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Abstract 

This study arose from a conservation dilemma between the need to 

conserve a population of the endangered pink tailed legless lizard, Aprasia 

parapulchella and crucial upgrading of Canberra's sewerage treatment plant. 

The study focused on conservation biology and how it could be applied to the 

management of A. parapulchella. As little biological information was available 

on A. parapulchella, research was focused on obtaining data that would be 

beneficial in the conservation management of the species. This included the 

dietary and habitat requirements, population status and structure and population 

relocation and habitat restoration. 

A. parapulchella was found to occur in low relative densities at all sites 

(maximum 9.1 lizards per 1000 rocks turned, Mt Taylor). Populations of the 

species appear to be larger than has been considered previously, however 

numbers are still below 500 individuals per site. Sexual dimorphism is present in 

the species with females achieving longer snout-vent lengths than males. Sex 

ratios were equal in all sites, however average size of lizards was different at the 

four main study sites, indicating differences in population structure. The life 

history of A. parapulchella can be summarised as long-lived, late maturing (3 r d or 

4 t h year of life) with a low reproductive rate (single clutch of two eggs per year). 

A. parapulchella is a dietary specialist feeding on about 11 different 

species of ants. Interestingly, the lizards also live with the same species that they 

feed upon. By far the most important species in the diet and homesite 

requirements of A. parapulchella is the ant Iridomyrmex rufoniger. A. 

parapulchella shows positive selection towards the species in homesite choice, is 

found most commonly in the nests of this ant, and selects its brood over the 

brood of other ant species in diet experiments. In addition this ant was 

represented in the diet of A. parapulchella more commonly than any other ant. 

The relationship between ants and A. parapulchella appears to be unique and the 

mechanisms of this specialisation require further investigation. 
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The vegetation associations where A. parapulchella occur are different 

across the range of the species. Sites at Bendigo and West Wyalong support 

mallee communities, while in the A C T region, Bathurst and Tarcutta, A. 

parapulchella appears to be a habitat specialist, being found most commonly in 

sites dominated by grass species, both native and introduced. A. parapulchella 

lives beneath rocks in grassland sites. Rocks that the species uses for homesites 

are commonly between 100 and 150 mm wide, 120-220 mm long and 50 and 150 

mm thick. There were significant differences between the sizes of rocks used at 

different sites and between different seasons. Rocks used by females were 

significantly larger than rocks used by juvenile lizards. Twelve other species of 

reptile were found to use rocks in grassland sites, with rocks partitioned within 

the community on the basis of size and shape. 

An experimental relocation of A. parapulchella was conducted to try to 

determine ideal habitat conditions for the survival of relocated individuals. 

Unfortunately of the 114 lizards released, only 15 were recaptured. Although 

recaptures were low, trends indicated that treatments of Themeda triandra and 

very high rock densities had the highest survival rates. Key habitat variables 

were reinstated at the Lower Molonglo Dam site however restoration is 

preliminary with more time needed for the habitat to be suitable for occupation 

by A. parapulchella. 

What started as a situation that was likely to have a deleterious impact on 

A. parapulchella has been turned into a conservation success story. Without the 

involvement of A C T Electricity and Water, much of the basic biology of A. 

parapulchella would still be unknown. The findings will now form a solid basis 

from which to effectively conserve A. parapulchella. The project provides an 

example of the conservation success that can be achieved between industry and 

conservation partnerships. 
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Chapter 1 Conservation biology: the science of saving species 

1.1 Introduction 

We are in the age of a biodiversity crisis. With record numbers of 

threatened species and extinctions on the horizon, science has evolved to meet 

the current conservation challenges. We now have a separate field dealing with 

the prevention of species extinctions; conservation biology. 

Conservation biology is the science of saving species and has only 

recently been recognized as a separate field within biology (Simberloff 1988). It 

is an amalgamation of many different scientific disciplines used to save 

endangered species and as such has been described as nebulous and unfocused 

(Aplet et al. 1992). Few authors have made a genuine effort to provide a 

definition for the science, however Soule (1985) suggests it addresses the biology 

of species, communities and ecosystems that are perturbed either directly or 

indirectly by human activities or other agents. According to Mlot (1989) the 

goals of conservation biology are simply understanding natural systems and 

maintaining their diversity. Other authors consider the primary focus of 

conservation biology should be on the cultivation of relationships with land 

managers; with biologists acting as educators and facilitators rather than as 

researchers (Thomas and Salwasser 1989). 

Much of the recent progress in defining the science can be attributed to 

Caughley (1994) who in his review on conservation biology, splits the science 

into two main areas; one concerned with the declining population paradigm and 

the other with the small population paradigm. Definition of these two ideas 

provides a focus for the science and allows analysis of the two main types of 

problems faced by species under threat of extinction. 

Much of the earlier literature on species conservation was concerned with 

the study of habitats and ecology. Habitat and autecology are not a priority aim 
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of the new science (Simberloff 1988), however there remains a need for more 

autecological studies on rare species (Sober6n 1992, Brussard 1991). The new 

focus of conservation biologists has moved from equilibrium island 

biogeography to minimum viable populations and metapopulations (Simberloff 

1988). Wildlife managers are focusing on the movement of species to alleviate 

extinction risk and developing techniques for intervention in species extinction. 

Recent papers have reviewed the extent and success of such exercises (Griffith et 

al. 1989, Dodd and Seigel 1991, Maunder 1992, Short etal. 1992) for different 

faunal and floral groups. Approximately 700 translocation exercises were carried 

out on animals in one year in the United States and Canada (Griffith et al. 1989) 

and 200 plant reintroductions were also reported Maunder (1992). These 

estimates highlight the growing popularity of the use of relocation as a 

conservation tool. 

Conservation biology as a science is largely a crisis discipline (Soule 

1985) and as such is responding to situations of impending doom for threatened 

species. Because of this, many studies are a result of crisis management, being 

seen as a last resort to prevent population extinction. I see conservation biology 

as trying to run before it has learnt to walk. So many studies are now focused on 

manipulative management in areas such as translocation, habitat restoration and 

techniques such as headstarting and captive breeding. These studies are being 

carried out before much of the basic biology of the species is known. Population 

viability analyses are also conducted, often without the extensive information 

required, leading to questions on the accuracy of predictions. This current trend 

in conservation biology is not focusing on the causes of species decline but rather 

on short-term solutions to problems. Conservation biologists are reintroducing 

animals to new habitats without any idea of habitat requirements, social structure 

or population dynamics. Incredible effort is being put into headstarting species 

of turtles and frogs without the knowledge that the technique is going to promote 

species recovery. There is no information on the ecological consequences of 

hatchling removal or the introduction of large numbers of headstarted 

individuals. Conservation biology must take a step backwards and try to 

determine and halt causes of decline and focus on developing an understanding 
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of the basic biology, without which many manipulative projects are likely to fail. 

By understanding even basic community and habitat relations, scientists will be 

better able to interpret and respond to the problems of habitat loss and 

fragmentation which are the current major causes of species extinctions (Berger 

1991). The aim of the following review is to highlight the importance of the role 

of basic biological research in conservation biology and point out the problems of 

not carrying out basic research on threatened species. 

1.2 Understanding of basic biology 

Current conservation biology research avoids the basic ecological issues 

such as habitat requirements (Simberloff 1988) or community relationships, yet 

as Caughley and Gunn (1996) have demonstrated an understanding of such issues 

can be critical to the correct diagnosis and treatment of a declining population or 

threatened species. Basic biological knowledge has contributed greatly to 

conservation biology by providing information on reproduction, dietary 

preferences and behaviour that has aided the rescue and restoration of many 

species (Western 1991). There are however, still a large number of threatened 

species for which this information is unavailable. The role of this basic data may 

be overlooked by European or American ecologists who have a long history and 

documentation for their faunas and floras. In Australia and other diverse 

countries, full species lists have not been completed and our understanding of 

basic ecology is limited for many species. Proper assessment of scientific 

evidence is often hampered because essential information about the biology of 

endangered species is missing (Maguire 1986), sometimes because this 

information may be difficult to determine from populations which are sparse in 

numbers (Bunnell and Dupuis 1995). 

1.3 Population studies 

It is essential in any conservation plan to understand basic population 

processes. Sound conservation and population management decisions require an 
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understanding of species population structure (Robinson 1995). Without proper 

research into population structure and dynamics, incorrect diagnoses of 

populations can be made. For example, determining life history characteristics 

for pteropodid bats has indicated that they are long-lived and relatively late 

maturing, therefore requiring a considerably long period of recovery time before 

they return to former population levels and can be harvested (Craig et al. 1994). 

With the ever-increasing fragmentation and loss of habitat, plants and 

animals are being pushed into smaller and smaller areas, and yet still survive. 

Understanding the processes that influence the persistence of small populations is 

one of the primary challenges confronting modern conservation biology (Stacey 

and Taper 1992). Large populations can be deceptive, implying robustness, when 

in reality such a population may be susceptible to perturbations in specific life 

stages (Crouse et al. 1987). Prior to the localised extinction of a population of 

mutualistic fig wasps 77000 individuals were known to be present (Anstett et al. 

1995). 

Population viability analysis (PVA) sets out to determine the extinction 

probabilities of a population based on its known reproductive and population 

parameters (Lacy 1993). It can be a useful tool but is based on detailed 

information such as age specific mortality, longevity and reproductive 

parameters. For many endangered species, such information is unavailable. This 

may lead to the preparation of PVA' s that are based on best guesses. Missing 

data was found to be a problem when modeling the effects of density dependence 

on extinction risk (Ginzburg et al. 1990). An error in the reconstruction of 

density dependence translated into a considerable error in the estimation of the 

risk of extinction. 

Effective management decisions require an estimation of a population's 

response to management alternatives (Crouse et al. 1987). Testing population 

responses of rare species to different management alternatives is best done 

through modeling. Population modeling can provide warnings of extinction by 

identifying key critical situations (e.g. Durant and Harwood 1992, Beudels et al. 
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1992) and birth and death models are often used to demonstrate extinction risks 

of small populations of endangered species (Tomuik and Loeschcke 1994). For 

example a population model of monk seals by Durant and Harwood (1992) 

determined that population recovery needed to focus on juvenile survival rather 

than fecundity. While most conservation effort for marine turtles is based on the 

egg stage, there is little information to suggest that this is the correct conservation 

focus. Population modeling suggests that populations are more likely to recover 

if mortality of large juveniles is reduced (Crouse et al. 1987). A recovery project 

for the marine turtle Lepidochelys kempi focused on imprinting 17 000 hatchling 

turtles on a new island in Mexico, none of which have yet returned (Dodd and 

Seigel 1991). Population analysis may have indicated that the critical life stage 

to enhance population recovery of this species was not where most effort has 

been invested. 

The social system of species can also be important for determining what 

is limiting populations. For endangered red-cockaded woodpeckers which breed 

in co-operative groups, the lack of new group formation was hindering recovery 

efforts. The number of groups in the population was dependent on the 

distribution of acceptable territories with population decline resulting from the 

abandonment of territories rather than reduction in survival or reproduction 

(Walters 1991). This suggested that recovery which aimed at improving 

reproduction and survival had little potential to halt population decline and was 

therefore a wasted effort. Instead management focused on increasing the number 

of suitable tree cavities. Studies of the basic biology have resulted in a new 

understanding of woodpecker population dynamics and a new management 

technique which, when used in combination with habitat protection and 

restoration may bring the species back from extinction (Walters 1991). 

1.4 Habitat 

The major cause of species declines in the world is currently habitat 

fragmentation and destruction (Berger 1991), however little information is 

available to determine the real extent of species loss due to habitat change 
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(Koopowitz et al. 1994). Habitat studies are no longer a major focus of 

conservation biology (Simberloff 1988), however so much of the work done on 

conservation biology has a basis in a strong understanding of habitat 

requirements. Research on habitat requirements has been an important 

component of rare species management in the past (Clout and Craig 1994). The 

reintroduction of captive-bred endangered species requires an understanding of 

the critical habitat requirements of the species in question. Without such 

knowledge it is unlikely that population reintroduction will be successful. 

Knowledge of habitat constraints such as vegetation structure, soil type, moisture 

requirements, access to symbionts, sufficient area for feeding, reproduction, 

social interaction, food availability and areas for migration or dispersal are of key 

importance to a successful relocation of animals (Dodd and Seigel 1991). 

It is unwise to assume that the habitat in which a rare species survives is 

necessarily optimal, just because it is the last place where a natural population 

can be found (Clout and Craig 1994). For example the endangered Lord Howe 

Island Woodhen was restricted to one summit on the island where its 

reproduction was low (Caughley and Gunn 1996). This species was not in its 

preferred habitat but in the only habitat available to it, as feral pigs were limiting 

its distribution. Without proper ecological study on the distribution history of the 

species and diagnosis of the conservation problem, the conclusion may have been 

that the birds were limited because they favoured wet, high altitude sites. 

The Bermuda petrel is another species that was occupying sub-optimal 

habitat when on the verge of extinction. Once its habitat requirements for nesting 

were determined, it was found that nest competitors were preventing the increase 

in the population (Caughley and Gunn 1996). With the provision of artificial 

burrows and removal of nest competitors the population began to increase. 

How the habitat has been altered may also assist in determining 

population response to habitat alteration. Monarch butterflies from Mexico need 

understory vegetation for avoiding predators and chilling. This finding was 

critical in deriving successful management strategies for the species (Soberon 
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1992). The habitat requirements for red cockaded woodpeckers were thought to 

be understood, however the failure to diagnose that the availability of tree 

hollows constructed by woodpeckers was limiting the expansion of the 

population delayed the recovery of the species (Walters 1991). The management 

of woodpecker sites to reduce understory cover and allow better foraging access 

led to habitat alteration, resulting in increases of southern pine beetle infestations 

in active cavity trees. This reduced the number of cavities available for 

woodpeckers (Conner and Rudolph 1995). 

Many animal species with highly specialised habitat requirements 

naturally occur in small populations (Stacey and Taper 1992). Habitat specialists 

are likely to have limited distributions and be restricted by ecological constraints 

on growth, reproduction or survival rather than physical barriers (Angermeier 

1995). Often the habitat dimensions of a specialist species are unknown and may 

be in areas of hydrology, substrate composition or temperature regime 

(Angermeier 1995). Identification of whether a species is a habitat specialist or 

generalist may play an important role in the diagnosis of whether a population is 

naturally small or declining. Ecological specialists usually have relatively low 

population sizes and may be particularly susceptible to extinction during 

insularisation (Kolasa 1989), therefore highlighting the importance of identifying 

traits of ecological specialisation prior to habitat alteration. The Seychelles 

magpie robin is restricted to a narrowly defined feeding habitat and changes in 

this habitat have led to a reduction in food availability, causing robins to leave 

territories. This in turn has reduced breeding and resulted in a reduction in 

numbers, until a single population now survives (Watson et al. 1992). Because 

of habitat unsuitability, the carrying capacity for robins has been reduced to only 

25 individuals (Watson et al. 1992). Once habitat availability has been 

diagnosed as limiting the population, species recovery can focus on addressing 

this, possibly by restoration. 
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1.5 Biological attributes that may influence conservation success 

1.5.1 Dietary specialisation 

One of the traits shared by extinction-prone species is specialisation of 

diet or habitat (Terborgh and Winter 1980). Vulnerability may be a consequence 

of specialised species having a lower population size and greater environmental 

sensitivity than generalized or widespread species (Angermeier 1995). The 

Kakapo, a giant flightless parrot from New Zealand provides an example of 

where dietary specialisation is influencing population survival. Diet studies 

indicated that this species only breeds during the mast fruiting of Podocarpus 

spp., a phenomenon which occurs about once every three years (Powlesland and 

Lloyd 1994). The black footed ferret is another species with a specialist diet, 

which, following the huge reductions in numbers of its prey, (prairie dogs) faced 

extinction. 

1.6 Mutualistic relationships and community conservation 

Common sense suggests that species that are in mutualistic or parasitic 

relationships cannot be treated as separate entities when managed for 

conservation. A single species approach does not account for the emergent 

properties apparent in co-evolved mutualists that, although few in number in 

most communities play a disproportionately large role in the structure of 

communities (Nabhan 1995). Obligate mutualists are disadvantaged by the need 

for both partners to survive. A drop in population size of one species produces a 

corresponding decrease in the reproductive capability of its partner (Anstett et al. 

1995). Specialised endemic species will only be maintained in remnants if their 

pollinators and other symbionts are also surviving (Koopowitz et al. 1994). The 

breakdown of the mutualistic interaction between plants, their pollinators and 

dispersers could lead to a cascade of extinctions (Janzen 1974). However, such 

relationships may not be clearly understood or identified. For example, contrary 
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to most conservation thinking, for at least some mutualistic systems, population 

extinction is not necessarily preceded by small population size and associated 

inbreeding depression (Anstett et al. 1995). An understanding of the role of the 

mutualist is also critical in preventing extinctions. The loss of a species that 

pollinates a single orchid will be less significant than the loss of a species that is 

the sole pollinator of a major canopy species (Cox et al. 1991). The Hawaiian 

plant, Freycinetia arborea, came close to extinction because of the loss of its 

pollinator. The introduction of a new pollinator prevented the extinction of F. 

arborea (Cox 1983). Two tree species (Sideroxylon sessilifolius and S. 

grandifolium) from Mauritius are thought to have become extinct through the 

loss of large herbivores (giant tortoises and dodos) which dispersed their seeds 

(Iverson 1987, Cox et al. 1991). The decline of fruit bats which act as major 

pollinators and seed dispersers in tropical regions is thought to be involved in the 

pollination failure and reduced seed set of plant species in Guam (Cox et al. 

1991). 

Close ecological relationships have implications for the conservation of 

dependant species. An examples is the black footed ferret which suffered a 

severe decline when prairie dogs (on which they feed and live with) were 

exterminated in grazing areas of the United States. Failure to fully understand 

this mutualistic relationship and the habitat requirements of black footed ferrets 

led to management actions which instead of helping the species forced it closer to 

extinction. Another example is the large blue butterfly Maculina arion, from 

Europe, which is an ant mutualist. Caterpillars live within ant nests feeding on 

ant larvae. This large blue butterfly was declining in numbers and it was not 

until the discovery that caterpillar survival depended on the correct species of ant, 

that the decline was halted. Habitat alteration in the form of increasing 

vegetation height allowed the replacement of the ant Myrmica sabuleti with M. 

scabrinodes and caterpillar survival droppeddecreased (Caughley and Gunn 

1996). By developing a thorough understanding of this parasitic relationship the 

decline of the species was halted. Some South African plants require seed 

dispersal by ants to avoid the predation of seeds by rodents (Bond and Slingsby 

1984). The interruption of this mutualism by the competitive displacement of 
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native ants by the introduced Iridomyrmex humilis could lead to the extinction of 

nearly half the members of the Proteaceae family in the fynbos region of South 

Africa (Bond 1994). 

There is a current trend towards a single species focus rather than a 

community focus in conservation biology research. The large numbers of papers 

published on single species relocation demonstrates this. This focus is also likely 

to reflect the fact that conservation biology is a crisis-based discipline and one 

species will tend to be the target of research. This direction is of concern because 

it may ultimately lead to the demise of many communities. Fig/wasp mutualisms 

and nectar feeding bats' relationships with ancient cactus forests are two 

examples of ecological interactions that temporally and spatially shape the 

communities in which they are part (Nabhan 1995). 

The ecological interactions between plants, animals and microbes forming 

biotic communities should prevent most conservation biologists from assuming 

that a reductionist approach will achieve conservation goals (Nabhan 1995). One 

of the four main causes of extinction is the "chain of extinction" identified by 

Diamond (1989) as resulting from the loss of one keystone species from a 

community. If the current trend continues towards single species management, 

then the numbers of species going extinct as a result of breakdown in community 

relationships will only increase. There is also an ethical question of whether the 

intrinsic value of a community is worthy of conservation. It could be argued that 

conserving animals and plants by introducing them to new areas is just like 

having animals and plants in a zoo, with species separate from their adapted 

community or introduced into a new one where they just survive but do not 

function as an integral link. 

Research on the impact to a community of single species management is 

usually avoided. While translocation projects occur frequently, monitoring is 

always focused on the survivorship and behaviour of translocated individuals, 

nothing is known of the responses of other members of the community. It has 

been suggested that translocation of species may disrupt habitat, ecology or 
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promote divergence of the translocated population (Conant 1988). The technique 

of headstarting has the potential to affect community functioning. Nothing is 

known of the response of marine predators to the deprivation of hatchling turtles 

(Frazer 1992) or the response when mass numbers of captive grown individuals 

are released. 

1.7 Manipulative management 

Manipulative management has become very popular and necessary for 

preventing species extinctions. By manipulative management I mean the direct 

intervention by humans in a conservation situation. This includes the relocation 

of threatened populations, captive propagations, techniques like cross fostering 

and headstarting and ecological restoration. The methods used for manipulative 

management may be simple or complex. For example, research on badger 

populations in Europe indicated that death by motor vehicle contributed greatly 

to the decline in use of badger sets, highlighting the importance of badger 

tunnels, and the need for thorough and careful planning of public transport 

facilities and road building, (van der Zee et al. 1992). More dramatic are the 

ideas of Koopowitz et al. (1994) who suggest that it is imperative that attention 

be focused on maintaining ex situ collections of germplasm of species that are 

outside reserves, otherwise little of the richness of this planet's biosphere will 

remain. 

The giant flightless parrot from New Zealand, the Kakapo, is one species 

that will not survive without intensive manipulative management. Initially the 

entire species was transferred to predator free islands (Clout and Craig 1994), 

however since release only two young have survived to independence (Lloyd and 

Powlesland 1994). Research indicated that Kakapos required a rich supply of 

crude protein, usually provided by Podocarpus spp. In an attempt to increase 

breeding, supplementary feeding was introduced. This proved successful and an 

increase in breeding activity and nesting behaviour was observed (Powlesland 

and Lloyd 1994). This proactive management needs to continue until Kakapo 
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populations start to increase and can be re-released onto the mainland where food 

is naturally available. The best prospect for recovery in the overall numbers of 

the Kakapo lies with intensive management of all populations, using the full 

spectrum of intervention techniques available to raise productivity and survival 

of young (Clout and Craig 1994). 

Cross fostering is a technique that can be used to increase the size and 

genetic variability of populations (Ryman and Laikre 1991). The technique 

involves collecting eggs from the wild and substituting them in the nest of 

another species where they are hatched and raised (Powell and Cuthbert 1993). 

Cross fostering of young Whooping cranes under Sandhill cranes, increased the 

numbers of young Whooping cranes migrating (Maguire 1986). The technique 

has also been used on plovers, with results suggesting that although cross 

fostering increased population recruitment, the reproductive success was 

significantly increased by captive rearing (Powell and Cuthbert 1993). Studies of 

this type enable the identification of the best technique to address actual reasons 

for decline. 

While much manipulative management is focused on headstarting 

hatchling turtles, there is little biological information to support this approach. 

Headstarting of hatchling Blanding's turtles was determined to have little effect 

without a corresponding decrease in the mortality of adults and older juveniles 

(Congdon et al. 1993). Incidental capture of marine turtles in trawler nets is 

believed to be the major source of juvenile and adult mortality. Use of 

appropriate manipulative management, such as turtle excluder devices on 

trawlers, virtually eliminates turtle mortality due to incidental capture (Crouse et 

al. 1987). There is clearly a need to focus intervention techniques so that they are 

helping to remove the cause of species decline and allow the population to 

recover. This cannot be done without the correct biological information as to 

what is causing the species decline and the subsequent biological response of the 

species. 
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Relocation programs, also known as RRT (repatriation, relocation, 

translocation) (Dodd and Seigel 1991), were originally established for the 

management of game species (Leopold 1933). More recently these programs 

have been applied to the management of rare and threatened species of plants and 

animals (e.g. Burke 1989, Cade and Jones 1993, Bowles etal. 1993). The 

technique has become popular, unfortunately without RRT being proven as an 

effective conservation strategy. It has been shown that many attempts at RRT's 

of rare or threatened species have been unsuccessful (see Griffith et al. 1989, 

Dodd and Seigel 1991, Maunder 1992 for reviews). 

At this stage in biological diversity conservation, RRT may often seem to 

be the only solution to a species conservation problem, however the increased 

and acceptable use of RRT as a conservation measure is of concern. Concern 

arises because the conservation focus becomes a single species one, rather than a 

community focus. It is unlikely that a program will be successful unless baseline 

ecological data is available. This information is often lacking for threatened 

species. It is also critical to understand why the species became endangered in 

the first place. If this information is unavailable for a species, and the risk to the 

population of concern is not critical, then a RRT program should not be 

attempted because it is likely to fail. Success cannot be confirmed until a viable 

reproducing population is established (Griffith et al. 1989). For most species this 

will involve a number of years monitoring. 

Success rates of RRT have been critically reviewed for Macropods (Short 

et al. 1992), birds and mammals (Griffith et al. 1989) and reptiles and 

amphibians (Dodd and Seigel 1991). Cade (1988) report 1670 attempts have 

been made to establish bird species in an outdoor environment, including the 

introduction of exotic species. Of these at least 425 (25%) have been successful 

in establishing breeding populations. Of 96 bird species reintroduced in 

Australia, 32 (33%) are claimed to have been successful (Cade 1988). For 

Macropods, Short et al. (1992) report that 25 species have been introduced, with 

success rates listed as 60% for those populations introduced to islands and 11 % 

for mainland relocations. Of the 25 species of amphibians and reptiles subject to 
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RRT activities, (Dodd and Seigel 1991), 19% were considered successful, 23 % 

unsuccessful and 58% were unknown. Griffith et al. (1989) report that the 

success rate for 93 species of birds and mammals (90% of which were game 

species and 7% were threatened or sensitive species) was 44%. 

Of 45 reintroduction projects for plants in California, 4(9%) were 

completely successful, 15 (33%) were partly successful and 10 (22%) failed 

(Allen 1994); it was too early to rate the remaining attempts (36%). A similar 

study in Britain of 144 plant reintroductions suggested that only 22% of the 

attempts were successful, the remainder failing (Allen 1994). Considering the 

high costs of these types of projects, especially when faunal species are involved, 

these success rates are currently not high enough to warrant RRT being depended 

upon as a technique for saving a population of a threatened species. 

1.9 Conclusion 

Conservation biology is a broad science that has become focused on 

population translocation, manipulative techniques and population modeling. For 

many species this focus is premature, as much of their basic biology and causes 

of decline remaining unknown. There needs to be a concerted effort to 

understand the basic biology of a species and determine the key critical aspects 

that may affect its survival. These factors are not its population viability or 

genetic heterozygosity. Key factors include its reproductive potential, the cause 

of its decline, factors that are impeding population recovery and any specific 

relationships it has with its environment, whether it is a specialist on either diet 

or habitat or is part of a mutualism. The science that will save endangered 

species is based on a strong knowledge of basic biology and an understanding 

and removal of causes of decline. 
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1.10 Background to the study 

This thesis provides an example of a conservation crisis involving a little 

known threatened species. 

The Lower Molonglo Water Quality Control Center (LMWQCC) is the 

major sewage treatment plant for Canberra, discharging tertiary treated effluent 

into the Molonglo River close to its confluence with the Murrumbidgee River. 

An environmental and process audit of the L M W Q C C carried out by (Scott and 

Furphy 1992) for A C T Electricity and Water (ACTEW) identified a need for the 

construction of a storage dam alongside the existing waste water treatment plant. 

The dam was to store excess flow that occurred during high rainfall periods, 

allowing the reprocessing of partially treated sewerage, previously poured 

straight into the Molonglo River. The only suitable site for the proposed dam 

was part of the known habitat of the nationally endangered pink tailed legless 

lizard, Aprasia parapulchella. The Lower Molonglo population of A. 

parapulchella was thought to represent more than 10 per cent of the total known 

population, at densities the same or greater than those of the known best sites 

(Scott and Furphy 1992). 

The situation was a conservation dilemma. The water quality of the river 

was being compromised for people, flora and fauna downstream of the plant and 

the only solution was to destroy the habitat and a population of the endangered 

pink tailed legless lizard. In order to lessen the impact on the species, and if 

possible, turn the situation to benefit the species as a whole, a research program 

was developed to study the conservation biology of A. parapulchella. 

1.11 Significance of this study 

Currently nothing is known of the factors limiting the distribution of A. 

parapulchella or why it occurs in small isolated patches. Because these lizards 
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appear to be habitat and dietary specialists, it is important for effective 

conservation to fully understand this aspect of their ecology. Therefore, in this 

study there is considerable focus on investigation into how this species fits into 

the rocky grassland community. In Canberra the species is restricted to living 

beneath rocks and it may be that suitable rocks are a limited resource for A. 

parapulchella, influencing their patchy distribution. 

While diet of the species has undergone preliminary investigation (Jones 

1992), there remains a need to develop an understanding of if and how diet plays 

a role in the distribution of the species, especially at the local scale of the dam 

site. A. parapulchella also lives with the ants it is feeding upon, hinting at an 

interesting association. It is imperative to better understand this relationship as it 

may control the distribution of the species or provide information on why, 

following intensive grazing, A. parapulchella is no longer present at a site. The 

degree of specialization of the ant-lizard relationship will also provide 

information on how robust this relationship is to the loss of ant species through 

habitat alteration. 

Identification of suitable habitat and more populations of the species as 

well as total population numbers will help to better determine the conservation 

status of A. parapulchella. Knowing the extent of the species distribution will 

fully enable national assessment of the seriousness of local threats to the species 

posed by habitat disturbance, development or management changes. The 

apparent link with kangaroo grass (Themeda triandra) (Jones 1992) is worthy of 

investigation, as this may simply be an indication of the sites where the species is 

able to survive following habitat alteration, rather than a true association. 

Population information is critical to assessment and ranking of 

populations for conservation priorities. Information on recruitment, structure and 

ages of individuals also assists in making assessments on the vulnerability of 

populations. Currently nothing is known of the dynamics of A. parapulchella 

populations. 
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Because the research outlined above is aimed at the conservation biology 

of the species, results will be suitable for use in the preparation of management 

guidelines targeted towards the sensible management and conservation of A. 

parapulchella throughout its range. 

The extent of the research planned has never been carried out on A. 

parapulchella or any other member of the genus. There is limited knowledge of 

the biology of any member of the Pygopodidae. A quarter of the members of the 

family Pygopodidae are considered threatened (Cogger et al. 1993). There is a 

pressing need to begin baseline research into this group. Much of the research on 

A. parapulchella will be applicable to other members of the genus, four of which 

are considered threatened. This research will be of particular interest to wildlife 

managers in both New South Wales and the Australian Capital Territory and will 

assist in the recovery of the species. 

1.12 Aims 

The broad aims of this study are listed below. More specific aims and 

objectives are included in relevant chapters. 

1. Provide fundamental information on the ecology of the species that can be 

used for the conservation management of this and other Aprasia species. 

2. Determine the fundamentals of the population ecology of A. parapulchella 

3. Determine the dietary and ant community relationships of A. parapulchella 

4. Provide a reasoned assessment of the conservation status of the species. 

5. Provide A C T E W and relevant wildlife authorities with recommendations for 

the management of populations of A. parapulchella. 
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Chapter 2 Biology of the Pygopodidae and Aprasia parapulchella 

2.1 Introduction to the Pygopodidae 

The reptile family Pygopodidae is the only family of lizards restricted to 

the Australasian region (Kluge 1976, Greer 1989). There are 36 species in 8 

genera (Storr et al. 1990, Ehmann 1992). Pygopodids have an elongate and 

attenuate body form and reduced limbs (Greer 1989). They have overlapping 

scales, hindlimbs which are reduced to scaly flaps, vertical pupils each covered 

by a transparent spectacle and a tail which ranges from slightly shorter to much 

longer than the snout-vent length (Shea 1993a). Kluge (1976) describes a 

combination of 23 character states that define the family (Table 2-1). The 

Pygopodidae is most closely related to geckos, with some taxonomists 

considering Pygopodids to be a section within the Gekkonidae. A number of 

features link geckos and Pygopodids including vocalisation (Weber and Werner 

1977), skeletal attributes and a fixed clutch size of two. Evidence of the 

closeness of these two families is more convincing than for any other two 

families of reptiles (Greer 1989). 

Pygopodids are found throughout mainland Australia and have been 

recorded on a number of offshore islands (Kluge 1974). They inhabit arid, semi-

arid and seasonally dry regions in Australia in woodland, shrubland and grassland 

habitats (Greer 1989). No species are found in cool wet areas or at elevations 

above 1200 m. Some genera such as Aprasia are primarily fossorial while others 

are surface active (Lialis, Pygopus) and some shelter in low shrubs or spinifex 

grass tussocks, Triodia spp. (Delma) (Kluge 1974). Little is known of activity 

patterns although Underwood (1957) describes them as nocturnal and mostly 

fossorial. Kluge (1974) suggests that all Pygopodids are crepuscular to nocturnal 

with the exception of Lialis, which may be active at any time of the day. When 

inactive, individuals can be found sheltering in spider burrows, termite mounds 

or cracks in the ground (Kluge 1974). 
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Table 2-1. Character states that define the family Pygopodidae (data from Kluge 

1976 and Greer 1989). 

Character States 

External Morphology 

Front limbs absent 
Hind limbs present 
Individual digits of hind limb not obvious externally, completely 
encased in single scaled flap of skin near vent. 
Eye well developed 
Eyelid immobile, eye covered by spectacle 
Vertical pupil, oval or slit-like in shape 

Scalation 

Body scales imbricate 

Skeletal Morphology 

Postanal sacs and cloacal bones present 
Premaxilla single 
Median ventral process of premaxilla absent 
Postorbital bone absent 
Temporal arch absent 
Parietal foramen absent 
Parietal teeth absent 
Osteoderms absent 
Vertebrae procoelous 
Vertebra with median constriction 
Vertebra with prominent subcentral foramina 
Free inter-central chevron bones absent 
Rectus superficialis present 

Reproduction 

Clutch consists of two elongate parchment shelled eggs 

Behaviour 

Vocalization consists of squeak or buzz-like sounds 
Tail autotomous 
Wiping of face and eyes with tongue 
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2.1.1 Literature on the Pygopodidae 

Little is known about the ecology or even basic biology of most 

Pygopodids (Greer 1989, Shea 1993a, Ehmann 1992, Wever 1974). It is perhaps 

their fossorial nature that has precluded detailed studies of the ecology of this 

group. Because individuals are fossorial, observations on behaviour and ecology 

are difficult to obtain in the field and are restricted to chance encounters. Of the 

published information available, there are some interesting accounts of one-off 

observations of behaviour in both the field and wild (e.g. Rankin 1976; Fitzgerald 

1983; Husband 1980). 

Being closely related to geckos and yet limbless has lead to several 

studies of the evolution of limblessness in this group and in reptiles in general 

(Shine 1986, Gans 1975). Limbless geckos have a number of advantages over 

limbed relatives. These include more efficient locomotion, ability to use narrow 

retreat sites for shelter and to obtain food, ability to burrow in loose soil and 

being able to use a more efficient reproductive strategy such as viviparity or 

increased fecundity (Gans 1975). Since there has been no change in the 

reproductive output of either geckos or Pygopodids (fixed clutch size of two), 

Shine (1986) and Gans (1975) have suggested that the elongation of the body and 

associated limblessness evolved originally to enable the usage of small burrows 

for foraging and shelter. 

There is no data to suggest that any species of Pygopodid produce 

multiple clutches within a season. Oviposition sites are unrecorded for most 

species, however Daly (1992) has found eggs of Pygopus lepidopodus beneath 

granite rocks and Fitzgerald (1983) also found a clutch of this species in loose 

soil on an excavated hillside. Eggs are laid in December by P. lepidopodus (Daly 

1992, Fitzgerald 1983), Delma fraseri and D. australis (Bush 1983) and January 

by D. fraseri (Sonneman 1974). Oviposition in December has been recorded for 

Aprasia species in captivity (Ehmann 1992). Daly (1992) suggests that the 

reproductive biology of P. lepidopodus is unusual because the eggs hatch during 
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a period when seasonal temperatures are falling. The young hatch in autumn and 

may not feed until the following spring, living from stored yolk (Daly 1992). 

