP 4 4 9 10 8 11 10 1 57 
Rhytidoponera (convexa gp) B OPP 10 10 
Rhytidoponera (convexa gp) D OPP 10 10 
Rhytidoponera (convexa gp) E OPP 2 6 8 
Leptogenys conigera SP 7 2 2 11 2 24 
Odontomachus (ruficeps gp) OPP 5 2 7 

Mynnicinae 
Aphaenogaster (longiceps gp) OPP 4 4 
Crematogaster comigera A GM 1 1 
Crematogaster (australis gp) C GM 1 1 
Meranop/us I HCS 10 10 
Meranoplus 0 HCS 2 2 
·Meranop/us S HCS 2 2 
Monomotium (rothsteini gp) A HCS 2 5 7 
Monomorium (sordidum gp) B GM 1 2 1 3 7 
Monomorium E GM 2 2 
Monomorium ? fieldi H GM 5 3 7 15 
Monomorium K GM 1 1 
Monomorium S GM 1 1 
Monomorium (rothsteini gp) U HCS 1 4 5 
Monomoriuin (nigrius gp) W GM 3 3 
Monomorium (sydneyense gp) X GM 1 1 
Monomorium (rothsteini gp) Y GM 3 3 
Monomorium Z GM 1 r 1 
Pheido/e impressiceps GM 6 6 
Pheidole A GM 3 12 15 
Pheido/e B GM 9 9 
Pheido/e C GM 2 2 
Pheido/e (frontalis gp) D GM 2 2 
Pheido/e G GM 27 27 
Pheido/e I GM 1 1 
Pheido/e J GM 10 10 
Pheidole Q GM 1 1 
Tetramorium (strio/atum gp) A OPP 2 1 4 1 2 5 15 
Tetramotium (spininode gp) B OPP 1 1 1 3 
Tetramorium (impressum gp) D OPP 2 7 3 4 5 21 
Tetramotium (sttiolatum gp) G OPP 4 1 5 
Tetramorium (striolatum gp) I OPP 4 2 6 

Dolichoderinae 
201 ltidomymrex purpureus DD 58 8 66 



lridomymrex sanguineus DO 3 3 
lridomyrmex (ancePs gp) A DO 1 1 
/ridomynnex (rufoniger gp) B DO 28 38 66 
/ridomyrmex (rufoniger gp) E DO 89 44 43 37 213 
/ridomyrmex (cyaneus gp) F DO 1 1 
lridomyrmex (pallidus gp) H DO 19 12 4 1 3 8 13 60 
/ridomyrmex (gracilis gp) I DO 5 26 27 19 19 1 18 115 
lridomyrmex (suchieri gp) J DO 4 4 8 
lridomyrmex (pallidus gp) 0 DO 3 3 
/ridomyrmex (mattiroloi gp) P DO 16 11 2 29 
/ridomyrmex (anceps gp) a DO 1 1 
/ridomyrmex (suchieri gp) S DO 3 3 
lridomyrmex (rufoniger gp) T DO 7 7 
/ridomyrmex discors DO 7 7 
Papyrius (nitidus gp) DD 14 14 
Tapinoma (minutum gp) A OPP 2 2 
Tapinoma B OPP 2 1 3 2 1 9 

Fonnicinae 
Camponotus (consobrinus gp) A sc 3 3 
Gamponotus (novaehollancliae gp) B sc 1 1 1 3 
Gamponotus (novaehollandiae gp) D sc 1 1 
Camponotus ( cf/Scots gp) L sc 2 2 
Camponotus { denticulatus gp) a sc 29 21 7 4 3 64 
Camponotus R sc 1 2 1 4 
Camponotus {rubiginosus gp) S sc 2 2 
Camponotus (rubiginosus gp) T sc 2 2 
Melophorus (aeneovirens gp) A HCS 7 4 11 15 15 18 17 7 94 
Melophorus D HCS 1 1 
Melophorus (pillipes gp) E HCS 1 10 10 44 4 8 34 16 127 
Melophorus G HCS 2 2 
Melophorus (mjobergi gp) H HCS 1 1 2 
Melophorus I HCS 5 2 2 1 10 
Melophorus (froggatti gp) K HCS 3 3 
Melophorus (froggatti gp) L HCS 5 5 
Melophorus {froggatti gp) 0 HCS 1 1 
Melophorus a HCS 1 1 
Melophorus (brunea gp) W HCS 6 1 1 8 
Melophorus (whee/eri gp) Y HCS 3 3 
Melophorus Z HCS 4 4 
Melophorus {froggatti gp) AB HCS 4 14 18 
Melophorus AI HCS 1 1 
Me/ophorus (pillipes gp) AK HCS 3 3 
Melophorus AL HCS 1 1 
Notoncus {ectatommoides gp) B ccs 1 1 
Opisthopsis pictus sc 1 1 
Paratrechina (obscura gp) A OPP 3 2 12 4 11 32 
Paratrechina (minutu/a gp) B OPP 1 1 
Paratrechina (obscura gp) D OPP 5 24 29 
Po/yrhachis senilis sc 2 1 3 
Po/yrhachis inconspicua sc 1 1 2 

TOTAL ABUNDANCE 154 187 133 80 240 176 123 128 151 1372 
TOTAL NUMBER OF SPECIES 24 26 33 9 20 28 18 14 20 92 
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Appendix IL Ant species recorded at each site over all sample times. Data are total abundance scores. Species 
!present but with no data have been collected in sites in a prior report. (1 =Jan 97, 2 = April97, 3 =Sept 97, 4 =Feb 9BJ 
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Appendix III.  Ant monitoring at German Creek Mine, 

Queensland – 1999 Sampling. 

 

Alan N. Andersen and Ben Hoffmann 

 

A consultancy report prepared for Capricorn Coal Management Pty Ltd 

 

 

Executive summary 

 

This report describes the results of the 1999 ant monitoring program at German Creek mine, 

Queensland.  Ants had been sampled using pitfall traps by a CapCoal consultant at three 

reference sites and six rehabilitated minesites during April, with the samples sent to us for 

identification and analysis.  The three reference sites (sites 1, 3 and 7) and two of the 

rehabilitated sites (site 8 and 9) had been previously sampled on three occasions during a pilot 

study in 1997 (Andersen and Hoffmann 1998a), and all had been sampled during February 

1998.  

 

A total of 112 ant species from 27 genera were collected during 1999, including five species 

not previously recorded at German Creek.  This brings the total number of ant species 

recorded at German Creek to 211, from 32 genera. 

 

Species richness at rehabilitated sites in 1999 ranged from 17-28, compared with 31-47 at 

reference sites.  Overall, 23-44 species have now been recorded from rehabilitated sites, 

compared with 65-95 at reference sites. A classification based on species occurrence shows a 

clear distinction between reference sites on one hand, and rehabilitated sites on the other. 

There has been a general increase in ant species with age of rehabilitation, except that species 

richness is unusually low at the oldest site (site 8). 

 

The species previously identified as being potentially useful indicators of rehabilitation 

progress are still unusually common at rehabilitated sites, and other potential indicator species 

have been added to this list.  
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Introduction 

 

Ants have proven to be extremely useful bio-indicators of the success of minesite restoration 

throughout northern Australia (Andersen 1997), and, following a successful pilot study in 

1997 (Andersen & Hoffmann 1998a), an ant monitoring program has been established at 

Capricorn Coal’s German Creek mine in central Queensland (Andersen & Hoffmann 1998b).  

The monitoring program involves three reference sites, all of which had been sampled during 

the pilot study, and six rehabilitated minesites, two of which had been previously sampled. 

 

This report describes the results of monitoring during 1999.  The report: 

1.   Identifies the ants collected during 1999;  

2.   Describes ant colonisation at the rehabilitated sites; 

3. Compares the ant communities of rehabilitated sites with those at reference sites; and 

4. Lists all species recorded during the entire monitoring program to date. 

 

 

Methods 

Study sites 

The three reference sites and six rehabilitated sites were: 

Reference sites - 1. Blue gum woodland; 3. Lancewood low woodland; 7. Yapunyah woodland 

Rehabilitated sites – 8. Pit C dump rehabilitation, C2/C3 area (11 yr old); 9. Pit R North 

dump rehabilitation (3 yr old); 10. Richter’s dump rehabilitation (4 yr old); 11. Pit A dump 

rehabilitation (4 yr old); 12. Pit P dump rehabilitation (1 yr old); 13. Pit G dump 

rehabilitation (3 yr old) 

 

The three reference sites and rehabilitated sites 8 and 9 were all sampled in 1997 as part of the 

pilot study during January (mid wet season), April (end of wet season) and September (late 

dry season), whereas sites 10, 11, 12 and 13 were sampled for the first time in 1998.  Site 

descriptions are given in Andersen & Hoffmann 1998b, and photographs of the sites (courtesy 

of Adam Smith) during sampling are shown below. 

 



Site 1 Blue Gum woodland (reference site), 22 April1999. 
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Site 3. Lancewood low woodland (reference site), 23 April1999. 

Site 7. Yapunyah woodland (reference site), 23 April 1999. 
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Site 8~ Pit C dump rehabilitation (12 yr old), 22 April1999. 

Site 9. Pit R North dump rehabilitation (4 yr old), 22 April 1999. 

6 210 



Site 10. Richter's dump rehabilitation (5 yrold), 22 April 1999. 

Site 11. Pit A dump rehabilitation (5 yr old), 22 April 1999. 
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Site 12. Pit P dump rehabilitation (2 yr old), 21 Apri11999. 

Site 13~ Pit G dump rehabilitation (4 yr old), 21 Apri11999. 
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Sampling and analysis 

Ants were sampled by a Capricorn Coal consultant, using the same trapping procedure as in 

1998.  A 5 x 3 grid of pitfall traps (6.5 cm diameter, partly filled with ethylene glycol as a 

preservative) with 10 m spacing was established at each site, and operated for a five day 

period during 16-23 April 1999.  Pitfall traps were sent to us for sorting, identification and 

analysis.  

 

We sorted the ants to species level, and scored the abundance of each species in each trap 

according to an 8-point scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-10 ants; 4 = 11-20 ants; 5 = 21-50 

ants; 6 = 51-100 ants; 7 = 101-1000 ants; 8 = >1000 ants).  Species abundances were scaled 

like this to avoid data distortions caused by the common problem of numerous ants from a 

single colony falling into one or a few traps.   

 

The taxonomy of northern Australian ants is extremely poorly known, with most species 

undescribed.  Unidentified species were assigned code numbers that follow and extend those 

used previously at German Creek (Andersen & Hoffmann 1998a,b).  A very high proportion 

of undescribed species is typical for northern Australia, and should not be taken to imply that 

the local fauna is of special significance. 
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Results and Discussion 

A total of 112 ant species from 27 genera were collected during 1999 (Appendix I).  This 

compares with 92 species from 22 genera collected during 1998, and includes five species 

never previously collected at German Creek: Trachymesopus darwinii, Pheidole sp. R, 

Dolichoderus scrobiculatus, Ochetellus sp. A and Stigmacros aciculata. A total of 211 

species from 32 genera have now been collected at German Creek (Appendix 2). 

 

Reference sites 

The numbers of species recorded at reference sites 1, 3 and 7 were 31, 38 and 47 respectively 

(Appendix 1), compared with 24, 26 and 33 respectively in 1998.  Species richness at 

reference sites during 1999 sampling was therefore substantially higher than in 1998 

(Andersen & Hoffmann 1998b).   This can be attributed to the particularly good 1998/9 wet 

season, and subsequent high plant cover (J. Merritt, personal communication).  When 

combined with results from the pilot study (Andersen & Hoffmann 1998a), this gives 

respective totals of 65, 85 and 95 species for these sites.  Such richness seems remarkable 

given that sampling was restricted to 40 x 20 m plots in each case, but is quite typical of the 

seasonal tropics.  

