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Abstract 

Approximately half of the species of Australian bandicoots (family Peramelidae) are extinct, 

rare or threatened and changed fire regimes in arid and semiarid Australia have been 

implicated as important agents in their decline. The Northern Brown Bandicoot (Isoodon 

macrourus Gould) is currently regarded as one of the most common Australian bandicoots, 

however recent studies at Kapalga, in Kakadu National Park, Northern Territory have shown 

that this species is prone to large fluctuations in abundance, apparently linked to the 

occurrence of intense fires. This study examines the influence of four fire management 

regimes on the survival of the Northern Brown Bandicoot using mark-recapture data obtained 

during a landscape-scale fire experiment conducted at Kapalga, in Kakadu National Park, 

Northern Territory from 1989 to 1995. The analysis extends upon earlier work by performing 

a detailed examination ofbandicoot survival, using information theoretic model selection 

methods. Results indicate that fire regime is the most important determinant ofbandicoot 

survival and that the relative importance of other influences such as gender, age, habitat type, 

time of year and rainfall are minor in comparison. All fire treatments were noted to cause a 

decline in survival, indicating that none of the management approaches tested could be 

considered appropriate for this species. Areas left unbumt, or burnt in the early dry season 

experienced the least overall decline. The bimonthly survival rate in unbumt areas dropped 

over the six years ofthe study from 0.756 (se 0.0312) in July-August 1989 to 0.5494 (se 

0.0505) in March-Aprill995. Similarly, early burnt areas dropped from 0.748 (se 0.042) to 

0.589 (se 0.0884). The effects oflate bums on bandicoot survival were quite severe, leading 

to a marked decline in bimonthly survival rates from 0.783 (se 0.066) to 0.187 (se 0.143) over 

the same period. The effect of, multiple bums in early and late dry season was the most 

devastating, causing a rapid and almost complete collapse in bandicoot survival from 0. 782 

(se 0.056) to 0.058 (se 0.054). The results demonstrate that this species is most sensitive to 

frequent and/or intense fires and least affected in areas'~ experiencing low intensity or 

infrequent fires. The results highlight the importance of adaptive fire management, driven by 

monitoring of wildlife populations. 
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Introduction 

Fire is one ofthe most important management issues facing Australia's northern savannas 

(Russell-Smith 1995; Andersen et al. 1998) and is an important factor in vertebrate 

communities throughout the open forests and woodlands of tropical northern Australia 

(Braithwaite 1987; Woinarski 1990; Griffiths & Christian 1996; Franklin 1999). This study 

focuses on the influence of four experimental fire regimes on the Northern Brown Bandicoot 

(Isoodon macrourus Gould). The data used in this study were collected as part of a large 

landscape-scale fire experiment at Kapalga, in Kakadu National Park from 1989 to 1995. 

Previous assessments of these data have revealed an alarming decline in the total bandicoot 

population over the course of the experiment, raising serious questions about regional 

population decline under current fire management practices in the tropical northern savannas 

(Woinarski et al. unpublished data). In this analysis, a detailed examination ofthe mark

recapture data collected on the Northern Brown Bandicoot was performed by assessing the 

survival of this species under each of the four fire regimes using an information theoretic 

model selection approach. 

Mammal decline and the status of Isoodon macrourus in northern Australia 

Previous investigations of the trapping data collected on bandicoots at Kapalga have revealed 

large fluctuations in bandicoot trappings, and by inference, population size throughout the 

study period. Braithwaite & Muller (1997) found that bandicoot trappings increased at the start 

of the Kapalga experiment, but then declined to very low levels by the conclusion of the 

experiment. A recent follow up study in October 1999 (Woinarski et al. unpublished data) 

failed to find any Isoodon macrourus in the study area in 7000 trap nights of sampling, even 

though this species is regarded as common in the region (Press et al. 1995). This raises some 

intriguing questions regarding the long term residual impact of the fire studies conducted at 

Kapalga and of fire management in northern Australia more generally. 

Woinarski & Braithwaite (1990) note that the biota ofthe monsoon tropics of northern 

Australia is still largely intact, ostensibly as a result of being sparsely populated and having 

very little deliberate modification. However, in the last two hundred years seventeen species of 

Australian mammals have become extinct, most of them marsupials and a further 43 species 

have disappeared from more than 50% of their former range, accounting for about one third of 

world-wide mammal extinctions since the start of the seventeenth century (Maxwell et al. 
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1996). While many of these mammals once lived in the now densely populated regions of 

south-eastern Australia, a disproportionate number belonged to arid and semi-arid Australia 

and have declined in spite of the isolation and limited use of these regions. 

The Northern Brown Bandicoot is a member of the family Peramelidae. This family has a 

particularly poor record of decline in Australia. Of eighteen species and subspecies in this 

family, four are now extinct, two are endangered (one critically), five are vulnerable, and three 

are near threatened (Maxwell et al. 1996). The Northern Brown Bandicoot is one of just four 

species ofPerameloid regarded as lower risk, although it is believed to have declined 10 to 

50% in abundance and distribution since European settlement (Maxwell et al. 1996). 

The chief causes of mammal decline in Australia are thought to be the introduction of feral 

predators (e.g. cats and foxes), the effects of introduced herbivores (e.g. rabbits, goats, sheep 

and cattle), land clearing and changed fire regimes (Maxwell et al. 1996). These problems, 

alone and in concert are continuing to push Australian mammals into decline, and all of these 

problems are currently on the rise in northern Australia as the population and development of 

the region increases. Of particular importance in the north is the relatively recent and 

widespread loss oftraditional Aboriginal land management and its replacement by largely 

pastoral management. With this change has come a shift towards more intense and extensive 

late dry season fires (Russell-Smith 1995). 