This phenomenon may apply to a number of Pygopodids. 

Many species of Pygopodid show gregarious behaviour, which may be 

restricted to social interactions during the breeding season. Ogden (1990) reports 

5 A. parapulchella sharing a homesite. The author has observed up to nine 

individuals beneath a single rock. Aggregations of 8 Delma inornata have been 

recorded under a piece of corrugated iron (Champion 1992). Seasonal increases 

in population size during January of D. australis and D. fraseri were reported by 

Bush (1984) at a site near Esperance in Western Australia. This aggregation 

corresponded to a comparatively high rainfall month and maximum aggregation 

was in the coldest months of May to August. The only information on any 

aggressive behaviour within the family was provided by Sonneman (1974), who 

observed captive D. fraseri to be extremely vocal and aggressive to others of the 

same species, with aggressive interactions common among adults. 

Pygopodids have some interesting methods of avoiding predation. These 

have evolved despite the supposition that most species have a fossorial lifestyle 

(Wever 1974). Aprasia inaurita was observed by Rankin (1976) to raise its tail 

from the substrate and wave it when prodded. He suggests that the tail, being 

brightly colored and blunt may be a decoy to predators. Bustard (1970) also 

suggested that the brightly colored tails of most Aprasia species are for defence 

purposes. As most Aprasia species are fossorial it seems unlikely that they 

would have much need for such a diversionary mechanism. Pygopodid species 

from the genera Aclys, Ophidiocephalus and Delma also demonstrate escape 

behaviour known as saltation (Kluge 1974, Ehmann 1980, Jenkins and Bartell 

1980). Saltation, which occurs when individuals are disturbed, involves the 

twisting of the body and jumping off the ground in what Kluge (1974) has 

described for one species, Delma tincta, " as a fantastic display of acrobatics". 

Analysis of this behaviour in the Pygopodid D. tincta, by Bauer (1986) concluded 

that saltation appeared to be used for startling and disorienting potential 

predators, resulting in unsuccessful attacks. Other species such as Paradelma 
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orientalis and Pygopus spp. show snake mimicry behaviour when threatened 

(Shea 1987). P. orientalis has been observed to raise its head from the ground in 

a characteristic snake threat display and Pygopus and some Delma species may 

fake strikes when disturbed. 

The Pygopodidae were divided into ecological types based on feeding 

ecology that was paralleled by behavioral and morphological adaptations 

(Patchell and Shine 1986). The first group consists of Delma spp. and Pygopus 

nigriceps, all of which display nocturnal behaviour and feed on a variety of 

surface-active arthropods. They retain many gekkonid features such as large 

hindlimb remnants (Kluge 1974), obvious external ear openings, and crushing 

dentition (Patchell and Shine 1986). P. lepidopodus, while also morphologically 

primitive, specialises on spiders, arthropods and small skinks. Ophidiocephalus, 

Pletholax and Aclys, can be grouped together as all are "sand-swimmers" feeding 

on insects in leaf litter (Patchell and Shine 1986). Lialis is a very distinctive 

taxon because of its "sit and wait" foraging strategies and dietary specialisation 

on skinks. The ecology of this species closely resembles that of elapid snakes 

(Patchell and Shine 1986). The genus Aprasia is treated separately as they are 

considered by (Kluge 1974) to be morphologically degenerate burrowers, while 

Shine (1986) describes them as fossorial myrmecophages. 

2.7.2 Conservation of the Pygopodidae 

A quarter of the species within the Pygopodidae are classified as 

endangered or vulnerable (Cogger et al. 1993). Pygopodids have a high 

representation of species of conservation concern when compared to other 

terrestrial reptile groups. It is uncertain if their cryptic habits contribute to these 

conservation classifications, or whether it is simply because the group as a whole 

is poorly known. One species that is of conservation concern, A. parapulchella, 

is considered by Ehmann and Cogger (1985) to be rarely found because its habits 

are poorly known rather than because it is endangered. This may be true for a 

number of Pygopodids and requires investigation. The eight species of 
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Pygopodid considered by Cogger et al. (1993) to be of conservation concern are 

poorly represented in museum collections, with only one species {Delma impar) 

represented by more than thirty specimens. Table 2-2 lists the species of 

Pygopodid of conservation concern and the main threats to their continued 

existence. Like many other threatened species, habitat clearance and 

modification for agricultural purposes appear to be the main threats to species 

from a range of genera. 

2.1.3 The genus Aprasia 

The genus Aprasia, is confined to southeastern Australia where it is 

represented by ten species, six of which appear to have restricted geographic 

distributions (Kluge 1974, Cogger 1992). Of these, A. pseudopulchella, A. 

parapulchella, A. aurita and one subspecies, A. rostrata rostrata, are considered 

to be endangered or vulnerable. The three species mentioned are thought to have 

declined in range through habitat loss and alteration while the subspecies is 

limited to a single island population and is threatened by predation from 

introduced species (Cogger et al. 1993). Members of this genus are primarily 

considered to be fossorial and are mainly collected from beneath cover such as 

rocks or debris. There are a number of reports of Aprasia being found sheltering 

in termite mounds and ant nests (Greer 1989). Despite their fossorial lifestyle, 

individuals have been collected in pitfall traps. Rauhala (1993) caught A. 

parapulchella in pitfall traps during surveys at Stony Creek Nature Reserve in the 

ACT, however only 11 animals were captured. Greater trapping success for A. 

aurita and A. inaurita was reported in the mallee country of central Victoria 

(Robertson and Edwards 1994). Approximately 200 specimens were collected in 

a short trapping period. Interestingly 95% of captures were males, indicating a 

differential pattern in movement behaviour, possibly associated with breeding. It 

appears therefore that the time of trapping may influence trap success for Aprasia 

species. 
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Table 2-2. Species of Pygopodid of conservation concern, their conservation 

status and threats to their survival (Data from Cogger et al. 1993). 

Species Status Threats 

Aprasia aurita 

Aprasia parapulchella 

Aprasia pseudopulchella Vulnerable 

Aprasia rostrata rostrata 

Delma impar 

Delma labialis 

Delma torquata 

Ophidiocephalus taeniatus Vulnerable 

Paradelma orientalis 

Endangered habitat clearance, pasture/cropping, 

altered fire regime. 

Endangered habitat clearance, overgrazing by 

stock, urban development, 

pasture/cropping, habitat 

fragmentation. 

habitat clearance, overgrazing by 

stock, urban development, 

pasture/cropping. 

Vulnerable predation, visitor disturbance 

Vulnerable habitat clearance, overgrazing by 

stock, urban development, 

pasture/cropping, habitat 

fragmentation, altered fire regime, 

weed invasion, rock removal, 

habitat clearance, overgrazing by 

stock, urban development, 

habitat clearance, overgrazing by 

stock, urban development, 

pasture/cropping, 

overgrazing by stock, climatic 

variation, rabbit grazing, loss of 

litter. 

Vulnerable habitat clearance, overgrazing by 

stock, pasture/cropping, logging. 

Vulnerable 

Vulnerable 
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Patchell and Shine (1986) had little success in determining the diet of 

Aprasia species from museum specimens, because no food items were found in 

their stomachs. This was attributed to the fascination collectors had for Aprasia, 

probably holding specimens in captivity for some time before they were lodged 

with the museum and killed. Worrell (1963) and Kluge (1974) reported that 

Aprasia are thought to feed exclusively on ants and termites. Evidence for 

Kluge's (1976) statement that Aprasia appear to be largely if not exclusively 

myrmecophagous was not advanced (Greer 1989). A. parapulchella reportedly 

fed on adult Iridomyrmex sp. (Jenkins and Bartell 1980), while, A. inaurita was 

reported to eat only on the eggs of Aphaenogaster sp. (Hutchins and Sleeper 

1988). The diet of most of the Aprasia species, was recently described as 

consisting almost exclusively of the eggs and larvae of ants (Webb and Shine 

1994), providing the first documented evidence of the dietary preferences of the 

genus. 

2.2 Biology of Aprasia parapulchella 

2.2.1 External Morphology 

A. parapulchella (Figure 2-1) has a maximum snout-vent length of about 

14 cm, and a total length of about 24 cm (Jones 1992). The snout is round and 

the tail is short and blunt (shorter than snout-vent length). The ear opening is 

absent and the hind limb flaps are reduced to a single scale. The body colour is 

grey to grey-brown becoming pink or reddish brown beneath the tail and dark 

brown to black at the head region. The body appears to have faint longitudinal 

lines on the upper surface because of the presence of a dark dot or longitudinal 

bar at the center of each scale. 

2.2.2 Taxonomy 

A. parapulchella was described by Kluge (1974) from 20 specimens 

collected from the type locality at Coppins Crossing in the Australian Capital 
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Territory (ACT) and one specimen from Tarcutta in New South Wales (NSW). 

A. parapulchella was named because of its close similarity to A. pulchella from 

Western Australia (Kluge 1974). It is almost identical in external appearance to 

A. pseudopulchella from South Australia. This has lead to speculation that A. 

parapulchella and A. pseudopulchella may be one species with disjunct 

populations. Further enquiry's have indicated that the South Australian A. 

pseudopulchella has two fixed allozyme differences when compared with the 

more easterly populations of A. parapulchella (S. Donnellan unpubl. data), and 

thus are likely to represent two distinguishable species. 

2.2.3 Distribution 

The distribution of A. parapulchella has been the aspect of its biology 

most closely investigated. Osborne et al. (1991) completed initial surveys of the 

species, finding individuals around Canberra and at Tarcutta in New South 

Wales. The species is now known from four areas of eastern Australia: near 

Canberra in the ACT, and from Tarcutta, West Wyalong and Bathurst in NSW 

(Osborne et al. 1991; W. Osborne and S. Jones unpublished) (Figure 2-2). 

Within the A C T region distribution patterns of A. parapulchella are more clearly 

understood. In the Canberra region the species is widespread but patchily 

distributed within the corridors of the Murrumbidgee and Molonglo Rivers and 

adjacent hill slopes (Osborne etal. 1991; Osborne and McKergow 1993). Barrer 

(1992) extensively surveyed the Molonglo River corridor, finding lizards at over 

100 small rocky sites. By contrast, the species is known from two small sites at 

Tarcutta and from a single location at Bathurst and a single site at West Wyalong. 

A population of an Aprasia sp. closely resembling A. parapulchella has been 

collected from Bendigo at three locations in the Whipstick forest and closer to 

urban Bendigo. The taxonomic status of this population is yet to be resolved. 

Although A. parapulchella is apparently widespread in the Canberra region, the 

extent of suitable occupied habitat is estimated to be less than 16 km^ (Osborne 

and Jones 1995). 



Figure 2-1. The pink tailed legless lizard, Aprasia parapulchella from Mt 

Taylor, ACT. 
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Figure 2-2. Known distribution of Aprasia parapulchella in south eastern 

Australia. Dotted area shows the extent of the distribution predicted by Osborne 

etal. (1991). 
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2.2.4 Habitat 

In the Canberra region A. parapulchella typically occupies relatively open 

grassland sites on hill sides or river valley slopes where there is a substantial 

cover of partially buried rocks derived from decomposing rhyodacite or other 

Silurian volcanic rock types (Osborne et al. 1991). Near Tarcutta, the species is 

found beneath large fragments of granodiorite. The habitat of the species at the 

single Bathurst site is similar to that of ACT populations. Within the ACT, the 

lizards are most abundant in areas that have not been pasture-improved and 

where there is a moderate to extensive cover of native grasses, particularly 

kangaroo grass (Themeda triandra) which is an indicator of less-disturbed sites 

(Jones 1992). The lizards usually do not occur in areas where there is a cover of 

trees or tall shrubs. 

2.2.5 Behaviour 

Aprasia parapulchella is a fossorial species living beneath rocks in 

burrows that have been constructed by and are often inhabited by ants. Ants are 

usually present with the lizards (Osborne et al. 1991), and frequencies of co

occurrence have been recorded up to 95 percent, depending on climatic 

conditions (S. Jones, unpub. data). The activity of the lizards is apparently 

affected by temperature and soil moisture. Individuals are not found during dry 

summer weather, or when daily temperatures exceed about 25 °C. It is likely that 

they seek shelter in burrows during unfavourable weather conditions. They may 

therefore occur in an area and not be surveyed because of this aspect of their 

biology. Ehmann and Cogger (1985) believe that this behaviour influences the 

perception of their conservation status, suggesting that the species is rarely found 

because its habits are poorly known. 

Jones (1992) found A. parapulchella shared homesites with eleven 

species of ants and one species of termite. The rocks used as homesites are 
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usually small averaging less than 500 cm^, and are partially embedded in the soil. 

The lizards may be faithful to the same homesite over an extended period of time, 

with some individuals being found beneath the same rock at different times of the 

year. Shed skins are also frequently present with lizards, indicating residency at a 

homesite. 

2.2.6 Diet 

Aprasia as a genus is considered to be myrmecophagous (Kluge 1976), 

however despite dissections of 45 specimens from four species, Patchell and 

Shine (1986) failed to find evidence supporting this statement. Studies by Webb 

and Shine (1994) provided evidence to support unsubstantiated theories of 

Worrell (1963) and Kluge (1976), that Aprasia fed exclusively on ants and 

termites. The diet of A. parapulchella is uncertain as the species was represented 

by only one specimen in the study by Webb and Shine (1994). A. parapulchella 

was reported by Jenkins and Bartell (1980) to feed on adult Iridomyrmex sp. and 

small black ants of the genus Iridomyrmex were commonly found with 

individuals when Kluge collected specimens in 1974. 

2.2.7 Reproduction 

Like other members of the Pygopodidae, A. parapulchella is oviparous 

with a clutch size of two. Gravid specimens have been collected in December 

(Kluge 1974) but nothing is known of the oviposition site or the number of 

clutches laid in each season. Information on sex ratios, recruitment, longevity 

and age at maturity is also lacking. 

2.2.8 Movement 

Nothing is known of the movement frequency or patterns of A. 

parapulchella. Observations suggest that lizards do move occasionally away 
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from their burrows as they have been collected from roadsides and urban areas 

(R. Bennett, pers. comm.), and have been captured in pitfall traps (Rauhala 

1993). Work by Robertson and Edwards (1994) on A. aurita found that pitfall 

trapping for this species was most successful in October and that 92% of captures 

were of males, indicating differences in movement between sexes. 

2.3 Conservation status and history 

Because early knowledge of the distribution of A. parapulchella was 

limited (Jenkins and Bartell 1980), the species was listed as endangered by the 

Council of Nature Conservation Ministers (CONCOM) in 1981 (Burbidge and 

Jenkins 1984). The Australia New Zealand Environment Conservation Council 

(ANZECC) subsequently adopted this classification (ANZECC 1991). The 

species is listed as a nationally endangered (Endangered Species Protection Act 

1992). It has been given Special Protection Status Species in the A C T (1991 

Schedule 6 of the A C T Nature Conservation ACT 1980) and is classified as a 

Vulnerable and Rare Species in NSW (1992 Revised [Interim] Schedule 12 of the 

NSW Endangered Fauna [Interim Protection] Act 1991). 

Several factors have contributed to the perception that the species is 

endangered. Based on the current known distribution, the species would be 

considered to be very restricted; both geographically and in terms of habitat 

availability. Its known geographic range occupies less than 16 km^ (mainly in 

and near the ACT), and it exhibits a high degree of habitat specificity (Osborne et 

al. 1991). The species also has a low reproductive rate that may make it less able 

to recover from population declines following disturbance. Of particular concern 

is the complete lack of information on the size of any local population. 

Recently there has been a proposal to delist A. parapulchella at the 

national level. After reviewing all available information on the distribution of 

the species Cogger et al. (1993) suggested that it no longer qualified for 

Endangered or Vulnerable status. This was because it occurred in two reserves in 
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the ACT, and "recent records of the species from Bathurst and Tarcutta in NSW 

suggest its total range may not have declined since it was described". There is, 

however, insufficient information on the distribution of the species in NSW to 

make such a claim. Knowledge of the distribution of the species in these areas is 

based on occurrence at one small site north of Bathurst and two small hills in 

farmland near Tarcutta. 

2.4 Threatening Processes 

The A C T distribution of A. parapulchella is mostly within or adjacent to 

the urban environment. The loss of A. parapulchella habitat resulting from urban 

expansion is likely to become more common as Canberra continues to grow. 

The removal of rocks for use in landscape gardening is a common 

problem for rock dependent reptiles adjacent to large cities (e.g. Schlesinger and 

Shine 1994a). If individuals occupy a favoured homesite, the removal of that 

homesite means an immediate increased predation risk for that lizard. When 

populations are small, it would be possible for rock collection to have an impact 

on lizard numbers, especially if lizards congregate beneath rocks. 

The cultivation of exotic Pinus radiata plantations to provide softwood is 

a widespread silvicultural practice in the A C T region, and large areas of pine 

forest occur contiguously with populations of A. parapulchella. Most of these 

plantations are long established and are likely to have destroyed lizard habitat 

during their original planting. 

The impact of livestock grazing on native grasslands in south-eastern 

Australia has been documented by Moore (1962) and Whalley et al. (1978). The 

introduction of livestock after European settlement has been linked with the 

removal of native perennial grasses and their subsequent replacement with exotic 

grasses (Moore 1970). Grazing generally acts to alter the appearance, 

productivity and composition of grasslands (Hobbs and Huenneke 1992), 
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frequently removing the cover of native grasses and encouraging the 

establishment of exotic pasture species and weeds. Increased nutrification of the 

soil, resulting from accumulation of livestock faeces, leads to further invasion by 

exotic weed species (Rogers and Whalley 1989). Such accumulation frequently 

occurs on rocky hilltops and the upper slope of hill sides, sites favoured also by 

A. parapulchella. 

Nothing is known about the influence of fire on populations of A. 

parapulchella, however individuals have been known to survive low intensity 

fires while sheltering beneath rocks. Fire, however, has a significant impact on 

the dynamics of Themeda triandra grasslands, opening inter-tussock spaces and 

allowing other plant species to establish (Lunt 1990). Stuwe and Parsons (1977) 

suggest that T. triandra grasslands require frequent disturbance to maintain their 

diversity as the grass may rapidly exclude other herbs because of its tall stature, 

litter accumulation and lateral tillering. Burnt and long unburnt T. triandra 

habitat is quite different in structural properties and degree of cover. It is 

uncertain if the age and state of this type of grassland plays a role in the habitat 

suitability of a site for A. parapulchella. Jones (1992) found that the presence of 

T. triandra was a good indication of the presence of A. parapulchella at a site, 

particularly if the grass dominated a site, perhaps indicating a preference for less 

frequent fires and a later successional stage of the grassland. 

Kunzea ericoides (Burgan) is a woody shrub that has the ability to 

colonize pastoral land (Kirschbaum and Williams 1991). There is an indication 

that Burgan is spreading and invading areas of native grassland along the 

Murrumbidgee and Molonglo River corridors in the Canberra region. K. 

ericoides forms tall, dense thickets and has the potential to alter the composition 

and structure of sites where A. parapulchella occurs. Potential impacts on A. 

parapulchella populations are unknown. It is unlikely that this habitat would be 

suitable for long-term habitation by A. parapulchella because of the altered 

thermoregulatory regime within the shrubland. 
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Of concern to the species long-term survival is the restriction of 

populations of lizards to small rocky pockets. This distribution pattern has 

occurred largely as a result of habitat fragmentation. Fragmentation reduces 

available habitat, movement corridors and may force lizards to use sub-optimal 

habitat (Saunders et al. 1991). It also creates edge effects that again reduce the 

habitat components available to a species. Although no information is available 

on the size of populations, it is possible that fragmented populations have been 

reduced to the extent that they can be considered small and are subject to the 

problems faced by small populations. They may therefore be more susceptible to 

disturbance from environmental and demographic stochastic events and may be 

more likely to go extinct as a result of the reduced population size (Wilcox 1980, 

Wilcox and Murphy 1985, Gilpin and Soule 1986). Low reproductive rates and 

supposed low vagility make A. parapulchella more susceptible to problems 

resulting from fragmentation and isolation. 

2.5 Conclusions 

Very little biological information is available on A. parapulchella and 

there is almost no ecological information on the Pygopodidae as a whole. A. 

parapulchella is considered threatened, faces many conservation challenges, and 

occurs in an environment subject to intense urban and agricultural pressures. 

There is a need for more information on the species. Currently our lack of 

knowledge on this or any related Aprasia spp. is hampering the effective 

conservation management of A. parapulchella populations. 
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Chapter 3 Study site descriptions and general methods 

3.1 Study site descriptions 

3.1.1 Australian Capital Territory 

A l l sites investigated during this study are in three states on the eastern 

side of Australia: Australian Capital Territory (ACT), New South Wales (NSW) 

and Victoria (Vic). Sites in NSW and the ACT are situated within the 

geographical divisions of the Southern Tablelands and Central Tablelands. The 

tablelands experience cool to cold winters with severe winter and occasional light 

summer frosts. There are occasional light to heavy snowfalls and a moderate to 

high rainfall between 500-2000 mm per year. The A C T lies at approximately 

600 meters above sea level between latitudes 35° 05'S and 35° 55'S and has an 

mean annual temperature of 12.7°C and experiences an average annual rainfall of 

628 mm. Average monthly rainfall is highest in spring (October 69 mm) and is 

lowest in winter (June 38 mm). The coldest days on average occur in July when 

temperatures range from -3°C to 11°C. Warmest days occur in January when the 

average maximum temperature is 28°C and minimum is 13°C (Figure 3-1). 

A C T study sites include the Canberra Nature Park reserve site of Mt 

Taylor and areas along the Murrumbidgee and Molonglo River Corridors (Figure 

3-2). Vegetation in these areas consists mainly of native grasslands which are 

often dominated by Themeda triandra (kangaroo grass). Other natives which are 

common, include Stipa bigeniculata, S. falcata (spear grasses), Chrysocephalum 

apiculatum (billy buttons), Danthonia spp. (wallaby grass) and Aristida vagans 

(three-awned spear grass). Most sites include exotic species such as Hypochaeris 

radicata (flatweed), Avena sativa (wild oats) and Vulpia spp (rats tail grass). 
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region. 
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Long-term mark-recapture studies were conducted in four study areas, Mt 

Taylor, Stromlo Forest, Lower Molonglo Bypass Dam and the Lower Molonglo 

Relocation site. 

Mt Taylor is a 295 ha hill in the Canberra Nature Park reserve that is 

surrounded by suburbs. As such the hill is isolated and it would not appear to be 

possible for lizards to successfully move between Mt Taylor and other areas of 

suitable habitat. The hill is vegetated with Eucalypt-Casuarina woodland and 

has extensive rocky slopes that support native vegetation dominated by grasses. 

Stromlo Forest is situated adjacent to a Pinus radiata plantation and 

represents an area of secondary grassland on the upper slopes of the Molonglo 

River. A gully and creek on one side and a road on the other isolate the site. 

Unfortunately this site was disturbed through ripping for expansion of the pine 

plantation one year into the mark recapture study. 

The Lower Molonglo study area was a site of approximately 300 ha 

which was earmarked for the development of a bypass dam for Canberra's 

sewerage treatment plant. The site was an east-west deep gully with rocky slopes 

dominated on the southern side by T. triandra grassland and on the northern side 

by shrubs such as Kunzea ericoides and the grasses Microlaena stipoides and 

Bothriochloa macra. This site was available for the study until March 1994, 

when it was bulldozed to bedrock in preparation for development. During 1996 

the site was subjected to habitat rehabilitation to attempt to restore the habitat 

prior to the construction of the dam. 

3.1.2 Victoria 

A l l the Victorian sites are centered on the township of Bendigo, with A. 

parapulchella known from six sites. Bendigo lies at approximately 225 meters 

above sea level at latitude 36° 75'S and longitude 144° 28'E. The region 

experiences an average annual rainfall of 550 mm with the most rain falling 
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during the months of May to October (Department of Conservation Forests and 

Lands 1989) and a mean maximum temperature of 20.4°C and minimum of 8.9°C 

(Figure 3-3). Populations were found to occur in the Mandurang State Forest (1 

site), Whipstick State Park (three sites) and Spring Gully and Maiden Gully. 

Sites within the Whipstick Nature Reserve (latitude 36°38'S, longitude 

144°18'E) are in Mallee vegetation. Sites closer to urban Bendigo are situated in 

Ironbark woodland. 

3.1.3 New South Wales 

Three sites were visited in New South Wales, Bathurst, Tarcutta and West 

Wyalong. 

The single site at Bathurst lies at latitude 33°25'S and longitude 149°35'E 

at an elevation of 704.1 m and is situated close to Hi l l End on the Bridle Track. 

The site is a crown reserve located adjacent to the Wimburndale River. 

Vegetation is dominated by native grass species. The site is subject to grazing 

and there are a number of exotic weeds and pasture species present. The region 

experiences an average annual rainfall of 639 mm with a mean maximum 

temperature of 20.1°C and minimum of 6.4°C (Figure 3-4). 

West Wyalong lies at latitude 33°55'S and longitude 147°12'E at an 

elevation of 253.3 m above sea level. The region experiences an annual rainfall 

of 480 mm with a mean maximum temperature of 23.3°C and minimum of 9.2°C 

(Figure 3-5). The site is situated in the Buddigower Nature Reserve and is 

dominated by mallee vegetation. Soils are sandy clays and there is little or no 

surface rock present. 

Sites at Adelong and Tarcutta lie at latitude 35°17'S and longitude 

147°44'E at an elevation of 332.8 m above sea level. The region experiences an 

annual average rainfall of 778 mm and a mean maximum temperature of 21.8°C 

and minimum of 6.1°C (Figure 3-6). The single site at Tarcutta is located on a 
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small rocky knoll adjacent to the Hume Highway. A cultivated oats (Avena sp.) 

paddock surrounds the knoll. The site is approximately 1 ha in area and 

vegetation is dominated by grassy species, many of which are exotic. 

3.2 General Survey 

Areas that met the basic habitat requirements for A. parapulchella of a 

substantial cover of partially embedded rocks and vegetation dominated by native 

grass species (Osborne et al. 1991) were surveyed using a method of constrained 

area searching (Jones 1992). Each rocky slope was divided into longitudinal 

lanes and volunteers worked systematically up lanes turning all possible rocks 

(Figure 3-7). In order to minimise habitat disturbance, each rock was put back as 

close to its original position as possible and no deeply embedded rocks were 

turned. 

Timing of surveys was determined by the weather so that the chance of 

finding a lizard beneath a rock was maximised. During winter months surveys 

were only conducted on sunny days and tended to coincide with the highest daily 

temperature. During spring, sampling occurred between 9.00 am and 3.00 pm 

depending on the temperature. Too early in the morning and lizards were not 

catchable, often being found beneath rocks with just their heads out of burrows. 

As rocks warmed up throughout the day, lizards became quicker and headed into 

burrows before capture. In hot weather lizards were very difficult to survey and 

could only be located for about one hour (between 8.00-9.00 am) in the morning. 

Each surveyor counted every rock turned over with the aid of a 

mechanical counter and rock totals for all surveyors were tallied when an A. 

parapulchella was located. At the end of a survey period rock totals were 

collated for the whole survey area to provide an indication of survey effort. 

When lizards were found the maximum length, width, thickness and 

portion of the rock embedded into the soil was measured to the closest mm. Each 
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rock was marked underneath with a Hortico® tag recording the date and 

lizard identification number. Additional data was collected on the presence of 

shed skins, species of ants also found beneath the rock and whether burrows 

beneath the rocks had single or multiple entrances. Samples of ants from nests 

beneath rocks were stored in 70 percent ethanol for later identification. A l l ants 

were identified to genus and where possible species level using Andersen (1991) 

and a reference collection identified by Bob Taylor in 1992. 

The time of day each lizard was captured and the number of rocks turned 

to find each lizard were recorded for each A. parapulchella. Each lizard was 

measured for snout-vent length (SVL) and tail length to the nearest 1.0 mm with 

a plastic ruler. If the tail had been broken and regenerated, both the original 

portion and the regenerated part were measured. Weight for each lizard was 

determined using an electronic balance accurate to the nearest 0.01 gram. 

3.3 Analysis 

Statistical analysis was carried out using the SAS analysis package (SAS 

Institute Inc. 1982). Multivariate data sets were examined using P A T N (Belbin 

1990). Null hypotheses were rejected if the attained level of significance was 

<0.05. A l l means are presented with standard errors unless otherwise specified. 
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Chapter 4 Population Status, Structure and Distribution. 

4.1 Introduction 

Patterns of distribution and abundance are important considerations for 

predicting species that may be vulnerable to extinction (Rabinowitz et al. 1986). 

Determining abundance and distribution patterns is however particularly difficult 

for species which are cryptic or difficult to observe (Guynn et al. 1985). Cryptic 

species are frequently considered to be present in low numbers, often in the 

absence of concrete data on population sizes. 

Such was the case for A. parapulchella. It was listed on the C O N C O M 

(Council of Conservation Ministers) national endangered species list (Burbidge 

and Jenkins 1984), given Special Protection Status in the A C T and classified as 

Vulnerable in New South Wales. These classifications were made in the absence 

of any concrete data on population sizes and despite suggestions by Ehmann and 

Cogger (1985) that A. parapulchella was not endangered, simply rarely found 

because its habits were poorly known. A recommendation was made to have A. 

parapulchella removed from the endangered list and reclassified to rare and 

insufficiently known (Cogger et al. 1993). Despite this the species remains 

classified as endangered under the Endangered Species Protection Act 1992. 

Under A C T conservation legislation no species or its homesite that is 

afforded Special Protection Status can be destroyed, making it impossible to 

carry out activities that could directly harm any A. parapulchella. This became 

an issue when Canberra's sewerage treatment plant required upgrading, with 

proposed developments to occur at a site supporting a population of A. 

parapulchella. A consultants report suggested that lizards were in equally the 

highest densities of any known population and that thirty-seven A. parapulchella 

occupied the site, a figure which was thought to represent ten percent of the 

known population of the species (Scott and Furphy 1992). 
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Such information made it necessary for A C T Electricity and Water 

(ACTEW) to find methods of upgrading the sewerage treatment plant without 

harming what was considered a significant population of A. parapulchella. In 

order to meet conservation legislation requirements, A C T E W undertook a 

relocation program for A. parapulchella from the area to be developed, funded 

research into the species biology and carried out a program to reinstate key 

habitat features at the site after construction. Relocations to mitigate the impacts 

of habitat destruction are highly controversial (Dodd and Seigel 1991) and this 

issue will be dealt with in Chapter 7. 

In this chapter I address the issues of determining local distribution, 

population size and other attributes relevant to population dynamics of this 

cryptic reptile species. I also address issues relating to the systematic appraisal of 

population numbers, the development of indices to abundance and the complex 

issue of deciding that the species is absent from what otherwise appears to be 

suitable habitat. I explore the implications of this study for the management of A. 

parapulchella populations in particular, and for the conservation 

management/industrial development relationship in general. 

4.2 Materials and Methods 

4.2.1 Broad-scale Distribution 

Broad scale survey was carried out for A. parapulchella in three states 

based on historical records, information from local herpetologists and the 

presence of likely looking habitat defined by Osborne et al. (1991) as the 

occurrence of abundant shallowly, embedded rocks and a cover of native grass. 

An index of relative density was calculated as the number of lizards per 1000 

rocks. This was thought to be the most appropriate index as the extent of suitable 

habitat within a search area was defined by the extent of rocky outcrops rather 

than area. 
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4.2.2 Population sizes and the Dam removal experiment 

Surveys to generate mark-recapture population estimates for A. 

parapulchella were carried out at two sites, Stromlo Forest and Mt Taylor over 

three years, with surveys occurring monthly throughout the lizard activity period 

of August through to December. As legless lizards have no appendages that can 

be clipped for marking, other techniques were investigated. The use of freeze 

branding has been successful for a number of reptile species (e.g. Dorrough 

1995), however it was found to cause stress, indicated by vocalisation and 

thrashing on a test subject and was not thought appropriate. Painted marks have 

been used for the study of D. impar (Coulson 1990), but were considered too 

impermanent for this study as they are easily removed with skin sloughs and 

surface abrasion. Heat branding is another commonly used technique for 

marking reptiles (Clark 1971) and has been applied successfully in the study of 

D. impar, using either a soldering iron (Kutt 1992, O'Shea 1996) or Bunsen 

burner and dissecting needle (Kukolic 1993). As Aprasia are considerably 

smaller than D. impar, fine heat resistant wire attached to a 6 volt battery was 

used to mark individuals on the tail. This appeared to cause minimal distress to 

animals and no episodes of tail autotomy were recorded throughout marking 

procedures. The heat resistant wire was fine enough to mark a single scale on the 

tail of the animal. Animals marked with this method were kept in captivity for 

six months to determine if the mark would still be visible after this time. No 

marks were lost during this period. Marks were recorded on a tail pattern outline 

and given a unique code for each A. parapulchella caught at different sites. Any 

other identifying features such as scars or unusual colour pigmentation were also 

recorded. 

At the Lower Molonglo Bypass Dam site, lizards were captured and 

removed over a ten month period and held in captivity for later relocation 

(Chapter 7). Surveys continued from May through to February until graphs of the 

number of lizards captured showed a decline, indicating that the population at the 

dam site had been reduced. Using the data on the cumulative number of lizards 



50 

caught and survey effort over successive months, an estimate of the population of 

A. parapulchella at the dam prior to removal was calculated by fitting the data to 

a negative exponential model using SAS procedure NLIN. The capture data was 

input to a negative exponential model with the equation cumulative 

lizards=BO*(l-EXP(Bl Cumulative rocks-C)). The asymptote of the resulting 

curve was used as an estimate of population size prior to removal. 

4.2.3 Sex Determination 

It has not previously been possible to sex Aprasia species. Males and 

females of the genus were reported to be different in the structure of the upper 

jaw bone (Webb and Shine 1994). These results were based on dissection of 

museum specimens, and the observation was not used in an attempt to determine 

the sex of individuals. Using the observation of Webb and Shine (1994), all A. 

parapulchella captured in 1993 were sexed by running a dissecting needle along 

the maxillary surface. Animals that had a rough maxillary surface were classed 

as males, animals that were above 90 mm S V L and smooth were classed as 

females and all others were classed as juveniles. Correct sex determination by 

this method was verified in animals killed for dissection. 

Another method for sexing Aprasia spp. was published in Robertson and 

Edwards (1994) where sex for A. inaurita and A. aurita was determined from the 

presence of 'spurs' on the hindlimb flaps of male animals. This technique was 

used for the remainder of the study. The spurs were readily identifiable in adult 

males, but were not present in adult females or juveniles. 

4.2.4 Predation Index 

Because A. parapulchella shed portions of their tails as a method of 

avoiding predation, the frequency of tail breaks in a population can be used to 

provide information on predation pressure for a population (Pianka 1970). There 

are a number of considerations based around the use of tail-break frequency as an 
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indication of predation pressure. The method assumes that all tail-breaks are a 

result of predator interactions, rather than social interactions. For A. 

parapulchella, which appears to have a degree of social tolerance, this 

assumption is likely to be upheld. There is also no information on whether the 

frequency of tail breaks in a population indicates predator efficiency or predation 

intensity (Schoener 1979), with efficient predators less likely to leave lizards with 

tail-breaks. 