 

These results reinforce the observations made by Andersen & Hoffmann (1998b) that the 

reference sites are extremely rich in ant species, and only a relatively small proportion of 

species are recorded in any single trapping session. 

 

Rehabilitated sites 

As in 1998, total ant abundances at rehabilitated sites were comparable to those at reference 

sites (Fig. 1a), but numbers of species were substantially lower (Fig. 1b). Species richness at 

rehabilitated sites ranged from 17-28, compared with 31-47 at reference sites (Appendix 1). 

The differences in species richness between reference and rehabilitated sites is even more 

evident when combining results from all sampling at German Creek (Fig. 2). Overall species 

richness at rehabilitated sites ranges from 23-44, compared with 65-95 at reference sites. 

Species richness at rehabilitated sites during 1999 was usually higher than in 1998, and 

generally comparably so to reference sites (Table 1).  This increase is probably due more to 

increased ant activity following the particularly good wet season than to increased 

colonisation. 
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Figure 4. Dendrograms showing site dissimilarities according to ant species 
composition . (a) Classification was by agglomerative hierarchical fusion 
(FUSE option in the multivariate software package PATN), based on a 
Bray-Curtis association matrix using abundance data of all species with 
a total abundance score greater than 4 (52 species) . (b) Classification 
was by agglomerative hierarchical fusion based on a Jaccard 
(Canberra-Metric) association matrix using presence/absence data. 0% 
= identical , 1 00% = no similarity. Colours added to enhance sites most 
similar according to analysis. Sites 1, 3 and 7 = natural sites; Sites 8 to 
13 =sites undergoing rehabilitation . 
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Table 1.  Ant species richness in 1999 compared with 1998. 

              Reference                             Rehabilitation 

  

Site 1 

 

 

Site 3 

 

Site 7 

 

Site 8 

 

Site 9 

 

Site 10 

 

Site 11 

 

Site 12 

 

Site 13 

1998 24 26 33 9 20 28 18 14 20 

1999 31 38 47 19 20 26 28 17 23 

% 

change 

 

+29 

 

+46 

 

+42 

 

+111 

 

0 

 

-7 

 

+56 

 

+21 

 

+15 

 

 

Fig.  3   Ant species richness at rehabilitated sites in relation to age of rehabilitation. 

 

The number of ant species at rehabilitated sites in 1999 generally increased with age of 

rehabilitation (Fig.3).  However, site 8 (12 yrs old) is a striking exception, with species 

richness being almost the lowest, and only marginally higher than at site 12 (2 yrs old).  A 

similar result was found in 1998 (Andersen & Hoffmann 199b), when site 8 had the lowest 

number of species of all sites. However, more species have been collected at site 8 than any 
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other rehabilitated site when all samples are considered together.  This strongly suggests that 

ant species turnover has been extremely high at this site. 

 

Functional groups 

Ants have frequently been classified into functional groups to help reveal predictable patterns 

of ant community responses to disturbance (Andersen 1995), and such functional groups often 

show clear successional patterns during minesite restoration (Andersen 1997).  As in 1998, 

the relative abundance and richness of functional groups at rehabilitated sites was generally 

similar to that at reference sites (Fig. 1).  However, Generalised Myrmicinae were less 

abundant and rich at rehabilitated sites, and Opportunists usually more abundant.  When all 

sampling periods are considered together, it is also clear that the relatively uncommon, more 

specialised functional groups (Cold Climate Specialists, Cryptic Species and Specialist 

Predators) are under-represented at rehabilitated sites (‘others’ in Fig. 2), as noted in 

Andersen & Hoffmann (1998b). 

 

Multivariate analysis 

Fig. 4 classifies all sites according to the similarity of ant species occurring at them in 1999, 

first based on the abundances of the 52 most common species (Fig. 4a) and second on the 

presence/absence of all species (Fig. 4b).  The latter shows a clear distinction between 

reference sites on one hand, and rehabilitated sites on the other.  Within rehabilitated sites, 

Site 8 (the oldest at 12 yrs old) and Site 12 (the youngest at 2 yrs old) are relatively dissimilar 

from each other and from the others.  A somewhat different pattern emerges when the 

abundances of common species are considered (Fig. 4a).  Here, three distinct groups can be 

recognised: Reference Sites 1 and 3; Reference Site 7 and Rehabilitated Sites 8, 12 and 13; 

and Rehabilitated sites 9, 10 and 11.  The classification based on the occurrence of all species 

is likely to be more sensitive to recolonisation patterns at minesites, as it includes the 

uncommon, more specialised species that tend to be less resilient than common species. 

 



Figure 2. Total species richness of functional groups (see Fig . 1) at all sites over all 
sampling periods. Sites to the right of the broken line have only been sampled twice 
(Feb 98 and Feb 99) . 

12 217 
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Conclusions 

German Creek supports an extremely rich ant fauna, with 95 species so far recorded from a 

single reference site, and 211 species altogether.  There has been a high level of colonisation 

by ants at rehabilitated sites, with overall abundance levels being comparable to those at 

reference sites.  However, species richness is still considerably lower at rehabilitated sites, 

and overall species composition is substantially different.  As noted by Andersen & Hoffmann 

(1998b), the major differences in species composition between reference and rehabilitated 

sites are due to a lack of colonisation by numerous uncommon species. 

 

As noted by Andersen & Hoffmann (1998b), it is not possible to identify any particular ant 

species whose colonisation of minesites might indicate successful restoration, but that several 

species are clearly over-represented at rehabilitated sites and are therefore (negatively) 

indicative of rehabilitation progress.  These species are updated in Table 2 based on 1999 

sampling.  They include all the species identified from 1998 sampling, and three additional 

species.  Future monitoring at German Creek should pay particular attention to these species, 

in addition to overall changes in species richness and composition at rehabilitated sites.  

 

Finally, there are no obvious patterns of change at rehabilitated sites from 1998 to 1999.  

Species richness was generally higher, but this was also the case at reference sites, and is 

therefore more likely to reflect variation in ant activity at the time of sampling (related to wet 

season rainfall) than increased colonisation.  This is typical of the complexity of ecological 

systems, and underlines the value of a long-term monitoring program to document robust 

patterns of ecological change at sites undergoing rehabilitation.
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Table 2.  Ant species that are particularly abundant at rehabilitated sites (n = 6) compared with 

reference sites (n = 3). Data are mean site abundances from 1999 samples. The first six species are 

those identified as target species in Andersen & Hoffmann (1998).  

 

 

 Reference Sites Rehabilitated 

Sites 

Melophorus sp. E (pillipes gp)  5 9.2 

Iridomyrmex sp. I (gracilis gp)  3.7 15.2 

Melophorus sp. A (aeneovirens gp) 2 4.5 

Camponotus sp. Q (denticulatus gp)  0 10.7 

Rhytidoponera sp. A (metallica gp)  1 9.5 

Paratrechina sp. A (obscura gp)  0 7.2 

Camponotus sp. R (sponsorum gp)  0 3 

Iridomyrmex sp. H (pallidus gp)  0 12.5 

Tetramorium sp. D (impressum gp)  0 5.7 
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Appendix 1. Ant species recorded at each site during 1999. Data are total abundance scores. Functional 

groups (FG) are: DD = Dominant Dolichoderinae; SC = Subordinate Camponotinae; HCS = Hot Climate 

Specialists; CCS = Cold Climate Specialists; TCS = Tropical Climate Specialists; OPP = Opportunists; GM = 

Generalised Myrmicines; CRY = Cryptic Species; SP = Specialist Predators. 

 

      Site      
   FG 1 3 7 8 9 10 11 12 13 TOTAL 
PONERINAE            
Bothroponera sp. C (porcata gp.)  SP   1       1 
Brachyponera lutea CRY 2 3 1 3 5 3 5  6 28 
Rhytidoponera sp. A (metallica gp)  OPP  2 1 4 12 4 19 10 8 60 
Rhytidoponera sp. B (convexa gp)  OPP 11         11 
Rhytidoponera sp. D (convexa gp)  OPP      3  13  16 
Rhytidoponera sp. E (convexa gp)  OPP   5       5 
Rhytidoponera sp. G (metallica gp)  OPP    2      2 
Leptogenys conigera SP  1   7 1    9 
Odontomachus sp. A (ruficeps gp)  OPP 3         3 
Trachymesopus darwinii CRY  1        1 

            
MYRMICINAE            
Aphaenogaster sp. A (longiceps gp)  OPP 1         1 
Cardiocondyla sp. A OPP 4 11 6 12   2 1  36 
Crematogaster ?cornigera GM   1       1 
C. queenslandica  GM 1  2    1   4 
Crematogaster sp. C (australis gp)  GM   1       1 
Crematogaster sp. D (australis gp)  GM 2  2   3    7 
Meranoplus sp. C (diversus gp)  HCS  5        5 
Meranoplus sp. F HCS      4  3  7 
Meranoplus sp. G HCS   1       1 
Meranoplus sp. I HCS   2       2 
Meranoplus sp. S HCS   3  3     6 
Monomorium sp. A (rothsteinii gp)  HCS  8 3 2      13 
Monomorium sp. B (sordidum gp)  GM 9 7        16 
Monomorium sp. C (laeve gp.)  GM  1        1 
Monomorium sp. E (nigrius gp.)  GM 1 27        28 
Monomorium sp. G (laeve gp.)  GM  5        5 
Monomorium ?fieldi  GM    5 1 8 6   20 
Monomorium sp. J (laeve gp.)  GM 2    2     4 
Monomorium sp. S GM   1       1 
Pheidole impressiceps GM 10 3        13 
Pheidole sp. A GM 20  8       28 
Pheidole sp. B GM   2       2 
Pheidole sp. C GM  2        2 
Pheidole sp. D (frontalis gp)  GM   4       4 
Pheidole sp. G GM 3 31 7       41 
Pheidole sp. H GM   3       3 
Pheidole sp. J GM 5    10     15 
Pheidole sp. L GM 2         2 
Pheidole sp. Q GM       14   14 
Pheidole sp. R GM  2        2 
Solenopsis sp. B CRY 6 1  3  3 3  8 24 
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      Site      
   FG 1 3 7 8 9 10 11 12 13 TOTAL 
Tetramorium sp. A (striolatum gp)  OPP 2 3 9  8 4 8 1 12 47 
Tetramorium sp. B (spininode gp)  OPP        2  2 
Tetramorium sp. C (striolatum gp)  OPP      2 3   5 
Tetramorium sp. D (impressum gp)  OPP     7 4  2 21 34 
Tetramorium sp. G (striolatum gp)  OPP 6         6 
Tetramorium sp. I (striolatum gp)  OPP  3        3 