The Northern Brown Bandicoot also falls into the critical weight range (CWR) for Australian 

mammal extinctions (Burbidge & McKenzie 1989) (mean bodyweight of 35 to 5500 g). 

Fourteen ofthe sixteen extinct Australian marsupials were in the CWR, and 50 of the 56 

currently vulnerable or endangered marsupials are in the CWR (Maxwell et al. 1996). Most 

extinct or threatened marsupials were also ground dwelling omnivores (Maxwell et al. 1996). 

Consequently the status ofthis species (among others) should not be taken for granted. 

The impact of fire on survival of Isoodon macrourus 

Apart from direct mortality, fire affects fauna in many indirect ways, through modification of 

habitat and alteration of resource availability (Griffiths & Christian 1996; Franklin 1999; 

Braithwaite 1987; Woinarski 1990). The spatial distribution, seasonal timing and intensity of 

fires all interact to create a wide range of effects on the flora of the region (Russell-Smith 

1995). The relationship between fire and habitat suitability for Isoodon macrourus is yet to 
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properly investigated (Reading et al. 1996), but studies ofthe closely related Southern Brown 

Bandicoot (Jsoodon obesulus) have shown this species to prefer early to mid-successional 

habitat (Stoddart & Braithwaite 1979; Possingham 1995). 

Where fires remove grass and litter, habitat is likely to be oflower suitability for bandicoots 

due to loss of shelter and food sources, as well as increased predation. Isoodon macrourus is 

known to build daytime shelters from domes of grass and litter in the open forests and 

woodlands (Dixon & Huxley 1985; Gordon 1995). Alternatively they will shelter in hollow 

logs or under tussocks (Gordon 1995). After fire all of these resources are less available and 

may make habitat less suitable. Bandicoots also find much of their food by digging in litter 

and humic soil layers (Dixon & Huxley 1985; Gordon 1995), which are also acutely affected 

by fire. Bandicoots are prey to many larger predators such as cats, dingoes, quolls, snakes and 

raptors, and are even known to prey upon each other (Dixon & Huxley 1985). Their defence is 

largely behavioural, avoiding exposed areas and using their well-camouflaged coat to hide 

among the leaflitter and grasses (Dixon & Huxley 1985). Removal oflitter and grasses by fire 

is likely to expose the bandicoot to predators and thus lower their survival either by increased 

predation or by behavioural avoidance of such exposed areas. 

These influences are likely to diminish over time as the understorey and litter layers recover 

following fire, thus increasing the suitability of habitat for Isoodon macrourus. Bowman et al. 

(1988) have shown that with complete protection from fire, dense understoreys develop in the 

open forests and woodlands ofthis region, along with increased leaflitter and a decrease in 

annual grasses. It must be noted however that interpretation of these results is made difficult 

by complex interactions between vegetation, fire, plant phenology, climatic seasonality and 

patchy site conditions (e.g. soils) (Lonsdale & Braithwaite 1991; Setterfield 1997a). 

Survival analysis 

Population viability analysis (PVA) of the closely related Southern Brown Bandicoot (Jsoodon 

obesulus) (Possingham 1995) has identified an important relationship between persistence and 

successional stage of habitat following fire, which highlighted a need for "more research into 

the response of various life-history parameters to the successional stage of the vegetation and 

the direct impact of fire". The current study addresses this need for the Northern Brown 

Bandicoot by the analysis of survival from mark-recapture data. 
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One of the primary interests in collecting mark-recapture data is that it permits the estimation 

of survival probabilities and the assessment of covariates that might influence these. Lebreton 

et al. (1992) discuss the paradigm shift that occurred in the analysis of mark-recapture data 

during the 1980's, from the study ofpopulation size to the focus on survival probability. The 

· reason for this shift was due to the fact that survival estimates were a more robust measure, and 

that parameters such as population change could be estimated from them. Survival rates are 

key parameters in studies of conservation biology and wildlife management, providing a 

powerful and efficient measure of important aspects of population dynamics. 

The analytical methods required to estimate survival rates from mark-recapture data were 

developed by Cormack (1964), Jolly (1965) and Seber (1965), and are today known as the 

Cormack-Jolly-Seber or CJS method. CJS analysis for survival rate estimation has become the 

primary focus of mark-recapture analysis today (Lebreton et al. 1992). There now exists a wide 

variety of computer software to assist with this form of analysis which has extended its 

functionality by adding in such features as parameter constraints, transformation (or link) 

functions, generalised linear modelling of co variates, goodness of fit testing, and information 

theoretic model selection (Cooch & White 2000). 

This approach overcomes the weaknesses of older methods that focused on relative population 

size estimates such as trapping rate, which fail to account for important confounding variables 

such as variable recapture rates and unknown sampling area of open populations (Caughley & 

Sinclair 1994). 

Survival analysis tends to be the focus of most investigations, but mark recapture data can be 

used to measure a wide variety of life history parameters. The J olly-Seber method uses 

principles inherent to the CJS method and is widely used to measure population size and 

population rate of change. Also, Pradel (1996) has recently extended the CJS approach and 

produced methods to estimate survival and recapture as well as recruitment rate, seniority and 

rate of population change (lambda). Jolly-Seber estimates of population size (Seber 1986) are 

not as robust or flexible as CJS-based survival estimates, but were considered desirable in this 

study to place survival rates in context as survival rates themselves cannot imply changes in 

abundance. Pradel models (Pradel1996) were considered, particularly to obtain estimates of 

recruitment, however these models are quite complex if assessing numerous covariates and 

require large sample sizes and substantial computing power (Cooch & White 2000). The 
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sample used in this study was not considered to be large enough to support Pradel recruitment 

estimation, considering the sparseness of the data and the number of variables that were to be 

investigated. 