4.2.5 Probability of non-detection 

Previous studies (Osborne etal. 1991, McKergow 1990) have indicated 

that A. parapulchella is difficult to locate during unfavourable weather 

conditions. A method of probability of non-detection (Guynn et al. 1985) was 

used to assign a probability level to absences of A. parapulchella based on survey 

effort. This enabled comparisons to be made between sites with and without the 

species and during different times of the year. The value was derived from a 

relationship of the number of search efforts and the probability of detection 

(Guynn etal. 1985). 

The probability of sighting an A. parapulchella can be calculated from: 

P = number of sightings [4-1] 
number of rocks turned 

As A. parapulchella are located by turning rocks, one unit of effort is 

equivalent to one rock. The average number of rocks turned to find a single A. 

parapulchella was estimated as 253 (Osborne unpublished data). By substituting 

this figure in equation 4-1, the value of 3.95 x 10 3 is obtained for p. 

The number of search efforts (rocks turned) to be 95 percent sure of 

detecting at least one A. parapulchella is give by: 



tin = ln(0.05) 
In 

[4-2] 

where TIQ is the number of search efforts required (Guynn et al. 1985). 

For example, this means that searching for A. parapulchella with a minimum 

assumed density of one animal every 253 rocks, (Osborne unpublished data) 

equivalent to a probability of 3.95 x 10", would require the turning of 750 rocks 

to be 95 percent sure of detecting an A. parapulchella. There would be a five 

percent chance of error in concluding that A. parapulchella was not present at a 

site, when in fact it was present (Type 1 Error, Sokal and Rohlf 1991). 

The assumptions of this method derive from the binomial distribution. 

Firstly, there are two mutually exclusive outcomes. Lizards are either present 

under a rock or lizards are absent. Secondly the data needs to be in the form of 

counts of independent entities (sightings) and that sampling is random (rocks 

selected are a random sample of available rocks). When more than one lizard 

was observed under a single rock, this was recorded as a single sighting. Hence 

sightings, not lizards, were the sampling units for analysis. It was assumed that 

sighting a lizard (s) under one rock in no way influenced the probability of 

sighting a lizard (s) under the next rock. Lizards were randomly distributed 

beneath rocks (Jones 1992), which makes this assumption of independence of 

sightings appropriate. Sampling of rocks was exhaustive, but provided a sample 

of sightings/non-sightings that could be regarded as a random sample of potential 

sightings/non-sightings in a neighbourhood of time. 

It was also assumed that if the densities of lizards over a range of sites 

were relatively stable then the prediction given by the method should be valid. 

Relative density estimates were calculated based on the numbers of lizards per 

rock and were unfortunately too small to generate confidence limits for the 

method. 

In order to determine if lizards were more difficult to detect under certain 

weather conditions the relationship between the non-detection estimate at 
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different times of the year and climatic conditions of temperature, humidity and 

days since rain were analysed using regression analysis. The data for climatic 

variables was obtained from the Bureau of Meteorology, Canberra. The non-

detection estimate was also calculated using the number of rocks turned to find 

the first A. parapulchella. Regression analysis was used to determine if there 

was a significant relationship between the two non-detection estimates. Such a 

relationship would suggest that lizards were easier to locate at higher densities. 

4.3 Results 

4.3.1 Broad-scale Distribution 

Populations of A. parapulchella were found to occur in three states: ACT, 

NSW and Victoria. Most sites with the species were found in the A C T and 

adjacent areas of NSW, with A. parapulchella occurring at 20 sites. The known 

northerly limit for the species was at Bathurst in NSW where a single population 

was located. The most westerly record of the species is West Wyalong in NSW, 

however specimens have not been observed in this area since 1970. The 

southerly limit to the distribution of the species is at Bendigo in Victoria where 

the lizard was found to occur at five small sites. A. parapulchella also occurs at a 

single site at Tarcutta in NSW. Despite extensive searching of seventeen sites in 

this region, no other populations were discovered. 

Even though populations of the species are spread across three states, 

occurrences of A. parapulchella were disjunct and patchy. At sites surveyed on a 

regular basis, less than 15 lizards on average, were captured in a single survey 

event (Table 4-1) with a maximum of 33 lizards recorded in one afternoon from 

Stromlo Forest. Indices of relative density ranged from 4.0 lizards/1000 rocks at 

Stromlo Forest to 9.1 lizards/1000 rocks at Mt Taylor (Table 4-1). 

Despite occurring in low densities, a total of 643 lizards were observed 

over the course of the study. A. parapulchella were mostly collected individually 
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Table 4-1. Average density and lizard numbers for Lower Molonglo (n=8), Mt 

Taylor (n=8), Relocation (n=6), Stromlo Forest (n=6) and Bathurst (n=4). 

Site Average Number Index of relative density 
Aprasia parapulchella Number of lizards/lOOO rocks 

Lower Molonglo 8 4.3 

Mt Taylor 12 9.1 

Relocation 14 6.5 

Bathurst 4 5.7 

Stromlo Forest 11 4.0 
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from beneath rocks (69.5 percent) but also occurred in groups of 2, 3,4,5 and 8 

beneath a single rock (Table 4-2). The groups contained mixed numbers of 

males and females and juveniles, with a paired group of a single male and female 

most common (Table 4-3). The pairing of males with females beneath a single 

rock was significantly more than would be expected from chance alone (X2=8.48; 

df=l; p<0.05). If the observed distribution of these groups was random then the 

distribution could be classed as Poisson. An index of Dispersion Test for 

goodness of fit to a truncated Poisson distribution (Cohen 1960) was applied to 

test the distribution (Krebs 1989). The X 2 value obtained was close to zero and 

not significant indicating that A. parapulchella are uniformly aggregated in the 

environment and the groups do not represent clumping or territoriality. 

4.3.2 Population sizes and the Dam removal experiment 

An initial A. parapulchella survey of the ACTEW dam site estimated a 

population of 37 animals after turning approximately 3000 rocks (Barrer 1992). 

In this study a total of 151 lizards were collected from the dam site after turning 

40 000 rocks. The highest captures occurred in August, September and October 

(Table 4-4), with a decline in the number of lizards captured after that month. 

Catch per unit effort peaked during August with a decline in later months (Figure 

4-1). The population estimate derived by fitting a negative exponential curve to 

the capture data estimated the total catchable population as 157 (Figure 4-2). 

These results suggest that the capture program succeeded in removing 97 per cent 

of the catchable population prior to the construction of the dam. 

It was not possible to generate mark-recapture estimates from the Stromlo 

Forest site as a large proportion of the study site was destroyed when ripped for 

the expansion of an adjacent pine plantation. At Mt Taylor, recapture rates were 

low with only six recpatures in the first year. Mark-recapture estimates generated 

from the Schumacher and Eschmeyer method for multiple captures in a closed 

population (Krebs 1989) gave an estimate of 312 animals with an upper and 

lower confidence limit of 599 and 145 respectively. 
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Table 4-2. Observed and expected frequencies of Aprasia parapulchella groups 

found beneath a single rock (n=643 lizard observations, n=526 rocks). 

Number of individuals in a group Observed Expected 
Frequency Frequency 

1 450 160 
2 63 191 
3 9 114 
4 1 45 
5 2 13 
6 0 2 
7 0 1 
8 1 0 

Totals 526 526 

Table 4-3. Composition and frequency of groups of Aprasia parapulchella 

observed beneath a single rock (n=52 groups, 196 lizards) 

Type of Group Percent Frequency Number of 
of Groups Groups 

Male and Female 38 20 
Two Females 13 7 
Female and Juvenile 11.5 6 
Two Males 7.5 3 
Two Males and a Female 7.5 3 
Two Juveniles 4 2 
Female, Male and Juvenile 4 2 
Male and Juvenile 2 
Female and two Juveniles 2 
Three Juveniles 2 
Three Females 2 
Three Males 2 
Two Females and a Male 2 
Three Females, Male and Juvenile 2 
Male, Female and two Juveniles 2 
Three Males, three Females and two Juveniles 2 
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Table 4-4. Catches of Aprasia parapulchella from the Lower Molonglo Bypass 

Dam site showing cumulative catch and effort data. 

Month Number Cumulative Catch/ Number of Cumulative 
of Lizards Lizards Effort Rocks Rocks 

May 3 3 10.0 300 300 
June 17 20 2.6 6837 7137 
July 3 23 3.7 1066 8203 
August 31 54 6.6 3020 11223 
September 44 96 4.3 10178 21401 
October 40 138 4.3 8988 30389 
November 4 142 2.8 1400 31789 
December 6 148 1.8 3351 35140 
January 2 150 1.1 1800 36940 
February 1 151 0.3 3200 40140 
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Figure 4-1 Graph of capture without replacement from the Lower Molonglo 

Bypass Dam. There is a decrease in the number of lizards being captured 

towards the end of the study. 
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EXP(B 1 Cumulative rocks-C))) of capture data from active season of A. 

parapulchella used to predict the population size prior to capture. Dashed line 

represents data, black line is the model, asymptote=157. 
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After plotting the cumulative capture curve (Figure 4-3) it can be seen that the 

curve does has not reached an asymptote after 141 captures. The survey effort at 

Mt Taylor was considerably less than that at the Lower Molonglo Dam site, 

suggesting that the population of Mt Taylor is much higher. Results from the 

relocation site will be discussed in Chapter 7. 

4.3.3 Population Structure 

Both methods of sexing A. parapulchella proved to be successful with 

100 percent of individuals sexed using the dissection needle method classified 

correctly. Owing to the less intrusive nature of determining the presence of 

spurs, this method is preferable for sex determination. 

Sex ratio was homogeneous across sites (X = 7.737; df=3; p=0.10) and 

not significantly different from 1:1 over all (X 2 = 0.03; df=l; p=0.90) (Table 4¬

5). Sex ratio was also homogeneous across months within the survey period ( X 2 

= 2.298; df=3; p=0.50) (Table 4-6). Numbers of juveniles peaked in September 

and October with more juveniles caught at Lower Molonglo than all other sites. 

Only four juveniles were recorded frm the relocation site. Overall more lizards 

were captured in October than any other month. 

There was a significant difference in the size of males and females with 

females displaying a significantly longer snout-vent length (t=9.68; d.f=179; 

p<0.0001) and weight (t=8.17; df=177; p<0.0001) than males. There was no 

difference between the sexes for tail length. Tail length represented as a 

proportion of the total body length was not significantly different for sexes 

(t=1.898; df=200; p=0.058) however, males tended to have a larger proportion of 

tail to body length than females. 

Weights of lizards from the four sites ranged from 0.15 grams for a juvenile from 

Lower Molonglo to 2.6 grams for a female from Mt Taylor (Figures 4-4, 4-5). 
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Figure 4-3. Cumulative capture curve of Aprasia parapulchella from Mt Taylor, 

ACT. 
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Table 4-5. Numbers of males, females and juveniles captured at four A C T sites, 

with percentages shown in brackets. 

Site Males Females Juveniles Total 

Lower Molonglo 26 (27) 37 (38) 33 (36) 96 

Relocation 37 (50) 33 (45) 4(5) 74 

Stromlo Forest 36 (44) 28 (35) 17(21) 81 

Mt Taylor 62 (45) 60 (43) 17(12) 139 

Table 4-6. Numbers of males, females and juveniles collected over all sites 

during different survey months with percentages shown in brackets. 

Month Males Females Juveniles Total 

August 10 (43) 8(35) 5(22) 23 

September 49 (45) 37 (34) 24(21) 110 

October 55 (39) 60 (42) 27 (19) 142 

November 51 (54) 38 (40) 7(7) 95 
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The smallest snout vent length (SVL) from all sites was from a juvenile 

A. parapulchella measuring 52 mm SVL. The largest male was 125 mm (SVL) 

and the largest female 143 mm (SVL) (Figures 4-6,4-7). There was a higher 

proportion of smaller lizards at Lower Molonglo than all other sites. Mt Taylor 

and Lower Molonglo were the only sites with continuous size classes of SVL, 

with Stromlo Forest and the Relocation site missing the lowest and highest size 

classes (Figures 4-6, 4-7). 

A. parapulchella can be divided into size classes of approximate age 

(Table 4-7) with significant differences in the snout-vent length of all age 

classifications (F=407.4; df=4,471; p<0.0001). No hatchlings were observed in 

this study, so it is impossible to determine size at hatching, although it is likely to 

be around the 50 mm mark, if the smallest juvenile is used as a guide. First year 

juveniles range between 50-60 mm and second year juveniles are between 70-85 

mm SVL. It is impossible to sex all lizards that are in their third year of life and 

these have been grouped into an unknown three year old class. Snout vent 

lengths for this group are between 87-100 mm SVL. This age class overlaps with 

some adult males and females that are considered to be three years or older. 

Adult males range in size from 85-125 mm, with a slowing in growth rate 

making it impossible to estimate ages at this range of sizes. Adult females range 

from 90-148 mm, with the same problems of age estimation (Table 4-7). 

If pairing of males and females beneath the same rock, at the same time 

during the breeding month of October is taken as an indication of sexual 

maturity, then it is possible to estimate size at sexual maturity. For males this 

appears to be at 102 mm SVL, which would correspond to the third year of life. 

The smallest female found sharing with a male was 118 mm SVL, which would 

approximate the fourth year of life. It should be noted that the smallest gravid 

female that was observed in this study was 123 mm SVL. 

There was a significant difference between the sizes of lizards from three 

populations, Mt Taylor and Lower Molonglo and Stromlo Forest and between 

Lower Molonglo and the Relocation Site (F= 12.89; df=3, 420; p<0.0001) (Table 
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Figure 4-6. Frequency histograms for snout-vent lengths (mm) for lizards 

collected from Lower Molonglo and Stromlo Forest. 
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Figure 4-7. Frequency histograms for snout-vent lengths (mm) for lizards 

collected from Mt Taylor and the Relocation site. 
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Table 4-7. Age classes and the average snout-vent lengths of Aprasia 

parapulchella. 

Age Class N Mean Standard Minimum Maximum 

Error 

First year 
Juveniles 34 60.0 0.8 52.0 68.0 

Second year 
Juveniles 27 80.0 1.2 68.0 90.0 

Third year 
Unknown 26 96.0 1.1 87.0 110.0 

>Third year 
Male 202 109.1 0.6 85.0 134.0 

>Third year 
Female 187 120.1 0.8 90.0 148.0 
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4-8). Lizards, at Mt Taylor were significantly larger than lizards captured from 

other sites, while the snout vent lengths of populations at the Relocation Site 

were larger than the Molonglo population. 

At all sites lizards were found with regrown tails, indicating tail loss, 

probably as a result of predation attempts. There were significant differences 

between the proportions of males and females which had suffered tail loss across 

sites (X 2= 10.00; df=3; p<0.05). At Mt Taylor and Lower Molonglo more males 

than females had regenerated tails while at Stromlo Forest and the relocation site 

more females than males had lost tails. Juveniles had the lowest tail-loss rates 

overall. Mt Taylor had the highest proportion of lizards with regrown tails (53 

percent), while both river populations (Lower Molonglo and Stromlo Forest) had 

significantly lower proportions of tail loss (X2=20.6; df=3; p<0.001) (Table 4-9). 

4.3.4 Probability of non-detection 

Probability of non-detection estimates varied across sites (Table 4-10) and 

months (Table 4-11). Regression analysis determined that there was no 

relationship between the non-detection estimate and any of the climatic 

conditions of humidity (r2=0.014; F=0.381; df=l,27; p=0.542), temperature 

(r2=0.022; F=0.059; df=l,27; p=0.8105), and days since rain (r2=0.013, F=1.794, 

df=l,27, p=0.1917). The number of rocks required for a less than 5 percent error 

in concluding that A. parapulchella was not present was lowest at Mt Taylor (86) 

and highest in January at Stromlo Forest (2333). There was a significant 

relationship between the non-detection estimate calculated on lizard density and 

the estimate calculated on the number of rocks to the first lizard (r =0.3063, 

F=13.244, df=l,30, p<0.001) (Figure 4-8). At higher density sites, lizards are 

encountered earlier although the regression only explained 30 percent of the 

variation. 
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Table 4-8. Mean snout vent lengths (SVL) and tail lengths (TL) of male and 

female Aprasia parapulchella with standard errors shown in brackets. 

Female Male 
Site N SVL TL N SVL T L 

Molonglo 56 115.7(1.2) 61.9 (2.9) 44 .105.8 (0.9) 68.8 (2.2) 

Mt Taylor 59 124.0(1.4) 61.7 (3.3) 63 111.9 (0.9) 59.7 (2.9) 

Queanbeyan 6 126.5 (3.9) 61.0(12.3) 6 112.2 (4.6) 61.0(10.0) 

Relocation 25 117.1 (2.0) 64.5 (3.6) 37 109.2(1.3) 65.2 (3.5) 

StromloF 28 118.4(1.8) 67.6 (3.8) 36 106.7(1.3) 60.5 (3.0) 

Table 4-9. Percentages of different sexes that show evidence of attempted 

predation (tail loss) for four ACT sites. Raw numbers are shown in brackets. 

Site Males Females Juveniles Total 

Lower Molonglo 54 (20) 46(12) 3(1) 34 

Relocation 21(7) 27 (10) 0(0) 23 

Stromlo Forest 30 (6) 42(13) 0(0) 31 

Mt Taylor 55 (33) 31 (36) 21(4) 53 
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Table 4-10. Probability of non-detection estimates for all sites with estimate ' A ' 

based on the number of rocks to first capture and estimate ' B ' on the density of 

lizards. 

Site Number of Density Non-detection Non-detection 
Aprasia lizards/rock Estimate 'A' Estimate 'B* 

Molonglo 1 3 0.002232 711 1280 
Mt Taylor 18 0.016544 86 179 
Mt Taylor 22 0.007302 2396 408 
Mt Taylor 9 0.00858 205 348 
Mt Taylor 5 0.002339 526 1280 
Mt Taylor 11 0.005403 804 553 
Mt Taylor 12 0.012461 1289 240 
Mt Taylor 19 0.01225 882 243 
Mt Taylor 6 0.007895 634 380 
Relocation 12 0.006326 648 472 
Molonglo2 22 0.004411 105 678 
Molonglo2 4 0.014981 238 199 
Molonglo3 7 0.003361 286 817 
Molonglo4 1 0.001155 2593 2593 
MoIonglo5 1 0.001715 1745 1745 
Molonglo5 19 0.005196 231 575 
Molonglo6 7 0.001577 472 1898 
Bathurst3 5 0.011186 226 252 
Bathurst2 6 0.006205 678 482 
Bathurst3 4 0.003728 229 803 
Bathurst 1 1 0.00165 717 1815 
StromloF 8 0.004914 436 608 
StromloF 33 0.006522 403 458 
StromloF 6 0.00409 373 731 
StromloFR 3 0.002459 1981 1216 
StromloFR 1 0.001284 2333 2333 
StromloFR 15 0.004965 3021 602 
Relocation 24 0.004927 238 606 
Relocation 25 0.00718 178 416 
Relocation 12 0.006205 649 481 
Relocation 7 0.006869 735 434 
Relocation 6 0.007491 1125 398 
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Table 4-11. Results of probability of non-detection survey over a variety of times 

and associated density estimates. 

Time Non-detection Estimate Density Estimate 

September 95 711 1340 

ocpicmucr yj 889 

September 95 648 472 

September 95 238 198 

August 94 226 266 

August 94 229 802 

April 94 526 1278 

August 94 717 1813 

October 94 438 606 

January 94 2333 2333 

November 94 1124 398 
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Figure 4-8. Relationship between the probability of non-detection estimate 

calculated from density (lizards/rock) and the number of rocks turned to find the 

first Aprasia parapulchella. 
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At two sites where the lizard had been recorded historically, it was 

possible to give a probability value as to the likely localised extinction of A. 

parapulchella populations. At Red Hi l l in the A C T 8063 rocks were turned 

without finding any A. parapulchella. Because Red Hil l is within the ACT, it is 

appropriate to use the probability of siting an A. parapulchella estimate that was 

developed in Section 4.2.5. The number of rocks turned (8063) is well above 

that of 750 required to be ninety-five percent confident the species is absent at 

Red Hi l l . At Adelong in New South Wales, 855 rocks were turned without 

finding any lizards. The average number of rocks turned at the closest site to 

Adelong, Tarcutta to find a single A. parapulchella was 332. This figure would 

give a probability of sighting an A. parapulchella as 3.02 x 10' (Equation 4-1) 

and the number of search efforts required to be 95 percent sure of detecting at 

least one A. parapulchella as 993 rocks (Equation 4-2). Our survey effort of 855 

rocks is short of the level required to be 95 percent sure the species is absent 

from the site. We can however, be 90 percent confident that A. parapulchella is 

absent from the Adelong site (survey effort required to be 90 percent sure is 763 

rocks). 

4.4 Discussion 

4.4.1 Broad-scale distribution 

While A. parapulchella has a broad distribution pattern spanning three 

states, populations are disjunct. The A C T is the only location where a reasonable 

number of sites supporting the species can be found. The ACT region is a key 

area for the long term survival of A. parapulchella as the species does not occur 

at a large number of sites in high numbers anywhere else. While a number of 

populations can be found around Bendigo in Victoria, lizards appear to be in 

much lower densities than A C T sites. Despite extensive searching in apparently 

suitable habitat around Tarcutta, Adelong and Bathurst no new sites supporting 

the species could be located. This means that at both Tarcutta and Bathurst, A. 

parapulchella is surviving in single populations. 
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The maximum relative density of A. parapulchella was found to be 9.1 

lizards per 1000 rocks (Table 4-1). This was recorded at Mt Taylor, a site 

considered to be highly significant for the conservation of the species (Osborne 

and Jones 1995). This low relative density indicates the large survey effort 

involved in finding reasonable numbers of A. parapulchella, however it should 

be noted that in the rocky grassland habitat, A. parapulchella was found more 

frequently beneath rocks than any other reptile species. Although relative 

densities using number of rocks turned are quite low, it is still considered to be 

the most appropriate density measure to use for A. parapulchella. 

A. parapulchella display a degree of social tolerance, with many 

individuals captured in groups of between 2 and 8 individuals (Table 4-2). It is 

uncertain why groups of lizards occur beneath one rock, however the most 

common grouping of a single male and female lizard (Table 4-3) may relate to 

breeding activity. Other groupings are more difficult to explain however Bustard 

(1970) found groups of the gecko Gehyra variegata were not uncommon, with 

only males showing intolerance for each other. Similar results were obtained for 

another gecko Heteronotia binoei, where males were tolerant of females and 

juveniles, but intolerant of each other (Bustard 1965). Adult tolerance of 

juveniles appears to be widespread in lizards (Greer 1989). The difficulty in 

interpreting the composition of A. parapulchella groups relates to the 

impossibility of determining which lizards remain unseen within burrows. 

4.4.2 Population size, density and probability of non-detection 

The Lower Molonglo site supported populations of A. parapulchella that 

were much higher than previously estimated. This estimate is supported by 

mark-recapture data from Mt Taylor. 312 A. parapulchella is also larger than has 

been considered for a single population of the species. Recaptures were low 

(6%), and confidence limits are wide (145 to 599), however the biological 

meaning is clear, populations of A. parapulchella are larger than first thought. 

While numbers of A. parapulchella are higher than earlier surveys have 
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indicated, estimates are still lower than the population size of 500 needed to 

achieve moderate persistence in time (Goodman 1987). 

Despite the intensive search effort invested into determining population 

sizes by mark-recapture estimates at various sites, recapture rates were still low. 

This result is similar to other Pygopodid studies, with low recaptures also 

recorded for D. impar (Coulson 1990, Kutt, 1992). Difficulties in estimating 

populations of fossorial reptiles by traditional mark-recapture methods has also 

been recorded by Henle (1989), even though research was on high density 

populations. While loss of marks cannot be discounted as a reason for low 

recaptures, it is unlikely as marks were visible in laboratory tests. In addition 

marks were visible on recaptured lizards. 

Low recapture rates can be indicative of large populations or populations 

with high rates of emigration and immigration. This could be an explanation for 

low recaptures however it appears from this and other research that it is difficult 

to conduct mark-recapture studies on fossorial species that are unavailable to 

sampling methods for considerable periods of time. 

Past management decisions for A. parapulchella have relied on single 

survey estimates and it is clear that single survey episodes underestimate the size 

of populations considerably and are not a reliable basis for conservation rankings. 

Determining accurate population estimates is necessary to develop management 

policies for endangered species (Szaro etal. 1989). 

While recording a presence is unambiguous, failing to find a lizard can 

mean that animals are present or absent (Caughley 1977). Determination of 

absences at a site can be labor intensive for rare or elusive species (Guynn et al. 

1985), however this information is critical in being able to determine population 

declines and extinctions for rare species. The probability of non-detection 

estimates presented in this thesis has provided the first evidence of a population 

decline over the range of A. parapulchella. This has implications for the 

conservation ranking of the species, particularly in NSW, where it is 
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recommended that the ranking of vulnerable be upgraded to endangered. While 

no relationship existed between the probability of non-detection estimate and 

climatic conditions, the results do suggest that over summer months, surveys to 

determine true absence need to be more intensive, around 2000 rocks rather than 

750 (Table 4-9). 

4.4.3 Population Structure 

The presence of cloacal spurs on male A. parapulchella is an easy way to 

differentiate sex in individuals. Similar sexual dimorphism has been reported for 

male geckos that also have large cloacal spurs (Greer 1989). Data on field sex 

ratios for Pygopodids has not been presented before, so it is not surprising to find 

an equal sex ratio (Table 4-5). It is interesting however that there is no deviation 

in the sex ratio of individuals captured during different months as Robertson and 

Edwards (1994) presented data on A. aurita which suggested that males may be 

differentially captured in pitfall traps due to differences in movements of males 

and females. Now that a non-intrusive, easy method is available to sex Aprasia 

species, there is scope for more population data to be collected on other members 

of the genus. It is also possible that cloacal spurs could be used to sex other 

Pygopodids such as Delma impar. 

Differences in sizes of males and females were recorded for A. 

parapulchella in this study contrary to Kluge's 1974 results (Table 4-7). It is 

likely that Kluge (1974) was unable to determine these differences because of 

small sample sizes of only eight male and fourteen female A. parapulchella. 

From museum studies, it is apparent that sexual dimorphism is common in 

Pygopodids with females almost always larger in size than males (Kluge 1974). 

Supporting data is available for A. inaurita, A. pulchella, A. repens and A 

striolata (Webb and Shine 1994); Delma impar (Handley 1994) and Lialis 

burtonii, Pygopus nigreceps and P. lepidopodus (Patchell and Shine 1986). 

Larger snout-vent lengths have also been reported for many female snakes and 
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this pattern of sexual dimorphism is thought to result from the need for the 

female body to carry eggs (Kluge 1974). 

With sex ratios fairly even (Table 4-5, 4-6), it appears that there are real 

differences in the average sizes of lizards from three different sites. Variation in 

the average sizes of lizards is likely to be related to differences in the age 

structure of populations and may be indicative of past management. Mt Taylor 

was isolated by the construction of suburbs around its foothills. Early after 

settlement, there were a number of records of A. parapulchella being captured in 

homes, gardens and on roads surrounding the hill. As lizards can no longer move 

to and from the hill, it is possible that the population present is an aging one; with 

a larger S V L characteristic of an older population. As Pygopodids are closely 

related to geckos, it is conceivable that they could be quite long lived and thereby 

persist in an area as older individuals. 

No previous estimates of age of maturity of any Pygopodid have been 

published. Size and age at maturity are traits that influence the intrinsic rate of 

increase in a population (Bell 1980). These traits affect the amount and timing of 

reproduction and therefore influence population growth (Semlitsch 1987). 

Results suggest that A. parapulchella may be relatively long lived for a small 

reptile with adults not reaching sexual maturity until their third or fourth year. 

These results are very similar for a number of gecko species such as Gehyra 

variegata which reaches maturity at three years (Bustard 1968) as does 

Strophurus ciliaris (How et al. 1986). Interestingly female Oedura reticulata 

display a similar pattern to A. parapulchella, maturing a year later in females 

(How and Kitchener 1983). Later maturity and low reproductive output are traits 

of species that take longer to recover from catastrophic events. 

4.4.4 Predation Indices 

It may have been expected that differences would occur in the proportion 

of tail loss in male and female A. parapulchella as Robertson and Edwards 

(1994) describe differential movement for male and female A. aurita. If males do 
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move around more in search of mates then they would be more likely to 

encounter predation events. This may explain the larger number of males with 

tail loss on Mt Taylor. The higher proportion of animals with regrown tails on 

Mt Taylor may also relate to an older population. If predators are often 

unsuccessful then tail-break frequency may reflect the average age of individuals 

in a population (Schoener 1979) with older individuals more likely to have a tail-

break (Tinkle and Ballinger 1972). 

Although no predation observations were made, the likely predators of A. 

parapulchella include invertebrates such as the scorpion, Urodacus manicatus 

and centipedes that live beneath rocks in the same habitat. Vertebrate predators 

would include a suite of bird species including magpies, kookaburras and kestrels 

and snakes such as Unechis dwyeri, Pseudonaja textilis and large specimens of 

the skink Egernia cunninghamii. High proportions of individuals with tail-

breaks may impact on populations with tail-breaks linked to reduced mating 

success (Martin and Salvador 1993), reduced growth rates (Niewiarowki etal. 

1997) and reduced agility and reproductive output (Arnold 1990). 

4.5 Conclusions 

This chapter provides the most detailed information on population 

ecology of any Pygopodid species. Information on sex ratios, population 

structure and age at maturity provide a sound basis for management of 

populations of A. parapulchella, and allow the interpretation of the impact of 

past management activities on some populations. One of the most significant 

findings of this study is that at least in the ACT, populations of A. parapulchella 

are much larger than previously thought. As an example, what was thought to 

represent a population of 37 individuals at the Lower Molonglo Bypass Dam site 

consisted of approximately 150 individuals. These results highlight the 

importance of appropriate population estimates prior to ranking species for 

conservation purposes and raise the issue of scientific competency especially 
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when developers are affected by conservation decisions made on the basis of 

inaccurate data. 

The life history traits exhibited by A. parapulchella are those of a species 

that has a lower potential to recover from catastrophic events. Like their close 

relatives, geckos, Aprasia are considered to be relatively long-lived, although 

estimates are unavailable. A. parapulchella appears to reach maturity around the 

third or fourth year of life. The species also has a low reproductive output of 

only two eggs per clutch and only one clutch per year. These traits mean that 

populations will have a low rate of increase and be slow to recover from 

reductions in population numbers. 
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Chapter 5 Lizard-Ant Relationships 

5.1 Introduction 

The degree to which an organism specialises on diet or habitat can have a 

profound effect on how it survives in altered ecosystems. Diet or habitat 

specialisation is a characteristic of extinction prone species (Terborgh and Winter 

1980). Species that have narrow requirements, particularly those that rely closely 

on other organisms, are more susceptible to environmental changes and may 

occur in smaller populations than generalist or widespread species (Angermeier 

1995). Understanding the ecological relationships and degree of specialisation 

for species of conservation concern is therefore critical in order to predict the 

impact of disturbance and effectively manage populations for their long-term 

survival. 

Dietary specialisation on ants and termites is well known amongst 

mammals (e.g. Redford 1985, Best and Harada 1985, Friend 1989, Griffiths 

1989). Ant specialisation by reptiles has been less well studied, however there 

are some distinctive ant specialists like the thorny devil, Moloch horridus (Pianka 

and Pianka 1970). Reptiles that are ant specialists can be divided into two groups 

based on their morphology and behaviour. The first group has tank-like bodies, 

with large stomach capacities and thick outer skin. Members of this group 

include Agamid lizards such as Moloch horridus, and North American horned 

lizards, Phrynosoma spp. from the family Iguanidae (Pianka and Parker 1975). 

Lizards in this group tend to feed totally on adult ants that are captured while 

foraging above ground. 

Horned lizards (Phrynosoma spp.) are dietary specialists feeding on, by 

volume, between 35-65 % ants (Pianka and Parker 1975). Because ants tend to 

be small and contain much unusable chitin, large numbers of them must be 

consumed to obtain nutritional requirements. Dietary specialisation on adult ants 
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demands much time for feeding and is only feasible because ants occur in a 

clumped spatial distribution and therefore represent a concentrated food source 

(MacArthur and Pianka 1966). 

The second group of ant specialising reptiles have narrow elongate 

bodies, with reduced or absent limbs and feed on the eggs and larvae of ants by 

gaining access into the underground nests of their ant prey. Ant prey species may 

construct mound nests or build nests under the cover of rocks or logs. These 

reptiles have a thin body wall and include members of the blind snakes, 

Typhlopidae (Shine and Webb 1990) and Leptotyphlopidae (Watkins et al. 1969) 

and members of the genus Aprasia within the family Pygopodidae (Webb and 

Shine 1994). 

Members of the genus Aprasia have been described as morphologically 

degenerate burrowers (Kluge 1974) and appear to be similar in appearance, 

habitat and diet to fossorial skinks and blind snakes (Patchell and Shine 1986). 

Blind snakes (Typhlopidae) and Aprasia appear to demonstrate convergent 

evolution (Webb and Shine 1994, Patchell and Shine 1986). Aprasia as a genus 

are considered to be myrmecophagous (ant-eating) (Kluge 1976; Worrell 1963), 

but despite dissections of 45 specimens from four species of Aprasia, Patchell 

and Shine (1986) failed to find evidence supporting this statement. Aprasia 

parapulchella was reported to feed on adult Iridomyrmex sp. (Jenkins and Bartell 

1980) and A. inaurita was described as feeding only on the eggs of 

Aphaenogaster sp. (Hutchins and Sleeper 1988). It was not until studies by 

Webb and Shine (1994) that evidence was available to support unsubstantiated 

propositions by Worrell (1963) and Kluge (1976) that Aprasia fed exclusively on 

ants and termites. However, knowledge of the diet of the genus (Webb and Shine 

1994) was based on small sample sizes (maximum n=28) and for A. 

parapulchella only one specimen contained food. Published data on the ant-

feeding habits of A. parapulchella should be regarded as preliminary, being 

insufficient to support a conclusion that the species is an ant specialist. 
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It is unlikely that A. parapulchella is able to feed on all ant species in 

their immediate habitat. Surveys for ants in grassland sites of the A C T have 

identified at least 54 species (Jones 1992), however it is likely that many more 

types of ants are present. It is of interest to determine if there are specific ants 

which A. parapulchella prefer to live with and feed on. Different species of ants 

build different types of nests and have different colony lifestyles. Some ants 

have very small colonies of less than 100 individuals while others can be in the 

millions (Holldobler and Wilson 1990). Size influences the stability and 

longevity of a colony and if A. parapulchella is using ant nests for long term 

occupation and as egg laying sites it is likely that colony size will influence their 

choice of ants. Determining the variety of ant species upon which A. 

parapulchella feed and live is particularly important because many of the sites 

where the lizards occur have been modified through livestock grazing. Grazing 

by livestock is known to alter the composition of grasslands (Hobbs and 

Huenneke 1992). As ant community structure is influenced by vegetation 

structure (Andersen 1990, 1993), it is probable that ant species will occur at 

different densities at sites with varied management histories. 

In this chapter, I document the diet of A. parapulchella to determine if the 

prevailing view of the species as an ant specialist stands up to close scrutiny. I 

also investigate the degree of specialisation, in terms of the numbers and types of 

ant species found in the diet and co-habiting with A. parapulchella, and 

determine whether lizards select certain ant species to live with from those 

available in the environment. 

5.2 Materials and Methods 

5.2.1 Co-habitation between ants and lizards 

Co-habitation between A. parapulchella and ants was identified by the 

presence of A. parapulchella beneath rocks that also supported ant colonies. 

During all survey work for A. parapulchella (Section 3-2), the presence or 
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absence of ant colonies was recorded when lizards were found. A representative 

sample of ant workers was collected from each colony and stored in 70% ethanol 

for later identification. Any burrows present beneath rocks were classified as 

either having having single openings or multiple entrances characteristic of ant 

nests. 