            
DOLICHODERINAE            
Doleromyrma sp. A OPP      3   1 4 
Dolichoderus scrobiculatus CCS   1       1 
Iridomymrex purpureus DD 4  4       8 
Iridomyrmex sp. B (rufoniger gp)  DD   89 5    64 48 206 
Iridomyrmex sp. C (gracilis gp)  DD  3 2       5 
Iridomyrmex sp. D (suchieri gp)  DD  76        76 
Iridomyrmex sp. E (rufoniger gp)  DD     57 69 60 1  187 
Iridomyrmex sp. G (hartmeyeri gp)  DD   1       1 
Iridomyrmex sp. H (pallidus gp)  DD    33 4 3 11 9 15 75 
Iridomyrmex sp. I (gracilis gp)  DD  3 8 32 18 13 14  14 102 
Iridomyrmex sp. J (suchieri gp)  DD 9 3 4       16 
Iridomyrmex sp. K (mattiroloi gp)  DD   7       7 
Iridomyrmex sp. O (pallidus gp)  DD  3        3 
Iridomyrmex sp. P (mattiroloi gp)  DD    1  4  13  18 
Iridomyrmex sp. Q (anceps gp)  DD 1      2   3 
Iridomyrmex sp. S (mattiroloi gp)  DD         4 4 
Iridomyrmex sp. T (rufoniger gp)  DD         13 13 
I. discors DD     9  2   11 
Ochetellus sp. A DD    15   4   19 
Papyrius sp. A (nitidus gp) DD 4  7 1     1 13 
Tapinoma sp. A (minutum gp)  OPP 6         6 
Tapinoma sp. B (minutum gp) OPP  3  10 10 8 20  7 58 
Technomyrmex sp. A OPP 7         7 

            
FORMICINAE            
Camponotus aeneopilosus SC 1         1 
Camponotus sp. A (consobrinus gp)  SC   1    1  1 3 
Camponotus sp. B (novaehollandiae gp)  SC 1  13 5 1 3 2 1 4 30 
Camponotus sp. C (claripes gp)  SC 1  3       4 
Camponotus sp. D (novaehollandiae gp)  SC 1         1 
Camponotus sp. G (rubiginosus gp)  SC  1        1 
Camponotus sp. H (rubiginosus gp)  SC   1       1 
C. dromas  SC   3    1   4 
C. ephippium SC   2       2 
Camponotus sp. L (discors gp)  SC  1 5 2   2   10 
Camponotus sp. N (rubiginosus gp)  SC   4       4 
Camponotus sp. Q (denticulatus gp)  SC     34 8 15 5 2 64 
Camponotus sp. R (sponsorum gp) SC     4 4 6 1 3 18 
Camponotus sp. S (rubiginosus gp)  SC       2   2 
Camponotus sp. T (rubiginosus gp)  SC      2 1 1  4 
Melophorus sp. A (aeneovirens gp) HCS   6 11 7 3 4  2 33 
Melophorus sp. E (pillipes gp)  HCS  8 7 11 24 3 1 14 2 70 
Melophorus sp. H (mjobergi gp)  HCS  2        2 
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      Site      
   FG 1 3 7 8 9 10 11 12 13 TOTAL 
Melophorus sp. I HCS      2    2 
Melophorus sp. K (froggatti gp)  HCS  3        3 
Melophorus sp. L (froggatti gp)  HCS  1        1 
Melophorus sp. O (brunea gp)  HCS  2        2 
Melophorus sp. W (brunea gp)  HCS         4 4 
Melophorus sp. AB (froggatti gp)  HCS  1 2       3 
Melophorus sp. AF (froggatti gp)  HCS  1        1 
Notoncus sp. B (ectatomoides gp)  CCS   3    1   4 
Opisthopsis sp. A (diadematus gp)  SC  2        2 
O. rufithorax SC         1 1 
O. haddoni SC   1       1 
Paratrechina sp. A (obscura gp)  OPP     10 4 20  9 43 
Paratrechina sp. B (minutula gp)  OPP  5 1       6 
Paratrechina sp. D (obscura gp)  OPP 9   7    17 8 41 
Polyrhachis sp. A (gab gp.)  SC 1         1 
P. inconspicua SC   1       1 
Polyrhachis sp. G (schwielandi gp)  SC   1       1 
Stigmacros sp. A CCS      1    1 
Stigmacros sp. C (intacta gp) CCS   1       1 
Stigmacros sp. D (inermis gp) CCS   1       1 
Stigmacros sp. E  CCS  3        3 
S. spinosa  CCS  4        4 
S. aciculata CCS 1         1 
            

            
TOTAL ABUNDANCE  136 243 242 164 233 169 230 158 194 1769 
TOTAL NUMBER OF SPECIES  31 38 47 19 20 26 28 17 23 112 
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Appendix II. Ant species recorded at each site over all sample times (1997-1999). Functional groups (FG) are: 

DD = Dominant Dolichoderinae; SC = Subordinate Camponotinae; HCS = Hot Climate Specialists; CCS = 

Cold Climate Specialists; TCS = Tropical Climate Specialists; OPP = Opportunists; GM = Generalised 

Myrmicines; CRY = Cryptic Species; SP = Specialist Predators. Species present but with no crosses were 

collected at other reference sites during the 1997 pilot study (Andersen & Hoffmann 1998a). 

 

 FG     Site     
  1 3 7 8 9 10 11 12 13 
           

MYRMECIINAE           
Myrmecia varians SP X         
Myrmecia gilberti SP          

           
CERAPACHYINAE           
Cerapachys sp. A (clarki gp)  SP  X        
Cerapachys sp. B (brevis gp)  SP  X        
Cerapachys sp. C (singularis gp)  SP          
Cerapachys sp. D (varians gp)  SP  X        
Cerapachys sp. E (fervidus gp)  SP        X  
Cerapachys sp. F (clarki gp)  SP   X       
Cerapachys sp. G (singularis gp)  SP          
Cerapachys sp. H (edentatus gp)  CRY          
Cerapachys sp. I (turneri gp)  CRY      X    

           
PONERINAE           
Anochetus armstrongii SP   X       
Bothroponera (subleavis gp) sp. A SP X         
Bothroponera (sublaevis gp) sp. B SP         X 
Bothroponera (porcata gp) sp. C SP   X      X 
Brachyponera lutea CRY X X X X X X X  X 
Rhytidoponera sp. A (metallica gp)  OPP X X X X X X X X X 
Rhytidoponera sp. B (convexa gp)  OPP X         
Rhytidoponera sp. C (anceps gp)  OPP X         
Rhytidoponera sp. D (convexa gp)  OPP X     X  X  
Rhytidoponera sp. E (convexa gp)  OPP X  X       
Rhytidoponera sp. F (tenuis gp)  OPP          
Rhytidoponera sp. G (metallica gp)  OPP   X X      
Leptogenys conigera SP X X X  X X    
Odontomachus sp. A (ruficeps gp) OPP X  X       
Trachymesopus darwinii CRY  X        

           
PSEUDOMYRMECINAE           
Tetraponera puctulata TCS   X       

           
MYRMICINAE           
Aphaenogaster sp. A (longiceps gp) OPP X         
Cardiocondyla sp. A OPP X X X X   X X  
Crematogaster ?cornigera  GM   X       
C. queenslandica 
Crematogaster sp. C (australis gp)  

GM 
GM 

X 
X 

X 
X 

X 
X 

    
X 
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 FG     Site     
  1 3 7 8 9 10 11 12 13 

Crematogaster sp. D (australis gp)  GM X  X   X    
Meranoplus sp. A HCS X         
Meranoplus sp. B HCS          
Meranoplus sp. C (diversus gp)  HCS  X        
Meranoplus sp. D HCS          
Meranoplus sp. E (diversus gp)  HCS          
Meranoplus sp. F HCS  X    X  X  
Meranoplus sp. G HCS   X       
Meranoplus sp. H (mjobergi gp)  HCS          
Meranoplus sp. I HCS   X       
Meranoplus sp. J HCS   X       
Meranoplus sp. K HCS          
Meranoplus sp. L HCS          
Meranoplus sp. M (diversus gp)  HCS          
Meranoplus sp. N (minimus gp)  HCS          
Meranoplus sp. O HCS   X       
Meranoplus sp. P HCS          
Meranoplus sp. Q HCS          
Meranoplus sp. R (fenestratus gp)  HCS          
Meranoplus sp. S HCS   X  X     
Monomorium sp. A (rothsteini gp)  HCS  X X X X     
Monomorium sp. B (sordidum gp)  GM X X X   X    
Monomorium sp. C GM X X  X      
Monomorium sp. D GM          
Monomorium sp. E GM X X        
Monomorium sp. F GM X X        
Monomorium sp. G GM  X        
Monomorium ?fieldi  GM  X  X X X X   
Monomorium sp. I GM  X        
Monomorium sp. J GM X    X     
Monomorium sp. K GM   X       
Monomorium (rothsteini gp) sp. L HCS   X       
Monomorium sp. M GM    X      
Monomorium sp. P GM          
Monomorium sp. Q GM          
Monomorium sp. R GM  X X       
Monomorium sp. S GM   X       
Monomorium sp. U (rothsteini gp)  HCS   X  X     
Monomorium sp. W (nigrius gp)  GM  X       X 
Monomorium sp. X (sydneyense gp)  GM  X        
Monomorium sp. Y (rothsteini gp)  GM          
Monomorium sp. Z GM          
Pheidole impressiceps GM X X    X    
Pheidole sp. A GM X X X X X     
Pheidole sp. B GM X X X       
Pheidole sp. C GM X X  X      
Pheidole sp. D (frontalis gp)  GM   X       
Pheidole sp. E GM X  X       
Pheidole sp. F GM X  X       
Pheidole sp. G GM X X X X      
Pheidole sp. H GM   X       
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 FG     Site     
  1 3 7 8 9 10 11 12 13 

Pheidole sp. I GM   X       
Pheidole sp. J GM X X  X X     
Pheidole sp. L GM X         
Pheidole sp. N GM  X X       
Pheidole sp. P GM          
Pheidole sp. Q GM       X   
Pheidole sp. R GM  X        
Solenopsis sp. A CRY  X        
Solenopsis sp. B CRY X X  X  X X  X 
Solenopsis sp. C CRY         X 
Tetramorium sp. A (striolatum gp)  OPP X X X X X X X X X 
Tetramorium sp. B (spininode gp)  OPP     X X  X X 
Tetramorium sp. C (striolatum gp)  OPP  X    X X   
Tetramorium sp. D (impressum gp)  OPP   X  X X X X X 
Tetramorium sp. E (striolatum gp)  OPP   X  X     
Tetramorium (striolatum gp) sp. F OPP          
Tetramorium (striolatum gp) sp. G OPP X X        
Tetramorium (striolatum gp) sp. I OPP  X   X     

           
DOLICHODERINAE           
Doleromyrma sp. A OPP   X   X   X 
Dolichoderus scrobiculatus CCS   X       
Froggattella kirbii DD X  X X      
Iridomymrex purpureus DD X  X X X     
I. sanguineus DD X X X   X   X 
Iridomyrmex sp. A (anceps gp)  DD   X       
Iridomyrmex sp. B (rufoniger gp)  DD X  X X    X X 
Iridomyrmex sp. C (gracilis gp)  DD X X X X X     
Iridomyrmex sp. D (suchieri gp)  DD X X X       
Iridomyrmex sp. E (rufoniger gp)  DD  X  X X X X X  
Iridomyrmex sp. F (cyaneus gp)  DD X X X X     X 
Iridomyrmex sp. G (hartmeyeri gp)  DD  X X X X    X 
Iridomyrmex sp. H (pallidus gp)  DD  X X X X X X X X 
Iridomyrmex sp. I (gracilis gp)  DD  X X X X X X X X 
Iridomyrmex sp. J (suchieri gp)  DD X X X       
Iridomyrmex sp. K (mattiroloi gp)  DD   X X      
Iridomyrmex sp. L (rufoinclinus gp)  DD          
Iridomyrmex sp. M (mattiroloi gp)  DD   X X     X 
Iridomyrmex sp. O (pallidus gp)  DD  X  X      
Iridomyrmex sp. P (mattiroloi gp)  DD   X X X X  X X 
Iridomyrmex sp. Q (anceps gp)  DD X      X  X 
Iridomyrmex sp. S (suchieri gp)  DD         X 
Iridomyrmex sp. T (rufoniger gp)  DD         X 
I. discors DD     X  X   
Ochetellus sp. A     X   X   
Papyrius sp. A (nitidus gp) DD X X X X     X 
Tapinoma sp. A (minutum gp)  OPP X X X X X X    
Tapinoma sp. B (minutum gp) OPP  X  X X X X X X 
Technomyrmex sp. A OPP X X        
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 FG     Site     
  1 3 7 8 9 10 11 12 13 