It is important to note that the term survival used in this study refers to local survival, as it does 

not distinguish between death and dispersal. For this species however, it was known that 

dispersal rates were low, with individuals residing in stable home ranges of 1 to 6 ha (Gordon 

1974), and that dispersal was mostly seen in young bandicoots in response to the death of 

adults or habitat disturbances (Stoddart & Braithwaite 1979). 

Maximum Likelihood Estimation 

The classic CJS model has been the general approach to survival modelling from mark

recapture data since 1964, but has been recognised as being too general in its parameterisation 

of time variation, and too restrictive by failing to consider covariates relevant to individuals 

(e.g. body weight or length) and time (e.g. rainfall, temperature or sampling effort) (Lebreton 

et al. 1992). Newer methods allow a more flexible approach, expanding the CJS method by 

allowing the analyst to define mathematical models to explain the variation in the data. These 

models may be the same as the classic CJS model or may be constrained or expanded versions. 

Once models and their parameters are defined, calculations can be performed to find the most 

likely estimate for survival(<!>) and recapture (p) rates given that model. 

The estimation of <1> and p under the CJS method is achieved by use of maximum likelihood 

estimation. Estimated values of <1> or p represent the values that maximise the log-likelihood 

given the data and the model. Likelihood theory was originally developed by R. A. Fisher in 

1912 and is based on the principle that all relevant information in the sample is contained in the 

likelihood function (Royal11997). The likelihood function links the data, unknown model 

parameters and assumptions allowing rigorous statistical inference (Burnham & Anderson 

1998). The most likely value of any parameter occurs at the maximum point of the log

likelihood function for that parameter. This value is the maximum likelihood estimate (MLE) 

and is found by setting the first partial derivative of the log-likelihood function to zero and 

solving for the parameter being investigated. When modelling several parameters, the 

likelihood function provides a measure of the relative likelihood of all parameters, given the 

data and the model. 
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Maximum likelihood estimation also provides a method to estimate the precision 

(repeatability) of parameter estimates, including the calculation of asymmetric confidence 

intervals. Likelihood theory provides better estimates of confidence intervals for small 

samples than can least-squares approaches and as the sample size approaches oo, then MLEs 

become asymptotically normally distributed, unbiased and have minimum variance (Burnham 

& Anderson 1998). 

Calculation ofMLEs can be very computationally intensive, especially when numerous 

parameters are being investigated. This has limited the value of this approach for mark

recapture analysis in the past, but with recent advances in computer hardware (faster CPU 

floating-point architectures) and software (eg. Program MARK, White 1998), MLEs can now 

provide a solid foundation for survival analysis from mark-recapture data. 

Modelling reality 

The biological processes that underlie survival and recapture rates are complex and from a 

modelling perspective can be considered to have infinite dimension. All models are logical 

simplifications of reality that cannot reflect all of reality but hopefully can provide a reasonable 

approximation of real world phenomena. These approximations are limited by the quality and 

quantity of data available, and by the choice of parameters used in the models. Hence, models 

derived from a finite sample can only be considered approximations of reality. 

When modelling, we are considering only the dominant aspects of the system under study. In 

most biological studies there are often several dominant effects that can be modelled readily, 

followed by an infinite array of successively smaller effects that become increasingly difficult 

to model without increasing the sample size (Burnham & Anderson 1998). Thus, only a small 

set of parameters should be investigated, and this set should include all ofthe dominant effects 

underlying survival and recapture rates for the species being examined. 

The inferences drawn from models can only be as good as the models being evaluated. Models 

are built to in order to examine plausible concepts about the function of biological systems. 

Models must be based on practical questions about the dominant factors influencing survival 

and recapture probability, and the way in which survival and recapture vary over time in 

response to those factors. Burnham & Anderson (1998) strongly advocate for the testing of a 

small but ecologically meaningful set of a priori models. This set of a priori candidate models 
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collectively reflects causal mechanisms thought likely based on scientific understanding of the 

species and environment being investigated. 

Models should be built from parameters that are believed to be the most important 

determinants of survival and recapture rates for the species in question. The four fire 

treatments used in this study were an obvious choice of parameter, as determining differences 

between fire treatments was the primary aim of the study. The Kapalga experiment was a 

long-term study, designed to examine trends in population status over time, therefore it was 

also important to include trend over time as additional parameter. Given the evidence 

previously discussed regarding collapse and recovery of habitat suitability following fire, the 

time since last fire was also considered an important parameter. 

Additional parameters were also thought to play a role in determining bandicoot survival and 

recapture rates and these included sex, age and the habitat type in individuals lived. The 

distinct climatic seasonality of the region was also thought to play an important role in the 

survival of this species and therefore parameters were included for rainfall and time of the year. 

Model Selection 

The usefulness of each model lies in its ability to provide accurate inferences about the 

population from which the sample was drawn. Models with many parameters will have a very 

good fit to the sample data, but may prove misleading in their inferences about the population 

based on noise or bias in the sample. Models with few parameters may be too crude, and fail 

to explain variations in the sample that also exist in the population and thereby overlook 

important effects. The goal of model selection is to find the model that best balances these two 

pitfalls of 'over-fitting' and 'under-fitting'. This is the principle of parsimony. 

Akaike's Information Criterion (AIC) has become the recommended approach for 

parsimonious model selection in mark-recapture studies (Lebreton et al. 1992; Burnham & 

Anderson 1998; Anderson & Burnham 1999). AIC can be considered a natural extension of 

the maximum likelihood principle, providing an easily calculated estimate of the Kullback

Leibler (K-L) distance, which is a fundamental quantity in information theory (Akaike 1973). 