It was impossible to determine preferences at all sites, owing to the large 

numbers of rocks available, so one site was chosen at Stromlo Forest. A l l rocks 

were surveyed for the presence of ant colonies and A. parapulchella. Rocks with 

ant colonies beneath them were measured for length, width, thickness and depth 

embedded to the nearest mm with a plastic ruler. Those rocks under which ant 

colonies were found were compared with those that had A. parapulchella and 

ants co-habiting. 

Preference of A. parapulchella for co-habitation with certain ant species 

was determined using an electivity index. Electivity is a measure of preference 

(Krebs 1989). It is the relationship between the proportion of a given resource 

utilised by a species and the representation of that resource in the environment 

(Diaz 1995), equation 5-1. Iv lev's index of electivity (Ivlev 1961) was used 

because it has the advantage that several resource types can be included in the 

analysis (Krebs 1989) and is sensitive to the relative densities of resource types 

(Jacobs 1974). Ivlev's index ranges from -1.0 to 1.0, with positive values 

indicating positive selection and negative values indicating avoidance. 

Ei = r i J Ln.i [5-1] 

r,- + n,-

where E, = Ivlev's electivity measure for species i 

r,- = Percentage of species / in the diet 

n, = Percentage of species / in the environment 

Because electivity indices do not give any indication of statistical 

significance, Chi squared comparisons with a Sidak correction were used for all 
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electivity indices to provide an assessment of statistical significance (Sokal and 

Rohlf 1991). In an effort to find patterns in A. parapulchella's co-habitation with 

ants the data was also analysed for ant sub-family and functional group. Using 

functional groups overcomes problems of taxonomic impediments and simplifies 

data sets allowing comparison between communities that do not have species in 

common (Andersen 1990). Ants can be split into eight functional groups defined 

in Table 5-1. 

5.2.2 Diet Analysis 

Faecal pellet analysis was chosen as the most suitable method for 

investigating the diet of A. parapulchella. The method of stomach flushing 

(Legler and Sullivan 1979) was considered unsuitable for a small species such as 

A. parapulchella. Killing sufficient numbers in order to examine stomachs was 

considered unacceptable. 

Faecal pellets were collected by housing individual lizards in clean plastic 

containers (<j>=120 mm, height=65 mm) until pellets were passed (between 1 and 

12 days), after which lizards were returned to their exact point of capture. Faecal 

pellets were stored in individual glass vials in 70% alcohol for later examination. 

To prepare pellets for examination, they were placed in a sonic bath for 

approximately two minutes to gently separate particles and then centrifuged. 

Faecal pellets were viewed under a 60X monocular microscope above 1 mm 

graph paper and were analysed by dissecting the mass and identifying material 

present based on the morphology of ant larvae and adults. Initially material was 

classed into diet groups of ant eggs, ant larvae, pupal cocoons, adult ants, uric 

acid, sand and unidentified substances. Homogeneous material was placed into 

groups and the proportion of each group assessed by counting the number of 

squares of graph paper covered. 
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Table 5-1. Functional group classification for Australian ants (based on 

Andersen 1995 and Robinson 1996) 

Functional 
Group 

Characteristics Typical Genera from 
south-eastern Australia 

Dominant 
Dolichoderinae 

Subordinate 
Camponotini 

Hot Climate 
Specialists 

Cold Climate 
Specialists 

Cryptic Species 

Opportunists 

Abundant, highly 
aggressive species 

Submissive to 
Iridomyrmex 

Morphological and physiological 
specialisations 

Characteristic of sites where dominance 
by Dolichoderinae is low 

Small, litter foraging species 

Poorly competitive and 
unspecialised 

Iridomyrmex 

Campanotus, 
Polyrachis 

Melophorus, 
Meranoplus 

Notoncus, 
Monomorium 

Solenopsis, 
Amblypone 

Rhytidoponera 
Parairechina 

Generalised 
Myrmicinae 

Specialist 
Predators 

Ubiquitous, unspecialised 

Medium to large species and large 
soliatary foragers 

Pheidole, 
Crematogaster 

Myrmecia, 
Pachycondyla 
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Analysis of faecal pellets has a number of biases and has rarely been used 

for the analysis of reptile diets. Biases include the differential survival of 

material through the digestion process and the difficulty of identifying all 

material present. Another problem associated with faecal pellet analysis for 

insectivorous species is that it is often impossible to place species names on the 

material in pellets unless adult insects are present, usually in the whole form. In 

order to overcome the bias that small and soft bodied insects may be overlooked 

and under-represented in faecal analysis (Dickman and Huang 1988), pellets were 

analysed under both a monocular and scanning electron microscope (SEM). A 

S E M enables greater resolution and ability to identify partially digested soft-

bodied material. 

As resources did not allow the processing of all faecal pellets through the 

S E M , pellets were randomly chosen for analysis. Faecal pellets were dried in an 

oven at 40 °C and then mounted on 12.5 mm diameter stubs with double sided 

tape and coated with a thin layer of gold. Each stub, contained up to three 

samples and was examined using a Cambridge Instruments S360 scanning 

electron microscope (SEM) fitted with a high-brightness lanthanum hexaboride 

(LaBe) electron source. The electron optics system of the S E M was optimised for 

high resolution, but with sufficient depth of field to enable all selected images to 

be focused. This involved the use of a 30 jam diameter final aperture, a working 

distance of approximately 20 mm, electron beam current of 100 pA and an 

accelerating voltage of 15 kV. Images were viewed on screen and a hard copy 

was produced on a videographic printer for further analysis. A black and white 

photographic record was also produced. A reference collection of different ant 

species found in A. parapulchella habitat was processed and examined in an 

identical manner to faecal pellet samples (Figure 5-1). 

5.2.3 Food Preference 

Six separate feeding preference experiments were conducted at one week 

intervals between the 1st of November 1994 and 6th December 1994. Thirty-
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B Pheidole ' B ' larva A Paratrechina sp. larva 

D Crematogaster sp. larva C Iridomyrmex rufoniger larva 

F Pheidole ' A ' larva E Rhytidoponera metallica larva 

Figure 5-1. Example of reference material used in scanning electron microscopy 

examination of faecal pellet samples from Aprasia parapulchella. 
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three A. parapulchella individuals were available at the start of the experiment 

and were used in Experiments 1, 2, 3(a) 4 and 5. Another 25 lizards were 

collected after Experiment 3 (23rd November) and were used in Experiments 

3(b), 4 and 5. A l l lizards tested were kept without feeding for seven days prior to 

the experiment in individual containers but were provided with water ad libitum. 

The laboratory conditions were artificial light on a 12:12 cycle and constant 

temperature throughout the day. 

On each experimental day, ant brood (eggs, larvae and pupae) were 

collected from two sites, either Stromlo Forest or Lower Molonglo. Ant nests 

were located by turning rocks. Brood was collected from suitable nests with the 

aid of a separator device connected to a Black and Decker POWER PRO® hand 

held vacuum cleaner. On return to the laboratory the ants and brood were housed 

in aquariums (300x150x150mm) which were covered in Fluon® to prevent the 

escape of adults. An adult ant from each nest was preserved and identified to 

species using a reference collection. For the genus Pheidole, species were split 

into ' A " for small (< 2 mm) golden ants, ' B ' dark brown to black, 3-4 mm and 

' C light honey coloured 3-4 mm ants. The species name Iridomyrmex 

'rufoniger' represents three closely related small black species groups of /. 

'anceps',1. 'rufoniger' and /. 'vicinens'. 

Individual A. parapulchella were tested in experimental enclosures that 

consisted of rectangular plastic containers (170x120x30 mm) with a small piece 

of damp paper towelling. Two small circular trays (((> = 35 mm) were used to 

house eight brood items collected from a single ant nest. A l l brood offered to 

lizards was collected in the preceding four hours. Lizards were allocated at 

random to treatments. Brood items of each type not consumed were counted 

after 24 hours and the food trays were removed from the plastic containers. Each 

lizard was placed into a new container at the beginning of each experiment and 

each food tray was washed between treatments. 

In Experiments 1 and 2 individual A. parapulchella were offered a choice 

of mixed life-stages (eggs, larvae, pupae) from two out of four different ant 
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species in a fully crossed pairwise experimental design (Table 5-2). Experiment 

1 differed from Experiment 2 in the species of ants tested. Experiment 1 used the 

ant species Crematogaster sp., Rhytidoponera metallica, Paratrechina sp. and 

Iridomyrmex 'rufoniger''. Ant species Pheidole ' B ' , Pachycondyla sp., /. 

'rufoniger' and Paratrechina sp. were tested in Experiment 2. Experiments I 

and 2 investigated the null hypothesis: 

H 0 i : A. parapulchella shows no dietary preference for the mixed life 

stages of different ant species. 

In Experiment 3 (a) and (b) all of the lizards were offered a choice 

between eggs and larvae of /. 'rufoniger'. In Experiment 3 (a) lizards used in 

previous experiments were tested and in Experiment 3 (b) newly collected lizards 

were tested. Experiment 3a and 3b tested the null hypothesis: 

H„2: A. parapulchella shows no dietary preference between the eggs and 

larvae of the ant Iridomyrmex 'rufoniger'. 

In Experiments 4 and 5, lizards were offered a choice between the eggs of 

/. 'rufoniger' and eggs or larvae of five other ant species (Table 5-2). These two 

experiments differed in the species tested. Experiment four used the ant species 

Pheidole ' A ' , Paratrechina sp. and Crematogaster sp. Experiment five tested 

Pheidole ' B ' and Pheidole ' C eggs against /. 'rufoniger' eggs. Experiment 4 

and 5 tested the null hypothesis: 

H o 3 : A. parapulchella shows no dietary preference between the eggs of /. 

'rufoniger' and the eggs and larvae of other ant species. 

The experiment was subject to several limitations. Suitable ant nests with 

sufficient brood for the study were limited to a small number of ant species, 

leading to the problem of treatments reflecting the species that were found on the 

day, not necessarily species that would have been offered had there been ultimate 

choice. Also the low density of A. parapulchella meant that all lizards were used 
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Table 5-2. Experimental design used in Aprasia parapulchella diet preference 

experiments. Abbreviation codes refer to: "CR", Crematogaster sp., "PAC", 

Pachycondyla sp., "PA", Paratrechina sp., "IR", Iridomyrmex 'rufoniger', "Ph" 

is Pheidole spp. 

Null Number Treatments 

Hypothesis of Aprasia 

Experiment 1 33 CR (mixed life stages) vs R M (mixed life stages) 
CR (mixed life stages) vs IR (mixed life stages) 
CR (mixed life stages) vs PA (mixed life stages) 
R M (mixed life stages) vs IR (mixed life stages) 
R M (mixed life stages) vs PA (mixed life stages) 
IR (mixed life stages) vs PA (mixed life stages) 

Experiment 2 33 Ph'B' (mixed life stages) vs PC (mixed life stages) 
Ph'B' (mixed life stages) vs IR (mixed life stages) 
Ph'B' (mixed life stages) vs PA (mixed life stages) 
PAC (mixed life stages) vs IR (mixed life stages) 
PAC (mixed life stages) vs PA (mixed life stages) 
IR (mixed life stages) vs PA (mixed life stages) 

2 

Experiment 3(a) 33 IR Eggs vs IR Larvae (lizards trialed previously) 
Experiment 3(b) 25 IR Eggs vs IR Larvae (un-trialed lizards) 

3 

Experiment 4 58 IR Eggs vs Ph'A' larvae 
IR Eggs vs Ph'A' eggs 
IR Eggs vs PA larvae 
IR Eggs vs CR eggs 

Experiment 5 58 IR Eggs vs Ph'B' eggs 
IREggs vs P h ' C eggs 
IR Eggs vs IR larvae 
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in repeated experiments raising questions of independence and pseudo-

replication which is addressed below. 

The low degrees of freedom made statistical analysis impractical for the 

two preliminary experiments and the data are presented in graphical form 

showing the frequency of individuals that consumed each type of brood. In 

experiments three to five the difference in the number of brood items consumed 

between the two treatments was calculated for each lizard. The mean differences 

were tested to determine if they were significantly different to zero using 

Wilcoxon's signed rank test which is appropriate when it cannot be assumed the 

paired differences are normally distributed (Zar 1984). To address the problem 

of using lizards in repeated experiments and hence the familiarisation with some 

food types, the differences in the amount of brood eaten by each lizard between 

experiments was calculated for both the /. 'rufoniger' eggs and the alternative 

food type offered between Experiments 3-5. Wilcoxon's signed rank test was 

again applied to determine whether this mean difference between experiments 

was significantly different to zero. 

5.2.4 Trail-following 

Lizards were collected between November and December for experiments 

and were housed individually in glass aquaria, provided with a sandy substrate, 

shelter in the form of a rock or piece of bark and free-standing water. Lizards 

were kept at a 12:12 day cycle and offered the brood of ants once a week. 

Lizards were fed a variety of species including /. 'rufoniger', Pheidole spp., 

Rhytidoponera metallica, Paratrechina sp. and Crematogaster sp. Thirty lizards 

were available for the experiment and consisted of ten males, ten females and ten 

juveniles. 

Ants were collected opportunistically from the field between November 

and December. They were maintained in the lab and were fed a mixture of 

chopped meal worms and honey. The ant species used in the experiment were; 
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R. metallica, I. 'rufoniger', I. purpureus, Pheidole sp., Crematogaster sp., 

Paratrechina sp. and Pachycondyla sp. 

Trails were made by allowing approximately 30 worker ants of each 

species to run around the trail area for 1 hr. The trail area was constructed from 

clear perspex as a fully enclosed pentagon with each side 335 mm long. Trails 

were laid on calico and the area of the trail marked in cm increments with pencil 

onto the cloth. Cover in the form of rocks was scattered about the arena but did 

not cover any part of the trail (Figure 5-2). 

Lizards were released in the centre of the trail area and allowed 5 minutes 

to settle, if after this time they did not move they were removed and another 

lizard was used. Methods used are similar to Gehlbach et al. (1968) where each 

lizard was tested twice for each ant species and a test consisted of 10 x 5 minute 

trails per lizard/species/day. 

5.2.5 Ant-lizard relationship 

In order to determine whether ants attacked A. parapulchella when lizards 

entered the ant nest, ant colonies of two species, /. 'rufoniger', and ft metallica 

were maintained in the laboratory as described above. Twenty lizards (eleven 

males and nine females) were available for the experiment. No juveniles were 

tested as their small size makes them particularly vulnerable to attack by ants. 

Lizards were housed in separate aquaria as described above. 

Lizards were introduced into the ant nest and the behavior of both the 

lizards and worker ants was recorded for 30 minutes after introduction. If ants 

demonstrated aggressive behavior then lizards were removed immediately. 

Behaviour recorded during the trials included any aggressive behaviour 

demonstrated by ants such as the mobbing of lizards in large numbers, stinging or 

biting. Lizards were watched for any behaviour that might demonstrate 



94 

O O o 
o o s 

o o o o lizards released 

o OS 

O O o 
o o o 

o o 
Figure 5-2. Experimental layout for experiments to determine if Aprasia 

parapulchella exhibit trail-following behaviour. 
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discomfort in the presence of ants, their response to the presence of ants and if 

feeding occured (Figure 5-3). 

5.3 Results 

5.3.1 Co-habitation between lizards and ants 

Seventy five percent of all A. parapulchella were found beneath rocks 

that also supported ant colonies. Of 561 records of A. parapulchella collected 

from beneath rocks, 90% were found to be living in burrows with multiple 

entrances characteristic of those made by ants. The fact that a number of A. 

parapulchella were not found with ants but still in multiple burrows suggests that 

ants were either deep within their nests or present sometime in the past. 

Frequency of lizards found beneath rocks in ant nests during different months 

ranged from the lowest in November 1994 (35 percent) to 100 percent during 

March 1994 and November 1996 (Table 5-3). After combining years and 

analysing frequencies in different months it was found that significantly less A. 

parapulchella ocurred with ants during November than March, September and 

October (X2=12.85; df=3; p<0.01). Overall, there was no difference between the 

proportions of A. parapulchella found within ant nests in different survey years 

(X2=3.41; df=2; p=0.25). Ant co-habitation frequencies were not homogeneous 

across sites with significantly more lizards with ants found at Mt Taylor than all 

other sites (X2=32.13; df=3; p<0.01). 

A. parapulchella were found to co-occur with 15 different species of ants, 

representing four of the five ant subfamilies, and with one species of termite 

(Table 5-4). /. 'rufoniger' was the most common co-habiting ant species with 

fifty three percent of lizards found under rocks within nests of this ant species. 

There was no difference in the proportions of male and female lizards living with 

ants although males tended to have a higher co-occurrence than females 

(X2=4.26; df=2; p=0.10) (Table 5-5). Ants were classified as aggressive (/. 
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LIZARD 

ANT COLONY 

OBSERVE (30 MINUTES) 

LIZARD ANTS 

A T T A C K E D IGNORED 

R E M O V E OBSERVE 

A T T A C K E D IGNORED 

R E M O V E OBSERVE 

Figure 5-3. Experimental protocol used to study the behaviour of ants and 

Aprasia parapulchella when introduced into the same environment. 
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Table 5-3. Seasonal variation in the frequency of co-occurrence of Aprasia 

parapulchella and ants beneath the same rock. 

Time of Year Number of lizards Percent with ants 

March 1994 7 100 

September 1994 20 75 

October 1994 24 96 

November 1994 23 35 

September 1995 57 75 

October 1996 18 44 

November 1996 4 100 
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Table 5-4. Species of ants and termites found co-occurring with A. parapulchella 

beneath rocks and the frequency of occurrence of co-habitation of each species 

(n=303). 

Species Raw 

Frequency 

of co-habiting 

Lizards 

Percent 

Frequency 

of co-habiting 

Lizards 

Subfamily Dolichoderinae 

Iridomyrmex 'rufoniger' 161 53.1 

Iridomyrmex purpureus 1 0.3 

Tapinoma minuta 3 1.0 

Ochetellus glabra 2 0.7 

Subfamily Ponerinae 

Rhytidoponera metallica 21 10.6 

Amblypone australis 1 0.3 

Subfamily Myrmicinae 

Pheidole spp. 29 9.6 . 

Crematogaster sp A 15 5.0 

Monomorium spA 2 0.7 

Solenopsis sp. 2 0.7 

Subfamily Formicinae 

Campanotus consobrinus 1 0.3 

Notoncus capitatus 1 0.3 

Paratrechina spA 32 10.6 

Pachycondyla sp. 1 0.3 

Polyrachis chariomyrma 1 0.3 

Termites 

Amnitermes sp. (Termite) 12 6.3 
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Table 5-5. Proportions of male, female and juvenile lizards found with ants 

under rocks across four ACT sites. Data is the percentage of lizards found to be 

co-habiting, not of the total lizards found. 

Site Percent with ants 

Male Female Juvenile Totals 

Mt Taylor 53 48 65 52.5 

Relocation 24 9 0 20.0 

Lower Molonglo 50 43 30 45.0 

Stromlo Forest 31 18 24 48.0 
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'rufoniger', Pheidole spp. and R, metallica) and non-aggessive (Paratrechina sp., 

Crematogaster sp., Solenopsis and termites), however there was no difference in 

the proportions of different sexes co-habiting with aggressive and non-aggressive 

ant species (X2=0.595, df=2, p=0.75). 

5.3.2 Homesite selection 

A total of 11 species of ants and one species of termite were found at 

Stromlo Forest. A. parapulchella was found to occur with only five of these ant 

species (Table 5-6). A. parapulchella shows statistically significant positive 

selection towards the ant species /. 'rufoniger' (E=0.241; df=l; p<0.05) (Table 5¬

7). Positive electivity indices for Crematogaster sp., Pheidole spp. and negative 

indices for Paratrechina sp., R. metallica and Amnitermes were not significant 

(Table 5-7), When the analysis was repeated for ant sub-families there was 

significant positive selection towards Dolichoderinae with non-significant results 

for Myrmicinae, Ponerinae and Formicinae (Table 5-8). In terms of ant 

functional groups, there was a statistically significant positive selection towards 

dominant Dolichoderinae and negative selection for Opportunists and generalised 

Myrmicines (Table 5-9). 

5.3.3 Diet analysis 

A total of 376 faecal pellets were available for the diet analysis. Faecal 

pellets came from 370 individuals, all from A C T sites. A l l faecal pellets 

contained uric acid and most included a component of soil. It was difficult to 

quantify diet items using the 60X magnification light microscope because most 

were partly or wholly digested. Faecal pellets contained a large proportion of 

amorphous material which has been assigned to digested material of ant larvae 

based on the appearance of the material still attached to larval mandibles and the 

success of a cytoplasm stain (Figure 5-4). Of the other material, mandibles were 

identified as belonging to the naked pupa of Iridomyrmex sp. Faecal pellets were 

also found to contain pupal cocoons, some of which were identified as belonging 

to the ant, Notoncus ectatommoides. When these pupal cases were found in the 
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Table 5-6. Comparative raw frequencies of ant species surveyed under rocks 

with and without Aprasia parapulchella at Stromlo Forest ACT (n=220). 

Species Without With 

A. parapulchella A. parapulchella 

Frequency Percentage Frequency Percentage 

Iridomyrmex 102 46.4 25 75.8 

Paratrechina 47 21.4 3 9.1 

Rhytidoponera metallica 35 15.9 1 3.0 

Pheidole 14 6.4 3 9.1 

Termites 8 3.6 0 0.0 

Crematogaster 1 0.5 1 3.0 

Melophorus 2 0.9 0 0.0 

Monomorium 1 0.5 0 0.0 

Campanotus consobrinus 7 3.2 0 0.0 

Iridomyrmex purpureus 1 0.5 0 0.0 

Pachycondyla 2 0.9 0 0.0 

Total 220 100 33 100 
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Table 5-7. Selection of homesites with ant species by Aprasia parapulchella 

n=220. 

Species Habitat Aprasia Electivity Prob. 

No. Prop. No. Prop Index 

Crematogaster sp. 1 0.005 1 0.03 0.741 0.10 

Iridomyrmex sp. 102 0.464 25 0.76 0.241 0.001 

Pheidole spp. 14 0.064 3 0.09 0.177 0.25 

Paratrechina sp. 47 0.214 3 0.09 -0.403 0.10 

Rhytidoponera 

metallica 35 0.159 1 0.03 -0.680 0.10 

Amnitermes sp. 8 0.036 0 0.0 -1.00 0.75 

Other 13 0.059 0 0.0 -1.00 0.75 
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Table 5-8. Selection by Aprasia parapulchella for homesites with different ant 

subfamilies. 

Subfamily Electivity Index Probability 

Myrmicinae 0.250 0.10 

Dolichoderinae 0.236* 0.05 

Formicinae -0.473 0.25 

Ponerinae -0.696 0.25 

Table 5-9. Selection by Aprasia parapulchella for homesites with different ant 

functional groups. 

Functional Group Electivity Index Probability 

Grp 1 Dominant Dolichoderinae .2407 0.05 

Opportunists -.509 0.25 

Generalised Myrmicines -0.280 0.10 
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Figure 5-4. Ant remains identified from the faecal pellets of Aprasia 

parapulchella (n=376). 



105 

pellet, they were always the only items present. Quite a few pellets contained 

pieces or whole adult ants (Figure 5-5). The digested material of larvae or eggs 

always accompanied pieces of adults. 

Of the 163 faecal pellets examined using the SEM, only four did not 

contain any material that could be identified to species level. The higher 

magnification of the S E M allowed the identification of ant larval material with 

different ant species possessing unique hairs and mandibles (Figures 5-6, 5-7). 

Material from the faecal pellets could easily be matched to a species using 

reference material, (Figures 5-8), although some ant species in the diet remain 

unidentified. 

A. parapulchella feed on eleven species of ants and two species of termite 

(Table 5-10). By far the most important ant species in the diet of A. 

parapulchella is /. 'rufoniger'. Pheidole spp, Paratrechina sp. and R. metallica 

were also well represented in the diet. 

Most of the ant species eaten by A. parapulchella have a generalist 

foraging mode (80%) and the other twenty percent are seed harvesting species. 

Ants from four subfamilies were represented with greatest diversity coming from 

the Myrmicinae. One species from the stinging family Ponerinae was also eaten 

by A. parapulchella. A. parapulchella ate adults and brood from nests where 

adult ants were between 1.5 and 4.5 mm in length, however the majority were 

between 2.5 and 3.5 mm in long (Figure 5-9). Male, female and juvenile lizards 

ate ants from all size classes. 

There was no significant difference in the frequencies of ant species in the 

diet of A. parapulchella from different study sites (Figure 5-7) (X "=16.35; df=12; 

p=0.25). At Mt Taylor and Stromlo Forest a total of seven species were recorded 

in the diet while at Lower Molonglo and the Relocation site only four ant species 

were eaten. For the species as a whole there was no significant difference 

between the proportion of ant species eaten by different sexes (X"=5.20; df=8; 
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B Iridomyrmex vicinens A Solenopsis sp. 

D Monomorium "flavipes C Pheidole E 

E Pheidole sp. F Iridomyrmex rufoniger 

Figure 5-5. Heads of adult ants found in the faecal pellets of Aprasia 

parapulchella at various magnifications. 
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A Pheidole ' A ' (reference collection) B Pheidole ' A ' (faecal pellet) 

i 

C Paratrechina sp. (reference collection) D Paratrechina sp. (faecal pellet) 

3 

E Pheidole ' E ' (reference collection) F Pheidole ' E ' (faecal pellet) 

Figure 5-6. Scanning electron microscope photographs of ant larval hairs from a 

reference collection and those found in Aprasia parapulchella faecal pellets at 

various magnifications. 
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A Solenoosis so. B Iridomyrmex sp. 

r 

v.. 

D Monomorium sp. 

E Pheidole sp. F Iridomyrmex rufoniger 

Figure 5-7. Mandibles of different ant species found in the faecal pellets of 

Aprasia parapulchella at various magnifications. 
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B Pupal case from faecal pellet A Rhytidoponera metallica pupal case 

C Rhytidoponera metallica larva D Unknown larva 

& 4 

J ' 

E Iridomyrmex rufoniger larva F Iridomyrmex sp. larva from pellet 

Figure 5-8. Scanning electron microscope photographs of cocoon and larval 

material from a reference collection and Aprasia parapulchella faecal pellets at 

various magnifications 



110 

601 

50-

y 40 
0) 

30 

fi 20" 

10 

0 
4.50 4.00 3.50 3.00 2.50 2.00 1.50 

Average worker length (mm) 

Figure 5-9. Frequency of average worker sizes for ant species eaten by Aprasia 

parapulchella. 
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Figure 5-10. Frequency of the four main ant species groups represented in the 

diet of Aprasia parapulchella from four ACT sites. 
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Table 5-10. Ant and termite species identified in the faecal pellets of Aprasia 

parapulchella using scanning electron microscopy and dissection under a light 

microscope. Percentages are shown in brackets (n=205). 

Subfamily Species Frequency Percentages 

Dolichoderinae 

Iridomyrmex rufoniger 

Tapinoma minutum 

Myrmicinae 

Pheidole spp. 

Monomorium spp. 

Tetramorium sp. 

Solenopsis sp. 

Crematogaster sp. 

Formicinae 

Notoncus ectatommoides 

Paratrechina spA 

Melophorus sp. 

Ponerinae 

Rhytidoponera metallica 

Isoptera 

Omnitermes sp. 

99 

1 

24 

15 

12 

3 

1 

8 

19 

1 

28 

48.3 

0.5 

11.7 

7.3 

5.9 

1.5 

0.5 

4.0 

9.3 

0.5 

13.7 

1.5 
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p=0.75) (Table 5-11). The proportion of Monomorium spp., R. metallica and 

Pheidole spp. was higher in female lizards. 

Of the lizards that were found co-habiting with ants at the time of capture, 

and for which diet information was available (n=49), 59 percent were found to 

have eaten the same species of ant they were co-habiting with (Table 5-12). 

There was significant differences in the association between ant species co

habitation and representation in faecal pellets (X2=13.19; df=3; p<0.005). There 

was a strong relationship between co-habitation with /. 'rufoniger' and the 

presence of this species in faecal pellets. Of the occasions that A. parapulchella 

were collected with /. 'rufoniger', this species was identified from faecal pellets, 

in 77% of occasions. This was significantly higher than other species (X2=13.19; 

df=3; p<0.005) with R. metallica, Pheidole spp., and Paratrechina sp. found in 

both faecal pellets and co-habitation infrequently. 

5.3.4 Diet Preference Experiments 

5.3.4.1 Dietary preference for mixed life stages of different 

ant species (Hypothesis 1). 

In Experiments 1 and 2 only 31% (n=33) of the lizards in the feeding 

trials fed, and at the other extreme one lizard consumed brood from each of the 

four ant species offered (Figure 5-11). For both Crematogaster sp., and 

Pachycondola sp., only only one lizard ate brood. For /. rufoniger and 

Paratrechina sp. similar numbers of lizards consumed brood, although it still 

represented only 44 percent of the experimental animals (Figure 5-12). 

5.3.4.2 Dietary preference between /. rufoniger eggs and 

larvae (Hypothesis 2). 

In Experiments three (a) and (b) A. parapulchella ate on average 2.43 

more eggs than larvae of /. rufoniger (S=221; n=37; P<0.0005). New lizards ate 

on average 2.62 more eggs than larvae (S=77.5; n=21; p<0.0005), whereas 
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Table 5-11. Proportions of ant species in the diets of male, female and juvenile 

A. parapulchella (n=97) "IR" is Iridomyrmex rufoniger, "PA" is Paratrechina 

sp., " R M " is Rhytidoponera metallica, "PH" is Pheidole spp. and " M O " is 

Monomorium spp. 

Sex IR PA R M P H M O 

Male 59 8 14 5 3 

Female 56 6 18 10 10 

Juvenile 60 0 10 30 0 
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Table 5-12. Ant species found in the diet of A. parapulchella and the species 

found co-habiting with individuals when captured. 

Species of ant 

Co-habiting with 

A. parapulchella 

Ant species in Diet 

IR PA R M P H Other Total 

Iridomyrmex rufoniger (IR) 

Paratrechina sp. (PA) 

Pheidole spp. (PH) 

Rhytidoponera metallica (RM) 

24 

1 

1 

4 

0 

2 

2 

0 

2 

1 

2 

2 

2 

2 

1 

0 

3 

0 

0 

2 

31 

4 

6 

8 

Total 30 49 
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Figure 5-11. Number of Aprasia parapulchella that ate brood from different ant 

species for experiment one (n=34). 
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Figure 5-12. Number of Aprasia parapulchella that ate brood from different ant 

species for experiment two (n=34). 
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lizards previously tested consumed on average 2.19 more eggs than larvae 

(S=36.5; n=16; p<0.0005). 

5.3.4.3 Dietary preference between /. rufoniger eggs and 

the eggs and larvae of other ant species (Hypothesis 

3). 

Significantly more /. rufoniger eggs were consumed than Paratrechina 

sp. larvae in Experiment 4 (mean difference=5.2; S=39; n=15; P<0.0005). There 

was however no preference shown for /. rufoniger larvae when compared to 

Crematogaster sp. larvae (S=4.5; n=13; P=0.313), Pheidole sp, ' A ' eggs (S=-4; 

n=5; P=0.25) or larvae (S=16; n=9; p=0.06). 

Results for Experiment 5 were similar to Experiment 3 in that captive 

lizards again showed preferences for eggs over /. rufoniger larvae, consuming 

significantly more eggs (mean difference=3.45; S=22.5; n=l 1, p<0.005). 

Significant preferences were also shown for /. rufoniger larvae when compared to 

Pheidole sp. ' B ' eggs (mean difference=3.45; S=33; n=ll , p<0.005) and 

Pheidole sp. ' C eggs (mean difference=7.0; n=14; s=52.5, p<0.0001). 

5.4.3.4 Effect of experience on preference 

A. parapulchella ate significantly more (mean=2.59) eggs of I.rufoniger 

when tested for preferences between species (Exp 4) than when tested for life 

stage preference (Exp 3a and b) (S=223; n=42; P<0.0005), suggesting the 

possibility of familiarisation with this food type. Lizards, however also 

consumed significantly more of three of the alternative food types (Table 5-13), 

suggesting they preferred these foods to the /. rufoniger larvae offered in 

Experiments 3 (a) and (b). 

When testing for dietary preference between /. rufoniger eggs and other 

ant species (Hypothesis 3, Exp. 4 and 5), A. parapulchella consumed more /. 

rufoniger eggs in experiment five than experiment four (S=75, n=42, p<0.05), 
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Table 5-13. Mean difference in the brood consumed by A. parapulchella 

individuals between experiments 3 (Iridomyrmex sp. eggs vs larvae) and 

experiment 4 (Iridomyrmex sp eggs vs treatment), (a) Difference in Iridomyrmex 

sp. eggs eaten (experiment 4-experiment 3), and (b) Difference in alternative 

food eaten (experiment 4-experiment 3). 

(a) 

Treatment 

in experiment 4 

Mean 

difference in 

eggs eaten 

n Wilcoxon 

statistic 

S 

p>S 

Paratrechina sp. larvae 2.93 15 42.5 <0.01 

Crematogaster sp. eggs 3.00 13 21.5 <0.05 

Pheidole sp. A eggs 1.80 5 3 0.25ns 

Pheidole sp A larvae 1.89 9 9 0.15ns 

Total 2.60 42 223 <0.0005 

(b) 

Treatment Mean n Wilcoxon p>S 

in experiment 4 difference in statistic 

alternative S 

brood eaten 

Paratrechina sp. larvae -0.4 15 -16.5 0.11ns 

Crematogaster sp. eggs 3.00 13 30 <0.05 

Pheidole sp. A eggs 4.3 5 10.5 <0.05 

Pheidole sp A larvae 1.4 9 26 <0.05 

Total 1.78 42 160.5 <0.0005 
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again suggesting familiarisation with this food type. The mean increase however 

was only 1.02 eggs per lizard. When the alternative food type offered in 

Experiment 5 is considered, only those lizards that had the choice between /. 

rufoniger eggs and Pheidole 'C eggs consumed significantly more brood 

between experiments four and five (Table 5-14), suggesting a strong preference 

for /. rufoniger eggs over Pheidole 'C eggs. 

The magnitude of the preference for eggs over larvae of /. rufoniger 

increased between Experiment 3 (mean=2.43) and Experiment 5 (mean=3.45). 

Further analysis including only those A. parapulchella that were offered the 

choice of small /. rufoniger, eggs or larvae in Experiment 3 and Experiment 5 

showed that the preference for eggs over larvae increased by Experiment 5 (mean 

difference=2.25; S=24.5; n=12; p<0.05). 

5.3.5 Trail following 

A l l lizards from trials with all ant species did not display trail following 

behaviour. Most lizards did not make any attempt to follow trails laid in the 

arena and simply moved across the trial area in an effort to escape. Despite 

conducting the experiment under red lights at night and during the day, attempts 

at getting lizards to follow trails were unsuccessful. Lizards did display tongue 

flicking behaviour when they encountered the trail, however only one lizard 

tracked the trail for any distance (5 cm). A number of lizards encountered the 

scent trails laid by ants and veered away from them. There was no difference 

between males, females and juveniles in their behaviour in relation to ant trails. 

5.3.6 Ant-lizard relationship 

When lizards were placed within tanks with ant colonies, ants were not 

observed to attack lizards on all but two occasions. /. 'rufoniger' ants were 

observed to walk all over lizards, even carry eggs along lizard backs but did not 
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Table 5-14. Mean difference in small Iridomyrmex eggs and in alternative brood 

eaten between experiments 4 (Iridomyrmex sp. eggs vs treatment) and experiment 

5 (Iridomyrmex sp. eggs vs treatment), (a) Difference in Iridomyrmex sp. eggs 

eaten (experiment 5-experiment 4), and (b) Difference in alternative food eaten 

(experiment 5- experiment 4). 