FORMICINAE           
Camponotus aeneopilosus SC X        X 
Camponotus sp. A (consobrinus gp)  SC X  X    X  X 
Camponotus sp. B (novaehollandiae 
gp)  

 
SC 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

Camponotus (sp. C claripes gp)  SC X  X       
Camponotus sp. D (novaehollandiae 
gp)  

 
SC 

 
X 

      
X 

  

Camponotus sp. F (rubiginosus gp)  SC X  X       
Camponotus sp. G (rubiginosus gp)  SC  X        
Camponotus sp. H (rubiginosus gp)  SC   X       
C. dromas  SC   X       
C. ephippium SC   X       
Camponotus sp. L (discors gp)  SC  X X X      
C. whitei SC          
Camponotus sp. N (rubiginosus gp)  SC  X X       
C. ?extensus  SC   X      X 
Camponotus sp. P (claripes gp)  SC  X X       
Camponotus sp. Q (denticulatus gp)  SC     X X X X X 
Camponotus sp. R (sponsorum gp) SC  X   X X X X X 
Camponotus sp. S (rubiginosus gp)  SC   X    X  X 
Camponotus sp. T (rubiginosus gp)  SC      X X X  
Melophorus sp. A (aeneovirens gp)  HCS X X X X X X X  X 
Melophorus sp. B HCS X         
Melophorus sp. C (mjobergi gp)  HCS X X X      X 
Melophorus sp. D HCS X X X X      
Melophorus sp. E (pillipes gp)  HCS X X X X X X X X X 
Melophorus sp. F (froggatti gp)  HCS   X       
Melophorus sp. G HCS  X    X   X 
Melophorus sp. H (mjobergi gp)  HCS  X X X      
Melophorus sp. I  HCS  X   X X X   
Melophorus sp. J HCS  X X       
Melophorus sp. K (froggatti gp)  HCS  X        
Melophorus sp. L (froggatti gp)  HCS  X X       
Melophorus sp. M HCS  X        
Melophorus sp. N (pillipes gp)  HCS  X X X      
Melophorus sp. O (froggatti gp)  HCS  X X       
Melophorus sp. P (mjobergi gp)  HCS  X        
Melophorus sp. Q HCS X         
Melophorus sp. R HCS  X        
Melophorus sp. S HCS          
Melophorus sp. T (potteri gp)  HCS          
Melophorus sp. U (froggatti gp)  HCS         X 
Melophorus sp. V HCS   X       
Melophorus sp. W (brunea gp)  HCS     X X  X X 
Melophorus sp. X HCS          
Melophorus sp. Y (wheeleri gp)  HCS   X X    X  
Melophorus sp. Z HCS  X    X    
Melophorus sp. AA (mjobergi gp)  HCS  X X       
Melophorus sp. AB (froggatti gp)  HCS  X X       
Melophorus sp. AE (mjobergi gp)  HCS          
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 FG     Site     
  1 3 7 8 9 10 11 12 13 

Melophorus sp. AF (froggatti gp)  HCS  X        
Melophorus sp. AG (froggatti gp)  HCS          
Melophorus sp. AI HCS      X    
Melophorus sp. AK (pillipes gp)  HCS   X       
Melophorus sp. AL HCS      X    
Notoncus sp. A (enormis gp) CCS X         
Notoncus sp. B (ectatommoides gp)  CCS X  X    X   
Notoncus sp. C (enormis gp) CCS X         
Opisthopsis sp. A (diadematus gp)  SC X X        
O. rufithorax SC   X      X 
O. pictus SC   X       
O. haddoni SC   X       
Paratrechina sp. A (obscura gp)  OPP X   X X X X X X 
Paratrechina sp. B (minutula gp)  OPP  X X X  X   X 
Paratrechina sp. D (obscura gp)  OPP X   X    X X 
Polyrhachis senilis SC X X  X      
P. pseudothrinax SC          
Polyrhachis sp. C (appendiculata gp)  SC  X        
Polyrhachis sp. D (obtusa gp)  SC          
Polyrhachis sp. nr. prometheus  SC          
P. inconspicua SC   X    X   
Polyrhachis sp. G (schwielandi gp)  SC   X       
P. trapezoidea SC   X       
Stigmacros sp. A CCS  X    X    
Stigmacros sp. B (intacta gp) CCS  X        
Stigmacros sp. C (intacta gp) CCS   X       
Stigmacros sp. D (inermis gp) CCS   X       
Stigmacros sp. E  CCS  X        
Stigmacros spinosa  CCS  X        
S. aemula CCS  X        
S. aciculata CCS X         
           

           
TOTAL NUMBER OF SPECIES  65 85 95 44 33 38 30 23 41 
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Appendix IV.  Ant monitoring at German Creek Mine, 

Queensland – 2000 Sampling. 

 

Alan N. Andersen and Ben Hoffmann 

 

A consultancy report prepared for Capricorn Coal Management Pty Ltd 

 

 

Executive summary 

 

This report describes the results of the 2000 ant monitoring program at German Creek mine, 

Queensland.  Ants had been sampled in January using pitfall traps by Ansar Environmental 

Pty Ltd at three reference sites and six minesites undergoing rehabilitation (subsequently 

referred to as ‘rehabilitated’ sites), with the samples sent to us for identification and analysis.  

The three reference sites (sites 1, 3 and 7) and two of the rehabilitated sites (site 8 and 9) had 

been previously sampled on three occasions during a pilot study in 1997 (Andersen and 

Hoffmann 1998a), and all had been sampled during February 1998 and April 1999. A total of 

130 ant species from 29 genera were collected during 2000, bringing the total number of ant 

species recorded at German Creek to 225 from 34 genera. 

 

There has been a high level of colonisation by ants at rehabilitated sites, with overall 

abundance levels being comparable to those at reference sites.  There is a general trend of 

increasing ant species with age of rehabilitation, but species richness was still considerably 

lower at rehabilitated sites (19-29, compared with 38-51 at reference sites). Overall species 

composition was also still substantially different, with the more-specialised functional groups 

being under-represented at rehabilitated sites.  The species previously identified as being 

potentially useful indicators of rehabilitation progress are still unusually common at 

rehabilitated sites.  The best indicator species in this context are Iridomyrmex sp. I (gracilis 

gp.), Camponotus sp. Q (denticulatus gp.) and Rhytidoponera sp. A (metallica gp.).
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Introduction 

 

Ants have proven to be extremely useful bio-indicators of the success of minesite restoration 

throughout northern Australia (Andersen 1997), and, following a successful pilot study in 1997 

(Andersen & Hoffmann 1998a), an ant monitoring program has been established at Capricorn 

Coal’s German Creek mine in central Queensland (Andersen & Hoffmann 1998b, 1999).  The 

monitoring program involves three reference sites, all of which had been sampled during the pilot 

study, and six minesites undergoing rehabilitation (subsequently referred to as ‘rehabilitated’ sites), 

two of which had been sampled during the pilot study. 

 

This report describes the results of monitoring during 2000.  The report: 

1.   Identifies the ants collected during 2000;  

2.   Describes patterns of ant colonisation at rehabilitated sites; 

5. Compares ant communities of rehabilitated with those at reference sites; and 

6. Lists all species recorded during the entire monitoring program to date. 
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Methods 

Study sites 

The three reference sites and six rehabilitated sites were: 

Reference sites - 1. Blue gum woodland; 3. Lancewood low woodland; 7. Yapunyah woodland 

Rehabilitated sites – 8. Pit C dump rehabilitation, C2/C3 area (13 yr old); 9. Pit R North dump 

rehabilitation (5 yr old); 10. Richter’s dump rehabilitation (6 yr old); 11. Pit A dump rehabilitation 

(6 yr old); 12. Pit P dump rehabilitation (3 yr old); 13. Pit G dump rehabilitation (5 yr old) 

 

The three reference sites and rehabilitated sites 8 and 9 were all sampled in 1997 as part of the pilot 

study during January (mid wet season), April (end of wet season) and September (late dry season), 

whereas sites 10, 11, 12 and 13 were sampled for the first time in 1998.  Site descriptions are given 

in Andersen & Hoffmann 1998b, and photographs of the sites (courtesy of Adam Smith) during 

2000 sampling are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Site 1 Blue Gum woodland (reference site), 13 January 2000. 
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Site 3. Lancewood low woodland (reference site), 13 January 2000. 

Site 7. Yapunyah woodland (reference site), 13 January 2000. 

5 
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Site 8 Pit C dump rehabilitation (13 yr old), 13 January 2000. 

Site 9. Pit R North dump rehabilitation (5 yr old), 12 January 2000. 

6 
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Site 10. Richter's dump rehabilitation (6 yr old), 13 January 2000. 

Site 11. Pit A dump rehabilitation (6 yr old), 12 January 2000. 

7 
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Site 12. Pit P dump rehabilitation (3 yr old), 12 January 2000. 

Site 13. Pit G dump rehabilitation (5 yr old), 13 January 2000. 

8 
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Sampling and analysis 

 

Ants were sampled by Ansar Environmental Pty Ltd, using the same trapping procedure as in 1998 

and 1999.  A 5 x 3 grid of pitfall traps (6.5 cm diameter, partly filled with ethylene glycol as a 

preservative) with 10 m spacing was established at each site, and operated for a five day period 

during the middle of January 2000.  Pitfall traps were sent to us for sorting, identification and 

analysis.  

 

We sorted the ants to species level, and scored the abundance of each species in each trap according 

to an 8-point scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-10 ants; 4 = 11-20 ants; 5 = 21-50 ants; 6 = 51-100 

ants; 7 = 101-1000 ants; 8 = >1000 ants).  Species abundances were scaled like this to avoid data 

distortions caused by the common problem of numerous ants from a single colony falling into one 

or a few traps.   

 

The taxonomy of northern Australian ants is extremely poorly known, with most species being 

undescribed.  Unidentified species were assigned code numbers that follow and extend those used 

previously at German Creek (Andersen & Hoffmann 1998a,b, 1999).  A very high proportion of 

undescribed species is typical for northern Australia, and should not be taken to imply that the local 

fauna is of special significance. 
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Results and Discussion 

 

A total of 130 ant species from 29 genera were collected during 2000 (Appendix I).  This compares 

with 112 species from 27 genera during 1999 (Andersen & Hoffmann 1999), and 92 species from 

22 genera during 1998 (Andersen & Hoffmann 1998b). There has therefore been a progressive 

increase in the number of species collected since 1998.  Four new species (including the previously 

unrecorded genera Sphinctomyrmex and Acropyga) for German Creek were recorded in 2000 

samples, so that a total of 225 species from 34 genera have now been recorded (Appendix 2). 

 

Reference sites 

The numbers of species recorded at reference sites 1, 3 and 7 were 38, 36 and 51 respectively 

(Appendix 1), compared with 31, 38 and 47 respectively in 1999, and 24, 26 and 33 respectively in 

1998.  Species richness at reference sites has therefore progressively increased since 1998. When 

combined with results from the pilot study (Andersen & Hoffmann 1998a), this gives respective 

totals of 75, 89 and 105 species for these sites.  Such high richness seems remarkable given that 

sampling was restricted to 40 x 20 m plots in each case, and is indeed extraordinary by international 

standards.  However, it appears to rather typical of the Australian seasonal tropics.  