The K-L distance is a measure ofthe information lost when a model is used to approximate 

truth. The estimation ofK-L distances allows not only the identification of the best model, but 

also permits objective ranking of models and quantification of model selection uncertainty 
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(Anderson & Burnham 1999). The relationship between Kullback-Leibler information and 

Fisher's maximised log-likelihood function was identified by Akaike (1973), and provides a 

simple, effective, and very general methodology for selecting a parsimonious model for the 

analysis of empirical data (de Leeuw 1992). Using Akaike's Information Criterion (AIC) the 

best model can be identified from a set of a priori models, and measurements can also be made 

of each model's plausibility as an explanation for the inference (Burnham & Anderson 1998). 

AIC is simply calculated as the maximum log-likelihood of a model plus the number of 

estimable parameters in the model. The formal calculation is usually defined as: 

AIC = -2ln(L(B)) + 2K 

Source Data 

The data used in this study were originally gathered by CSIRO Division of Wildlife and 

Ecology staff as part of a multidisciplinary landscape-scale experiment from 1989 ~() 19._95~_at 

Kapalga, in Kakadu National Park in the seasonal tropics of northern Australia (Braithwaite & 

Muller 1997). The principal focus ofthis experiment was to study the effects of four different 

fire regimes on the ecology oftropical savannas (Andersen et al. 1998). One of the core 

projects conducted during the experiment was the mark-recapture sampling of small mammal 

populations so that their response to each of the experimental fire treatments could be assessed. 

Isoodon macrourus was the species most frequently trapped, producing a large data set 

comprising 1,345 captures of658 individuals from 138,240 trap nights over 36 bimonthly 

trapping efforts from July 1989 to May 1995. 

In line with the focus of the Kapalga experiment, this study sought to examine the relationship 

between the experimental fire treatments and bandicoot survival. Using the original mark

recapture data, explanatory models for survival were developed to take into account important 

environmental and demographic variables. This approach goes well beyond previous relative 

abundance measures derived from these data (Braithwaite & Muller 1997; Woinarski et al. 

unpublished data) and allows a robust assessment of the relative effect of each fire treatment on 

bandicoot survival as well as the importance of each variable in modifying those effects. 
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Aims of this study 

This study concentrates on survival estimates as the most robust and appropriate measure for 

statistical inference about the effect of fire treatments on Isoodon macrourus during the 

Kapalga study. Specifically the project has three aims: 

1. To model the survival of Isoodon macrourus within each of the four fire treatments of the 

Kapalga fire experiment, and thereby reveal how each fire regime influenced the survival 

of bandicoots over time. 

2. To examine the influence of age, sex, habitat type, rainfall, and time of year on the 

relationship between fire and survival. 

3. To explore the utility of information theoretic model-selection as an approach to survival 

analysis from mark-recapture data in a complex and highly variable environment. 

10 



Methods 

Sampling 

Trapping was conducted for six years beginning in July 1989 and finishing in May 1995. 

Trapping took place six times per year at the start of January, March, May, July, September 

and November, constituting a total of 36 sampling occasions. 

Sampling occurred at 24 separate sites, with two nights oftrapping at each location. Each 

night 80 traps were set, with 20 traps placed at 20m intervals in four rows spaced 50m apart 

(160 trap nights per site every two months, or 138,240 total trap nights over six years across all 

24 sites). One possum-sized wire cage trap was set for every four standard Elliott traps. 

Sites 

I. Study area 

Trapping occurred at 24 locations within the 

Kapalga study area. The total study area of 

approximately 300km2 was subdivided into 12 

compartments, each corresponding to a separate 

catchment. Compartments were separated by 

firebreaks along the ridgelines that defined each 

compartment. Compartments were of similar 

size (Figure 1 ), ranging from 15 to 20 km2• 

Figure 1. Experimental compartments at 

Kapalga research station in Kakadu 

National Park (Andersen et al. 1998). 

Sampling was conducted in compartments 

A, B, C, E, F, G, H, K, L, M, P and Q. 

S Prog<ftlive Fifes 

~Lata Fires 

• Natural 

t 
N 

0 km 5 

11 



Ill 

• • • • • • 
II 
II 
II 
11 
Ill 
111 

111 

Iii 
il 
il .. 
i1 
; 
• 

2. Habitat types 

Within each compartment, two trap grids were set up in order to capture local variation in 

moisture availability associated with local relief. One trapping grid was positioned alongside 

semi-permanent water holes associated with seasonal streams, while the other was positioned 

500 to 750m upslope on well-drained soils with Eucalyptus miniata/Eucalyptus tetrodonta 

open forest (Andersen et al. 1998) . 

Table 1. 'Habitat' types. Only very broad generalizations can be made about the 
differences between each habitat type, however these differences were consistent in all12 
catchments (Andersen et al. 1998) . 

Habitat type Characteristics 
Riparian Areas located close to a seasonal creek with semi

permanent pools, wetter soils, some riparian 
vegetation and more varied overstorey. 

Open forest Gently sloping or undulating terrain, thinner drier 
soils, Eucalyptus miniata/Eucalyptus tetrodonta 
open forest or woodland with a grassy understorey 
of Sorghum intrans. 

3. Fire Treatments 

Each ofthe 12 compartments was subjected to one of four annual fire treatments for the 

duration of the study. The four treatments are shown in Table 2. The aim of these treatments 

was to simulate current fire management approaches in the northern tropical savannas 

(Andersen et al. 1998). 
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Table 2. Four fire treatments applied during the Kapalga fire experiment, Mayl989 to 
May 1995. Treatments were applied consistently to each catchment for the six year 
duration of the study. Fires were prevented at all other times of the year (Andersen et al. 
1998). . 