(a) 

Treatment Mean n Wilcoxon p>S 

in experiment 5 difference in statistic 

eggs eaten S 

Iridomyrmex sp. larvae 0.0 11 -0.5 1.00ns 

Pheidole sp. B eggs 0.9 15 13.5 0.13ns 

Pheidole sp C eggs 1.8 16 18.5 <0.05 

Total 1.02 42 223 <0.05 

(b) 

Treatment Mean n Wilcoxon p>S 

in experiment 5 difference in statistic 

alternative S 

brood eaten 

Iridomyrmex sp. larvae -0.4 11 -9.0 0.46ns 

Pheidole sp. B eggs -0.7 15 -10.5 0.30ns 

Pheidole sp C eggs -2.5 16 -31 <0.005 

Total -1.31 42 -150 <0.005 
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attack lizards. On introduction into the ant nest, lizards often spent considerable 

time not moving (up to 1 hour when trial was halted) and during this time ants 

would move all over lizards, but made no attempt to bite lizards. After this time 

lizards would move slowly around the tank tongue flicking and pushing their 

heads into the sand. The only time lizards were observed to become aggravated 

was when ants walked on the face of the lizard, around the mouth and eyes. At 

this time lizards would squirm and push their heads into the sand. When lizards 

showed this type of behaviour, the ant on the head of the lizard responded by 

biting the lizard. 

When introduced into R. metallica nests, most workers displayed 

behaviour similar to /. rufoniger and ignored the presence of the lizards, however 

on one occasion a single worker was observed to attempt to sting the individual 

A. parapulchella. The lizard however ignored this behaviour and it appeared that 

the ant was unsuccessful in its attempt to sting the lizard. 

One field observation that relates to these experimental results, is the 

capture of a juvenile A. parapulchella with the decapitated head of a Pheidole sp. 

soldier attached to its tail. It is unsure if this lizard was harmed by the attack, but 

it does however indicate that sometimes ants attack A. parapulchella. 

5.4 Discussion 

5.4.1 Cohabitation and homesite selection 

A. parapulchella was found co-habiting with ants beneath rocks on an 

average of 75 percent of all captures (Table 5-3). Earlier surveys for the species 

also found co-occurrences of 75 percent for ants and lizards (Osborne et al. 

1991). Ninety percent of lizards were found beneath rocks in multiple burrows 

characteristic of nests built by ants. This high percentage suggests that ants play 

a key role in homesite suitability for A. parapulchella. Differences between the 

presence of multiple burrows and ant nests indicate that if ants weren't present at 
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the time of sampling they were either deep in nests or had been present sometime 

in the past. 

A. parapulchella appears to be able to spend considerable time in the 

nests of at least fifteen species of ants (Table 5-4). Ants have also been observed 

to remove the shed skin of A. parapulchella from within an ant nest. This 

relationship is fascinating and thought to be unique for a vertebrate that 

specialises on ant larvae as food, although similar relationships have been 

reported for invertebrates (Holldobler and Wilson 1990). Typhlopid snakes also 

feed on the larvae and pupae of ants (Shine and Webb 1990, Webb and Shine 

1993), however although fossorial it is uncertain where they spend most of their 

time (Greer 1997). The author has observed blind snakes in ant nests, however it 

is unknown if Typhlopids also use ant nests as homesites. 

Despite being found with a number of ant species, over fifty percent of 

occurrences were with one species group Iridomyrmex 'rufoniger'. This is a 

common species of ant in A C T grasslands and appears to be found in sites with 

different management histories. /. 'rufoniger' is a member of the sub-family 

Dolichoderinae and is a generalist scavenger, without specific food requirements. 

This species occurs in large colonies that aggressively defend their nests by 

swarming and biting any intruders. This ant was considered by Robinson (1996) 

to demonstrate the most aggressive behaviour of any ant species in ACT 

grasslands when nests were disturbed. 

The ability of A. parapulchella to co-habit with a wide range of ant 

species has a number of ecological advantages. Protection from predation by 

non-ant predators is provided for species that can enter deep within an ant nest. 

Most ants display highly aggressive behaviour towards intruders in the vicinity of 

their nests either through stinging, swarming and biting or with the aid of 

chemical secretions. Any reptile that was able to enter an ant nest and be 

tolerated by the ant colony within would be well protected from non-ant 

predation. This raises the question of how A. parapulchella is able to enter an 
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ant colony and seemingly not be attacked by the usually defensive worker ants. 

This issue is addressed in a later section of this discussion. 

Ant nests often contain an extensive system of subterranean tunnels and 

caverns that provide access into deeper soil that could prove advantageous in 

areas with hard ground or in dry, hot periods. Ants control the temperature and 

humidity environment within their nests, maintaining the colony at temperatures 

that fluctuate less than the surface environment (Taylor 1991). In times of 

drought and high temperature these nests would provide a useful retreat from 

extreme conditions. During summer months, it is almost impossible to locate A. 

parapulchella in the field, and it is at this time that they appear to shelter deep 

within occupied or vacant ant nests. During cooler spring months it is common 

to see individual lizards emerging from ant nests early in the morning, 

presumably after spending the night within the shelter of ant burrows. 

Many reptiles utilise the chambers of termite and ant nests as egg laying 

sites. At least eight species within the squamata lay eggs in ant or termite nests 

and no where else (Riley et al. 1985). Perhaps the most well known example is 

that of goannas, Varanus spp. which are known to excavate termite nests and lay 

their eggs inside (De Lisle 1996). The termites repair any damage to their nest, 

hence sealing the eggs within the chambers. Laying eggs in termite or ant nests 

has a number of advantages. Conditions of humidity and temperature are 

controlled in a nest environment by ants and termites and because most reptile 

eggs are sensitive to changes in these environmental conditions, a constant 

incubation environment is likely to be beneficial to development. Eggs may also 

be protected by ants from predation. Eggs in soil are susceptible to microbial 

attack. Ants who farm fungus are very fastidious about keeping nests clean of 

unwanted fungi and ants restricting fungal growth in nest chambers may increase 

reptile egg survival. It has also been suggested that hygroscopic stability may be 

better maintained in ant nests (Brandao and Vanzolini 1985). Within the review 

by Riley et al. (1985), the genus Aprasia are not mentioned and it will be of 

interest if this genus which already appears to have a close association with ants 

also uses ant nests as oviposition sites. 
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5.4.2 Diet analysis and experimentation 

The majority of prey taken by A. parapulchella is the eggs and larvae of 

ants. Adult ants are ingested infrequently, probably as a result of accidental 

ingestion while workers may be tending the ant brood (Figure 5-3). These results 

concur with studies on other Aprasia species (Webb and Shine 1994). Insect 

larvae were also found to be important in the diet of the fossorial Amphisbaenian 

lizard, Blanus cinereus (Lopez etal. 1991). The authors suggested that because 

larvae provide a greater energetic contribution, they compensate for the cost of 

locomotion in a subterranean environment. 

While A. parapulchella are able to feed on at least 11 species of ant and 

two termite species, they still exhibit quite a narrow dietary specialisation with 

nearly half of their diet consisting of one ant species group (Table 5-10). /. 

'rufoniger' appears to be a highly significant species for A. parapulchella with it 

represented most often in co-habitation between lizards and ants, in A. 

parapulchella selecting for it in choice of homesites and it being represented 

frequently in the diet of the species. 

A. parapulchella appear to have a diet which can be classed as optimal 

(MacArthur and Pianka 1966) as it maximises some measure of food value per 

unit time (Estabrook and Dunham 1976). The lizards are taking eggs and larvae 

that have the highest nutritional value of all the life stages in the ant nest 

(Redford and Dorea 1984). It has also been hypothesised that predation on larval 

insects is possibly due to the low chitin content and low mobility of this prey 

(Polio and Perez-Mellado 1988). The preference in experimental situations for 

eggs over larvae of I. rufoniger may be lizards responding to a more nutritious 

food source with eggs likely to be more nutritionally rewarding than larvae which 

have undergone more development and contain more chitin. 
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For reptiles that are able to access the brood chambers of an ant nest, ant 

eggs and larvae provide not only a spatially clumped food source, but also a 

highly nutritious one. This has advantages in reducing the cost of foraging. One 

problem with dietary specialisation on ants is that adult ants contain a high 

percentage of indigestible chitin. This demands the consumption of a large 

number of ants in any one feeding session. This necessitates a large stomach 

capacity, hence the tank like body form of typical adult ant eating reptiles like 

Moloch horridus. In a study of nutritional value of invertebrates Redford and 

Dorea (1984) found that alates and larval and pupal forms of ants and termites 

exhibit the highest nutritional value, these life stages having the highest fat 

content when compared with soldier and worker classes. These are also the life 

stages which A. parapulchella are selecting. 

5.4.3 Mechanisms of ant specialisation 

The mechanisms by which A. parapulchella can be an ant specialist are 

unknown. There are four methods by which lizards might avoid injury while 

feeding within an ant nest. They can use chemical substances such as 

Leptotyphlopid snakes that use pheromone repellents to discourage ant attack 

(Gehlbach et al. 1968). Physical means such as the tough skin of agamid lizards 

like Moloch horridus or thick bodies and highly polished scales of typhlopid 

snakes (Webb and Shine 1993) make it difficult for ants to successfully inhibit 

predation activity. Tolerance of ant attack could also be used with horned lizards 

of the genus Phrynosoma possessing a factor in their plasma that makes them 

resistant to the venom of their ant prey Pogonomyrmex maricopa (Schmidt et al. 

1989). The final method for avoiding ant attack is behavioural where non-

threatening, mimicry or cryptic behaviour is used to enter the nests of ants. 

Behavioural mechanisms are used frequently by insect species that live within ant 

nests (Holldobler and Wilson 1990). 

A. parapulchella do not smell nor appear to secrete substances that may 

inhibit ant attack. It has been suggested by (Webb and Shine 1994) that the 
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ability of Aprasia to enter ant nests may be its dietary restriction to relatively 

small ants. This study however found that while diets were generally restricted to 

small species, A. parapulchella was found living with larger ant species such as 

Campanotus consobrinus, Polyrachis chariomyrma and Iridomyrmex purpureus 

(Table 5-4) and fed on the larger stinging species R. metallica. A. parapulchella 

are small, slightly built lizards which do not have tough skin, nor the highly 

polished scales typical of blind snakes, so it is unlikely that physical methods 

help the lizards avoid ant attacks. It is unknown if A. parapulchella could 

detoxify their blood after ant attacks. 

While the experiments were only preliminary, worker ants did not attack 

A. parapulchella when introduced to the nest of ants in the laboratory. This tends 

to suggest that A. parapulchella may use behavioural mechanisms for avoiding 

ant attack. Evidence for this theory comes from field observations and laboratory 

experimentation. When lizards were introduced into the laboratory ant nests they 

remained motionless for long periods of time. This tends to indicate some 

caution by lizards while being in the presence of ants. Ants also walked all over 

lizards and did not display aggressive behaviour towards lizards. It is possible 

that this behaviour by ants could pass on some ant odor to the lizard that would 

also help with lizard disguise while in the nest. Field observations that also 

support this theory are that lizards shed their skins in ant nests and would not do 

this if they were susceptible to ant attack while in this vulnerable state. Ants 

have been observed to remove these skins from deep within their nests, so lizards 

are within the colony while shedding. On one occasion a juvenile lizard was 

captured with the broken head of a Pheidole sp. soldier attached to its tail. This 

suggests that on some occasions ants do attack lizards and the fact that this lizard 

was juvenile supports the theory that behavioural mechanisms and learnt 

behaviour are involved in avoiding ant attack while feeding within the nests of 

ants. 

That some evidence suggests that ants attack lizards occasionally means 

that there are considerable risks associated with entering the nests of aggressive 

ant species to feed on their broods. These associated risks may play a role in the 
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selection of ant species by A. parapulchella. Differences in ant prey preferences 

of individual Phyrnosoma platyrhinos is suggested by Rissing (1981) to represent 

the effectiveness of the aggressive behaviour of ant species. The defensive 

mechanisms of particular ant species would encourage the selection of less 

aggressive or less harmful species (Vitt and Cooper 1988, Webb and Shine 1993) 

and may lead to lizards avoiding species which have large workers or stings. 

Amphisbaenian lizards are able to discriminate between the odors of ant species 

and identify potentially harmful species (Lopez and Martm 1994) while horned 

lizards Phyrnosoma sp. may avoid ant species based on differences in foraging 

methods which correlate to aggressive behaviour (Rissing 1981). 

Given that A. parapulchella depend on a narrow range of ant species for 

their dietary and homesite requirements, it could be expected that the presence 

and abundance of such ant species might influence the distribution of A. 

parapulchella. This issue was addressed by Robinson (1996), finding that 

species such as Iridomyrmex spp. and R. metallica were consistently abundant 

across the range of A. parapulchella. These ants were also found to be superior 

brood producers (Robinson 1996), possibly explaining their high occurrence in 

the diet of A. parapulchella (Table 5-10). Because of the common occurrences 

of these and other ant species across a range of sites with different management 

histories, Robinson (1996) concluded that it was unlikely that the presence or 

absence of ant taxa has a bearing on the current distribution of A. parapulchella. 

5.4.4 Summary of A. parapulchella-ant relationship 

While results from this study suggest that A. parapulchella exhibits a 

narrow specialisation, this specialisation is advantageous for lizards, and is an 

ecological position which is exploited by no other vertebrates. The fact that A. 

parapulchella is a dietary specialist, feeding exclusively on the eggs and larvae of 

ants, but not only feeding on them but living within the nests of these ant species, 

some of which are normally aggressive to intruders is quite remarkable. There 

are a number of ecological advantages to occupying this position within a 
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community, including protection from predation, access to a controlled 

temperature and humidity environment, a spatially clumped and nutritious food 

source and protected egg laying sites. 

It is worth discussing the type of ecological relationship A. parapulchella 

exhibits with ants. The relationship appears to be more than predator-prey, with 

the predator closely associated with the prey species, depending on it not only for 

food but also shelter. While this study was unable to find evidence that A. 

parapulchella lays its eggs in ant nests, no eggs of this species have been 

observed beneath rocks despite extensive searching. It is likely that eggs are laid 

deeper in the soil and quite possibly within ant nests. If this is so then the 

ecological relationship between A. parapulchella and ants is ecologically highly 

significant. Whatever the case, the relationship is a unique one in terms of 

dietary specialists on ants. 

5.5 Conclusions 

A. parapulchella exhibits a close, ecological relationship with ants, which 

is unique in the world of vertebrates. There are no other vertebrate species that 

live with the ants they feed on for extended periods of time. The fact that A. 

parapulchella is able to be within the nests of these ants, feeding on their brood 

without attack is quite remarkable and warrants further investigation. 

Identification of this close, ecological relationship is critical to the conservation 

management of the species. Species that specialise, like A. parapulchella, tend to 

be more prone to extinction (Angermeier 1995) and disturbance from 

environmental impacts (Wilcox and Murphy 1985). We now know that A. 

parapulchella has a narrow dietary specialisation of a few species of ants. Any 

conservation management decisions regarding this species must also include 

considerations of management impacts on the ant species on which A. 

parapulchella depend. 
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Chapter 6 Vegetation Associations, Habitat Characteristics, 

Disturbance and Isolation 

6.1 Introduction 

The use of habitat terminology is often imprecise. This study follows 

recommendations and definitions of Hall etal. (1997) where habitat is defined as 

the resources and conditions in an area that lead to occupancy. This use of the 

term habitat is therefore organism specific. Habitat, when not applied to a single 

species or when applied collectively to a set of species is typically used to 

describe an area with a particular combination of vegetation and abiotic attributes 

classified by humans as "habitat type" for example grassland, open woodland. In 

this study, vegetation association will replace this use of the term habitat. 

Microhabitat refers to finer scale habitat features (Hall et al. 1997), in this study 

referring to rocks and features beneath rocks. 

Much of the lowland temperate ecosystem of Australia has been 

urbanised or converted to farmland (Gilfedder and Kirkpatrick 1998). Remaining 

vegetation tends to be patchy and fragmented and continues to be disturbed from 

livestock grazing, alteration of fire regimes and the application of fertilisers. 

Livestock grazing is a common practice in grassy remnants, altering the 

appearance, productivity and composition of grasslands (van den Bos and Bakker 

1990; Hobbs and Huenneke 1992), frequently removing the cover of native 

grasses and encouraging the establishment of exotic pasture species and weeds. 

Such changes in the structure and composition of grassy vegetation are likely to 

affect the distribution and composition of grassland specialists. 

The availability of key microhabitat resources can limit populations (e.g. 

Lindenmayer et al. 1991, Smith and Lindenmayer 1988) or constrain the 

distribution of species (Schlesinger and Shine 1994b). Microhabitat 

characteristics can also be important determinants of the distribution of many 

reptile species, (Downey and Dickman 1993, Souza and Shinya 1998, Pianka 



131 

1973, Patterson 1992), especially rocky outcrops and shallowly embedded rocks 

(e.g. Scott et al. 1989; Law and Bradley 1990; Davis and Verbeek 1972; Osborne 

et al. 1991, Shine et al. 1998). Many reptiles spend most of the day beneath 

rocks (Huey 1982), that may offer superior thermoregulatory opportunities to 

what is available on the ground surface (Huey et al. 1989). For some small 

reptiles, the choice of suitable microhabitats with appropriate microclimatic 

conditions may be crucial to survival (Grant and Dunham 1988, Tracy and 

Christian 1986). A component of conservation biology must therefore be to 

identify dependence of threatened species on key microhabitat features and 

determine if the availability of such resources limits population numbers or 

species distribution patterns. 

Species that specialise on habitat or microhabitat features are more prone 

to extinction (Angermeier 1995), often naturally occurring in small populations 

(Stacey and Taper 1992, Kolasa 1989), and tend to be more susceptible to 

disturbance from environmental and demographic stochastic events (Wilcox and 

Murphy 1985, Gilpin and Soule 1986). With habitat fragmentation and 

destruction a major cause of world species declines (Berger 1991), a thorough 

understanding of how a species interacts with key habitat features is needed for 

effective conservation programs. In addition, if we are to manage habitat 

effectively, there is a need for an understanding of linkages between and within 

habitat at different scales (Lewis et al. 1996). 

A. parapulchella occurs in small, geographically isolated patches in 

eastern Australia. The extent of suitable occupied habitat is estimated to be less 

than 16 km^ (Osborne and Jones 1995). On a local scale, distribution is patchy 

with lizards typically occupying sites with a cover of predominantly native 

grasses, particularly, Themeda triandra (kangaroo grass), sparse or no tree cover, 

little or no leaf litter and scattered, small rocks shallowly embedded in the soil 

surface (Osborne et al. 1991). 

Although many surveys have been conducted for A. parapulchella there is 

still some conjecture about what the species' true habitat requirements are. As 
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the lizard occurs in patchy populations in an urban environment subject to many 

localised disturbances, such as rock removal and frequent fires, there is clearly a 

need to establish the habitat requirements of the species. It is also unknown if the 

patchy distribution of A. parapulchella in the A C T is a consequence of 

unsuitability or has resulted from localised extinction of some populations. 

Resolution of this point will provide crucial evidence of a decline in the species 

occupation of sites and has significance for its conservation ranking. 

At least 17 species of reptiles are known to use rocks in ACT grasslands 

(Osborne and McKergow 1993). As different sized rocks vary in their 

thermoregulatory properties (Huey et al. 1989), it is unlikely that all rocks will 

meet the microhabitat requirements of all reptile species equally. A. 

parapulchella is a fossorial component of this reptile community, commonly 

occurring beneath partially embedded rocks (Osborne et al. 1991, Jones 1992). 

The distribution of this species is patchy and the availability of suitably sized 

rocks may influence the localised occurrence patterns of A. parapulchella in the 

A C T region. 

Rocks are also a microhabitat feature that is susceptible to disturbance 

from removal for use in garden ornamentation (Schlesinger and Shine 1994a, 

Shine et al. 1998), disturbance associated with recreation (Jones 1992) and rock-

picking for some agriculture practices. A. parapulchella may be threatened by 

loss of habitat as rocks individuals live beneath are used increasingly in suburban 

gardens (Jenkins 1979). Given the assumed dependence of A. parapulchella on 

rocks for homesites, and the human pressure on this resource, there is a need to 

clarify the use and preferences of rocks as microhabitat by A. parapulchella. 

It is the characteristics of habitat in terms of vegetation cover and 

structure, soil type and landform type that often influence species occupation of 

sites. These habitat characteristics will vary with the scale of investigation and 

for the purposes of this study I will be investigating habitat at three scales, 

regional, local and at the micro-scale. 
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In this chapter I aim to determine the abiotic and biotic attributes of A. 
parapulchella habitat throughout the range of the species at three scales, regional, 
local and micro. 

6.2 Materials and Methods 

6.2.1 Regional Habitat Description 

Vegetation at sites known to support A. parapulchella in Victoria, NSW 

and the A C T was classified into vegetation associations on the basis of dominant 

species using Groves (1987). The underlying rock type was identified with the 

aid of geological maps and collections of samples of any outcropping rocks from 

all regional areas where A. parapulchella were found. 

6.2.2 Local Habitat Correlates 

Vegetation characteristics were sampled at seventy-three sites in the A C T 

and NSW. Of these sites, 49 were known to support populations of A. 

parapulchella and at the remainder, sufficient survey effort had been undertaken 

to be confident that A. parapulchella was absent (Chapter 4). Vegetation was 

sampled between October and November using five one metre square quadrats. 

Each site was divided into 10 metre square grids and quadrats were positioned 

ten metres apart at random positions within the site. Within each quadrat all 

plants were identified to species level. An estimation of percent cover abundance 

was made for all plant species that occurred in greater than five percent of the 

quadrat. Five plots were adequate to obtain sufficiently precise estimates of 

mean abundance for the common plant species. 

The ecological database package DECODA (Minchin 1990) was used to 

manage the vegetation data set. The package enabled calculation of site averages 

and percent frequency for plant cover abundance. The package was used to 

create data matrix files, incorporating eight character species abbreviations, for 
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exporting to both the P A T N (Belbin 1990) and SAS (SAS Institute Inc 1982) 

packages for statistical analysis. 

Cluster analysis was used to assign sites (n=73) to groups on the basis of 

plant species abundance (120 species) (Appendix 3). Twenty-five species of 

plants occurred at single sites only and were omitted from the analysis as their 

inclusion could lead to over definition of samples (Simmonds et al. 1994). The 

Bray-Curtis association measure and Unweighted Pair Group Arithmetic 

Averaging (UPGMA) fusion strategy were applied in the classification of sites (P 

= -0.1; Belbin 1990). Dendrograms were used to interpret the classification 

results in relation to the presence and abundance of A. parapulchella. Plant 

species cover abundance was then converted to presence absence and the analysis 

repeated. The plant species that contributed to group classification were used in 

the discriminant function analysis below. 

A canonical discriminant function analysis was used to determine if sites 

classified according to the abundance of A. parapulchella could be discriminated 

on the basis of percent cover abundance of plant species. Two classifications of 

sites were applied to yield the discrete categories needed for the analysis. The 

first used sites with and without A. parapulchella. The second placed sites in the 

following abundance categories: 0: absent from the site, 1: 1 to 4 specimens/site, 

2: five to nine specimens/site and 3: above ten specimens per/site. Because of 

the large number of variables in each data set a stepwise procedure (SAS 1982) 

was used to identify plant abundance variables that contributed significantly to 

discrimination between A. parapulchella abundance classes. 

A l l plant species recorded at sites with and without A. parapulchella were 

classified into the structural classes of rosette herbs, short and tall graminoid 

species, clumping, creeping and solitary herbs and woody species (Diaz et al. 

1994). Percent cover abundance data for plant species was summed and used to 

determine the proportions of different vegetation structural classes at sites with 

and without A. parapulchella. An index of grassiness was also calculated from 

the combined proportions of tall and short graminoid species covering each site. 
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It was not possible to get an accurate measure of the disturbance history 

of sites where A. parapulchella was present and absent, so indices of disturbance 

were used to quantify impact at sites. Indices focused on disturbance as a result 

of livestock grazing as no records of fire frequency and fertiliser application were 

available. Indices of disturbance used in this study were the mean percentage 

cover of weeds (Abensperg-Traun et al. 1996), native cover, the ratio of 

exotic/native cover, native species richness and exotic species richness (Gilfedder 

and Kirkpatrick 1998). 

A canonical discriminant function analysis was used to investigate 

relationships between percent cover abundance of different vegetation structural 

classes, the index of grassiness, five indices of disturbance and the presence and 

abundance of A. parapulchella. The analysis aimed to determine which of these 

variables, if any, showed discriminatory ability between the abundance classes of 

A. parapulchella and presence or absence of the species. 

On a spatial scale, A. parapulchella habitat is fragmented at three levels. 

Over the geographic range of the species, sites are fragmented in the different 

states of ACT, NSW and Victoria. On a local level, in the ACT particularly, sites 

are patchily distributed amongst unsuitable habitat or urbanised areas and within 

these sites, the actual areas of suitable rocky habitat are patchily distributed 

amongst areas of non rocky habitat. Indices of connectivity have been used to 

quantify the number of remnant patches that are connected by linear strips of 

vegetation (Smith et al. 1996). However as A. parapulchella has key structural 

components associated with its preferred habitat (rocks), such an index does not 

provide information on the potential for movement within rocky patches and 

between different sites. The extent and patchiness of A. parapulchella habitat 

was classified into isolation categories 1 to 4 based on the potential for within 

and between population movement. 

Sites with an isolation index of 1 have potential for within and between 

site movement. A value of 2 corresponds to sites with potential for movement 
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between rocky patches (number of rocky patches >2) but no movement between 

sites. Sites with a value of 3 have limited potential for movement between 

patches (number of rocky patches =2) but no movement between sites and an 

index value of 4 indicates sites which have no potential for movement between 

rocky patches (number of rocky patches=l) or sites. 

6.2.3 Microhabitat Correlates 

An area of grassland dominated by kangaroo grass, Themeda triandra at 

the Lower Molonglo Water Quality Control Centre was sampled for reptiles 

using seventy-six paired ten litre metal buckets (28 cm deep, 24 cm diameter) 

embedded flush with the ground surface in adjacent areas of rocky and non-rocky 

habitat. A drift fence of 40 cm high dampcourse was placed between paired 

buckets in an " A " shape to define grassy and rocky sites (Figure 6-1). Traps were 

open from October to December 1993 and February to May 1994 and were 

checked every day between 9 and 10.30 am except during winter months when 

checking was reduced to twice weekly. Animals were identified to species and 

recorded as being in rocky or non-rocky habitat. 

Microhabitat preferences for A. parapulchella were determined by turning 

over any cover such as rocks, logs and bark at sites where the species was 

present. Whenever a specimen was found, the microhabitat it was located 

beneath was measured. Rocks were measured in millimetres for length, width, 

thickness and depth embedded in the ground. From these measurements the area, 

volume, percentage of rock embedded in the ground, surface area to volume ratio 

and the shape of the rock (square or rectangular) were calculated (Table 6-1). 

Some rocks were excluded from the survey, including rocks that were too small 

(less than 5 cm long); rocks that were too large to be turned by a single person 

and rocks that were deeply embedded into the ground and could not be moved 

without disturbing habitat. The substrate beneath rocks was recorded as rock, 

soil or litter with the amount of litter beneath rocks scored on a four point scale 

from 0 (absent) to 4 (abundant) (Smith 1966). The presence and characteristics 
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Figure 6-1. Layout of pitfall traps used to determine if Aprasia parapulchella 

occurred in rocky and non-rocky habitat. 
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of burrows used by lizards was also recorded. Rock information was also 

collected for ants, centipedes, scorpions, frogs and other reptile species found 

beneath rocks at one site, Lower Molonglo. Single factor analysis of variance 

and Students T-tests were used to determine if there was any difference in rock 

use by site, season and sex of A. parapulchella. 

Preference for different sized rocks by reptile and invertebrate species 

was analysed using Hurlbert's overlap measure (Hurlbert 1978) from the 

formula: 

l^ZipijPn/ad [6-1] 

where: 

L=Hurlbert's measure of niche overlap between species j and k 

PijPik = Proportion resource i is of the total resources utilised by the two species j 

and k 

a, = Proportional amount or size of resource state I (Ea, = 1.0) 

It is the only measure that allows for variation in the abundance of 

resource states (Krebs 1989). Hurlbert's overlap measure gives a measure of 0 

when two species do not share a resource, 1 when both species use the resource 

in accordance with its abundance in the environment, and >1 when resource use 

overlaps between species (Krebs 1989). A canonical discriminant function 

analysis was used to determine if there was any statistical significance in use 

patterns of rock use by different species based on the rock parameters defined in 

Table 6-1. 

6.3 Results 

6.3.1 Regional Habitat Description 

The main rock type of ACT sites where A. parapulchella was present was 

the igneous rock rhyodacite. Sites with this geology were characterised by 

abundant shallowly embedded rocks. Rock types at ACT sites where A. 
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Table 6-1. Rock variables and their codes used in the analysis for rock 

preference by Aprasia parapulchella and other fossorial vertebrates. 

Variable Explanation Abbreviation 

Rock Length Longest horizontal axis R L 

Rock Width Shortest horizontal axis R W 

Rock Height Longest vertical axis R H 

Embed Portion of vertical axis embedded 

in ground E M 

Percent Embed Percent of vertical axis embedded 

in ground P E M 

Area Length x Breadth of Rock surface A R 

Volume Length x Breadth x Height Vol 

Surface Area Total surface area of rock exposed to sun SA 

Surface area/volume Ratio of surface area to volume S A / V 

Size Classes of small, medium, large Size 

Shape Shape of rock, square, rectangular Shape 



parapulchella was absent were also rhyodacite. Individuals at Tarcutta were 

found beneath granodiorite rocks, while the population at Bathurst was found 

sheltering under pieces of shale. In Bendigo lizards were found beneath 

sedimentary rocks such as shale, while in the mallee area of Bendigo, a single 

individual was found beneath a piece of laterite, which was uncommon in the 

area. No rocks were present at the West Wyalong site. 

Vegetation associations at A. parapulchella sites varied across the range 

of the species. Within the ACT and areas of NSW adjacent to A C T borders, A. 

parapulchella were found on vegetation associations of grassland, and open 

grassy woodland. These sites were dominated by a number of grass species 

including Bothriochloa macra, Themeda triandra, Stipa falcata and S. 

bigeniculata. Scattered trees present at these sites included Eucalyptus 

melliodora, E. blakelyi, E. rossii and E. macrorhyncha. Similarly in NSW the 

sites of Tarcutta and Bathurst, supported open grassy woodland communities. 

Species present at Tarcutta include Microlaena stipoides, B. macra, Avena sp. 

and Stipa falcata. There is evidence that the site was once woodland with 

Brachychiton populneus and Eucalyptus spp. present. At Bathurst, grasses such 

as Aristida ramosa, Panicum effusum and small patches of Themeda triandra 

dominate. 

Sites in Whipstick State Park (Vic) and Buddigower Nature Reserve 

(West Wyalong) were different from other A. parapulchella sites in their 

vegetation classification, being mallee communities. Eucalyptus viridis, E. 

polybractea and E. behriana dominate vegetation of the Whipstick State Park. 

Understory species include Acacia williamsonii, Melaleuca uncinata, M. 

wilsonii, M. decussata and Prostanthera aspalathoides. The A. parapulchella 

sites within urban Bendigo were unique in that they were Ironbark, E. 

sideroxylon, woodland with a shrubby understory dominated by Fabaceae and 

open areas of T. triandra. 
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6.3.2 Local Habitat Correlates 

Classification of sites based on plant species cover abundance did not 

provide definition between sites with and without A. parapulchella (Figure 6-2). 

There was no difference in the proportion of sites with different A. parapulchella 

abundance classes assigned to groups (X2=10.9; df=5; p=0.10). In Groups A and 

D most sites supported A. parapulchella populations (7of 8 and 13 of 15 sites 

respectively). Groups often contained sites from similar geographic locations. 

Five of eight sites in Group A were from the Lower Molonglo River Corridor and 

eight sites from the Murrumbidgee River Corridor were classified in Group D 

(Figure 6-2). Sites on the Dog Trap Road were clumped together in Group E and 

Bathurst sites were also classified together in Group G. 

Repetition of the analysis based on presence/absence of plant species 

provided no useful groupings of sites with little pattern obvious between sites 

where A. parapulchella was present and absent (Figure 6-3). There was no 

difference between the proportions of sites classified in different groups and the 

abundance classes of A. parapulchella (X2=2.42; df=4; p=0.75). Unlike the 

cluster results based on plant cover, there were few groupings of sites with close 

geographic proximity. 

Of the 35 plant abundance variables used in the stepwise discriminant 

function analysis, only five provided significant discrimination for four classes of 

A. parapulchella abundance (Table 6-2). These were the exotic grasses Aira 

elegantissima, Vulpia bromoides and Avena fatua and the native grasses Poa 

labillardieri and Bothriochloa macra. Cross validation of the canonical 

discriminant function showed that discrimination between A. parapulchella 
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Figure 6-2. Dendrogram of sites based on plant cover abundance. Aprasia parapulchella abundance classes are in brackets. '0' , absent; T , 1-4 

individuals/site; '2 ' , 5-9 individuals/site and '3 ' , 10 or more individuals/site. 
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Figure 6-3. Dendrogram of plant species presence/absence and sites with and without A. parapulchella. Aprasia parapulchella abundance 

classes are in brackets. '0 ' , absent; 1-4 individuals/site; ' 2 \ 5-9 individuals/site and '3 ' , 10 or more individuals/site. 
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Table 6-2. Summary of stepwise discriminant function analysis to determine 

plant abundance variables used in distinguishing between four abundance classes 

of A. parapulchella. Model R 2 is cumulative for the model after inclusion of 

each variable. F value and probability is for each individual variable. 

Step Variable Model R 2 F Prob>F 

1 Aira elegantissima 0.2025 5.840 0.0013 

2 Vulpia bromoides 0.3959 5.435 0.0021 

3 Poa labillardieri 0.5276 3.387 0.0230 

4 Avenafatua 0.7028 4.672 0.0051 

5 Bothriochloa macra 0.8553 3.900 0.0126 
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abundance classes was poor, with the best discrimination for the abundance class 

of zero a: 65 percent (Table 6-3). 

7»~nen repeated for presence and absence of A. parapulchella, eight 

variables "*ere chosen for the canonical discriminant function (Table 6-4). These 

were the exonc grasses of V. bromoides, A.fatua, A. elegantissima and the native 

species A caer.a ovina, Lomandrafiliformis, Bothriochloa macra, Stipa 

bigenicu-Lzta and Danthonia caespitosa, the last four of which were grasses. The 

linear d: s-crirriinant function (Table 6-5) shows that A. parapulchella is more 

like!'. :c be present at a site with increases in the abundance of the grasses Vulpia 

bromoic-is. Aira elegantissima, Avenafatua, Bothriochloa macra and the native 

Lomaruirz fiiifonnis and less likely to occur at a site where Acaena ovina and 

Stipa biz-zniculata occur. Cross validation of the canonical discriminant function 

indicate; that good separation was achieved between the classes of presence and 

absence Table 6-6). Only 11 of the 73 sites were misclassified indicating that 

clear differences occur in the vegetation of sites with and without A. 

parapulchella. 

Of the vegetation structural classes and disturbance indices used in a 

stepv. ;se discriminant function analysis, only three provided significant 

discn:r;r-i.:ion for four classes of A. parapulchella abundance (Table 6-7). These 

were the species richness at the site, proportion of woody species and the 

disturba-'-i^e index calculated from the ratio of exotic to native species. Cross 

valic-s.::'-' of the canonical discriminant function showed that discrimination 

be twee r. A . parapulchella abundance classes was poor, with an average error 

count er_rnate of 63 percent (Table 6-8). 