 

These results reinforce the observations made by Andersen & Hoffmann (1998b, 1999) that the 

reference sites are extremely rich in ant species, and only a relatively small proportion (less than 

half) of species are recorded in any single trapping session. 

 

Rehabilitated sites 

As in 1998 and 1999, total ant abundances at rehabilitated sites were comparable to those at 

reference sites (Fig. 1a), but numbers of species were consistently lower (Fig. 1b). Species richness 

at rehabilitated sites ranged from 19-29, compared with 36-51 at reference sites. The differences in 

species richness between reference and rehabilitated sites are accentuated when results from all 

sampling times are combined (Fig. 2), with 29-52 ant species recorded at rehabilitated sites, 

compared with 75-105 at reference sites. The numbers of species recorded at rehabilitated sites has 

progressively increased since 1998, at a rate generally comparable to that at reference sites (Table 

1).  This increase in numbers of species over time therefore appears to be reflecting a more general 

increase in ant activity, resulting in a higher proportion of ants being trapped in any one sampling 

session, rather than substantial colonisation by new ant species.   
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Figure 1. (a) Abundance and (b) species richness of ant functional groups (DO= 
Dominant Dolichoderinae; SC = Subordinate Camponotini ; HCS = Hot Climate 
Specialists; OPP =Opportunists; GM =Generalised Myrmicinae) at each site during 
2000. 
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Table 1.  Percentage change in ant species richness at each study site. There was an overall increase in 

numbers of species of 22% over 1998-1999, and 16% over 1999-2000. 
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Fig.  3   Ant species richness in relation to age of rehabilitation. Sites to the right hand side of the broken line 

are reference sites. 

 

Considering each sampling period separately, the number of ant species generally increased with 
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species than might be expected given its age (now 13 yrs old).  It is not clear to what extent site 8 is 

representative of other sites undergoing rehabilitation (i.e. therefore indicating that ant species 

richness at these sites will decline with increasing age), or is inherently different from other sites.  

Site 8 did not have topsoil applied during initial rehabilitation, and therefore appears to have lower 

plant species richness (John Merritt, personal communication), which might be a contributing 

factor.  

 

Functional groups 

Ants have frequently been classified into functional groups to help reveal repeated patterns of ant 

community responses to disturbance (Andersen 1995), and such functional groups often show clear 

successional patterns during minesite restoration (Andersen 1997).  As in 1998 and 1999, the 

relative abundance and richness of functional groups at rehabilitated sites was generally similar to 

that at reference sites (Fig. 1).  However, Generalised myrmicines continue to be less abundant and 

rich at rehabilitated sites, and Opportunists often more abundant.   The relatively uncommon, more 

specialised functional groups (Cold Climate Specialists, Cryptic Species and Specialist Predators; 

‘others’ in Fig. 1) also continue to be under-represented at rehabilitated sites. The under-

representation of Generalised Myrmicines and specialised functional groups (also including Hot 

Climate Specialists) at sites undergoing rehabilitation is especially pronounced when all sampling 

periods are considered together (Fig. 2). 

 

Multivariate analysis 

Fig. 4 classifies all sites according to the similarity of ant species occurring at them in 2000, first 

based on the abundances of all the 130 species (Fig. 4a) and second on the presence/absence of all 

species (Fig. 4b).  Both show a clear distinction between reference sites on one hand, and 

rehabilitated sites on the other. In Fig. 4a, rehabilitated sites are ordered according to their age, 

ranging from site 12 (3 yrs old) to site 8 (13 yrs old). Similar patterns also occur in Fig. 4b. This 

suggests that there is an orderly sequence of ant colonisation at rehabilitated sites.  
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Conclusions 

The conclusions from 2000 sampling are similar to those from 1999: 

• German Creek supports an extremely rich ant fauna, with 105 species so far recorded from a 

single reference site, and 225 species altogether.   

• There has been a high level of colonisation by ants at rehabilitated sites, with overall abundance 

levels being comparable to those at reference sites.  However, species richness is still 

considerably lower at rehabilitated sites, and overall species composition is substantially 

different.   

• The major differences in species composition between reference and rehabilitated sites are an 

under-representation of more-specialised functional groups at rehabilitated sites. 

 

In previous reports we have identified several species that were clearly over-represented at 

rehabilitated sites and are therefore (negatively) indicative of rehabilitation progress.  Changes in 

abundance of these species from 1998 – 2000 are given in Table 2. In almost all cases these species 

are still over-represented at rehabilitated sites. The most striking of these species, and therefore the 

best indicators of differences between reference and rehabilitated sites, are Iridomyrmex sp. I 

(gracilis gp.), Camponotus sp. Q (denticulatus gp.) and Rhytidoponera sp. A (metallica gp.). 
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Table 2.  Changes in abundance of the target species (those that are particularly abundant at sites 

undergoing rehabilitation) identified by Andersen & Hoffmann (1998b, 1999). Data are mean 

abundances at reference sites (n = 3) compared with sites undergoing rehabilitation (n = 6).  

 

 
Reference  

Sites 

Rehabilitated Sites 

1998 1999 2000 1998 1999 2000 

Melophorus sp. E (pillipes gp.) 3.7 5 11 19.3 9.2 22 

Iridomyrmex sp. I (gracilis gp.) 1.7 3.7 3.7 18.3 15.2 20.5 

Melophorus sp. A (aeneovirens gp.) 7.3 2 17 12 4.5 15.5 

Camponotus sp. Q (denticulatus gp.) 0 0 0 10.7 10.7 11.3 

Rhytidoponera sp. A (metallica gp.) 2.7 1 4 8.2 9.5 15.2 

Paratrechina sp. A (obscura gp.) 1 0 4.7 4.8 7.2 9 

Camponotus sp. R (sponsorum gp.) 0.3 0 0 0.5 3 2.2 

Iridomyrmex sp. H (pallidus gp.) 6.3 0 3 6.8 12.5 4.7 

Tetramorium sp. D (impressum gp.) 0.6 0 0 3.2 5.7 1.7 
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Appendix 1. Ant species recorded at each site. Data are total abundance scores. Functional group classes are: DD = 

Dominant Dolichoderinae; SC = Subordinate Camponotinae; HCS = Hot Climate Specialists; CCS = Cold Climate 

Specialists; TCS = Tropical Climate Specialists; OPP = Opportunists; GM = Generalised Myrmicines; CRY = Cryptic 

Species; SP = Specialist Predators. 
 

Species Functional     Site      
 group 1 3 7 8 9 10 11 12 13 TOTAL 

            
Myrmeciinae            
Myrmecia varians SP      2    2 
Myrmecia gilberti SP     1     1 

            
Cerapachynae            
Cerapachys longitarsus CRY    1      1 
Cerapachys sp. B (brevis gp.) SP  1        1 
Sphinctomyrmex sp. A  CRY        1  1 

            
Ponerinae            
Bothroponera sp. B (subleavis gp.) SP 3         3 
Brachyponera lutea CRY 3   2 1  1 1 8 16 
Rhytidoponera sp. A (metallica gp.) OPP 1 11  4 16 5 22 14 30 103 
Rhytidoponera sp. B (convexa gp.) OPP 34         34 
Rhytidoponera sp. C (anceps gp.) OPP 6         6 
Rhytidoponera sp. D (convexa gp.) OPP        15  15 
Rhytidoponera sp. E (convexa gp.) OPP   9       9 
Leptogenys conigera SP  7   6 2    15 
Odontomachus sp. A (ruficeps gp.) OPP 2  2       4 

            
Myrmicinae            
Aphaenogaster sp. A (longiceps gp.) OPP 5         5 
Cardiocondyla sp. A OPP   2 6   3 1  12 
Crematogaster sp. B (queenslandica gp.) GM 2  2       4 
Crematogaster sp. C (australis gp.) GM  1 4    1   6 
Crematogaster sp. D (australis gp.) GM 2         2 
Crematogaster sp. E (cornigera gp.) GM         1 1 
Meranoplus sp. A HCS 2         2 
Meranoplus sp. B HCS      3    3 
Meranoplus sp. C (diversus gp.) HCS  2        2 
Meranoplus sp. F HCS         2 2 
Meranoplus sp. I HCS   5       5 
Meranoplus sp. O HCS 1         1 
Meranoplus sp. T HCS      1    1 
Monomorium sp. A (rothsteinii gp.) HCS  1  4 2     7 
Monomorium sp. B (sordidum gp.) GM 32 8 2       42 
Monomorium sp. C (laeve gp.) GM      3   1 1 
Monomorium sp. D (laeve gp.) GM  3  3      6 
Monomorium sp. E (nigrius gp.) GM  12        12 
Monomorium sp. H (?fieldi) GM    2  4    6 
Monomorium sp. K (laeve gp.) GM  4 5  2     11 
Monomorium sp. N (laeve gp.) GM  1        4 
Monomorium sp. O (centralis gp.) HCS   3       3 
Monomorium sp. S GM   1       1 
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Species Functional     Site      
 group 1 3 7 8 9 10 11 12 13 TOTAL 
Monomorium sp. T (flavipes gp.) GM 1         1 
Monomorium sp. U (rothsteinii gp.) HCS   5       5 
Monomorium sp. Y (rothsteinii gp.) GM     3     3 
            
Pheidole impressiceps GM 15         15 
Pheidole sp. A GM   3       3 
Pheidole sp. B GM 41 3        44 
Pheidole sp. C GM 5 2     12   19 
Pheidole sp. E GM 5         5 
Pheidole sp. G GM  15 2       17 
Pheidole sp. I GM  9        9 
Pheidole sp. J GM  2   10   3  15 
Pheidole sp. K GM  2        2 
Pheidole sp. L GM 2         2 
Pheidole sp. Q GM   4 1   13   18 
Solenopsis sp. B (Diplorhoptrum) CRY 1 1  2    1  5 
Strumigenys sp. A SP 1         1 
Tetramorium sp. A (striolatum gp.) OPP   4 2 14 3 7  5 35 
Tetramorium sp. B (spinninode gp.) OPP 3    1 1  3  8 
Tetramorium sp. C (striolatum gp.) OPP      2    2 
Tetramorium sp. D (impressum gp.) OPP     1    9 10 
Tetramorium sp. E (striolatum gp.) OPP      1    1 
Tetramorium sp. G (striolatum gp.) OPP 6      3   9 
Tetramorium sp. I (striolatum gp.) OPP  2    3   3 8 

            
Dolichoderinae            
Doleromyrma sp. A OPP   1       1 
Dolichoderus scrobiculatus CCS         1 1 
Iridomyrmex discors DD     7  6   13 
Iridomymrex purpureus DD 41         41 
Iridomymrex rufoinclinus DD      1    1 
Iridomymrex sanguineus DD   4       4 
Iridomyrmex sp. A (anceps gp.) DD 2         2 
Iridomyrmex sp. B (rufoniger gp.) DD       33 4 36 73 
Iridomyrmex sp. C (gracilis gp.) DD  14 17       31 
Iridomyrmex sp. E (rufoniger gp.) DD  18 75 3 52 66 2 41  257 
Iridomyrmex sp. F (cyaeneus gp.) DD    1   2  1 4 
Iridomyrmex sp. H (pallidus gp.) DD  3 6  3 2  12 11 37 
Iridomyrmex sp. I (gracilis gp.) DD   11 29 4 34 18 2 36 134 
Iridomyrmex sp. J (suchieri gp.) DD 15 6 36 5     8 70 
Iridomyrmex sp. K (mattiroloi gp.) DD       1   1 
Iridomyrmex sp. O (pallidus gp.) DD   2 30  6 3   41 
Iridomyrmex sp. P (mattiroloi gp.) DD   5 1  6  13  25 
Iridomyrmex sp. T (rufoniger gp.) DD    1 7 4   11 23 
Ochetellus sp. A OPP    3 2     5 
Tapinoma sp. A (minutum gp.) OPP  1 9  2 2 3  3 20 
Tapinoma sp. B (minutum gp.) OPP    5  3 2  2 12 