Fire Treatment 
Unburnt 

Early 

Late 

Progressive 

Characteristics 
Compartments were protected from fire for the duration of 
the study. 

Fires were lit in early dry season (May-June), as is widely 
practiced in managed bums in Kakadu and other 
conservation reserves in the region. 

Fires were lit in the late dry season (September-October) as 
occurs extensively throughout the region as unmanaged 
wildfires. 

Fires were lit at three periods in the year (May-June, July
August, and September October) with an aim to burn as 
much of the compartment as possible each year . 

Selection of modelling parameters 

The first stage of analysis involved the selection of a concise but meaningful set of parameters 

that were believed to be the most important determinant of survival and recapture rates for this 

species. The most appropriate parameters were dictated by the three aims of the study as 

discussed previously. Specifically they were fire treatment class, trend in survival and 

recapture over time, time since last fire, rainfall, month within the year, age, sex and habitat. 

Information about each of these parameters is summarised in Tables 3 and 4 . 
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Table 3. Parameters used in models for the investigation of survival and recapture. Fire and 
Age were assigned as groups, Sex and Habitat as individual covariates, Rain, Trend and TLF 
as time co variates, and Month as a simple categorisation of full time dependence. 

Abbreviation Parameter Values Description 

Fire Fire treatment Group 1: Unburnt Individuals were assigned to one of the 
group Group 2: Early burn four categorical groups according to the 

Group 3: Late burn fire treatment they inhabited. No 
Group 4: Progressive burn bandicoots moved between fire 

treatments during the study. 
Age Age class Group 1: Immature (~<500g, Individuals that were immature at the 

o<600g at first capture*) time of frrst capture are in the immature 
Group 2: Adult group only for their frrst capture 

occasion, but are considered adults from 
the next capture occasion onwards. 

Sex Sex 1 =Female Sex was assigned as an individual 
2 =Male covariate. 

Habitat Habitat type 1 =Riparian Habitat type was assigned as an 
2 = Open forest individual covariate 

Month Variation between 1 =July- August Divides the year into six bimonthly 
bimonthly periods 2 = September- October periods corresponding to capture 
in the year 3 =November- December intervals. Allows within-year variation 

4 =January- February (each 2-month period is independent), 
5 = March- April but not between-year variation. 
6=May-June 

Rain Rainfall in each Rainfall (mm) in each two- Total rainfall recorded at Oenpelli (70km 
capture interval month capture interval (0- east ofKapalga) during each capture 

1358mm) interval (Appendix A). 
T Trend over time Capture intervals were simply Trend was examined as a simple linear 

numbered 1 to 3 5 time covariate. 
TLF Time since last Capture intervals elapsed since TLF was also examined as a linear time 

fire the last fire. See Table 2 covariate. See Table 4. 
Constant No variation Forces a single constant parameter 

estimate across all groups and time 
intervals. 

*The classification of age class by bodyweight at frrst capture was based on an assumption that males reach 
maturity at 600 g and females at 500 g (Friend 1990; Braithwaite & Griffiths, unpublished data). This 
categorisation of age class is intentionally simple and is not intended to be a true classification of sexual maturity 
(see Gemmel11985 and Gemmell1987). 
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Table 4. Parameterisation of the time since last fire (TLF) variable is shown for the first 
15 trapping intervals of the study. The pattern shown for all burnt treatments in 1991 was 
repeated in all subsequent years, while unbumt areas continued to increase. The TLF 
variable counts the number of trapping intervals since the last fire. All areas began with 
TLF values of 11, as fires had been prevented in the region since September 1987. No 
fires were lit in 1988 or 1989. Intervals marked with a zero indicate that fires occurred 
within that period. 

Interval Year Months Unburnt Early Late Progressive 
1 1989 July, August 11 11 11 11 
2 1989 September, October 12 12 12 12 

3 1989 November, December 13 13 13 13 

4 1990 January, February 14 14 14 14 

5 1990 March, April 15 15 15 15 
6 1990 May, June 16 0 16 0 
7 1990 July, August 17 1 17 0 
8 1990 September, October 18 2 0 0 
9 1990 November, December 19 3 1 1 

10 1991 January, February 20 4 2 2 

11 1991 March, April 21 5 3 3 

12 1991 May, June 22 0 4 0 

13 1991 July, August 23 1 5 0 

14 1991 September, October 24 2 0 0 

15 1991 November, December 25 3 1 

Descriptive analysis 

Data were assembled and analysed on a bimonthly capture-interval basis. There were 36 

capture occasions over the six years of trapping, which provided 35 capture intervals as the 

basic time units ofthis study. Investigation of the data began with an assessment ofthe 

number ofbandicoots in each sex, age class, habitat type and fire treatment. The number of 

times each animal was caught was plotted as a recapture frequency histogram. 

As survival rates do not in themselves imply change in population, it was considered important 

to include an abundance measure to place survival rates in context. The Jolly-Seber method 

was the preferred method for estimation of population size, but software currently available for 

this purpose (Program MARK, White 1998), could not bring the Jolly-Seber models to 

convergence. Consequently, the simpler KTBA approach was used. Abundance for all 

bandicoots pooled across all sex and age classes, habitat types and fire treatments was 

estimated using the number of bandicoots known to be alive (KTBA) in any one capture 

interval following the method outlined by Krebs (1966). This was performed simply to track 

the trends in regional population over the course of the experiment. 
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All subsequent analyses were performed using Program MARK version 1.9 (White 1998). 