V»~hen repeated for presence and absence of A. parapulchella, only two 

variable': « ere chosen for the canonical discriminant function (Table 6-9). These 

were the proportions of rosette herbs and woody species. Cross validation of the 

canon: ca. discriminant function indicated good discrimination for sites where A. 

parapulchella was present with 71% of sites correctly classified, although many 

absent Y.~JZS were misclassified (Table 6-10). Sites without A. parapulchella were 
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Table 6-3. Cross validation summary of canonical discriminant function of 

vegetation abundance variables and A. parapulchella abundance classes showing 

number of sites and percentages. 

Abundance Class 0 Class 1 Class 2 Class 3 
Class classified classified classified classified 

as 0 as 1 as 2 as 3 

0 15(65%) 5(21%) 3(13%) 0(0%) 

1 7(23%) 11(37%) 7(23%) 5(17%) 

2 1(6%) 5(31%) 8(50%) 2(13%) 

3 0(0%) 2(50%) 0(0%) 2(50%) 

Table 6-4. Summary of stepwise discriminant function analysis to determine 

plant abundance variables used in distinguishing between A. parapulchella 

presence and absence. Model R 2 is cumulative for the model after inclusion of 

each variable. F value and probability is for each individual variable. 

Step Variable Model R 2 F Prob>F 

1 Vulpia bromoides 0.1324 10.837 0.0016 

2 Avena fatua 0.2383 8.2921 0.0053 

3 Bothriochloa macra 0.3296 6.936 0.0104 

4 Aira elegantissima 0.4530 9.575 0.0029 

5 Acaena ovina 0.5387 6.283 0.0146 

6 Stipa bigeniculata 0.5997 4.284 0.0424 

7 Lomandra filiformis 0.6703 4.934 0.0298 

8 Danthonia caespitosa 0.7416 4.914 0.0302 



146 

Table 6-5. Linear discriminant function for Aprasia parapulchella presence and 

absence based on plant species abundances. 

Variable Absent Present 

Constant -1.56365 -5.83345 

Vulpia bromoides 2.47449 5.79124 

Avenafatua 0.10247 0.32860 

Bothriochloa macra 0.07910 0.17813 

Aira elegantissima 0.08533 0.22761 

Acaena ovina 0.45323 -0.36864 

Stipa bigeniculata 2.00384 -1.33051 

Lomandra filiformis 0.20345 1.70315 

Table 6-6. Cross validation summary of canonical discriminant function of 

vegetation abundance variables and A. parapulchella presence and absence 

showing number of sites and percentages. 

Class Presence classed Absence classed Number Totals 
as Presence as Absence Incorrect 

Presence 41(87%) 6(13%) 47 

Absence 21(81%) 5(19%) 26 

Total 73 
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Table 6-7. Summary of stepwise discriminant function analysis to determine 

vegetation structure and disturbance indices used in distinguishing between four 

abundance classes of A. parapulchella. F value and probability is for each 

individual variable. 

Variable Model R 2 F Prob>F 

Ratio of Exotic to Native Species 0.1047 2.652 0.0556 

Proportion of Woody Species 0.0820 1.994 0.1232 

Species Richness 0.0852 2.049 0.1155 

Table 6-8. Cross validation summary of canonical discriminant function of 

vegetation structure and disturbance indices and A. parapulchella abundance 

classes showing number of sites and percentages. 

Abundance Class 0 Class 1 Class 2 Class 3 
Class classified classified classified classified 

as 0 as 1 as 2 as 3 

0 7 (32%) 6 (27%) 8 (36%) 1 (5%) 

1 5(17%) 18(60%) 6(20%) 1(3%) 

2 3 (19) 8 (50%) 5(31%) 0(0%) 

3 1 (25%) 1 (25%) 1 (25%) 1 (25%) 

Totals 16 (22%) 33 (46% 20 (28%) 3(4%) 
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Table 6-9. Summary of stepwise discriminant function analysis to determine 

vegetation structure and disturbance indices used in distinguishing between A. 

parapulchella presence and absence. Model R 2 is cumulative for the model after 

inclusion of each variable. F value and probability is for each individual 

variable. 

Variable Model R 2 F Prob>F 

Proportion of woody species 0.0802 6.106 0.0159 

Proportion of rosette herbs 0.1026 7.888 0.0065 

Table 6-10. Cross validation summary of canonical discriminant function of 

vegetation structure and disturbance indices and A. parapulchella presence and 

absence showing number of sites and percentages. 

Class Presence classed Absence classed Number Totals 
as Presence as Absence Incorrect 

Presence 35(71%) 14(29%) 49 

Absence 9(39%) 14(61%) 23 

Total 72 
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more likely to have a higher percent cover abundance of woody species and 

rosette herbs than sites where the species was present. 

Twenty-three geographic areas had enough information available to 

estimate habitat area and degree of isolation. Of the seven locations in NSW, 

five are isolated with no potential for movement between patches (Table 6-11). 

Six of the seven NSW locations support areas of habitat less than 3 ha in size. 

The largest known patch of habitat in NSW is at Googong, an area adjacent to the 

A C T border. Six of the 14 ACT locations have a low isolation score (1) and are 

situated on river corridors. Sites within the suburbs tend to be more isolated, 

however all but two have potential for movement within sites. Stromlo 

Observatory and Isaac's Ridge are the only two sites with no potential for 

movement between populations (Table 6-11). The site in urban Bendigo is small 

and isolated, while Whipstick is large with no movement barriers although the 

extent of habitat within the area is unknown. Unfortunately data on the 

populations of lizards at different locations is unavailable so no comparisons can 

be made between patch and population size. 

6.3.3 Microhabitat Correlates 

Despite trapping for 16536 trap nights, catching four species of frogs and 

eleven species of reptile, only 5 A. parapulchella were captured in pitfall traps 

during the study (Table 6-12). Three specimens were captured during November 

and two were captured in December. A l l of these specimens were recorded in 

rocky habitat, attempting to move within rocky areas. Overall rocky habitat 

supported more reptile species and individuals than grassy non-rocky habitat 

(X2=4.65;df=l;p<0.05). 

Of 595 collections of A. parapulchella, most were found beneath rocks, 

with two specimens found beneath plyboard and another under a piece of lichen. 

The rocks used by A. parapulchella, ranged widely in size, those most commonly 

used being between 100 and 150 mm wide (Figure 6-4), and 120-220 
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Table 6-11. Biogeographical information on Aprasia parapulchella sites, 

including an index of isolation. Isolation index value 1 - potential for within and 

between site movement; 2 - potential for movement between outcrops but no 

movement between sites; 3 - limited potential for movement between outcrops 

but no movement between sites; 4 - no potential for movement between outcrops 

or sites. 

Location Number Degree of Estimated Size of 
of sites Isolation area of reserve 

habitat (ha) (ha) 

A C T 
The Pinnacle 2 3 3.4 126 
Coppins Crossing 3 1 10.4 >300 
Stromlo Forest 4 1 6.3 >300 
Cooleman Ridge 3 3 7.0 188 
Mt Taylor 8 2 24.0 295 
Angle Crossing 2 1 unknown >300 
Urriara 9 1 24.0 >300 
Point Hut 5 1 15.0 >300 
Farrer Ridge 1 3 1.6 179 
Lower Molonglo 6 1 3.6 >300 
Isaac's Rids?e 1 4 4.5 4.5 
Urambi Hills 5 3 12.0 182 
Stromlo Observatory 1 4 1.0 1 
Oakey Hil l 1 3 unknown 59 

NSW 

Bathurst 2 4 1.5 1.5 
Tarcutta 1 4 1.5 1.5 
West Wyalong 1 4 50.0 50 
Googong 3 1 unknown >300 
Burr a 3 3 2.5 2.5 
Dog Trap Road 3 4 2.0 2.0 
Queanbeyan 1 4 <1.0 <1 

Victoria 

Bendigo 2 4 2.5 2.5 
Whipstick 3 1 unknown >300 
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Table 6-12. Reptiles and frogs caught during pitfall trap surveys in rocky and 

grassy habitat. 

Species Number of Percent 

Individuals Frequency 

Frogs 

Crinia parasignifera 23 7.5 

Crinia signifera 71 23.0 

Limnodynastes dumerili 11 4.0 

Limnodynastes tasmaniensis 6 2.0 

Legless Lizards 

Aprasia parapulchella 5 2.0 

Delma inornata 1 0.3 

Skinks 

Carlia tetradactyla 2 0.7 

Ctenotus taeniolatis 5 2.0 

Ctenotus robustus 123 40.0 

Lampropholis delicata 35 4.5 

Lampropholis guichenoti 6 2.0 

Morethia boulengeri 16 5.0 

Menetia greyii 3 1.0 

Physignathus leseurii 1 0.3 

Snakes 

Pseudonaja textilis 1 0.3 

Totals 309 99.5 
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Figure 6-4. Frequency of the width of rocks used by Aprasia parapulchella over 

a range of sites (Standard Deviation = 53.34; Mean = 145; N = 486). 
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mm long (Figure 6-5). A. parapulchella was most commonly collected from 

beneath thin rocks of between 50 and 150 mm thickness (Figure 6-6). Rocks 

tended to be partly embedded into the ground, most frequently to a depth of about 

20 mm (Figure 6-7). There were significant differences in the sizes of rocks used 

by male and female lizards with females tending to occur under rocks that were 

longer and thicker than those used by male lizards (Table 6-13). Female lizards 

also used rocks that tended to have a greater surface area exposed to sunlight. 

When compared with juveniles, adult females tended to be found under rocks 

that were significantly longer (F=3.49; df=3,369; p<0.01) and wider (F=5.71; 

df=3,369; p<0.0008). 

There were significant differences between the sizes of rocks used by 

lizards from different sites with rock area (length X width) significantly larger for 

rocks at Mt Taylor than the Relocation site (F=3.86; df=3,479; p<0.0095). The 

thickness of rocks used by A. parapulchella was greater at Stromlo Forest than 

all other sites (F=9.94; df=3,479; p<0.0001) and Lower Molonglo had a greater 

proportion of the rock embedded into the ground than Mt Taylor and Stromlo 

Forest (F=8.30, df=3,472; p<0.0001). 

Lizards were found to use different sized rocks during different seasons 

with significant differences found for rock area (length X width) of rocks 

between spring and summer and winter (F=4.97; df=3,479; p<0.002). Lizards 

used rocks that were significantly larger in both winter and summer than they did 

in spring. 

Of 560 A. parapulchella observations, most were found beneath rocks 

that had multiple entrance burrows, with only 7 percent being found with no 

burrows and 3 percent in the presence of single entrance burrows. No lizards 

were found beneath rocks sitting on other rocks and most of the 595 rocks with 

A. parapulchella beneath them were classified in the litter abundance class of 0, 

with only four cases where litter was found beneath rocks, all in the abundance 

class of 4. 



154 

1001 

80' 

>> 60 

<u 
40 

20 

0 
46 77 108 140 171 202 234 265 296 328 359 390 422 453 484 

Rock length (mm) 

Figure 6-5. Frequency of the length of rocks used Aprasia parapulchella over a 

range of sites (Standard Deviation = 84.83; Mean = 203; N=486). 
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Figure 6-6. Frequency of the thickness of rocks used by Aprasia parapulchella 

over a range of sites (Standard Deviation = 84.83; Mean = 203; N=486). 
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Figure 6-7. Frequency of the depth of rocks embedded into the ground which 

were used by Aprasia parapulchella over a range of sites (Standard Deviation = 

84.83; Mean = 203; N=486). 
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Table 6-13. Differences in rock parameters (mm) used by male (n=177) and 

female (n=153) Aprasia parapulchella with significant differences indicated by*. 

Standard errors are shown in brackets. 

Variable Mean T Prob>T 
Male Female 

Rock 
thickness on ex n\ yy (J.J) 1 QQ 1 .yy U.Uj 
Rock length 97 (4.8) 222 (9.7) 2.41 0.02* 

Rock width 47 (3.8) 156 (5.0) 1.47 0.14 

Depth 
embedded 28 (2.2) 27 (2.1) 0.20 0.84 
Proportion 
embedded 31 (2.0) 31 (4.3) 0.26 0.79 
Rock length/ 
width 2(0.1) 12(9.0) 1.08 0.28 
Surface area/ 
volume 0.05 (0.0) 0.06 (0.01) 0.98 0.33 
Rock area 31726(1743) 39481 (3312) 2.15 0.03* 

Surface area 129391 (6652) 156878 (9156) 2.47 0.01* 

Rock volume 3248006 (289578) 4096681 (327668) 1.94 0.05* 



158 

Thirteen species of reptile were found living beneath 2264 rocks at the 

Lower Molonglo Bypass Dam site (Table 6-14). Of these only five and one frog 

had occurrences greater than thirty that could be used for analysis of homesite 

partitioning. Nearly all species, including A. parapulchella, were most often 

found beneath medium sized rocks with the large skink, Ctenotus robustus and 

the frog Limnodynastes tasmaniensis also occurring frequently under large rocks 

(Figure 6-8). Most species of reptiles were found more frequently under 

rectangular rocks (Figure 6-9). Only Lampropholis delicata and the frog 

Limnodynastes tasmaniensis where found more commonly beneath square rocks. 

A resource matrix for both fossorial vertebrates and invertebrates is provided in 

Table 6-15). 

Although it appeared from the above results that different species were 

using the same sized rocks, overlap analysis results showed that there was some 

strong partitioning of rocks based on size (Table 6-16) with Limnodynastes 

tasmaniensis and Ctenotus robustus using the same sized rocks. There was little 

partitioning on the basis of rock shape (Table 6-17) with most figures close to the 

value of 1 suggesting that all species are using different sized and shaped rocks in 

accordance with their abundance in the environment. 

Canonical discriminant function analysis of different fossorial vertebrate 

and invertebrate species and rock characteristics suggested that certain rock 

features contributed significantly to the classification of species. For vertebrates, 

the amount of the rock embedded into the ground was significant for A. 

parapulchella, C. taeniolatis, Morethia boulengeri and L. tasmaniensis (Table 6¬

18). The thickness of rocks was significant for Lampropholis delicata with the 

species tending to occur under thick rocks and rock length was significant for C. 

robustus which were commonly found beneath rocks that were larger than those 

used by other fossorial species (Table 6-18). 

Cross validation of the discriminant function analysis indicated that 

discrimination between rock shapes and sizes based on the species found beneath 

them was poor with the best rate of classification for vertebrates being 67 percent 
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Table 6-14. Different reptile species found to be using rocks at the Lower 

Molonglo Dam site. Only those with an occurrence above 30 were used in the 

analysis. 

Species Number of Occurrences Percent 

Aprasia parapulchella 396 65 

v^ienoius rouusius oo 1 d 

Ctenotus taeniolatis 33 5 

Delma inornata 14 2 

Diplodactylus vittatus 1 0.2 

Lampropholis delicata 33 5 

Lampropholis guichenoti 3 0.6 

Morethia boulengeri 33 5 

Menetia greyii 3 0.6 

Pseudonaja textilis 4 0.7 

Ramphotyphlops nigrescens 3 0.6 

Unechis dwyeri 2 0.3 

Totals 613 99.5 
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Figure 6-8. Different sized rocks used by reptiles in a rocky grassland 

community. " A P " is Aprasia parapulchella; "CR" is Ctenotus robustus; "CT" is 

Ctenotus taeniolatis; " M B " is Morethia boulengeri; " L D " is Lampropholis 

delicata; "LT" is Limnodynastes tasmaniensis. 
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Figure 6-9. Different shaped rocks used by herpetofauna in a rocky grassland 

community. " A P " is Aprasia parapulchella; "CR" is Ctenotus robustus; "CT" is 

Ctenotus taeniolatis; " M B " is Morethia boulengeri; " L D " is Lampropholis 

delicata; " L T " is Limnodynastes tasmaniensis. 
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Table 6-15. Resource Matrix of rock usage by different reptile and invertebrate 

species expressed as percentage usage. 

Species Small Medium Large Square Rectangle N 

A. parapulchella 25 58 17 41 51 498 

C. robustus 12 45 43 39 61 96 

C. taeniolatis 25 55 20 43 57 40 

M. boulengeri 15 55 30 43 57 40 

L. delicata 1 o 

18 58 24 70 30 33 

L. tasmaniensis 12 44 44 52 48 27 

C. consobrinus 32 39 29 41 59 66 

Centipede 36 42 22 55 45 488 

/. rufoniger 50 40 10 51 49 464 

Paratrechina 30 58 12 51 49 57 

Pheidole spp. 57 34 9 47 53 161 

R. metallica 31 54 28 55 45 190 

U. manicatus 23 49 28 63 37 71 

Termite 39 52 9 48 52 33 
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Table 6-16. Results of Hurlbert's Overlap analysis of rock size use by reptile and invertebrate species. The measure is 1 when both species use 

the resource in accordance with its abundance in the environment, 0 when no resources are shared and >1.0 when resource preferences coincide. 

A P C R C T M B L D L T C C C E IR PA P H R M U M T E 

A P 1.047 1.046 1.069 1.071 1.119 0.983 1.294 0.945 1.043 0.912 1.139 1.033 1.001 

CR 1.089 1.290 1.250 1.748 1.462 1.047 0.793 0.944 0.765 1.290 1.216 1.010 

CT 1.084 1.075 1.177 1.006 1.360 0.936 1.206 0.905 1.120 1.050 1.001 

M B 1.156 1.300 1.080 1.010 1.010 1.010 0.792 1.230 1.140 1.006 

L D 1.192 1.032 0.997 0.884 1.030 0.834 1.199 1.096 0.984 

L T 1.184 1.054 0.790 0.411 0.734 1.296 1.223 0.998 

C C 1.030 0.950 0.949 0.946 1.182 1.068 1.007 

C E 0.993 0.973 1.00 1.140 1.020 0.996 

IR 0.998 1.153 1.058 0.903 0.999 

PA 0.942 1.118 0.989 0.999 

P H 1.04 0.829 1.000 

R M 1.202 0.996 

SC 0.989 
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Table 6-17. Results of Hurlbert's Overlap analysis of rectangular and square rock use by reptile and invertebrate species. The measure is 1 when 

both species use the resource in accordance with its abundance in the environment, 0 when no resources are shared and >1.0 when resource 

preferences coincide. 

A P C R C T M B L D L T C C C E IR PA P H R M U M T E 

AP 1.040 0.671 1.037 0.928 0.993 1.032 0.982 0.996 0.996 1.011 0.982 0.953 1.007 

CR 1.043 1.043 0.912 0.991 1.040 0.978 0.996 0.996 1.013 0.978 0.942 1.009 

CT 1.043 0.950 1.004 1.037 1.041 1.007 1.007 1.019 0.995 0.971 1.016 

M B 0.950 1.004 1.037 1.041 1.007 1.007 1.019 0.995 0.971 1.016 

L D 1.016 0.928 1.040 1.008 1.008 0.976 1.040 1.044 0.984 

L T 0.993 1.004 1.001 1.001 0.998 1.004 1.010 0.998 

C C 0.982 0.996 0.996 1.011 0.982 0.954 1.007 

C E 1.002 1.002 0.994 1.010 1.026 0.996 

IR 1.000 0.998 1.002 1.005 0.999 

PA 0.998 1.002 1.005 0.999 

P H 0.994 0.984 1.002 

R M 1.026 0.996 

SC 0.990 
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Table 6-18. Results from the canonical discriminant function analysis 
classification (n=2274), showing the percentage of each species classified 
correctly after cross validation and the variable used in the model with its 
associated probability level. 

Species N AH Single Variable Prob 

A. parapulchella 488 30 67 Rembed 0.0013 

C. robustus 92 31 66 Rlength 0.0001 

i t/i ovii nlnti c lU&fllUlULlA 33 91 fin C l l i U C U n nnni 
U . U U U 1 

L. delicata 33 30 55 Rthickness 0.0001 

M. boulengeri 33 36 0 Rembed 0.0001 

L. tasmaniensis 30 60 56 Rembed 0.0001 

I. rufoniger 464 63 61 Rlength 0.0001 

C. consobrinus 66 53 65 Rembed 0.0001 

R. metallica 190 48 61 Embed 0.0001 

Urodacus manicatus 71 63 72 Rthickness 0.0001 

Amnitermes sp. 33 53 66 Embed 0.0001 

Centipede 488 56 59 Rvol 0.0001 

Paratrechina 57 66 49 Rembed 0.0001 

Pheidole 161 60 61 Rlength 0.0001 
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for A. parapulchella when compared to rocks with other Herpetofauna species 

(Table 6-18). The scorpion Urodacus manicatus also had reasonable 

discrimination with 72 percent of rocks correctly assigned. 

6.4 Discussion 

6.4.1 Regional Habitat Description 

In the ACT, A. parapulchella occupies rocky sites that are dominated by 

grasses, both native and exotic. Sites are typically free of woody vegetation 

although the species is found in some areas of grassy woodland. Outside the 

ACT in NSW, vegetation associations differ according to geographic location. 

NSW sites adjacent to ACT borders and at Bathurst and Tarcutta have very 

similar grassland vegetation associations, although dominant species may differ. 

At West Wyalong, vegetation associations are very different, consisting of mallee 

and broombush communities. This vegetation type is very similar to that found 

in Whipstick sites in Victoria. The ironbark forests of Bendigo differ from all 

other A. parapulchella sites in the dominance of tall Eucalyptus sideroxylon and 

a shrubby understory. 

There appears to be some differences in the geology of sites where the 

lizard is present and absent at least in the ACT region. No A. parapulchella have 

been recorded in the ACT from sites on sedimentary geology, despite the 

abundant availability of what appears to be suitable rocks on sites such as Black 

Mountain and Tuggeranong Hill . In other regions of its range the species appears 

to be less dependent on rocks, with A. parapulchella from Bendigo occurring in 

sites with a rocky and non rocky cover, and the population at West Wyalong 

found on sites where no surface rocks exist. It has been suggested that A. 

parapulchella is less dependent on rocks than is assumed (Rauhala 1993) and it 

is simply a bias of sampling methods rather than a true relationship. This issue is 

addressed below. 
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6.4.2 Local Habitat Correlates 

Cluster analysis of plant species presence and absence showed little 

pattern in the groups of sites clumped together (Figure 6-3). Results based on 

plant cover abundance is much more cohesive (Figure 6-2) with geographically 

close sites clustering more frequently together (Figure 6-2). Results of habitat 

modeling suggest that a number of grasses are commonly found at sites with A. 

parapulchella (Table 6-5). Three of these five species are exotics (Table 6-6). 

This is likely to reflect the land use history of the sites, with patches typically 

occupied by A. parapulchella considered to be secondary grassland and have 

been subject to grazing. The native grass species Bothriochloa macra is 

commonly found at sites where A. parapulchella is present. This species is 

benefited by grazing and can be an indicator of past grazing by livestock. The 

graminoid Lomandra filiformis is a species that is likely to be tolerant of grazing 

due to its tough leaves. 

A. parapulchella was less likely to be present at sites with a high cover of 

Stipa bigeniculata. This may relate to a preference for shallow soiled rocky sites 

by S. bigeniculata. Grassland dominated by S. bigeniculata tends to be tussocky 

with large areas of inter-tussock spaces and would appear to provide less suitable 

habitat for A. parapulchella. Previous studies have demonstrated that reptiles 

occupy particular vegetation associations that can be delineated on vegetation 

characteristics including density and height (Jones 1988) or the presence of 

particular species of plants (Mitchell 1979; Bustard 1968; Fellers and Drost 

1991). Vegetation structure can also control occupancy by different reptile 

species, with vegetation thickets favoured by Xantusia riversiana (Fellers and 

Drost 1991) and open diverse structure preferred by Lacerta agilis (House and 

Spellerberg 1983). 

There was little difference between sites where A. parapulchella was 

present and absent in terms of the dominance of exotic species. These results are 

counter-intuitive, as previous authors have associated the presence of A. 

parapulchella with a presence or dominance of native grass particularly kangaroo 
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grass Themeda triandra (Osborne et al. 1991, McKergow 1990). I feel the 

results indicate that most of these grassland sites have some form of weed 

invasion and contain many exotic species which tend to cloud relationships. 

Native plant species, including Themeda triandra are replaced by introduced 

species in grazed sites (Stuwe and Parsons 1977). The only significantly 

different classes were absence of lizards and the highest abundance class. 

Although there were only three sites in the highest abundance class, the results 

suggested that when A. parapulchella was absent from a site the ratio of weeds to 

native species was higher than when A. parapulchella occurred in the highest 

densities. 

There was no clear relationship between the amount of disturbance and 

the presence of the A. parapulchella, however sites that had been highly 

modified, and were dominated by exotics do not support any populations of the 

species. Only two sites with these characteristics had been surveyed with 

sufficient intensity to be confident that A. parapulchella was not present. Sites 

where A. parapulchella are present can be divided into two categories, those 

dominated by native grasses, particularly Themeda triandra and those which 

have high proportions of native species but which also support large covers of 

exotic annual grasses. It appears that in these sites, while disturbance has 

occurred through grazing, weed invasion and the modification of fire regimes, the 

changes have not been severe enough to exclude the lizards. The differences 

between sites where A. parapulchella was absent and at the highest abundance 

levels indicates that at sites where natives dominate, the lizards are able to occur 

in the highest numbers. 

A. parapulchella was more likely to be present at a site when the cover of 

woody species and rosette herbs was lower (Table 6-9). These results support the 

idea that in the ACT region, A. parapulchella is a grassland specialist, tending to 

be found at sites where there is little cover of shrubby or woody species (Table 6¬

10). This is in contrast to the habitat occupied by the species in West Wyalong 

and Bendigo, where A. parapulchella is found in mallee vegetation where woody 

species dominate. 
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The higher proportion of rosette herbs at sites where A. parapulchella is 

found can be explained by the fact that many weed species are rosette herbs. 

When sites are dominated by weed species such as Hypochaeris radicata, they 

tend not to support populations of A. parapulchella. 

In discriminant function analysis, correlation among species may lead to a 

subset of retained variables that are not particularly well linked causally to lizard 

abundance or presence/absence. However, some logical trends were observed in 

the results. The domination of sites where the species is present by grass species 

that tend to form a thick cover across sites is not unexpected. Any reasons for the 

importance of these variables are only inferential and experimentation is required 

to establish cause and effect relationships. 

The A C T populations of A. parapulchella tend to occur in reserves of 

reasonable size, even though the total area of habitat they occupy is quite small 

(Table 6-11). It is only locations along the Murrumbidgee and Molonglo river 

corridors that support habitat with potential for within and between population 

movement. A C T populations in the various Canberra Nature Park reserves have 

potential for limited movement within sites due to the various rocky outcrops that 

support populations. It appears that no movement would be possible between 

locations, due to the isolation of sites by surrounding urban development. Of 

greatest concern are NSW locations that are all small and isolated with regional 

distributions represented by single sites (Table 6-11). These sites are therefore at 

greater risk from disturbance from environmental and demographic stochastic 

events (Wilcox and Murphy 1985, Gilpin and Soule 1986). 

While populations can be found in most Canberra Nature Park sites, it 

remains to be seen if they persist in the long term. As lizards may be relatively 

long lived, (Chapter 4) sites might be supporting aging populations. Work on 

metapopulation dynamics suggests that when the balance of source and sink 

populations is upset and movement is restricted, populations can become extinct. 

After construction began on the suburbs around the foot of Mt Taylor, there were 
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a number of records of A. parapulchella found in suburban backyards and 

bathrooms (R. Bennett pers. comm.). No such occurrences have been reported 

since that time. These anecdotal observations tend to suggest that at some time 

A. parapulchella individuals attempted to move off hill reserves such as Mt 

Taylor and further studies should be attempted on the movement patterns and the 

possible alteration of metapopulation dynamics which may have occurred when 

Canberra became urbanised. 

Considerable effort has gone into trying to determine why A. 

parapulchella has such a patchy distribution both on a geographic scale between 

the states of NSW, ACT and Victoria and also locally within the ACT region. 

There are many areas which superficially resemble the broad habitat requirements 

identified by Osborne et al. (1991), but which do not support populations of A. 

parapulchella. Perhaps the error is that we are searching for links between this 

species and habitat requirements. It is possible that the species' current 

distribution patterns reflect the only sites the lizard can now survive. The patchy 

distribution of the species may result from localised extinctions of populations at 

previously suitable sites. Unfortunately historical records for the species are 

scarce, however it is likely that A. parapulchella has gone extinct from at least 

two sites in the last ten years (Chapter 4) and one historical site no longer has any 

habitat to support the species. 

6.4.3 Microhabitat Correlates 

Despite extensive pitfall trapping in a site known to support a population 

of at least thirty individuals, only five A. parapulchella were caught in pitfall 

traps (Table 6-12). A l l of these lizards were caught moving within the rocky 

habitat and none were caught in areas without rocks. It appears that in the A C T 

sites at least, that A. parapulchella has a strong association with the presence of 

rocks. At sites in West Wyalong (NSW) and Whipstick (Victoria) A. 

parapulchella occurs in areas where few surface rocks are present and it has been 

suggested that the presence of A. parapulchella may not be strongly associated 
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with rocks (Rauhala 1993), with this perceived relationship a bias of traditional 

sampling methods. Trapping results here suggest that at least in ACT grassland 

sites the species appears to rely on the presence of rocks. The use of surface 

rocks for absorbing heat is an advantage as it also provides protection from 

predators (Robinson 1996). 

Sites at the Whipstick and West Wyalong are quite different in that they 

are areas of mallee and broombush in climates that are warmer than Canberra. In 

these sites ants tend to build nests in the soil or clumps of mallee roots and may 

not be as reliant on surface rocks. It is interesting to note that in the Whipstick, 

the one surface rock that could be found had an A. parapulchella beneath it. This 

suggests that if rocks were available in such habitat then they would most likely 

be used by A. parapulchella, given that rocks provide a superior 

thermoregulatory environment (Huey et al. 1989) and suit heat absorption by 

small species of ants (Robinson 1996). Some rocks, especially those that are thin 

and shallowly embedded, are able to raise temperature faster than the surrounding 

open soil (Cloudsey-Thompson 1956). A. parapulchella do not possess a black 

peritoneum which absorbs ultra violet radiation (Porter 1967) and as such are 

likely to be thigmothermic, needing some form of shelter, be it sandy soil or 

rocks to maintain body temperatures. 

The fact that A. parapulchella were only captured in pitfalls in a narrow 

period of time (November and December) is similar to findings by Robertson and 

Edwards (1994) who reported A. aurita to have a limited period of activity in late 

October which was thought to coincide with mating. Results from this study 

indicate that the activity period of A. parapulchella may be later than A. aurita, a 

finding which is possibly due to differences in the climatic conditions of the sites 

occupied by the two species. 

When comparing the numbers of A. parapulchella found beneath rocks 

and in pitfall traps it is clear that rock turning is a preferred method for surveying 

for this species. In non-rocky areas, such as Victoria, pitfall trapping may 

however be the only method available to survey for A. parapulchella and it is 
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recommended that the timing of these surveys should coincide with peak times of 

movement between October and December. 

In contrast to results from pitfall trapping, A. parapulchella was the most 

abundant reptile captured beneath rocks (Table 6-14). A. parapulchella appear to 

use rocks which are medium sized (Figures 6-4, 6-5, 6-6, 6-7), between 100 and 

150 mm wide, 120-220 mm long and 50 to 150 mm thick. The difference in the 

use of various sized rocks at each sites is likely to reflect local differences in rock 

sizes at sites. Without data on all rocks at sites, it was not possible to determine if 

different populations of A. parapulchella were selecting different sized rocks 

from what was available. Al l sites have the same geology, however the 

underlying rock outcrops and slopes of sites are different and it is not surprising 

that different sized rocks have formed on various sites. It is not clear if such 

differences have advantaged populations or can explain differences in lizard 

abundance across sites. 

A. parapulchella use different sized rocks at different times of the year. 

Microhabitat associations of semi-arboreal Kalahari lizards were also found to 

change seasonally by Huey and Pianka (1977). As rocks are being used for 

thermoregulation, it is likely that different sized rocks provide preferred 

conditions at different times of the year. Larger rocks take longer to heat and 

lose their heat more slowly than smaller rocks (Huey et al. 1989), with thickness 

and colour thought to be controlling factors in determining temperatures beneath 

rocks (Larmuth 1978). Perhaps this is why A. parapulchella is found under 

larger rocks during summer, when smaller rocks would heat up too quickly and 

lizards would have to retreat deeper into burrows. Given this model, it is 

uncertain why lizards would use larger rocks in winter when these rocks would 

take a long time to heat up, however they would also hold their heat for longer. 

Interestingly there are differences in the sizes of rocks used by male and 

female lizards (Table 6-3). Lizard microhabitat use often differs amongst age 

and size classes within a population (Paulissen 1988). This result may relate to 

different thermoregulatory requirements of males and females, which have never 
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been investigated for this species or any other Pygopodid. Although females tend 

to be larger than males, there was no pattern between lizard size and the size of 

the rocks individuals were found beneath. Rock use by lizards may be influenced 

by the use of different rocks by ants. Iridomyrmex spp and Rhytidoponera 

metallica are known to favour certain sized pavers as homesites (Robinson 

1996). 

In this study rocks were found to be a homesite used by a wide range of 

reptile and invertebrate species. For some species the same sized rocks were used 

(Figure 6-8), however overall, there was little overlap in the use of different sized 

(Table 6-16) and shaped (Table 6-17) rocks. The fossorial community 

partitioned rocks on the basis of different rock features (Table 6-18). Partitioning 

of resources advantages all members of a community as it may reduce 

competition and increase feeding efficiency and carrying capacity (Simon and 

Middendorf 1976). The low overlap values in rock use by different species could 

be a result of temporal segregation that minimises competition (Simon and 

Middendorf 1976). 

Although A. parapulchella is found commonly occurring with ants 

(Chapter 5), the size of rocks used by lizards and ants did not overlap. This is 

unexpected considering these two groups are frequently found co-occurring. 

Ants often build their nests under rocks as a means of avoiding large 

myrmecophagous predators and gaining protection from climatic extremes (Dean 

and Turner 1991; Fernandez et al. 1993). The lack of overlap can be explained 

by the large numbers of ant nests found beneath rocks in comparison to the 

number of A. parapulchella that were found beneath rocks in ant nests. 

Interestingly, the only other animal found under rocks when ants were present 

was the scorpion, Urodacus manicatus, although only on nine occasions. 
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6.5 Conclusions 

It appears that A. parapulchella specialises in the types of habitat it 

occupies. Certainly sites that are dominated by grassland flora are more likely to 

support populations of the species although there appears to be little difference in 

the vegetation at sites with different A. parapulchella abundance. From a 

conservation perspective, the results presented will form the basis for future 

surveys for the species. The differences that were found in vegetation 

associations used by A. parapulchella in different geographic areas will enable 

surveys to target suitable vegetation in regional areas. Further unraveling of the 

complex issue of habitat correlates and the presence and abundance of A. 

parapulchella will require experimentation. 

Most populations of the species are isolated, especially in NSW. This has 

important conservation implications for the management of the species as a 

whole with urban and agricultural development making it impossible for 

populations to interbreed. The issue of populations surviving in small, isolated 

patches suggests that in the long-term, population viability may not able to be 

ensured in some parts of the species range. 

Rocks appear to be an important resource for A. parapulchella in NSW 

and the A C T and are a key microhabitat feature with lizards occurring most 

frequently beneath medium sized rocks. These rocks need to be embedded 

within the ground on a clear soil surface. Because of this dependency on a 

limited size range of rocks, A. parapulchella is particularly susceptible to 

disturbance of its rocky homesites, a fact which was evidenced by the known 

death of nine individuals following the disturbance of rocks on Mt Taylor. 