            
Formicinae            
Acropyga sp. A CRY  1        1 
Acropyga sp. B CRY   1       1 
Camponotus aeneopilosus SC 4         4 
Camponotus ?extensus SC   4       4 
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Species Functional     Site      
 group 1 3 7 8 9 10 11 12 13 TOTAL 
Camponotus sp. B (novaehollandiae gp.) SC   1      7 8 
Camponotus sp. C (claripes gp.) SC 2         2 
Camponotus sp. D (novaehollandiae gp.) SC   1 1   3   5 
Camponotus sp. E (nigroaeneus gp.) SC   1       1 
Camponotus sp. L (discors gp.) SC   2       2 
Camponotus sp. N (rubiginosus gp.) SC  1 1    1   3 
            
Camponotus sp. Q (denticulatus gp.) SC     21 15 16 5 11 68 
Camponotus sp. R (sponsorum gp.) SC     3 2 4 2 2 13 
Camponotus sp. T (rubiginosus gp.) SC     1     1 
Melophorus sp. A (aeneovirens gp.) HCS 13 10 28 30 12 24 14 3 10 144 
Melophorus sp. D HCS 7 2 11       20 
Melophorus sp. E (pillipes gp.) HCS  12 11 25 36 10 19 36 16 165 
Melophorus sp. G HCS      9    9 
Melophorus sp. H (mjobergi gp.) HCS  3 3       6 
Melophorus sp. I (bruneus gp.) HCS      2   3 5 
Melophorus sp. J HCS  1        1 
Melophorus sp. K (froggatti gp.) HCS  2        2 
Melophorus sp. L (froggatti gp.) HCS  26 10       36 
Melophorus sp. M (pillipes gp.) HCS 2         2 
Melophorus sp. N (pilipes gp.) HCS  10 15       25 
Melophorus sp. O (froggatti gp.) HCS   3       3 
Melophorus sp. V HCS   18       18 
Melophorus sp. W (bruneus gp.) HCS    1  3   3 7 
Melophorus sp. Z HCS      2    2 
Melophorus sp. AA (mjobergi gp.) HCS   19       19 
Melophorus sp. AB (froggatti gp.) HCS  5 19       24 
Melophorus sp. AC (mjobergi gp.) HCS 5         5 
Melophorus sp. AD (wheeleri gp.) HCS        2  2 
Melophorus sp. AF (froggatti gp.) HCS   2       2 
Notoncus gilberti CCS   4       4 
Notoncus sp. C (enormis gp.) CCS 1  2       3 
Opisthopsis diadematus  SC  1        1 
Opisthopsis rufithorax SC   3    1  1 5 
Opisthopsis pictus SC   1       1 
Opisthopsis haddoni SC   1       1 
Paratrechina sp. A (obscura gp.) OPP 14   4 7  17 18 8 68 
Paratrechina sp. B (minutula gp.) OPP 7         7 
Paratrechina sp. D (obscura gp.) OPP 5         5 
Polyrhachis inconspicua SC     2  1   3 
Polyrhachis senilis SC 1  1    1  3 6 
Polyrhachis sp. B (sidnica gp.) SC       1  3 4 
Stigmacros sp. A CCS         1 1 
Stigmacros sp. D CCS   7       7 
Stigmacros sp. H CCS 2         2 

            
TOTAL ABUNDANCE  295 203 390 166 216 221 212 177 236 2116 
TOTAL NUMBER OF SPECIES  38 36 51 24 25 29 29 19 29 130 
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Appendix II. Ant species recorded at each site over all sample times. Crosses indicate presence. Species present 

but with no data have been collected in other sites in a prior report. Functional group classes are: DD = 

Dominant Dolichoderinae; SC = Subordinate Camponotinae; HCS = Hot Climate Specialists; CCS = Cold 

Climate Specialists; TCS = Tropical Climate Specialists; OPP = Opportunists; GM = Generalised Myrmicines; 

CRY = Cryptic Species; SP = Specialist Predators. 

 
Species Functional     Site     

 group 1 3 7 8 9 10 11 12 13 
           

Myrmeciinae           
Myrmecia varians SP X     X    
Myrmecia gilberti SP     X     

           
Cerapachynae           
Cerapachys longitarsus CRY    X      
Cerapachys sp. A (clarki gp.) SP  X        
Cerapachys sp. B (brevis gp.) SP  X        
Cerapachys sp. C (singularis gp.) SP          
Cerapachys sp. D (varians gp.) SP  X        
Cerapachys sp. E (fervidus gp.) SP        X  
Cerapachys sp. F (clarki gp.) SP   X       
Cerapachys sp. G (singularis gp.) SP          
Cerapachys sp. H (edentatus gp.) CRY          
Cerapachys sp. I (turneri gp.) CRY      X    
Sphinctomyrmex sp. A  CRY        X  

           
Ponerinae           
Anochetus armstrongii SP   X       
Bothroponera sp. A (subleavis gp.) SP X         
Bothroponera sp. B (subleavis gp.) SP X        X 
Bothroponera sp. C (porcata gp.) SP   X      X 
Brachyponera lutea CRY X X X X X X X X X 
Rhytidoponera sp. A (metallica gp.) OPP X X X X X X X X X 
Rhytidoponera sp. B (convexa gp.) OPP X         
Rhytidoponera sp. C (anceps gp.) OPP X         
Rhytidoponera sp. D (convexa gp.) OPP X     X  X  
Rhytidoponera sp. E (convexa gp.) OPP X  X       
Rhytidoponera sp.F (tenuis gp.) OPP          
Rhytidoponera sp. G (metallica gp.) OPP   X X      
Leptogenys conigera SP X X X  X X    
Odontomachus sp. A (ruficeps gp.) OPP X  X       
Trachymesopus darwinii CRY  X        

           
Pseudomyrmicinae           
Tetraponera puctulata TCS   X       

           
Myrmicinae           
Aphaenogaster sp. A (longiceps gp.) OPP X         
Cardiocondyla sp. A OPP X X X X   X X  
Crematogaster sp. A (?cornigera) GM   X       
Crematogaster sp. B (queenslandica gp.) GM X X X    X   
Crematogaster sp. C (australis gp.) GM X X X    X   
Crematogaster sp. D (australis gp.)  GM X  X   X    
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Species Functional     Site     
 group 1 3 7 8 9 10 11 12 13 

Crematogaster sp. E (cornigera gp.)  GM         X 
Meranoplus sp. A HCS X         
Meranoplus sp. B HCS      X    
           
Meranoplus sp. C (diversus gp.) HCS  X        
Meranoplus sp. D HCS          
Meranoplus sp. E (diversus gp.) HCS          
Meranoplus sp. F HCS  X    X  X X 
Meranoplus sp. G HCS   X       
Meranoplus sp. H (mjobergi gp.) HCS          
Meranoplus sp. I HCS   X       
Meranoplus sp. J HCS   X       
Meranoplus sp. K (macrops gp.) HCS          
Meranoplus sp. L (macrops gp.) HCS          
Meranoplus sp. M (diversus gp.) HCS          
Meranoplus sp. N (minimus gp.) HCS          
Meranoplus sp. O HCS X  X       
Meranoplus sp. P HCS          
Meranoplus sp. Q HCS          
Meranoplus sp. R (minimus gp.) HCS          
Meranoplus sp. S HCS   X  X     
Meranoplus sp. T HCS      X    
Monomorium sp. A (rothsteinii gp.) HCS  X X X X     
Monomorium sp. B (sordidum gp.) GM X X X   X    
Monomorium sp. C (laeve gp.) GM X X X X  X   X 
Monomorium sp. D (laeve gp.) GM  X X X      
Monomorium sp. E (nigrius gp.) GM X X        
Monomorium F (nigrius gp.) GM X X        
Monomorium sp. G (laeve gp.) GM  X        
Monomorium sp. H (?fieldi) GM  X  X X X X   
Monomorium sp. I (eremophilum gp.) GM  X        
Monomorium sp. J (laeve gp.) GM X    X     
Monomorium sp. K (laeve gp.) GM  X X  X     
Monomorium sp. L (rothsteinii gp.) HCS   X       
Monomorium sp. M (sordidum gp.) GM    X      
Monomorium sp. N (laeve gp.) GM  X        
Monomorium sp. O (centralis gp.) HCS   X       
Monomorium sp. P (nigrius gp.) GM          
Monomorium sp. Q (eremophilum gp.) GM          
Monomorium sp. S GM   X       
Monomorium sp. T (flavipes gp.) GM X   X      
Monomorium sp. U (rothsteinii gp.) HCS   X  X     
Monomorium sp. W (nigrius gp.) GM  X       X 
Monomorium sp. X (sydneyense gp.) GM  X        
Monomorium sp. Y (rothsteinii gp.) GM     X     
Monomorium sp. Z GM          
Pheidole impressiceps GM X X    X    
Pheidole sp. A GM X X X X X     
Pheidole sp. B GM X X X       
Pheidole sp. C GM X X  X   X   
Pheidole sp. D (frontalis gp.) GM   X       
Pheidole sp. E GM X  X       
Pheidole sp. F GM X  X       
Pheidole sp. G GM X X X X      



 252 

Species Functional     Site     
 group 1 3 7 8 9 10 11 12 13 

Pheidole sp. H GM   X       
Pheidole sp. I GM  X X       
Pheidole sp. J GM X X  X X   X  
Pheidole sp. K GM  X        
Pheidole sp. L GM X         
           
Pheidole sp. N GM  X X       
Pheidole sp. P GM          
Pheidole sp. Q GM   X X   X   
Solenopsis sp. A (Diplorhoptrum) CRY  X        
Solenopsis sp. B (Diplorhoptrum) CRY X X  X  X X X X 
Solenopsis sp. C (Diplorhoptrum) CRY         X 
Strumigenys sp. A SP X         
Tetramorium sp. A (striolatum gp.) OPP X X X X X X X X X 
Tetramorium sp. B (spinninode gp.) OPP X    X X  X X 
Tetramorium sp. C (striolatum gp.) OPP  X    X X   
Tetramorium sp. D (impressum gp.) OPP   X  X X X X X 
Tetramorium sp. E (striolatum gp.) OPP   X  X X    
Tetramorium sp. F (striolatum gp.) OPP          
Tetramorium sp. G (striolatum gp.) OPP X X     X   
Tetramorium sp. I (striolatum gp.) OPP  X   X X   X 