The Global Model 

The second stage of analysis involved the construction of a global model that included all 

potentially relevant parameters and their interactions. The global model was to be structured 

such that all candidate models could be nested within it. Consequently, it was to be the most 

highly parameterised model in the set of candidate models and have the best fit to the sample 

data (Burnham & Anderson 1998). 

The large number of trapping occasions in the experiment was one this study's greatest 

strengths, however the relatively sparse data made modelling of variation over this number of 

time periods quite difficult. Most investigations of survival from mark-recapture data in the 

literature begin their investigations by constructing a global model that includes full time and 

group parameterisation for both survival and recapture. Indeed this approach is encouraged by 

prominent authors in the field (Lebreton et al. 1992; Burnham & Anderson 1998; Cooch & 

White 2000) as it is preferable that all models should be nested in the global model. However 

in this study, the large number of trapping occasions would make a fully time parameterised 

model hig~ly over-parameterised, a weakness of many studies that is readily avoided 

(Burnham & Anderson 1998). Also problematic was that with eight variables to be 

investigated, full interaction between all parameters would have required more parameters that 

the effective sample size (ness) of 1345 captures. 

Full time parameterisation of the global model was unnecessary as it was not of any specific 

interest to the aims of the study. Consequently only those time parameters of importance to the 

aims of the study were included (Trend, Month, Rain, TLF). To further reduce the 

parameterisation of the global model it was necessary to give closer consideration to the way in 

which parameters were to interact. Again, this was largely guided by the aims of the 

experiment, in combination with an understanding of the likely ways that such parameters 

should interact to influence survival or recapture. The primary aim of the study was to 

investigate the differences in survival between fire treatments, so it was important to examine 

Trend separately within Fire groups. This required full interaction between the Fire and Trend 

parameters. Similarly the effect oftime since last fire was to be investigated within fire 

groups. This also required full interaction between the Fire and TLF. Other time parameters 
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were of interest for their ability to modify these primary interactions and were thought to have 

largely additive relationships across fire groups. Sex, Age and Habitat were also thought to 

have additive effects on both survival and recapture across fire groups. The resulting global 

model used in this study is shown below using notation based on Lebreton et al. (1992). 

Global model= {$(Fire*(Trend+TLF)+Month+Rain+Habitat+Sex+Age) 

p(Fire*(Trend+TLF)+Month+Rain+Habitat+Sex+Age)}. 

This model contained only 42 parameters, which was considered conservative with an effective 

sample size of 1345 captures (n/K ratio of32.0). It is recommended that when using models 

with an niK ratio less than 40, that a corrected se.cond order version of AIC be used for model 

selection (Anderson & Burnham 1999). This correction was applied in subsequent model 

selection. The formula for the corrected AICc is: 

AICc = -[2ln(L(B))] + 2K + 2K(K + 1) 
n-K-1 

To assess how well the candidate models would reflect variation in the data, it was necessary to 

perform goodness-of-fit testing on the global model only, as subsequent model selection would 

not select a more parsimonious nested model that did not fit (Burnham & Anderson 1998; 

Cooch & White 2000). All other candidate models are simply special cases of the global 

model, representing all plausible alternative models. A bootstrap goodness of fit test was 

implemented in Program MARK (White 1998) to assess the fit of the global model. This test 

simply derives maximum likelihood estimates using the chosen model, and then uses these to 

generate 1000 simulated samples. The deviance of each simulated sample from the actual data 

is calculated and stored in a database for analysis. 

The goodness of fit ofthe global model was then assessed by calculating the proportion of 

simulated deviances that were greater than the model deviance. Only 9.6% of the simulated 

data had deviances greater than the global model, indicating an acceptable fit to the data 

(Cooch & White 2000). 

The deviance of the global model was then divided by the mean deviance of all simulations. 

This ratio of observed to expected deviance is e, the variance inflation factor (Burnham & 
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Anderson 1998), or quasi-likelihood parameter (Coach & White 2000). It is important that the 

value of c for the global model be close to 1 and less than 3 (Anderson & Burnham 1999). The 

deviance of the global model was 2943.3, and the mean deviance of 1000 bootstrap simulations 

was 2609.8. Thus the c ofthe global model was 1.129, indicating very little overdispersion1• 

Given that the global model provided a good fit to the data with little overdispersion, it was 

accepted as a base for further model selection. 

To improve precision in subsequent model selection, the c value for the global model was used 

to inflate the variance estimates of all candidate models in this study. The inclusion of c 
variance inflation influences the calculation of AICc, converting it to quasi-AICc as shown: 

Candidate Models 

QA!Cc = -[2ln(L(B))/ c]+2K + 2K(K + 1) 
n-K-1 

The third stage of analysis involved the a priori selection of a set of candidate models. It was 

important that all candidate models be defined prior to model selection, as iterative or 

exhaustive approaches to model selection are simply 'data dredging' and would yield biased 

and misleading results (Anderson & Burnham 1999). The process of a priori model selection 

was critical to the objectivity and usefulness of the inferences drawn from the data, and 

demanded that only explicitly plausible models be tested. Additionally, all candidate models 

had to be nested within the global model. 

Model selection occurred in two phases. Firstly, the most parsimonious model for recapture 

rate was found by using the global parameterisation for survival ( ~) whilst using a simplified 

nested parameterisation for recapture (p). Once the most parsimonious recapture model was 

found, it was used to define the parameterisation ofp, whilst investigating each ofthe 

candidate models for ~· The recapture parameter was not of primary interest in this study, but 

it was important to find the most parsimonious model for recapture in order to find the most 

1 Overdispersion occurs whenever variance in the sample is greater than the variance explained by the global 
model. This can arise when the global model contains insufficient or poorly chosen parameters that fail to account 
for variation in the sample. Overdispersion can also occur whenever survival or recapture probabilities of 
individuals are not independent and correlations exist among individuals such as in flocks, or in monogamous 
pairs (Burnham & Anderson 1998). 