Conservation efforts for the species need to recognise the importance of rocks to 

A. parapulchella and discourage activities that remove or disturb the rocky 

habitat of the species. 
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Chapter 7 Habitat destruction, manipulation, restoration and 
population relocation, 

7.1 Introduction 

Species that occur in regions that are favoured for agricultural production 

or urban development are particularly prone to habitat loss, fragmentation and 

continuing disturbances. As such these species may require intensive or 

proactive management to halt species decline (Cade and Jones 1993, Kock et al. 

1990). Two issues are particularly relevant to species with these kinds of 

distribution patterns, reinstating areas of suitable habitat which have been lost 

(Jordan 1988) and managing populations to ensure no more are extirpated as a 

result of human activities. 

Management techniques for species trying to survive in an urban or 

agricultural landscape include the provision of habitat corridors (Saunders and 

Ingram 1987, Bennett 1990), removal of dispersal barriers (Mansergh and Scotts 

1989), moving individuals and populations (e.g. Cade and Jones 1993, Brown 

1994, Burke 1989) and restoring damaged habitat (Jarman 1995). It is these last 

two techniques which are the focus of the following chapter. 

Relocation involves moving a population of animals from an area where 

they are threatened to an area where they are less prone to habitat loss (Dodd and 

Seigel 1991) and is often recommended as a means of mitigating the effects of 

habitat destruction (Berry 1986). Such activities are used increasingly to remove 

the immediate threat of habitat modification for populations of threatened 

species, unfortunately without many proven successes (Griffith et al. 1989, Dodd 

and Seigel 1991). As a crisis management tool, relocations are often conducted 

with little forward planning, a characteristic linked with the failure of projects 

(Dodd and Seigel 1991). 
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Relocation and associated activities should not be seen as an escape route 

for developers, and should only be attempted when certain criteria are met. In the 

first instance there needs to be a strong commitment to a four-stage program 

consisting of a feasibility study and preparation, release and follow-up phases 

(IUCN 1987). There is a suite of factors needing consideration before relocation 

can occur. For animals, appropriate food sources, a suitable climate and lack of 

excessive competition or predation must be considered (Hodder and Bullock 

1997) . 

Of critical importance is the ability to be able to provide a suitable target 

release area that supports enough habitat to ensure the long-term maintenance of 

a new and expanding population. The success of reintroduction programs can 

often depend on the ability to identify suitable habitat within a species' former 

range (Pearce and Lindenmayer 1998). Relocating species into suitable habitat is 

crucial to the success of relocation programs (Kleiman 1989). Habitat quality of 

release areas has been identified as one of three statistically significant factors in 

the success of translocation exercises involving birds and mammals (Wolf et al. 

1998) . 

The release of species into unsuitable habitat can result in reintroduction 

failure (Hamilton et al. 1997). One way to establish habitat suitability is to locate 

areas where the species was historically present, where the causes of its local 

extinction are known, and where those causes have been removed. This includes 

situations where the species has become locally and permanently extinct because 

of the particular dynamic between rate of extinction and rate of reinvasion. This 

can be manipulated, perhaps through the establishment of corridors, to render the 

area suitable for a persistent population. The restored area may then be 

considered a suitable site for relocation. Species should only be re-introduced if 

measures have been taken to reconstitute the habitat to a state suitable for the 

species in question (IUCN 1987). 

An alternative is to locate an area where the species is present in low 

numbers, with the potential to enhance the carrying capacity through habitat 
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modification. Another option is to locate an area where the species is spatially 

restricted and artificially expand the spatial extent of suitable habitat. This is 

where habitat restoration and relocation activities can be linked for species 

conservation. 

There are situations where relocation is not a suitable option and should 

not be attempted. There must be a commitment to the long-term monitoring of 

relocation efforts. There are many examples of past relocations where no 

information on success or failure has been documented (Griffith et al. 1989). 

Haphazard relocations of a few individuals should also not be considered. These 

relocations fall well below the minimum number of release animals 

recommended to give populations the best chance of establishment (McCallum 

1994). Relocation should never be carried out as a means of mitigating habitat 

loss at the behest of developers unless the benefits to the species as a whole 

outweigh the costs to the population at risk. Relocation efforts should never be 

attempted when little is known on the species in question. Knowledge of habitat 

constraints is especially important. Finally as suggested by the IUCN (1987) 

there must be sufficient funds to carry the whole project through to a long term 

monitoring phase. 

For some threatened species populations to increase there is a need to 

expand areas of available habitat. Improving disturbed landscapes involves both 

conservation of native communities and restoration of habitats that have been 

disturbed or destroyed by human activity (Handel et al. 1994). Ecological 

restoration attempts to reinstate a full inventory of species previously existing in 

an area (Aronson et al. 1993) and is a growing discipline in the field of 

conservation biology (Clark 1996). However, as yet, no species has been 

removed from a threatened species list as a result of restoration efforts (Zedler 

1988). 

A. parapulchella is one species whose distribution leads to pressures on 

populations from human activities. Localised disturbances have occurred 

through the removal and/or redistribution of rocks (Figure 7-1, 7-2), tree 



Figure 7-1. Localised rock disturbance in the form of a children's fort 

constructed in Aprasia parapulchella habitat on The Pinnacle, ACT. 



Figure 7-2. Redistribution of rocks for use in road support, Bathurst, New South 

Wales 
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planting in native grasslands, livestock grazing and alteration of fire frequencies. 

Disturbance to large tracts of habitat has occurred as a result of ripping for 

expansion of Pinus radiata plantations (Figure 7-3) and the construction of the 

Lower Molonglo Water Quality Control Center (LMWQCC) Bypass Dam 

(Figure 7-4). 

In this chapter I address the issue of experimental relocation of the dam 

site population of A. parapulchella and report on the impact of habitat 

destruction on the species. I explore the success of reinstating key habitat 

variables for the lizards and the future management of the species in light of the 

findings. 

7.2 Materials and Methods 

7.2. / Reptile capture and removal 

The construction site at the L M W Q C C included a core site where the dam 

was to be situated and associated areas of impact involved with the construction 

of a road and car parks. Using the method of constrained area searching, surveys 

were undertaken to find any amphibians and reptiles inhabiting the site. Rocks 

under which A. parapulchella or their shed skins were found were marked to 

ensure suitable rocks were checked during each survey period. Any A. 

parapulchella captured were held in captivity, for later relocation, in individual 

round containers (100 mm diameter, 80 mm height) in an incubator set at 16°C. 

Other reptile and amphibian species were released after identification. Surveys 

were undertaken monthly between May 1993 and February 1994. 

7.2.2 Choice of relocation site 

One of the reasons for poor success in relocation exercises is the choice of 

an inappropriate release site (Dodd and Seigel 1991). Conservation 

translocations are unlikely to succeed without integration of habitat management 
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Figure 7-3. Ripping for the expansion of Pinus radiata plantations in the A C T at 

a site known to have supported populations of Aprasia parapulchella. 



Figure 7-4. The Lower Molonglo Bypass Dam site after construction. The site 

supported a substantial population of Aprasia parapulchella. 
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(Maunder 1992), so it was thought necessary to choose a site that would be 

protected in the long term. In addition, genetic mixing between genetically 

differentiated populations has the potential to introduce locally maladaptive traits 

(Hodder and Bullock 1997), so choice of a site where this was unlikely to occur 

was a high priority. Fifteen criteria were required to be fulfilled before a release 

site was chosen (Table 7-1). Also prior to the selection of a suitable site, data 

was collected on the ant faunas, vegetation community and the rock density at the 

site where A. parapulchella were captured and at the proposed release site. 

7.2.3 Design of relocation experiment 

This study has taken on board suggestions by (Burke 1991, Sarrazin and 

Barbault 1996) to use an experimental design for relocation projects in an effort 

to learn something of the biology of the species to be relocated. One of the key 

questions surrounding the management of A. parapulchella is why does the 

species have such a patchy distribution? Therefore the experimental relocation 

attempted to investigate the habitat parameters of rock density and vegetation 

type, manipulating both in the experimental release. Rock density was assigned 

as natural, low (half natural) and high, (twice natural) based on the density of 

rocks at the source site. This was calculated from the mode of the rock density 

determined from 30 one metre square plots at the L M W Q C C . Rocks were added 

to the plots or removed from the plots in order to manipulate rock density 

(Appendix 3). Experimental enclosures were chosen to be either dominated by 

Themeda triandra or other grasses such as Danthonia spp. and Stipa spp. 

Enclosures were used to ensure animals did not disperse immediately 

from the relocation site (IUCN 1987). Experimental enclosures consisted of five 

metre diameter circles of 0.5 metre high above ground swimming pool fencing 

(Figure 7-5). Each enclosure was buried 0.1 metre into the soil surface. Twenty-

four enclosures were used in the experiment, with twelve enclosures assigned to 

each vegetation treatment (Table 7-2). 
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Table 7-1. Criteria used to determine the most suitable site for the relocation of 

the population of Aprasia parapulchella collected from the Lower Molonglo 

Bypass Dam site. 

Criteria Description of Criteria 

Isolation 

Vegetation 

Key habitat feature 1 

Key habitat feature 2 

Habitat manipulation 

Suitability 

Abundance 

Access 

Aspect 

Soil Type 

Continuity 

Food density 

Weeds 

Size 

Conservation 

Unlikely to be disturbed by human activity 

Contains a high percentage cover of native grass 

species 

Kangaroo grass (Themeda triandra) is present 

Surface scatter of rocks is present 

There is potential to increase rock cover 

Supports populations of A. parapulchella 

A. parapulchella occurs in low abundance 

Has close vehicle access to allow easy movement 

of rocks and enclosures 

Has similar aspect to the site lizards were sourced 

Has similar soil type to site lizards were sourced 

The site is on the same side of the river, is 

relatively close to the source site and the 

populations are likely to have been continuous 

prior to the construction of the Lower Molonglo 

sewerage treatment plant 

The site has equal or higher food density to that of 

the source site 

The site has few invasive weed species 

The site should be large enough to support the 

population 

Is part of a conservation reserve. 
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Figure 7-5. Enclosures used in the experimental relocation of A. parapulchella 

populations at the Lower Molonglo, ACT. 
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Table 7-2. Experimental design for relocation experiment with enclosure 

numbers assigned to different treatments. 

Rock Densities Vegetation Type 

Themeda triandra Other Grasses 

No rocks, Control 5T.6T 30,70 

Very Low densities (5/enclosure) 9T, 12T 90,110 

Half densities (10/enclosure) 11T.10T 80,100 

Natural densities (20/enclosure) 3T,7T 40,60 

Twice densities (40/enclosure) 8T.4T 50,120 

Very high densities (60/enclosure) 2T,1T 10,20 
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Al l A. parapulchella were individually marked by heat branding on the 

tail prior to release (Chapter 4). Lizards were randomly allocated to treatments, 

but were released in ratios similar to those in which they occurred in the capture 

environment. Any lizards found co-habiting beneath rocks were released in the 

same groups (Table 7-3). Releases took place late in the afternoon to allow 

individuals to find shelter at times when predators were scarce. 

7.2.4 Site restoration 

The key habitat variables associated with A. parapulchella distribution 

are a cover of predominantly native grasses, sparse or no leaf litter and scattered 

small rocks shallowly embedded in the soil surface (Osborne et al. 1991; 

McKergow 1990). During the construction phase, all surface vegetation and soil 

were removed from the site and rocks were stockpiled. Surveys were undertaken 

to determine the vegetation cover and rock densities across the site in thirty l x l m 

plots distributed at random across the area to be destroyed. Once the plant 

species mixes associated with the presence of A. parapulchella in the dam area 

was established, then seeds of these species were collected from close to the dam 

site to avoid the possibility of planting inappropriate genotypes unable to tolerate 

local micro-environments (Mulroy 1989). A contractor grew seeds in virocells 

for six to eight weeks prior to planting (Margules, Groome and Poyry 1995) in 

species mixes close to what originally occurred at the dam site (Table 7-4). 

To ensure that rocks of a suitable size were used in the site restoration, 

the size of the rocks utilised most commonly by A. parapulchella was determined 

by measuring the length (mm), width (mm), height (mm), and depth embedded 

into the ground (mm) (Chapter 6). Stockpiled rocks of the appropriate sizes were 

then used to restore rocky habitat. 
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Table 7-3. Release ratios of adult and juvenile Aprasia parapulchella into 

treatment enclosures for the experimental relocation. 

Treatment Number of Number of Number of Number of Total 
Enclosure Males Females Sub-adults Juveniles 

1 Themeda 3 2 0 0 5 

2 Themeda 1 1 2 0 4 

3 Themeda 2 1 0 1 4 

4. Themeda 1 2 1 0 4 

5. Themeda 2 2 1 1 6 

6. Themeda 1 3 1 0 5 

7. Themeda 2 2 1 0 5 

8. Themeda 2 2 1 0 5 

9. Themeda I 1 2 0 4 

10. Themeda 2 1 1 0 4 

11. Themeda 1 1 0 2 4 

12. Themeda I 1 2 0 4 

1 Other 1 1 1 1 4 

2 Other 1 2 I 0 4 
O /""\*-t-i«... 

5 Otner 
1 z L U er J 

4 Other 1 1 1 1 4 

5 Other 2 1 0 1 4 

6 Other 1 1 2 0 4 

7 Other 2 1 0 1 4 

8 Other 1 1 2 1 5 

9 Other 1 2 1 0 4 

10 Other 1 1 2 1 5 

11 Other 2 1 0 2 5 

12 Other 1 0 1 2 4 

Totals 34 33 25 14 It 
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7.2.5 Restoration Progress Assessment 

In order to assess the progress of the habitat restoration, ten sites were 

selected on the basis of their disturbance history, restoration and past presence of 

A. parapulchella (Table 7-4). Three of the sites had been subject to restoration 

efforts, one site had been disturbed and not restored and the remainder were 

undisturbed control sites. AH sites were similar for ecological characteristics, 

including aspect that was either westerly or northerly and was not significantly 

different between disturbed and undisturbed sites (U,U'=10, 14; df=4,6; p>0.05). 

Invertebrates were sampled using pitfall traps (60ml vials, 50 mm 

diameter) filled with a mixture of ethanol and glycerol. At each site, two parallel 

transects of ten traps each were placed across the main rock outcrops, with traps 

spaced at five metres apart. Traps were left open for seven days and invertebrates 

were identified to order in the laboratory. 

In addition to pitfall trapping, rocks were turned at all sites and the 

species beneath each rock was recorded along with the rock size class; small 110 

x 150 mm; medium 150 x 210 mm and large 290 x 210 mm. A l l vertebrates 

were identified to species and all invertebrates to order, except for ants that were 

identified to genus. 

In order to assess the habitat suitability between restored and control sites, 

variables were split into data sets representing physical and biological 

parameters. Classification analysis was performed on both sets of data using a 

Bray-Curtis association measure and U P G M A fusion strategy with the statistical 

analysis package P A T N (Belbin 1990). Habitat suitability modeling was 

undertaken using a discriminant function analysis (DFA) on restored and control 

sites. Because of the large number of variables, a stepwise procedure was used to 

determine which habitat parameters showed discriminatbry ability between 
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Table 7-4. Study sites used in the assessment of the restoration, showing sites 

disturbed by the construction of the dam, those undergoing restoration and 

presence or absence of A. parapulchella. 

Site Disturbance and A. parapulchella 
Number restoration status Present (P) or Absent (A) 

1 Undisturbed P 

2 Undisturbed P 

3 Disturbed, undergoing restoration A 

4 Disturbed, no restoration A 

5 Undisturbed P 

6 Disturbed, undergoing restoration A 

7 Disturbed, undergoing restoration A 

8 Undisturbed P 

9 Undisturbed P 

10 Undisturbed P 
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control and restored sites. Habitat suitability models were validated using the 

cross validation technique (SAS Institute 1982). 

7.3 Results 

7.3.1 Reptile Capture and Removal 

After turning approximately 40 000 rocks, fourteen species of reptiles and 

two species of frogs were recorded from the dam site (Table 7-5). A. 

parapulchella was the most abundant species with 151 individuals captured (for 

data on population structure see Chapter 4). Eight species of skinks, three 

species of snakes, two species of frogs and one dragon were also recorded (Table 

7-5). 

7.3.2 Choice of relocation site 

Several sites along the Molonglo River corridor were visited to determine 

their suitability based on criteria in Table 7-1. One site located in the newly 

created Molonglo River corridor reserve and situated within 100 metres of the 

extended A C T E W lease met all listed criteria. The site was found to support a 

small population of A. parapulchella, had patches of extensive rock cover, a 

number of rocky outcrops and potential to increase rock cover. There was no 

significant difference between the sizes of rocks from this site and the Lower 

Molonglo site (Chapter 6). Vegetation was typical of grazed, rocky hill slopes 

found within the region and was dominated by Stipa spp., Bothriochloa macra, 

Danthonia spp. and patches of Themeda triandra. The relocation site was 

situated on the same side of the river and within 1 kilometre of the dam site, both 

factors that were thought to limit the possibility of genetic differences between 

populations. 
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Table 7-5. Reptile and amphibian species located at the dam site prior to the 

construction of the Lower Molonglo Bypass Dam. 

Common Name Species Abundance 

Pink tailed legless lizard Aprasia parapulchella 151 

Striped Skink Ctenotus robustus 88 

Copper tail Skink Ctenotus taeniolatis 33 

Grass Skink Lampropholis delicata 33 

Boulenger's skink Morethia boulengeri 33 

Common grass frog Limnodynastes tasmaniensis 30 

Olive legless lizard Delma inornata 10 

Brown Snake Pseudonaja textilis 4 

Bearded Dragon Pogona barbata 4 

Cunningham's Skink Egernia cunninghamii 4 

Garden Skink Lampropholis guichenoti 3 

Four fingered Skink Menetia greyii 3 

Blind Snake Ramphotyphlops nigrescens 3 

Black headed snake Unechis dwyeri 2 

Rainbow Skink Carlia tetradactyla 2 

Broad-palmed frog Litoria latopalmata 1 
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7.3.3 Experimental relocation 

Of the 114 lizards released as part of the relocation, only fifteen were 

recaptured twelve months after release. Of these, eight were male, five were 

female and two were juveniles. Seventeen percent of the lizards released in 

enclosures dominated by Themeda triandra were recaptured while eight percent 

of those released in treatments dominated by other grasses were recaptured 

(Table 7-6). Of the rock density treatments, very high densities of 60 rocks per 

enclosure had the highest percentage of recaptured lizards (Table 7-6). 

Interestingly two recaptured lizards were found living within the enclosure area 

nine months after the enclosures where removed. The treatment was twice 

natural rock densities and a grass cover of T. triandra. 

7.3.4 Site Restoration 

The rehabilitation of different species mixes was undertaken in key areas. 

For sites identified as supporting high densities of A. parapulchella prior to 

construction, a species mix of Themeda triandra, Bothriochloa macra and 

Danthonia spp. was planted in densities of 10 T. triandra, 3 B. macra and 2 

Danthonia spp virocells in each square metre. At other sites where A. 

parapulchella was known to occur, but the area was dominated by other grass 

species, a mix called suitable habitat (Table 7-7) was used. 

Rocks 100-150 mm wide and 120-220 mm long were commonly used by 

lizards (Chapter 6). Suitably sized rocks were placed using a front end loader in 

sites that were to be planted with the preferred habitat species mix (Table 7-7). 

Rocks were positioned in circular arrangements in an attempt to mimic natural 

rock outcrops (Figure 7-5). Approximately 8000 rocks were placed in outcrops 

throughout the rehabilitated areas. There were significantly more smaller sized 

rocks and significantly less large rocks at control sites than rehabilitation sites 

(X2=8.078, df=3; p<0.05) (Table 7-8). 



194 

Table 7-6. Percentages of lizards recaptured and the treatment they were released 

in. 

Rock Densities Percentage Recaptured 

Themeda Other Grasses Combined 

No rocks, Control 9.0 0.0 5.0 

Very Low densities (5/plot) 12.5 0.0 5.9 

Half densities (10/plot) 37.5 0.0 16.7 

Natural densities (20/plot) 0.0 0.0 0.0 

Twice densities (40/plot) 22.0 25.0 23.5 

Very high densities (60/plot) 22.0 37.5 29.4 
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Table 7-7. Program of replanting native grassland areas identifying differences 

in habitat suitability levels for Aprasia parapulchella. 

Habitat Category Species Density Type of Planting 

Preferred Habitat Themeda triandra 10/m2 Virocells 

Bothriochloa macra 3/m2 Virocells 

Danthonia spp. 2/m2 Virocells 

Suitable Habitat Danthonia spp 4/m2 

Stipa scabra 2/m2 

Stipa densiflora 2/m2 

Poa labillardieri 2/m2 

Virocells 

Virocells 

Virocells 

Virocells 

Less Suitable Habitat Poa labillardieri 2/m2 

Stipa densiflora 2/m2 

Chionochloa pallida l/m2 

Stipa scabra 50% 

Microlaena stipoides 50% 

Virocells 

Virocells 

Virocells 

Direct Seeding 

Direct Seeding 
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Figure 7-6. Circular arrangement of rock placement used to mimic the formation 

of natural rock outcrops. 



Table 7-8. Proportions of rocks in different size classes at control and 

rehabilitated sites. Raw numbers are shown in brackets. 

Site Treatment Small Medium Large Total 
Rocks Rocks Rocks Rocks 

1 Control 

2 Control 

3 Rehabilitated 

4 Disturbed 

5 Control 

6 Rehabilitated 

7 Rehabilitated 

8 Control 

9 Control 

10 Control 

Total Rocks 

63 (150) 30 (73) 

62 (234) 32 (120) 

32 (267) 43 (352) 

74(114) 22 (34) 

64(137) 29 (62) 

40 (384) 41(397) 

34 (291) 53 (457) 

44(115) 44(115) 

32 (44) 48 (67) 

50(113) 37 (83) 

1849 1760 

7(16) 239 

6(23) 377 

25(208) 827 

4(6) 154 

7(16) 215 

19(178) 959 

13 (114) 862 

12 (29) 259 

20 (27) 138 

13 (30) 226 

647 4256 
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7.3.5 Assessment of Restoration Progress 

There were a number of physical differences between the control and 

restored sites (Table 7-9). There was more bare ground at newly restored sites 

and less grass cover than at control sites. In addition the proportion of plots 

covered by rocks was much higher at control sites, despite the fact that more 

rocks were able to be turned at restored sites (Table 7-8). Field searching 

beneath rocks resulted in 36 invertebrates and five reptile and frog species 

recorded. The highest species richness (39 taxa) was recorded at undisturbed 

sites, while restored sites had intermediate species richness (26 taxa) and the 

lowest species richness was recorded at the disturbed sites that were not restored. 

Several ant and invertebrate taxa, as well as all reptile fauna (including A. 

parapulchella) were found only at undisturbed sites (Table 7-10). The frog, 

Crinia signifera was recorded only at disturbed sites. 

Twenty-four plant species (12 native, 12 exotic) were recorded across the 

sites. Native species richness was much higher at the undisturbed sites (10 

species) compared with the disturbed sites (2 species). Exotic species richness 

was similar across the site groups (8 to 10 species), but highest at the disturbed, 

non-restoration site. The majority of native species were found only at 

undisturbed sites, however Vittadinia sp. and planted grass were recorded only at 

disturbed sites. Exotic species composition was similar across the sites. 

Of the recorded habitat characteristics, soil pH, exotic vegetation cover 

and the percent occurrence of collembola, araneida and slugs was significantly 

higher at disturbed sites (Table 7-11). Percent rock cover, proportion of 

embedded rocks, native vegetation species richness and cover and invertebrate 

species richness were significantly lower at the disturbed sites. 

The sites clustered in a similar way based on physical and biological 

habitat characteristics. The main difference in groupings between the two data 

sets was that site 4, the disturbed, non-restoration site, was grouped with the 
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Table 7-9. Differences in the characteristics of treatment and control sites at the 

Lower Molonglo Dam habitat restoration site. 

Site Status % Bare % Litter % Rock % Grass 
Ground Cover Cover Cover 

1 1 control Q 
o 

L t / HI 

2 Control 5 6 6 83 

3 Treatment 91 0 2 7 

4 Treatment 7 25 2 66 

5 Control 45 0 4 51 

6 Treatment 66 0 8 26 

7 Treatment 46 0 1 53 

8 Control 41 0 16 43 

9 Control 39 7 9 45 

10 Control 18 5 12 65 
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Table 7-10. Differences in the percent frequencies of ant species found at 

treatment and control sites after habitat restoration of the Lower Molonglo Dam 

site ("IR" is Iridomyrmex rufoniger, " R M " is Rhytidoponera metallica, "PH" is 

Pheidole spp, "PA" is Paratrechina spp). 

Site Status No. No. of IR R M P H PA AH 
Of ant ants 
Rocks Species 

1 C 239 8 11 5 10 12.5 40 

2 C 377 5 7 5 7 27 47 

3 T 827 5 0.4 0.4 0 0.1 1 

4 T 154 5 12 2.5 1.3 9 26 

5 C 215 9 11 0.9 3 16 43 

6 T 959 3 4.5 5.0 0 4.3 14 

7 T 862 5 0.6 0.1 2 0.3 3 

8 C 259 8 1.5 4.6 10 3.5 24 

9 C 138 8 2 19 9 4 42 

10 C 226 8 0.9 9 2.2 1.3 23 
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Table 7-11. Habitat variables with mean values found to be significantly 

different (p<0.05) between disturbed and undisturbed sites. Mean (x) and 

standard deviation (a) is also shown for each variable. (Note: animal species 

recorded at one site group only were excluded; df=8). 

Variable T value Control sites Disturbed 

Sites 

X 0 x a 

soil pH -3.70 6.33 0 .41 7.38 0.48 

% rock cover 2.66 9.17 4 .31 3.25 3.20 

Veg. height 3.04 16.42 15 .26 2.50 1.87 

% embedded rocks 4.71 66.28 12 .82 18.27 12.71 

native veg. cover 5.49 46.00 18 .97 2.75 4.27 

exotic veg. cover -2.36 7.67 5 .01 32.50 21.86 

native veg. species richness 3.92 4.33 1 .63 0.75 0.96 

% occurrence collembola -2.40 5.04 3, .81 14.93 8.34 

% occurrence coleoptera 2.25 7.92 2, .66 4.21 3.30 

% occurrence araneida -5.29 8.61 3. .67 26.60 7.04 

% occurrence gastropoda -3.33 2.18 1. .77 6.72 2.54 

% occurrence hemiptera 2.01 1.30 1. .22 0.19 0.31 

% occurrence Rhytidoponera 2.93 7.38 6. .21 0.77 1.23 

% occurrence Pheidole spp. 2.56 7.10 3. .67 2.10 2.12 

% occurrence Crematogaster 4.70 1.18 0. .85 0.03 0.06 
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undisturbed sites, based on physical characteristics (Figure 7-7(a)) and with the 

disturbed sites, based on biological characteristics (Figure 7-7(b)). 

The stepwise DFA selected two physical and eight biological habitat 

characteristics that distinguished between control and restored sites (Table 7-12). 

The models based on physical and biological variables explained 69% (Model 

R2=0.691) and 100% (R2= 1.000) of the variation between site groups, 

respectively. Both models showed excellent discrimination with all sites 

correctly allocated during crossvalidation (Table 7-13). 

7.4 Discussion 

7.4.1 Experimental Relocation 

Of the fourteen species of reptiles captured during the survey of the 

L M W Q C C , A. parapulchella was by far the most abundant species (Table 7-5). 

This allowed the relocation of a substantial population of 114 lizards onto the 

new site. This number is well below the "minimum viable population" of 500 

individuals commonly used as a guideline (Grumbine 1990). The number was 

however thought to be sufficient for A. parapulchella as natural population sizes 

are often smaller than 500 individuals (Chapter 4). 

While low recaptures were reported for transplanted individuals (Table 7¬

6), these results are consistent with those obtained for simultaneous mark-

recapture studies at other sites (see Chapter 4). It is thought that these results 

tend not to suggest that the relocation was unsuccessful, rather that it is 

problematic obtaining data for a species that is difficult to sample. The fact that 

some lizards survived and that some were collected within the area they were 

released twelve months after release suggests some success with the exercise. 

This relocation project took on board criticism of past relocation efforts 

(Burke 1991, Sarrazin and Barbault 1996) and attempted to relocate the disturbed 
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SITE 1 
SITE 2 
SITE 5 
SITE 8 
SITE 9 
SITE 1G 1 
SITE 4 
SITE 3 
SITE 6 
SITE 7 

0. l-I^O 0.2746 0. 4022 
I 

0 . 5298 
I 

0.6574 0. 7850 

Dissimilarity 

SITE 1 
SITE 9 
SITE 8 
SITE 5 
SITE 10 
SITE 2 
SITE 3 
SITE 4 
SITE 6 
SITE 7 

I I I I I* 
0.3430 0.4220 0.4960 0.5700 0.6440 0.7180 

Dissimilarity 

Figure 7-7. Dendrograms of sites based on (a) physical habitat variables and (b) 

biological variables with * indicate the split between groups. 
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Table 7-12. Summary of stepwise DFA to determine (a) physical and (b) 

biological habitat variables used in distinguishing between restored and control 

sites. Model R 2 is cumulative for the model after the inclusion of each variable. 

F value and probability is for each individual variable. 

(a) 

Step Variable Model R2 F Prob>F 

1 % embedded rocks 0.734 22.119 0.002 

2 slope 0.691 15.651 0.006 

(b) 

Step Variable Model R 2 F Prob>F 

1 native vegetation cover 0.79 30.2 0.001 

2 % occurrence Crematogaster 0.72 17.5 0.004 

3 % occurrence other ant spp. 0.64 10.4 0.018 

4 % occurrence hemiptera 0.82 22.3 0.005 

5 % occurrence gastropoda 0.70 9.4 0.037 

6 % occurrence dictyoptera 0.85 16.6 0.027 

7 % occurrence Ponerinae 0.94 29.9 0.032 

8 % occurrence Collembola 1.00 10680.0 0.006 
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Table 7-13. Cross-validation summary of stepwise DFA using (a) physical and 

(b) biological variables for discrimination between restored and control sites. 

Number of sites and percentages are shown. 

yu) sue iNumDer 
of restored 
classed as restored 

rNumDer 
of control 
classed as control 

rNumoer 
Incorrect 

1 otal 

Control 100 (6) 0 0 6 

Restored 0 100 (4) 0 4 

Total 10 

(b) Site Number 
of restored 
classed as restored 

Number 
of control 
classed as control 

Number 
Incorrect 

Total 

Control 100 (6) 0 0 6 

Restored 0 100(4) 0 4 

Total 10 
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A. parapulchella population in an experiment that would assist with the greater 

understanding of the distribution patterns of the species. Unfortunately, because 

of low recapture rates, it was difficult to determine the success of different 

experimental treatments. Some patterns emerged, but they would need more 

intensive testing before any conclusions could be made. More A. parapulchella 

survived in enclosures that had very high densities of rocks (three times the 

natural rock density). This could be explained by the greater opportunity for 

homesites and food in the form of ant nest beneath rocks. Lower survival rates 

were recorded in plots with lower rock densities (Table 7-6). These results are 

similar to those obtained for relocated Iguana pinguis where decreased burrow 

density was found to increase the vulnerability of individuals to predation 

(Goodyear and Lazell 1994). 

Seventeen percent of individuals relocated into enclosures dominated by 

T. triandra survived in comparison to eight percent in other enclosures. 

Unfortunately this trend is based on very low numbers of individuals. Other 

studies have indicated an apparent relationship between the presence of T. 

triandra and A. parapulchella (Osborne etal. 1991, McKergow 1990, Jones 

1992). This apparent relationship deserves further experimentation. 

There are a number of issues crucial to the success of relocation projects. 

Foremost is the choice of an appropriate release site (Dodd and Seigel 1991). In 

this study a suitable site could only be identified by the presence of an existing 

population of A. parapulchella. At sites within the ACT where A. parapulchella 

was known to have gone extinct, extinction agents were still operating. The 

relocation site chosen satisfied the criteria of supporting a low density population 

of A. parapulchella. In order to address the problem of carrying capacity, habitat 

was modified by increasing the number of rocks to expand the available 

homesites for relocated individuals. 

The criteria listed in Table 7-1 aimed to ensure that the site chosen 

avoided problems identified by (Dodd and Seigel 1991) in relation to poor choice 

of a release site. In order to ensure that the population of A. parapulchella was 
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able to exist into the long term, and the site included legal protection (Bowles et 

al. 1993), the chosen site was part of a designated conservation reserve and is 

unlikely to be disturbed by human activity. In addition the reserve is large 

enough and contains continuous habitat that will allow the expansion of the 

population into new areas. The biological parameters of food availability, aspect, 

and soil were very similar to the L M W Q C C site. 

Habitat suitability is of key importance in successful relocations (Kleiman 

1989, Hamilton et al. 1997). By using suitability criteria the relocation site 

chosen supported a native vegetation community of species that commonly occur 

at A. parapulchella sites (Osborne et al. 1991, Jones 1992). In addition the site 

contained substantial areas of the key habitat feature of shallowly embedded 

rocks identified by Osborne et al. (1991). 

Relocations should be considered unsuitable when there is inadequate 

monitoring to determine the fate of relocated individuals. Ideally monitoring 

should include both the relocated and another population. This can help 

determine if population fluctuations represent natural fluctuations or are a cause 

of concern (Short et al. 1992). Despite the known survival of a number of A. 

parapulchella after relocation, further monitoring is required before success can 

be acknowledged. Relocation success is best defined when a viable self-

sustaining population has been established (Griffith et al. 1989). The presence of 

breeding animals does not provide evidence of success unless the population can 

be shown to be stable (Short et al. 1992). This study included three years of 

monitoring, at both the relocation site and two other ACT sites. This monitoring 

program should continue for at least another five years. 

Relocation is not a method that should be advocated as providing 

conservation solutions to planning dilemmas. In this situation the exercise was 

considered acceptable because it aimed to discover new information about the 

species in question. The relocation was not considered to be a population 

conservation exercise, but rather an experiment that would increase the 

understanding of this poorly known species. 



208 

7.4.2 Habitat Restoration 

The restoration of the LMWQCC bypass dam is preliminary. Invertebrate 

and ant species have yet to re-colonise the site (Table 7-10). This is expected as 

other studies have reported a greater lag time in the recovery of invertebrate 

communities than for plants (Cullen and Wheater 1993). Planting the area with 

different vegetation associations (Table 7-7) and placing approximately 8000 

rocks is thought provide a good start to the creation of new habitat for A. 

parapulchella. It is however too soon to claim success. The planted grasses in 

particular need time to establish before they resemble the thick swards that 

dominate most A. parapulchella sites (Chapter 6). Lack of ground cover and 

open vegetation may be two factors that are important in determining the ability 

of reptiles to colonise revegetated areas (Twigg and Fox 1991). 

Placement of rocks in size proportions similar to those in the natural 

environment and the planting of native grass species mixes, should result in areas 

that are structurally very similar to those prior to habitat destruction. It is 

expected to be a number of years before reptile fauna returns to former levels. 

No lizards were found to have recolonised sites following sand mining until 7 

years after disturbance (Twigg and Fox 1991). In another study investigating 

lizard recolonisation after fire, 25 years of regeneration was needed before high 

abundance of lizards re-established (Caughley 1985). 