           
Dolichoderinae           
Doleromyrma sp. A OPP   X   X   X 
Dolichoderus scrobiculatus CCS   X      X 
Froggattella kirbii DD X  X X      
Iridomyrmex cephaloinclinus DD          
Iridomyrmex discors DD     X  X   
Iridomymrex purpureus DD X  X X X     
Iridomymrex rufoinclinus DD      X    
Iridomymrex sanguineus DD X X X   X   X 
Iridomyrmex sp. A (anceps gp.) DD X  X       
Iridomyrmex sp. B (rufoniger gp.) DD X  X X   X X X 
Iridomyrmex sp. C (gracilis gp.) DD X X X X X     
Iridomyrmex sp. D (suchieri gp.) DD X X X       
Iridomyrmex sp. E (rufoniger gp.) DD  X X X X X X X  
Iridomyrmex sp. F (cyaeneus gp.) DD X X X X   X  X 
Iridomyrmex sp. G (hartmeyeri gp.) DD  X X X X    X 
Iridomyrmex sp. H (pallidus gp.) DD  X X X X X X X X 
Iridomyrmex sp. I (gracilis gp.) DD  X X X X X X X X 
Iridomyrmex sp. J (suchieri gp.) DD X X X X     X 
Iridomyrmex sp. K (mattiroloi gp.) DD   X X   X   
Iridomyrmex sp. M (mattiroloi gp.) DD   X X     X 
Iridomyrmex sp. O (pallidus gp.) DD  X  X  X X   
Iridomyrmex sp. P (mattiroloi gp.) DD   X X X X  X X 
Iridomyrmex sp. Q (suchieri gp.) DD X      X  X 
Iridomyrmex sp. S (suchieri gp.) DD         X 
Iridomyrmex sp. T (rufoniger gp.) DD    X X X   X 
Ochetellus sp. A OPP    X X  X   
Papyrius sp. A (nitidus gp.) DD X X X X     X 
Tapinoma sp. A (minutum gp.) OPP X X X X X X X  X 
Tapinoma sp. B (minutum gp.) OPP  X  X X X X X X 
Technomyrmex sp. A OPP X X        
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Species Functional     Site     
 group 1 3 7 8 9 10 11 12 13 

Formicinae           
Acropyga sp. A CRY  X        
Acropyga sp. B CRY   X       
Camponotus aeneopilosus SC X        X 
Camponotus dromas  SC X  X    X   
Camponotus ephippium SC   X       
Camponotus ?extensus SC   X      X 
           
Camponotus whitei SC          
Camponotus sp. A (cobsobrinus gp.) SC X  X    X  X 
Camponotus sp. B (novaehollandiae gp.) SC X X X X X X X X X 
Camponotus sp. C (claripes gp.) SC X  X       
Camponotus sp. D (novaehollandiae gp.) SC X  X X   X   
Camponotus sp. E (nigroaeneus gp.) SC   X       
Camponotus sp. F (rubiginosus gp.) SC X  X       
Camponotus sp. G (rubiginosus gp.) SC  X        
Camponotus sp. H (rubiginosus gp.) SC   X       
Camponotus sp. L (discors gp.) SC  X X X      
Camponotus sp. N (rubiginosus gp.) SC  X X    X   
Camponotus sp. P (claripes gp.) SC  X X       
Camponotus sp. Q (denticulatus gp.) SC     X X X X X 
Camponotus sp. R (sponsorum gp.) SC  X   X X X X X 
Camponotus sp. S (rubiginosus gp.) SC   X    X  X 
Camponotus sp. T (rubiginosus gp.) SC     X X X X  
Melophorus sp. A (aeneovirens gp.) HCS X X X X X X X X X 
Melophorus sp. B HCS X         
Melophorus sp. C (mjobergi gp.) HCS X X X      X 
Melophorus sp. D HCS X X X X      
Melophorus sp. E (pillipes gp.) HCS X X X X X X X X X 
Melophorus sp. F (froggatti gp.) HCS   X       
Melophorus sp. G HCS  X    X   X 
Melophorus sp. H (mjobergi gp.) HCS  X X X      
Melophorus sp. I (bruneus gp.) HCS  X   X X X  X 
Melophorus sp. J HCS  X X       
Melophorus sp. K (froggatti gp.) HCS  X        
Melophorus sp. L (froggatti gp.) HCS  X X       
Melophorus sp. M (pillipes gp.) HCS X X        
Melophorus sp. N (pilipes gp.) HCS  X X X      
Melophorus sp. O (froggatti gp.) HCS  X X       
Melophorus sp. P (mjobergi gp.) HCS  X        
Melophorus sp. Q HCS X         
Melophorus sp. R HCS  X        
Melophorus sp. S HCS          
Melophorus sp. T (potteri gp.) HCS          
Melophorus sp. U (froggatti gp.) HCS         X 
Melophorus sp. V HCS   X       
Melophorus sp. W (brunea gp.) HCS    X X X  X X 
Melophorus sp. X HCS          
Melophorus sp. Y (wheeleri gp.) HCS   X X    X  
Melophorus sp. Z HCS  X    X    
Melophorus sp. AA (mjobergi gp.) HCS  X X       
Melophorus sp. AB (froggatti gp.) HCS  X X       
Melophorus sp. AC (mjobergi gp.) HCS X         
Melophorus sp. AD (wheeleri gp.) HCS        X  
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Species Functional     Site     
 group 1 3 7 8 9 10 11 12 13 

Melophorus sp. AE (mjobergi gp.) HCS          
Melophorus sp. AF (froggatti gp.) HCS  X X       
Melophorus sp. AG (froggatti gp.) HCS          
Melophorus sp. AI HCS      X    
Melophorus sp. AL HCS      X    
Notoncus enormis CCS X         
Notoncus gilberti CCS   X       
Notoncus sp. B (ectatomoides gp.) CCS X  X    X   
Notoncus sp. C (enormis gp.) CCS X  X       
           
Opisthopsis diadematus  SC X X        
Opisthopsis rufithorax SC   X    X  X 
Opisthopsis pictus SC   X       
Opisthopsis haddoni SC   X       
Paratrechina sp. A (obscura gp.) OPP X   X X X X X X 
Paratrechina sp. B (minutula gp.) OPP X X X X  X   X 
Paratrechina sp. D (obscura gp.) OPP X   X    X X 
Polyrhachis inconspicua SC   X  X  X   
Polyrhachis pseudothrinax SC          
Polyrhachis senilis SC X X X X   X  X 
Polyrhachis trapezoidea SC   X       
Polyrhachis sp. B (sidnica gp.) SC       X  X 
Polyrhachis sp. C (appendiculata gp.) SC  X        
Polyrhachis sp. D (obtusa gp.) SC          
Polyrhachis sp. E nr. prometheus SC          
Polyrhachis sp. G (schweilandi gp.) SC   X       
Stigmacros sp. A CCS  X       X 
Stigmacros sp. B CCS  X        
Stigmacros sp. C CCS   X       
Stigmacros sp. D CCS   X       
Stigmacros sp. E CCS  X        
Stigmacros sp. F (spinosa gp.) CCS  X        
Stigmacros sp. G CCS  X        
Stigmacros sp. H CCS X         
Stigmacros sp. I CCS      X    

           
TOTAL NUMBER OF SPECIES  75 89 105 51 40 47 43 29 52 
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Appendix V.  Ant monitoring at Callide Mine, central Queensland – A 

pilot study. 

 

Alan N. Andersen and Ben Hoffmann 

 

A consultancy report prepared for Land Reclamation Services Pty Ltd 

 

Executive summary 

This report describes results from a pilot study investigating the potential use of ants as bio-

indicators of minesite restoration at Callide Mine in central Queensland, operated by Callide 

Coalfields Pty Ltd. The report identifies and enumerates the ants collected, describes differences in 

ant species richness and community structure between sites and sampling times, and makes 

recommendations regarding future ant monitoring at the mine. 

 

Ant sampling was conducted by Ansar Environmental Pty Ltd at ten sites, comprising eight 

reference sites representing a range of local habitats, and two minesites undergoing rehabilitation.  

Ants were sampled using pitfall traps during April 1999, September 1999, and January 2000, and 

sent to CSIRO Wildlife and Ecology for identification and analysis. 

 

A total of 225 ant species from 55 genera were collected. The numbers of species recorded at the 

two minesites undergoing rehabilitation were 42 and 48 respectively.  These were similar to that at 

a vine thicket reference site (47 species), but considerably lower than at the other (i.e. woodland) 

reference sites (61-77 species).  Classification of sites according to ant species composition showed 

that the vine thicket site was distinct from all others, and that the minesites were clearly different 

from the other reference sites. Many of the more specialized groups of ants have not yet colonized 

the minesites. 

 

Total ant abundance and species richness varied considerably between sampling periods, but 

functional group composition and site similarities based on ant composition remained constant.  Ant 

abundance and species richness were both highest during January. 
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This pilot study provides an excellent basis for the future monitoring of ants as indicators of 

restoration success at Callide mine.  It is recommended that:  

 

1. Future monitoring be extended to include more minesites undergoing rehabilitation, 

representing the full range of ages and rehabilitation techniques;  

2. A representative sub-set (sites 6, 8 and 9) of the reference sites be included in ongoing 

monitoring ;  

3. Sampling be conducted during summer each year;  

4. The sampling procedure used in this pilot study be maintained; and  

5. Ant surveys be accompanied by detailed descriptions of vegetation and other habitat variables 

(such as litter cover and depth). 

 

 

Introduction 

 

Ants have proven to be extremely useful bio-indicators of the success of minesite restoration 

throughout northern Australia.  A recent review of this topic by the senior author is attached 

(Andersen A.N. 1997.  Ants as indicators of ecosystem restoration following mining: a functional 

group approach. Pages 319-325 in P. Hale and D. Lamb (eds) Conservation Outside Nature 

Reserves, Centre for Conservation Biology, The University of Queensland). 

 

This report describes results from a pilot program investigating the potential use of ants as bio-

indicators at Callide Mine in central Queensland, operated by Callide Coalfields Pty Ltd.  Sampling 

for the project was designed and conducted by Ansar Environmental Pty Ltd, and samples were sent 

to CSIRO Wildlife and Ecology for identification and analysis. The ant fauna of the Callide region 

is poorly known, and to our knowledge has never before been surveyed.. 

 

The aims of this report are: 

1.  To identify and enumerate the ants collected during the pilot program;  

2.  To describe differences in ant species richness and community structure between sites and 
sampling times; and 
3.  To make recommendations regarding future ant monitoring at the mine. 

 

 



 257 

Methods 

 

Sampling 

 

Ant sampling was conducted by Ansar Environmental Pty Ltd at ten sites (Plates 1-10), comprising 

eight reference sites representing a range of local habitats, and two mine sites undergoing 

rehabilitation: 

 

1. S cut rehabilitation, mixed grasses with sparse acacias and eucalypts 

2. Ironbark - Lemon scented gum woodland on gravelly soil  

3. Open lancewood woodland with grassy understorey on sandy soil 

4. Ironbark - Bloodwood woodland on loamy soil 

5. Boundary Hill rehabilitation, acacia shrubland with grassy understorey 

6. Ironbark woodland with grassy understorey on rocky soil 

7. Cypress pine woodland on gravelly sand 

8. Lancewood woodland on gravelly soil 

9. Gum-topped box woodland on gravelly soil 

10. Gully vine thicket 

 

A sketch map of the location of the sites is given as Appendix 1. 

 

Ants were sampled using 6.5 cm diameter pitfall traps, partly filled with ethylene glycol as a 

preservative.  A 5 x 3 grid of traps with 10 m spacing was established at each site, and operated for 

5-day periods on three occasions, between 14-24 April 1999, 6-12 September 1999, and 14-20 

January 2000.  
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Analysis 

We sorted the ants to species level, and scored the abundance of each species in each trap according 

to an 8-point scale (1 = 1 ant; 2 = 2-5 ants; 3 = 6-10 ants; 4 = 11-20 ants; 5 = 21-50 ants; 6 = 51-100 

ants; 7 = 101-1000 ants; 8 = >1000 ants).  Species abundances were scaled like this to avoid data 

distortions caused by the common problem of numerous ants from a single colony falling into one 

or a few traps.  The taxonomy of northern Australian ants is poorly known, with most species being 

undescribed. We assigned code numbers to unidentified species that apply only to this study.   