18 



parsimonious model for survival. Fifteen models were produced for both <1> and p, so in total, 

30 models were investigated including the global model. These are listed in table 5. 

Table 5. The candidate model set. The recapture (p) component of the survival models 
is marked as p(Recapture). The parameterisation of p(Recapture) in stage 2 would be the 

same as that of the most parsimonious recapture model from stage 1 

Stage 1: 
Recapture models 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) 

p(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) } -the global model 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(.)} 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Sex) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Age)} 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Hab)} 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Rain) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(T) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Month) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire)} 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(TLF) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(T + TLF) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire+Month)} 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(TLF+Month) } 
{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire*T) } 
{ p(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire*TLF)} 

Model Selection 

Stage 2: 
Survival models 

{ ~(.) p(Recapture)} 
{~(Fire) p(Recapture)} 
{ ~(Fire+Sex) p(Recapture)} 
{ ~(Fire+Age) p(Recapture)} 
{ ~(Fire+Hab) p(Recapture)} 
{ ~(Fire+Rain) p{Recapture)} 
{ ~(Fire+Month) p(Recapture)} 
{ ~(Fire*T) p(Recapture)} 
{ ~(TLF) p(Recapture)} 
{ <j>(TLF+Sex) p(Recapture)} 
{ ~(TLF+Hab) p(Recapture)} 
{ ~(TLF+Rain) p(Recapture)} 
{ ~(TLF+T) p(Recapture)} 
{ ~(TLF+Month) p(Recapture)} 
{ p(Fire*TLF) p(Recapture)} 

Program MARK was then used to calculate the QAICc for each model, providing an objective 

measure of their parsimony. The logit link function was used in all analyses to keep estimates 

of$ and p constrained within the interval 0 to 1. The logit function for the parameter p is given 

as: 

Logit(p) = ln(__E_J 
1- p 

The link function is simply a transformation that produces more normally distributed MLEs, 

and thus facilitates linear modelling and calculation of asymmetric confidence intervals. 

Parameter estimates and their standard errors and confidence limits are simply obtained by 

back transformation. 

QAICc was calculated for the recapture models in order to find the most parsimonious model 

for the recapture (p ). This was then used in the assessment of QAICc for all survival models. 

19 



Akaike weights (wi) were calculated for all models as a measure of the relative plausibility of 

each model given the data. Akaike weights can be interpreted as the probability that each 

model is actually the model with the smallest K-L distance (Burnham & Anderson 1998). 

Estimates of survival were then made from all models that comprised the top 90% of Akaike 

weights, as recommended by (Burnham & Anderson 1998). 
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Results 

Description of the Sample 

Over the six years of the study, 658 Isoodon macrourus were captured and individually marked 

with ear tags. Three hundred and seventeen of these individuals were subsequently recaptured 

on at least one occasion (Figure 2), producing a total of 1345 captures (from 138,240 trap

nights). When the time between captures was taken into account, this was equivalent to 1640 

known persistence intervals (Figure 3). 

The longest-lived individual was a female that was captured 14 times over a period of 28 

months. This individual was reproductively active and weighed 630g at the time of her first . 
capture, so must have been at least 4 months old at that time (Friend 1990; Braithwaite & 

Griffiths, unpublished data). The total lifespan ofthis individual was therefore at least 32 

months. 

Frequency of Bandicoot recaptures 
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Figure 2. Recapture histogram showing the number of times that individuals in the 
sample were caught. Fifty two percent were caught only once and never seen again. 

Ofthe 658 individual captured, males outnumbered females, with a total of 418 males captured 

represented 64% ofthe individuals and 63% oftotal captures. Males were found to have a 

mean weight at first capture of 1034 g and females had a mean weight of 65 8 g. Figure 4 

shows the distribution of weights at first capture for all 658 individuals. Recapture rates were 

very similar between sexes, 46% of females and 50% of males were recaptured at least once. 
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Known persistence of individual Bandicoots 
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Figure 3. Known persistence histogram showing the period of time that animals in 
the sample were known to persist. The total number of known persistence intervals 

of recaptured animals was 1299, providing a substantial database for modelling. 

Histogram of bandicoot weights at first capture 
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Figure 4. Histogram of Isoodon macrourus weights at first capture by sex. 
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Using the simple age categorisation based on weight at first capture (adults are regarded as 

males ~OOg, females ;;:::SOOg), 542 individuals were adults at the time of their first capture, 

and 116 were immature. Forty nine percent of adults and 41% of immature individuals were 
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recaptured at least once. Sixty four percent of adult captures were male, compared to 57% for 

immature captures. The mean weight of inunature males was 403 g, and for immature females 

was 317 g. Considering that growth rate for this species exceeds 100 g per month (Gemmell 

1985, Gemmell1987), this means that most immature animals would enter the adult category 

at the next capture occasion, thus confirming a key assumption of the age parameter. 

Bandicoot captures were fairly evenly distributed between the riparian and open forest habitats 

with 54% of individuals (and 52% oftotal captures) occurring in riparian habitat. No 

individuals were observed to move between habitat types or fire treatments over the course of 

the experiment. 

KTBA Analysis 

KTBA estimates were noted to increase rapidly in the first 14 months of the experiment to a 

peak of 130, and then decline to just two captures by the final interval. Seasonal fluctuation 

could also be seen with an increase occurring in July-August each year. 