Discriminant function analysis split between control and restored sites 

using both physical and biological characteristics (Table 7-13). When restoration 

efforts have been successful. It is expected that restored and non-disturbed sites 

should be very similar in their biological parameters. Although some ants have 

colonised the rehabilitated sites, there is still a difference in the community 

structure between control and rehabilitated areas (Table 7-11). 
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Habitat restoration has yet to result in the removal of a species from the 

threatened species list (Zedler 1988). Habitat restoration for threatened species 

has suffered because scant attention has been paid to the specific components and 

processes of wildlife habitat in the design of restoration projects (Jordan and 

Gilpin 1987). Habitat restoration is therefore still a growing field within 

conservation biology. Considering the impact the expansion of the human 

population has had on large areas of habitat, restoration may be the only solution 

to many future conservation biology dilemmas. 

7.5 Conclusions 

The real business of conservation is to do with the protection of habitats 

and the species within them (Caldecott and Kavanagh 1983), however at present 

it is often not possible to achieve these goals. Relocation and restoration have 

the potential to be powerful tools for the conservation of species that are 

threatened with habitat loss. There is a need to remember, however, that 

relocation and restoration exercises must be well planned and given appropriate 

resourcing. Relocations should never occur unless suitable target areas have been 

identified. At suitable sites, the species will have been historically present, but 

will no longer exist because of localised extinction. For a site to be suitable these 

extinction processes must be understood and no longer operating. Alternatively 

sites with low densities may be used if additional habitat restoration efforts are 

undertaken to allow an increase in carrying capacity. 

Relocations should never be undertaken without a long-term commitment 

to monitoring the fate of relocated individuals. Nor should these activities occur 

when they are simply used from an animal ethics aspect in an attempt to prevent 

the immediate suffering of individuals. Relocation exercises must focus on the 

goal of species conservation. While many of the results from this study have 

been inconclusive, the exercise as a whole has been a conservation success for A. 

parapulchella. The experimental approach and choice of site have yielded 

results that will form a sound basis for future studies. 
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Chapter 8 Conclusion 

Conservation biology, when applied to the management of A. 

parapulchella has focused on the need for basic biological information before 

effective conservation decisions can be made. Although autecological studies are 

not the current focus of conservation biology (Simberloff 1988), there is certainly 

a need for these types of studies on rare species (Soberon 1992, Brussard 1991). 

As a rare species, A. parapulchella is no exception. Prior to the commencement 

of this study, no rigorous data was available on estimations of population size, 

dietary and homesite requirements or broad scale habitat descriptions. Despite 

this, the species was classified as nationally endangered and conservation 

decisions were being made on the management of species in the absence of 

specific data. 

Research from this study has highlighted some key areas of A. 

parapulchella ecology that must be incorporated into the conservation 

management of the species. 

8.1 Population Ecology 

Estimations of animal abundance, whether they be absolute counts, mark-

recapture estimates or density indices must be accurate when they are being used 

in the management of rare species. Such measures are commonly used to assign 

conservation ratings, rank populations in terms of their relative conservation 

significance and track increases or decreases in abundance. If abundance 

estimates are inaccurate then conservation decisions can also be inaccurate. 

A major finding of this study is that intensively sampled populations of A. 

parapulchella are much larger than previous estimates (Chapter 4). An estimate 

of thirty-seven individuals turned out to be 151 known captures. Mark-recapture 

estimates also indicate that populations of A. parapulchella are larger than has 
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previously been considered. Despite populations being larger than initial 

indications, density indices remain low, too low to generate confidence limits or 

track fluctuations through time. 

A. parapulchella appear to be relatively long-lived for a small reptile 

species, taking approximately three to four years before they reach sexual 

maturity. Longevity is unknown, however their closest relatives, geckos tend to 

long-lived (King and Horner 1993). A. parapulchella have a very low 

reproductive rate, laying a single clutch of two eggs during summer. It is still 

uncertain whether females breed in consecutive years. With such a low 

reproductive rate, longevity is an important component of reproductive success 

(King and Horner 1993). 

This life-history pattern has implications for the management and 

monitoring of A. parapulchella populations. Species that have low reproductive 

rates tend to be slower to recover from disturbance events. In addition, long-

lived species may occur in sites and give the impression of population 

persistence. The population structure of the numerous, isolated populations of A. 

parapulchella must be monitored, as the presence of individuals cannot 

guarantee that populations are secure. 

The conservation ranking for A. parapulchella, must be made with the 

inclusion of data on population structure. The perception that A. parapulchella 

occupies a number of rocky sites in NSW, and is therefore secure is inappropriate 

without the knowledge that these populations are viable in the long-term. 

This study has been able to provide some of the first field population 

biology data for any Pygopodid. The fact that we now have baseline population 

data such as equal sex ratios, approximate age/size classes and indices of 

predation forms a basis for further monitoring of populations. We now have 

information on some of the key life history characteristics that effect the 

persistence of populations. This will be applicable to both the management of A. 
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parapulchella and also other Aprasia species of which 4 are considered 

threatened. 

8.2 Distribution 

This study provides the first evidence of a decline in the range of A. 

parapulchella (Chapter 4). This is a factor that has significant weighting in 

considerations of a species conservation ranking. Given the number of 

widespread, isolated populations it is likely that the species has been lost from 

other areas. There are also historical records of the species at Cootamundra and 

Lake Eucumbene that have not been found in the last twenty years. It is likely 

that since the settlement of Australia, landuse practices have made a number of 

areas unsuitable for occupation by A. parapulchella. 

Some of the critical future management issues for A. parapulchella are 

maintaining the current distribution of the species throughout its full range in 

NSW. At present the species is surviving in a number of small isolated sites, 

most of which are not protected from unsympathetic management. Of key 

importance to the long term viability of populations is the small total area of 

habitat occupied by the species across its range in three states. Almost all sites 

are isolated from other sites and the extent of rocky habitat is often limited within 

sites. This has direct implications for the conservation of A. parapulchella as 

small isolated sites are more susceptible to extinction as a result .of stochastic 

processes. 

There were two sites known to support the species near Tarcutta in NSW. 

One of these hills has subsequently been partially destroyed by re-alignment of a 

major highway. The population at the other site is thought to be locally extinct 

(Chapter 4). Despite extensive recent surveying of suitable habitat in the vicinity 

of Tarcutta, no other populations of the lizards can be found. The continued 

presence in unknown numbers at two possible geographic isolates should not be 

viewed as argument for persistence throughout a wide range. 



213 

It is crucial for the conservation of A. parapulchella to establish the 

extent of the distribution of the species in NSW. This study provides survey 

effort guidelines that can be used in further surveys for the species. The 

probability of non-detection method has significant applications in documenting 

surveyed regions and their probability of absence of A. parapulchella. Recently 

two new populations of A. parapulchella have been found in NSW. One in a 

travelling stock reserve near Yass and the second on a reserve in the township of 

Cooma. It is probable that further populations of the species can be found. 

8.3 Diet and Ant Relations 

A. parapulchella is a dietary specialist feeding exclusively on ants 

(Chapter 5). Within the confines of myrmecophagy, the species has quite a broad 

diet both in terms of the species and ant life stages eaten. It lives with the ants it 

feeds on, which raises very interesting questions about their relationship and co-

evolution. The lizard seems to have evolved mechanisms so far unidentified, to 

prevent ant attack. Given the numbers of lizards, the impact on the ants is 

unlikely to be minor. That they have not co-evolved to resist the lizards is a 

mystery, and suggests some counterbalancing benefit to the ants from the 

association with the lizards. The nature of this counterbalancing benefit, if 

present, would be a interesting topic of future research. 

Ants are a key component of the ecological requirements of A. 

parapulchella (Chapter 4). This has important implications for the conservation 

management of A. parapulchella as management must consider the key role ants 

play in the diet and homesite requirements of the species. Management of A. 

parapulchella should not focus solely on the lizards, but also on ant 

communities, as ants are strongly influenced by vegetation composition, structure 

and disturbance regimes. 

8.4 Habitat 

A. parapulchella habitat is quite different across the range of the species. 

In eastern areas around the ACT, Bathurst and Tarcutta, the species occupies sites 
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dominated by grasses, both native and introduced. There are a number of plants 

that appear to be common at sites where A. parapulchella is found, including the 

native species Themeda triandra, Bothriochloa macra and Lomandrafdiformis. 

Commonly occurring exotics include Aira elegantissima, Vulpia bromoides and 

Avenafatua. At the more westerly sites of Bendigo and West Wyalong, the 

species is found in mallee and woodland vegetation. These results can be applied 

to future surveys and aid in the identification of potential habitat for A. 

parapulchella. 

Rocks are a key microhabitat feature for A. parapulchella in the A C T 

region and at Bathurst and Tarcutta. They live under a range of different sized 

rocks but are commonly found beneath rocks that range between 100-150 mm 

wide, 120-220 mm long and 10-150 mm thick (Chapter 6). In some situations 

the same individual was found beneath the same rock on a number of occasions. 

This apparent dependence on rocks as homesites has management implications 

for the species in the ACT district. 

Rock disturbance from people kicking, stepping on and throwing stones is 

a problem at many A. parapulchella sites that are adjacent to the urban 

environments and subject to high recreational use. At one A. parapulchella site a 

large number of stones have been used to construct a children's fort (Figure 7-1). 

Field mortality of A. parapulchella has been observed and can be attributed to 

people stepping on loose stones with lizards beneath them. An act of vandalism 

involving movement of rocks in an urban nature park in Canberra led to the 

known death of nine individuals. 

Rock removal for landscape gardening is a management problem for a 

number of reptile species that depend upon rocks for homesites (e.g. Shine et al. 

1998). The problem was originally cited as a threat to Canberra populations of A. 

parapulchella (Jenkins 1979). While evidence of this activity is uncommon in 

the Canberra region it has been observed at the Bathurst site of A. parapulchella 

(Jones pers obs). 
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Considering the apparent dependence on rocks in the ACT region, the 

occurrence of A. parapulchella populations at sites without rocks at Bendigo and 

West Wyalong is unexpected. It is thought that in these areas the warmer climate 

means that A. parapulchella is less dependent on surface rocks (Robinson 1996). 

The single rock that was found in the Whipstick site also had an A. parapulchella 

beneath it, suggesting that if more rocks had been present, they would probably 

have been utilized. Given the advantages of using rocks to fulfill 

thermoregulatory requirements (Huey et al. 1989), this is not surprising. 

It was considered that the availability of suitably sized rocks may 

influence the abundance of A. parapulchella, however this was not found to be 

the case. Although about 12 species of reptiles use rocks at the same sites as A. 

parapulchella, it appears that rocks are not a limited resource and competition for 

rocks is not limiting A. parapulchella distribution. 

The puzzle of the patchy distribution of A. parapulchella has been 

addressed in this study, however results are inconclusive as to any key factors 

that are associated with A. parapulchella distribution patterns. I feel that this 

issue is complex and will only be resolved by extensive hypothesis testing 

through experimentation. 

Some results from this study, however may provide some clues to the 

distribution of the species. On a regional scale, it is quite possible that A. 

parapulchella was once quite widely spread from Bathurst south to Bendigo. 

This fits with the climate model developed by Osborne et al. (1991). However 

due to the modification of extensive tracts of this area for agricultural 

development, many sites are no longer suitable for species occupation. In his 

research into the factors controlling the distribution of A. parapulchella, 

Robinson (1996) concluded that the apparent affinity of the species for grasslands 

dominated by Themeda triandra was not because of ant species present. Instead 

he suggested that the lack of disturbance associated with the presence of the grass 

may be more significant. 
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On a local scale, the fact that A. parapulchella does not occur at sites that 

appear to superficially support the key habitat requirements for the species may 

be explained by the life history of the species. Low reproductive rates would 

mean that the species would be slow to recover from disturbances and 

populations could become locally extinct, leaving what appear to be suitable 

patches unoccupied. Nothing is known of the species ability to move between 

sites, however if the species has low vagility then such patches will remain 

uncolonised. The interaction of local populations and their ability to form a 

stable metapopulation may be critical to the regional persistence of a species 

(Sarre 1995). 

8.5 Manipulative Management 

Species that exist adjacent to urban environments often require intensive 

proactive management for their long-term survival. A. parapulchella has been 

subject to such management with a population relocated after habitat destruction. 

Unfortunately it has been difficult to assess the success of the relocation effort 

due to the difficulties associated with recapturing marked individuals (Chapter 

7). The experimental approach has provided some data on the success of 

relocated individuals in different habitat types. Unfortunately the sample sizes 

were too low to provide conclusive results but initial indications are that a cover 

of Themeda triandra and high rock density favoured lizard survival. 

Although this study used the relocation of a population to mitigate habitat 

loss, this should not be seen as an endorsement of such exercises. Relocations 

have the potential to provide a valuable contribution to species conservation, 

however strict criteria must be met before their use can be considered. Only 

when sound planning and long-term follow-up monitoring are incorporated into 

designs should relocations be considered. 

The restoration of habitat destroyed during the construction of the Lower 

Molonglo Bypass Dam is thought to be unique in terms of grassland restoration 
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projects. Most projects focus solely on vegetation and simply hope that 

associated fauna will recolonise after vegetation has established. This project 

sought to re-establish key microhabitat features to ensure habitat suitability for 

both A. parapulchella and the ants on which they depend. Results on the success 

of the exercise are very preliminary, however it will be fascinating to determine 

whether or not A. parapulchella reinvade the habitat some time in the future. 

8.6 Conservation Management 

There is circumstantial evidence to suggest that heavy grazing by sheep or 

cattle may reduce habitat suitability with A. parapulchella no longer present at 

highly modified sites (Jones 1992). Both sites (Red Hil l , ACT and Tarcutta, 

NSW) have been severely affected by grazing, with almost no native cover 

remaining. Given the susceptibility of the habitat of this species to deterioration 

by livestock grazing, and cultivation and pasture improvement (Osborne et al. 

1991), it is likely that the species would have suffered from a considerable range 

contraction in NSW. In contrast, the peculiarities of the lease systems of land 

tenure in the ACT, has lead to less incentive for farmers to improve their 

pastures, especially in hilly country typical of A. parapulchella habitat. This may 

be one explanation for the greater number of occupied sites near Canberra. 

Another type of disturbance involves the ripping of habitat for the 

expansion of Pinus radiata plantations. Unfortunately, recent expansion of one 

section of forest near the Lower Molonglo River corridor has resulted in further 

loss of known habitat (Figure 7-3). The process of ripping has removed 

extensive areas of partially buried rock cover, destroying homesites and allowing 

exotic weed invasion. Such activity appears to occur without public consultation 

and outside the conservation legislation that has directed efforts to relocate the 

threatened Lower Molonglo population. There is no doubt that ripping for pine 

plantations has an immediate deleterious impact on habitat quality for A. 

parapulchella, with searches after site ripping, failing to locate any individuals 

that were known to occupy the area. There is also the issue of pines shading any 
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homesites that are left, significantly reducing thermoregulatory opportunities for 

lizards within pine plantations. 

8.7 Aprasia parapulchella and Conservation Biology 

A. parapulchella is both a dietary and habitat specialist. Species that 

specialise, like A. parapulchella, tend to be more prone to extinction 

(Angermeier 1995) and disturbance from environmental impacts (Wilcox and 

Murphy 1985). We now know that A. parapulchella has a narrow dietary 

specialisation of a few species of ants. Any conservation management decisions 

regarding this species must also include considerations of management impacts 

on the habitat and ant species on which A. parapulchella depends. 

In addition we now know that the life history traits of the species (late 

maturity, low reproductive rate, long-lived) have the potential to affect 

population responses to catastrophic or disturbance events. Although populations 

are larger than has been considered previously, numbers are still below the 

recommended sizes of 500 that allow moderate persistence times (Goodman 

1987). 

8.8 Further Research 

There is a need for further work on this species and the Pygopodidae in 

general. The difficulties of work with small fossorial species have hampered 

some key areas of ecological investigation and will continue to do so. However 

there is a need to further investigate the mechanisms by which A. parapulchella 

are able to avoid attack by ants and the location of their oviposition sites. 

We currently have no knowledge of the movement and home range use by 

any Aprasia species including A. parapulchella. Such information is crucial to 

conservation planning, however it will be very difficult to achieve for such a 

small, fossorial animal which does not lend itself to radio tracking. 
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8.9 Conclusions 

Management of poorly known species is fraught with uncertainties. 

Without basic biological information on rare species, management agencies run 

the risk of making poor decisions; either failing to conserve threatened species or 

wasting resources on species that don't need protection, thus losing scientific and 

public credibility. However, rare species are often the ones that require intensive 

and effective management. 

What started off as a situation that was likely to impact deleteriously on a 

threatened lizard species has been turned into a conservation success story. 

Without the keen involvement of ACT Electricity and Water in the conservation 

research into A. parapulchella conservation biology we would still be in the dark 

about most aspects of its basic biology. The findings of this research will now 

form a solid basis from which to effectively conserve A. parapulchella 

throughout the range of the species. The project provides an example of the 

success that can be achieved between industry and conservation partnerships. 
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Appendix 1 Survey site locations 

Locations of sites surveyed for Aprasia parapulchella (In chronological survey 
order, grid references refer to ACT 1:100 000 N A T M A P sheet.) 

Mt. Taylor 1 896825 
Mt. Taylor 2 896825 
Mt. Taylor 3 896825 
Mt. Taylor 4 886835 
Tuggeranong Hil l 5 905750 
Tuggeranong Hil l 6 905747 
Tuggeranong Hi l l 7 905747 
Tuggeranong Hi l l 8 905750 
Tuggeranong Hi l l 9 929757 
Tuggeranong Hil l 10 930755 
Tuggeranong Hil l 11 927743 
Urambi Hills 12 884830 
Urambi Hills 13 865799 
Urambi Hills 14 864803 
Tuggeranong Hi l l 14 925742 
Tuggeranong Hil l 15 925742 
Urambi Hills 16 865807 
Urambi Hills 17 864805 
Urambi Hills 18 866806 
Urambi Hills 19 861808 
Urambi Hills 20 861808 
Red Hil l 20 927865 
Red Hil l 21 924866 
Red Hil l 22 924869 
Red Hil l 23 924871 
Red Hil l 24 920875 
Red Hil l 25 910887 
Red Hil l 26 915888 
Red Hil l 27 920890 
Red Hill 28 922878 
Red Hil l 28a 924881 
Red Hil l 29 925877 
Red Hil l 30 920875 
Cooleman Ridge 31 832857 
Cooleman Ridge 32 832857 
Cooleman Ridge 33 843857 
Cooleman Ridge 34 852850 
Cooleman Ridge 35 850843 
Cooleman Ridge 36 852842 
Mt. Arawang 37 858844 
Mt. Arawang 40 860840 
Mt. Arawang 41 838858 



Mt. Arawang 42 841857 
Mt. Taylor 43 880835 
Mt. Taylor 44 880835 
Mt. Taylor 45 880835 
Wanniassa Hills 46 920614 
Wanniassa Hills 47 920614 
t t r * T f ' 1 1 A CI 

Wanniassa Hills 48 
923817 

T * T T * 1 1 A r \ 

Wanniassa Hills 49 
923818 

T T J * T T * 1 1 C f \ 

Wanniassa Hills 50 
927810 

T T 7 ' T T ' 1 1 C 1 

Wanniassa Hills 51 927809 
Mt. Taylor 52 O O A O O H 

884834 
Mt. Taylor 53 o n / i o o <i 

884834 
Mt. Taylor 54 884834 
Farrer Ridge 55 913818 
Farrer Ridge 56 912816 
Farrer Ridge 57 912817 
Farrer Ridge 58 914818 
Farrer Ridge 59 914817 
Isaacs Ridge 60 925843 
Isaccs Ridge 61 925843 
Mt. Painter 63 873956 
Mt. Painter 64 873956 
The Pinnacle 65 856960 
The Pinnacle 66 957855 
The Pinnacle 67 957855 
The Pinnacle 68 957855 
The Pinnacle 69 856960 
The Pinnacle 70 853961 
The Pinnacle 71 850966 
Mt. Taylor 85 r\t~\o o r> A 

993884 Mt. Taylor 86 985996 
Mt. Taylor 87 896825 
Mt. Taylor 88 896825 
Mt. Taylor 89 O A / C O O C 

896825 
Point Hut 1 886747 
Point Hut 2 886747 
Kambah Pool 1 810807 
Coppins Crossing 1 855932 
Coppins Crossing 2 855931 
Coppins Crossing 3 855930 
Coppins Crossing 4 855930 
Lower Molonglo 1 786961 
Lower Molonglo 2 786961 
Lower Molonglo 3 786961 
Burra 1 012639 
Burra 2 012639 
Burra 3 012639 
Bungendore (Clouds) 1 207938 
Bungendore (Brooks Hill) 2 205936 



Bungendore (The Gib) 3 229941 
Point Hut 90 886747 
Point Hut 91 882752 
Point Hut 92 882752 
Point Hut 93 882752 
Urriara 1 779913 
Urriara 2 779913 
Urriara 3 779913 
Urriara 4 777919 
Urriara 5 777919 
Urriara 6 780920 
Urriara 7 780920 
Urriara 8 778933 
Urriara 9 778933 
Urriara 10 778933 
Mt. Forster 1 831821 
Mt. Forster 2 831821 
Mt. Forster 3 831821 
New Station Creek 1 827833 
Stromlo Forest 1 856929 
Stromlo Forest 2 856929 
Stromlo Forest 3 856930 
Stromlo Forest 4 843931 
Stromlo Forest 5 843931 
Stromlo Forest 6 845939 
Stromlo Forest 7 845939 
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Appendix 2. Plant species found during habitat surveys. 

Species found during the survey and origin and life form (RH+, rosette herb with 
stem leaves; RH- , rosette herb without stem leaves; CrH, creeping herb, CIH, 
clumping herb, Cl iH, climbing herb, SG, short gramoid, TG, tall graminoid, SH, 
solitary herbs and Wd, woody species. 

TTciirnl v 
X 1 c t l l l l l V 

Life Form 

Acacia penninewis Sieber ex. DC. MIMOSOIDEAE Acacpenn X T 

N P Wd 
Acaena ovina. Cunn 
i L \ J K * w i IK* \J v IK* \ ^ U J i i x . 

ROSACEAE Acaenvin 
A I V U V V T 111 

N P RH-
A c p t n v p N a v u l p / i r i v Fonrr POT YOONACFAF AfPtVllI Q E P SH 
A i f / i CfiYXifMnrWulPfl T r \ l l t l KsUI y L / U f i y i l C t l , PDATFAP A i m r a r v /A. it a<^at y E A SG 
A i v / i f i i n s i n i / J M f i ii iicc r \ l l iX {sUyWfllllilL* v J U o i . POAfFAF A i nr*i inci r \ \ l a t U u a E A SG 
A i m p l p o s i n f i w i m / i .Srhur POACFAF A irnplf*(7 E A SG 
A i i n r n v u n r i v i n \ ) P r , t i r i ) ] f i t f i 
/illL/L^LiO LiLt/ IftU VCI tlL, ItLLtlU 

(T am ^ T Tohnson CAS U ARIN ACE AE A llovprt N P Wd 
A \ ' i ? t i f \ n Yrtni/Oc/7 R Rr r \ i l o i t u u luniuoLi iv. D I . PDAPFAP A n cfumn r \ i l o l u l Liu N P TG 
rXoyCl Ulti L ( / / y t / I U 1 1 U U \ . 1. RTTRTAPPAP A c r v p f T i n f rt.oUCL.UIli N P SH 
I 4 I J ^ H / 7 h n r h n t / i Pntt P Y T ink 
i \ VC/tU UUI U Li I Li i \JKK L / l 11 xv 

POACFAF A vpnhnrh E A TG 
R n t h f i n r h l o / i YtHicvn. 

CSteud IS T Blake POACEAE Bothmacr N P TG 
R m r h v l n m s i H f i n h t i n i d p v 

u I uu/ty v\Jtill* HK*Is> H ^ I U L J 
^ O l l l l l I I / X J V I H I I . EPACRIDACEAE Bracdaph X T 

IN P Wd 
Briza maxima L. POACEAE Brizmaxi E A SG 
Bviza vtiiYiov L. POACEAE Brizmino E A SG 
R m m t J c n i n t i f i r u ? Rnth POACEAE Bromdian E A TG 
R r o t i i u v h n y d p t i c p u s T, 

# L / f / / * L / # \*K*K*Ks Kr t*\J , 
POACEAE Bromhord E A TG 

Rrntrnjv r u h p n v T POACEAE Bromrube E A SG 
Bulbine bulbosa (R.Br.) Haw. ASPHODELACEAE Bulbbulb N P SH 
RiLr^titifi minora Pav PITTOSPORACEAE Bursspin N P Wd 
v u c j c u L / C * / VIJIL/IU i \ . U L . ANTHERICACEAE Caesparv N P SH 

ASTERACEAE Cardpync E A RH+ 
U U / £ / l IIIVCI j u X V . J J l . CYPERACEAE Careinve N P SG 
K^cirincinius m n c i i u j Lt. ASTERACEAE Cartlana E A RH+ 
Centaurium erythraea Rafn. GENTIANACEAE Centeryt E A RH+ 
Cheilanthes distans 
(R. Br.) Mett. SINOPTERIDACEAECheidist N P CrH 
Cheilanthes sieberi 
Kunze SINOPTERIDACEAECheisieb N P CrH 
Chondrilla juncea L. ASTERACEAE Chonjunc E P RH-
Chrysocephalum apiculatum 
(Labill.) Steetz ASTERACEAE Chryapicu N P C1H 
Cirsium vulgare (Savi) Ten. ASTERACEAE Cirsvulg E B RH+ 
Convulvulus erubescens Sims CONVULVULACEAE Converub N P CliH 
Craspedia glauca (Labill.) Spreng ASTERACEAE Crasglau N P RH+ 
Cryptandra amara Smith RHAMNACEAE Crypamar N P Wd 
Cymbonatus lawsonianus Gaudich. ASTERACEAE Cymblaws N P RH-
Cynodon dactylon (L.) Pers. POACEAE Cynodact N P SG 
Cynosures echinatus L. POACEAE Cynoechi E A TG 
Cynosurus echinatus L. POACEAE Cynoechi E A TG 
Danthonia auriculata J. M. Black POACEAE Dantauri N P SG 
Danthonia caespitosa Gaudich. POACEAE Dantcaes N P TG 
Danthonia carphoides F.Muell. ex Benth. POACEAE Dantcarp N P SG 

http://rt.oUCL.UIli
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Species Family Code Life Form 

Danthonia monticola Vickery POACEAE Dantmont N P SG 
Danthonia penicillata (Labill.) P. Beauv. POACEAE Dantpeni N P TG 
Desmodium varians (Labill.) Endl. n A T"»IT T T A X f A / T " " A T~* 

PAPILLIONACEAE 
Desmvari XI 

N p CliH 
Dichelachne micrantha (Cav.) Domin POACEAE Dichmicr N p TG 
Drosera peltata Thunb. DROSERACEAE Drospelt XT p n r i 

RH-Echium vulgare L. B OR AGINACEAE Echivulg E B C1H 
Elymus scaber (R.Br.) A. Love POACEAE Elymscab N P TG 
V •1 1 ' I ' l l J' ' O 

Epilobium billardienanum Ser. ONAGRACEAE Epilbill N P SH 
Eragrostis curvula (Schrad.) Nees POACEAE Eragcurv E P TG 
Erodium botrys (Cav.) Bertol. GERANIACEAE Erodbotr E A CIH 
Eucalyptus blakelyi Maiden MYRTACEAE Eucablak N P Wd 
Eucalyptus macrorhyncha 
F. Muell. ex. Benth. MYRTACEAE Eucamacr N P Wd 
Galium gaudichaudii DC. RUBIACEAE Galigaud N P SH 
Geranium solanderi Carolin GERANIACEAE Gerasola N P CIH 
Glycine clandestina Wendl. PAPILLIONACEAE Glycclan N P CliH 
Glycine tabacina (Labill.) Benth. PAPILLIONACEAE Glyctaba T ) 

r CliH 
Gonocarpus tetragynus Labill. HALORAGACEAE uonotetr IN T ) 

r Llr i 
Goodenia pinnatifida Schldl. GOODENIACEAE Goodpinn XT 

N 
A 

A KH-
Grevillea lanigera Cunn. ex R. Br. PROTEACEAE Grevlani XT 

N P Wd 
Hardenbergia violacea (Schneev.) Steam PAPILLIONACEAE Hardviol N P Wd 
Hibbertia obtusifolia DC. DILLENIACEAE Hibbobtu N P Wd 
Hirschfeldia incana (L.) Lagr.-Fossat BRASSICACEAE Hersinca E A/B SH 
Holcus lanatus L. POACEAE Holclana r? 

b r lu 
Hovea linearis (Smith) R.Br. PAPILLIONACEAE Hovelini N P Wd 
Hydrocotyle laxiflora DC. APIACEAE Hydrlaxi N P CrH 
Hypericum gramineum Forster f. CLUSIACEAE Hypegram N A SH 
Hypericum perforatum L. CLUSIACEAE Hypeperf E P CIH 
Hypochaeris radicata L. ASTERACEAE Hyporadi E P RH-
Indigofera australis Willd. PAPILLIONACEAE Indiaust N P Wd 
J uncus subsecundus N.A. Wakef. JUNCACEAE Juncsubs N P TG 
Lactuca serriola L. ASTERACEAE Lactserr E B SH 
Leptorhynchos squamatus (Labill.) Less. ASTERACEAE Leptosqua N P CIH 
Linaria pelisseriana (L.) Miller SCROPHULARIACEAE Linapeli E A SH 
Lolium rigidum Gaudin POACEAE Lolirigi E A TG 
Lomandra filiformis (Thunb.) Britten LOMANDRACEAE Lomafili N P SG 
Lomandra multiflora (R. Br.) Britten LOMANDRACEAE Lomamult N P SG 
Marrubium vulgare L. LAMIACEAE Marrvulg E P Wd 
Medicago minima (L.) Bartol. PAPILLIONACEAE Medimini E A CrH 
Medicago polymorpha L. PAPILLIONACEAE Medipoly E A CrH 
Medicago sativa L. PAPILLIONACEAE Medisati E P CrH 
Melichrus urceolatus R. Br. EPACRIDACEAE Meliurce N P Wd 
Microlaena stipoides (Labill.) R. Br. POACEAE Microstip N P TG 
Moenchia erecta Meyer & Scherb. CARYOPHYLLACEAE Moenerec E A CIH 
Oenothera stricta Ledeb. ex Link ONAGRACEAE Oentstri E A SH 
Opercularia hispida Gaertner RUBIACEAE Operhisp N P Wd 
Orobanche minor Smith SCROPHULARIACEAE Orobmino E A SH 
Oxalis corniculata L. OXALIDACEAE Oxalcorn E P CIH 
Panicum effusum R. Br. POACEAE Panieffu N P TG 
Parentucellia latifolia (L.) Caruel SCROPHULARIACEAE Parelati E A SH 
Petrorhagia nanteuilli 
(Burnat) P.Ball & Heyw. CARYOPHYLLACEAE Petrnant E A SH 
Phalaris aquatica L. POACEAE Phlaaqua E P TG 
Pimelea curviflora THYMELAEACEAE Pimecurv N P Wd 
Plantago lanceolata L. PLANTAGINACEAE Planlanc E A RH-
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Species Family Code Life Form 

Pluntcigo varia R.Br. r LAIN IAU1IN AUrJAtJ Plan van N P RH-
rod IGDUluruieri oCCUu. P H A P R A P D A I 11 r\i N P TG 
Pou sieberiana Spreng. r U A L - C A C P o q sicb N P TG 
Polygala japonica Houtt. POLYGALACEAE r uiyveru N P SH 
Rosa rubiginosa L. ROSACEAE E P Wd 
Rubus ulmifolius ROSACEAE X) i i k i n i l n i i IYUUUU11I11 E P Wd 
Rumex brownii Campd. POLYGONACEAE T? i imphrf iu / E P SH 
Salvia verbenaca L. LAMIACEAE Qc\\vvprh 

O c l l V V C l u 
E P SH 

Schoenus apogon Roem. & Schult. CYPERACEAE N A SG 
Senecio quadridentatus Labill. ASTERACEAE C a a f\11 a A E P SH 
Silene gallica L. CARYOPHYLLACEAE O U C g a l l E A SH 
Sorghum leiocladum (Hack.) C. E. Hubb. POACEAE O U l g l t / H J N P TG 
Spergularia rubra (L.) J.S. & C. Presl CARYOPHYLLACEAE O U C 1 i UU1 E A/B SH 
Stackhousia monogyna Labill. STACKHOUSIACEAE OlaCIIluTlU N P SH 
Stipa bigeniculata Hughes POACEAE OLIUUlgC N P TG 
Stipa mollis R. Br. POACEAE oupiTion N P TG 
Stipa scabra Lindl. POACEAE o l ipsCaD N P TG 
Thelymitra pauciflora R. Br. ORCHID ACEAE Thelpauc N P SH 
Themeda triandra R. Br. POACEAE Themtria N P TG 
Thysanotus patersonii R.Br. ANTHERICACEAE Thyspate N P CliH 
Thysanotus tuberosus R.Br. ANTHERICACEAE Thystube N P SH 
Tolpis umbellata Bertol. ASTERACEAE Tolpumbe E A RH-
Tragopogon porrifolius L. ASTERACEAE Tragporr E B SH 
Tricoryne elatior R.Br. ANTHERICACEAE Tricelat N P CIH 
Trifolium angustifolium L. PAPILLIONACEAE Trifangu E A CIH 
Trifolium arvense L. PAPILLIONACEAE Trifarve E A CIH 
Trifolium campestre Schreber PAPILLIONACEAE Trifcamp E A CrH 
Trifolium dubium Sibth. PAPILLIONACEAE Trifdubi E A CrH 
Trifolium striatum L. PAPILLIONACEAE Trifstri E A CrH 
Verbascum thapsus L. SCROPHULARIACEAE Verbthap E B RS+ 
Verbascum virgatum Stokes SCROPHULARIACEAE Verbvirg E B RS+ 
Vittadinia cuneata DC. ASTERACEAE Vittcune N A/P CIH 
Vittadinia muelleri N.Burb. ASTERACEAE Vittmuel N P CIH 
Vittadinia triloba (Gaudich.) DC. ASTERACEAE Vitttril N P CIH 
Vulpia bromoides (L.) Gray POACEAE Vulpbrom E A SG 
Vulpia myuros (L.) CC. Gmel. POACEAE Vulpmyur E A SG 
Wahlenbergia communis Carolin CAMPANULACEAE Wahlcomm N P CIH 
Wahlenbergia gloriosa Loth. CAMPANULACEAE Wahlglor N P CIH 
Wahlenbergia gracilenta Loth. CAMPANULACEAE Wahlgrac N A CIH 
Wahlenbergia sp A. CAMPANULACEAE WahlspA N P CIH 
Wahlenbergia sp B. CAMPANULACEAE WahlspB N P CIH 
Wahlenbergia stricta (R.Br.) Sweet CAMPANULACEAE Wahlstric N P CIH 
Wurmbea dioca (R.Br.) F. Muell. COLCHICACEAE Wurmdioc N P SH 
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Appendix 3 Habitat manipulations made to experimental 
enclosure sites for the relocation experiment. 

Plot Manipulation 

1 Themeda Add one rock 

2 Themeda Remove one rock 

3 Themeda Remove one rock 

4 Themeda Add two rocks 

5 Themeda Leave as control 

6 Themeda Leave as control 

7 Themeda Add one rock 

8 Themeda No manipulation 

9 Themeda No manipulation 

10 Themeda Remove one rock 

11 Themeda Add one rock 

12 Themeda No manipulation 

1 Other Add 22 rocks 

2 Other Add 35 rocks 

3 Other Leave as control 

4 Utner Remove two rocks 

5 Other Add 7 rocks 

6 Other Remove one rock 

7 Other Leave as control 

8 Other Remove 6 rocks 

9 Other Add one rock 

10 Other Remove three rocks 

11 Other Remove 13 rocks 

12 Other Add 18 rocks 