 

We classified ant species into functional groups, which is a useful way of comparing the structure 

of ant faunas (see attached review paper).  The functional groups are: Dominant Dolichoderinae 

(DD); Subordinate Camponotini (SC); Cryptic Species (CS); Hot Climate Specialists (HCS); Cold 

Climate Specialists (CCS); Tropical Climate Specialists (TCS); Opportunists (OPP); Generalised 

Myrmicinae (GM); and Specialist Predators (SP). 

 

We used multivariate analysis to explore similarities between sites according to their ant faunas. 

The sites were classified by agglomerative hierarchical fusion, using the FUSE option in the 

multivariate software package PATN.  We did this based on both abundance and presence/absence 

data for all species, using Bray-Curtis and Jaccard (Canberra - Metric) association matrices 

respectively. 



Plate 1. Study site 1, S cut rehabilitation, mixed grasses with sparse acacias and eucalypts. 

Plate 2. Study site 2, Ironbark - Lemon scented gum woodland on gravelly soil. 
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Plate 3. Study site 3, Open lancewood woodland with grassy understorey on sandy soil. 

Plate 4. Study site 4, Ironbark- Bloodwood woodland on loamy soil. 
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Plate 5. Study site 5, Boundary Hill rehabilitation, acacia shrubland with grassy understorey. 

Plate 6. Study site 6, Ironbark woodland with grassy understorey on rocky soil. 
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Plate 7. Study site 7, Cypress pine woodland on gravelly sand. 

Plate 8. Study site 8, Lancewood woodland on gravelly soil. 

9 264 



• • .1 

~ : '. ,: . '· ;' : 
,: .. 

' ;",I 

Plate 9. Study site 9, Gum-topped box woodland on gravelly soil. 

Plate 10. Study site 10, Gully vine thicket. 
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Results 

Ant diversity and abundance 

A total of 225 ant species was collected during the study (Appendix 2). The species belonged to 55 

genera, with the richest being Camponotus (21 species), Pheidole (19), Iridomyrmex (19), 

Monomorium (17), Melphorus (15), Rhytidoponera (10) Cerapachys (9), Stigmacros (9), 

Tetramorium (7), Myrmecia (6), Crematogaster (6) and Meranoplus (6). The most abundant ants 

were species of Iridomyrmex, Rhytidoponera, Monomorium and Pheidole (Table1).  

 

There was a very even distribution of species across functional groups, with all groups except 

Tropical Climate Specialists contributing from 9-16% of total species (Fig. 1). The richest groups 

were Opportunists (primarily species of Rhytidoponera, Tetramorium and Paratrechina; 16% total 

species), Generalised Myrmicinae (species of Monomorium, Pheidole and Crematogaster; 19%), 

and Subordinate Camponotinae (primarily species of Camponotus and Polyrhachis; 15%).  The 

most abundant groups were Generalised Myrmicinae (30% total abundance scores), Opportunists 

(27%) and Dominant Dolichoderinae (18%) (Fig. 1). 

 

Similarities between sites  

The number of species recorded at minesites undergoing rehabilitation was 42 at site 1 and 48 at 

site 5.  This was similar to that at the vine thicket site (47 species), but considerably lower than at 

the other reference sites, which ranged from 61 species at site 8 to 77 at site 6 (Appendix 2).  

Classification of sites according to ant species composition showed that the vine thicket (site 10) 

was distinct from all other sites, and that the rehabilitated sites were clearly different from the other 

reference sites (Fig. 2).  Site 1 was unique in that the introduced ant Paratrechina longicornis was 

the most common species (it was absent from all other sites), and site 5 was similarly unique in 

being dominated by Iridomyrmex discors (it likewise was absent from all other sites; Table 1). 

 

Similarities between woodland reference sites varied depending on whether species abundances 

(Fig. 2a) or presence/absences (Fig. 2b) were considered.  However, in both cases sites 4 and 6 

(both Ironbark woodlands) formed a distinct cluster from other woodland reference sites.  Sites 2 

and 9 (both tall woodlands on gravelly soil, but with different dominant eucalypt species) were also 

consistently grouped together.  The two Lancewood sites (sites 3 and 8) were very similar based on 

ant species abundances, but not so based on presence/absence.  The Cypress pine woodland (site 7) 
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did not form a separate cluster from other woodland reference sites, being extremely similar to site 

9 based on abundance data, and to site 8 based on presence/absence. 

 

There were few consistent differences in functional group profiles at minesites undergoing 

rehabilitation compared with those at reference sites (Fig. 2).  The major exception was the almost 

total absence of Cold Climate Specialists (species of Notoncus, Prolasius and Stigmacros) from the 

minesites.  There was a more general tendency for highly specialised taxa, such as species of 

Myrmecia, Tetraponera, Cerapachys, Sphinctomyrmex, Amblyopone, Anochetus, Bothroponera, 

Prionopelta, Adlerzia, Colobostruma, Epopostruma, Machomyrma, Mayriella, Mesostruma, 

Orectognathus and Pyramica to be absent from minesites. 

 

Seasonality 

Overall ant abundance was highest during January (abundance scores totalling 2475) and lowest in 

September (1494).  Species richness showed the same pattern, being highest in January (172 

species) and lowest in September (145).  Despite this variation, functional group composition was 

extremely consistent across time (Fig. 1), as were site similarities based on ant species composition 

(Fig. 4). 
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Fig. 1 Functional group composition based on species richness and abundance, with data pooled 

across sites. Abbreviations for functional groups are given on page 5. 
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Fig. 2 Dendrograms showing site dissimilarities according ant species composition, based on 

abundance (a) and presence/absence (b) data. Colour has been used to highlight the three main 

groupings, namely site 10 (vine thicket), rninesites undergoing rehabilitation (sites 1 and 5), and all 

other reference sites. 
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Fig. 3 Functional group composition at each site, based on species richness and abundance. 

Abbreviations for functional groups are given on page 5. 
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Fig. 4 Dendrograms showing site dissimilarities according to ant species composition (abundance 

data) for each of the three sampling times. As in Fig. 2, colour has been used to highlight major 

groupmgs. 
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Table 1. Distribution of the most abundant ant species (all species with a total abundance score > 

50 across sites.). Data are species abundance scores combined across the three sampling times.  
 

 SITE 
 1 2 3 4 5 6 7 8 9 10 

Brachyponera lutea 14 12 4 6 4 10 14 5 10 1 
Leptogenys conigera 21 2 4 9 6  5 1 8  
Rhytidoponera metallica  59 19  105 21 124 54 76 49 8 
Rhytidoponera sp. D (araneoides gp.)  9 5    3 28 10 17 
Rhytidoponera sp. E (convexa gp.)  21 20 39  37 48 35 57  
Cardiocondyla sp. A 14 24   1 15   1  
Crematogaster sp. A (queenslandica gp.)  3 59 4 4 1 4 69 40  
Monomorium ?fieldi 11 19 8 12  9 8 6 5  
Monomorium sp. B (laeve gp.) 2  10 3 6 27 5 1 1  
Monomorium sp. D (sordidum gp.) 3 8 42 6 3 33 15 22   
Monomorium sp. E (nigrius gp.)  42 12 24  26 23 19 13  
Monomorium sp. G (nigrius gp.)  2 17   3 88 32 36  
Pheidole sp. A 47    21 10     
Pheidole sp. B 33 62 52 26  8 50 17 41 1 
Pheidole sp. E  30  4  7 5 1 23  
Pheidole sp. F  17 10 7  3 32 9 39  
Pheidole sp. H 2  83   1   4  
Solenopsis sp. A 1 6 18 18   21 20 36 13 
Iridomyrmex discors     118      
Iridomyrmex pallidus 24     30 2  2  
Iridomyrmex purpureus 69  5 2 37    7  
Iridomyrmex sp. A (suchieri gp.) 4 54 5 24 7 11 1  2  
Iridomyrmex sp. C (rufoniger gp.) 35 58 11  9 4 171 14   
Iridomyrmex sp. D (rufoniger gp.)  27 12  14  3    
Iridomyrmex sp. I (rufoniger gp.)    64       
Melophorus sp. C (pillipes gp.) 2 21 1    28 4 30  
Melophorus sp. G (aeneovirens gp.)   2 40 17 30 2 2 8  
Melophorus sp. H (mjobergi gp.)  13 8 20  11 27 9 13  
Paratrechina longicornis 98          
Paratrechina sp. A (vaga gp.) 7 1  16  16   4 11 
Paratrechina sp. D (minutula gp.)   1 14 3 17 41 10 32  
Paratrechina sp. E (obscura gp.) 1 1  1 6 3   1 17 
Paratrechina sp. F (vaga gp.)   22       16 
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Conclusions  

This first ant survey in the Callide Creek area shows that the region has an extremely diverse ant 

fauna.  This high diversity can at least partly be explained by an overlap between two distinct 

biogeographical zones, with a strong representation of elements from both open forests of 

southeastern Queensland (e.g. species of Amblyopone, Sphinctomyrmex, Prionopelta, 

Colobostruma, Epopostruma, Machomyrma , Mayriella, Mesostruma, Orectognathus, Pyramica, 

Notoncus, Prolasius and Stigmacros, as well as particular groups within Camponotus and 

Monomorium) and semi-arid central Queensland (e.g. species of Melophorus, Iridomyrmex, 

Tetramorium, and other groups of Camponotus and Monomorium).  The fact that most of the 

species are undescribed is typical for northern Australia, and does not necessarily imply that the 

local fauna is of special significance. 

 

The ant faunas at the two minesites undergoing rehabilitation are clearly different from those of 

nearby reference sites.  Species richness is considerably lower, the dominant species were absent 

from reference sites, and the more-specialized species from the region tended to be absent. In 

particular, one of the minesites (site 1) is dominated by the introduced Paratrechina longicornis, as 

is the case at Ranger Uranium Mine in the Northern Territory (see attached review paper). Given 

that only two minesites were included in this pilot study, and sampling was restricted to a 12 month 

period, it is not possible to evaluate how ant recolonisation changes with time and different 

rehabilitation techniques. 

 

This pilot study provides an excellent basis for the future monitoring of ants as indicators of 

restoration success at Callide mine.  Two questions need to be addressed in this context.  First, 

which reference sites should be included as part of an ongoing monitoring program?  The vine 

thicket (site 10) would not appear to be an appropriate analogue for rehabilitated minesites and its 

ant fauna is markedly different from that in the regionally dominant woodlands. It has provided 

useful information on the range of ants occurring in the region, but cannot be considered 

representative.  Multivariate analysis revealed three clusters of woodland reference sites: sites 4 and 

6 (Ironbark woodlands), sites 2 and 9 (tall woodlands on gravelly soil) and sites 3 and 8 

(Lancewood woodlands). Cypress woodlands (site 7) do not appear to support a distinctive ant 

fauna.  Taken together, sites 6, 8 and 9 would appear to represent the range of ant/habitat 

associations, as well as the full range of local ant diversity (lowest at site 8, highest at site 6), 

occurring in appropriate ecosystem analogues in the region.  
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Recommendations for future monitoring 

 

1.  Additional minesites to be included, to represent the full range of ages and rehabilitation 

techniques; 

 

2.  A representative sub-set (sites 6, 8 and 9) of the reference sites be included in ongoing 

monitoring;   

 

3.  Sampling be conducted during summer (January/February) each year; 

 

4.  The sampling procedure used in this pilot study be maintained; and 

 

5.  For the most effective use of ant data, ant surveys be accompanied by detailed descriptions of 

vegetation and other habitat variables, particularly litter cover and depth. 



Appendix 1. Sketch map oflocation of study sites (1-10) at Callide mine (drawn by Ansar Environmental Pty Ltd). 
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