KTBA estimates do not take account of variable recapture rate, and while capture efforts were 

consistent throughout the experiment, KTBA cannot provide an accurate measure of abundance 

when capture rates are affected by environmental and demographic variables that cannot be 

standardised (Caughley & Sinclair 1994). The seasonal fluctuation could therefore represent 

either a seasonal change in capture rate or abundance. The larger long-term change in KTBA 

underlying these fluctuations is highly unlikely to be the product of recapture variability and is 

strongly indicative of a substantial change in abundance throughout all experimental 

compartments over the course of the experiment. 

KTBA estimates are biased low at the start and end of the sampling period. Animals observed 

for the first time in the early sampling periods may have been alive prior to the start of 

sampling but this is not detected by KTBA methods. Similarly, animals may live beyond the 

last capture period but KTBA estimates will not show their persistence beyond their last 

capture. The duration ofbias at each end of the sampling period is limited to the maximum 

lifespan of animals in the population. Given that the longest known lifespan was 32 months, 

KTBA values in the first and last 32 months of the 70 months study must be assumed to have 

an unknown negative bias. This bias is a function of the lifespan distribution and trapability of 

this species and is greatest for the first and last trapping intervals, diminishing toward the 
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middle of the study. Bandicoots that were retrapped at least once were known to be alive for a 

mean of 6.2 ± se 1.3 months. Therefore KTBA values in the first four and last four trapping 

periods should be considered the most strongly biased underestimates. The rapid increase 

during the first year of the study may therefore be an artefact ofKTBA analysis rather than a 

real increase in abundance. KTBA bias cannot explain the progressive decline from the second 

year onwards. 

Bandicoots known to be alive {KTBA) at each sampling occasion 
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Figure 5. Number of bandicoots known to be alive over the duration of the experiment 
(thirty five 2 month intervals from July 1989 to May 1995). 

Model Selection and Parameter Estimates 

The results of the model selection process are shown in Tables 6 and 7. Estimates produced 

from the K-L best model are shown in Figures 6 and 7. Full data for estimates with standard 

errors and asymmetric confidence intervals is shown in Appendix B. 

The K-L best model for recapture, {~(Fire*(T+TLF)+Month+Age+Hab+Sex+Rain) 

p(TLF+Month)} had a 78% likelihood of being the best model (based on the Akaike weight). 

This model which was clearly superior to the second best model, 

{~(Fire*(T+TLF)+Month+Age+Hab+Sex+Rain) p(Fire+Month)}, which had only a 13% 

likelihood. Both of these models had quite similar parameterisation, each including the Month 

parameter combined additively with a fire parameter (TLF and Fire). Hence both ofthese 

models indicated that recapture rates varied systematically according to fire history and time of 

the year. Figure 6 charts the recapture estimates from the best model, showing the distinct 
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pattern of seasonal variation as well as the substantially higher recaptures in unburnt areas. All 

fire treatments had equal recapture rates at the start of the study, but began to differentiate once 

burning began in 1990. After an initial decrease, all annually burnt areas returned similar and 

reasonably stable recapture rates, while the unbumt sites improved steadily over time. The 

seasonal variation component imparted by the Month parameter indicated that recapture rates 

were highest during the period when annual grasses were at their peak, providing abundant 

ground cover from January to April. 

The model selection process for survival revealed an even clearer result, finding the model 

{<j>(Fire*T) p(TLF+Month)} to have a 97% likelihood of being the K-L best model. No other 

model was able to provide a comparably parsimonious explanation for the data. The survival 

component of the model is very simple, constraining survival to be a linear function oftime 

within each ofthe four fire treatments. Survival estimates are charted in Figure 7. Note that 

confidence intervals (Appendix B) are asymmetric and that lines in Figure 7 do not appear 

straight because maximum likelihood estimates and their confidence intervals were calculated 

in logit space and then back-transformed to provide real estimates constrained to the range ofO 

to 1. 

The estimates reveal that bandicoot populations in all compartments began the experiment with 

very similar survival rates, but following the onset ofbuming in 1990 survival rates declined in 

all areas, even the unbumt sites. The rate at which survival declined depended heavily on fire 

treatment. 

Unbumt and early burnt areas experienced the least overall decline. The bimonthly survival 

rate in unburnt areas dropped from 0.756 (se 0.0312) in July-August 1989 to 0.5494 (se 

0.0505) in March-April1995. Similarly, Early burnt areas dropped from 0.748 (se 0.042) to 

0.589 (se 0.0884). Differences between these two treatments appear to be minor and 

confidence interval have broad overlap, therefore no definitive distinctions can be drawn as to 

their relative effects except to say they are reasonably similar in terms of survival outcomes for 

bandicoots in the region. 
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Table 6. Recapture models. Candidate models are ordered according to QAICc. 

Delta QAICc Num. 

Rank Model QAICc QAICc Weights Par Deviance 

{ ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(TLF+Month)} 2677.301 0.000 0.776 28 2954.823 

2 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire+Month)} 2680.936 3.635 0.126 30 2954.206 

3 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(TLF)} 2682.659 5.358 0.053 23 2972.593 

4 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(T + TLF) } 2684.153 6.852 0.025 24 2971.939 

5 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire)} 2685.045 7.744 0.016 25 2970.603 

6 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire*TLF)} 2689.104 11.803 0.002 29 2965.778 

7 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Fire*T)} 2690.701 13.400 0.001 29 2967.579 

8 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(T)} 2694.506 17.205 0.000 23 2985.953 

9 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Month)} 2695.734 18.433 0.000 27 2977.964 

10 { ~(Fire*(T + TLF}+Month+Age+Hab+Sex+Rain) 2696.598 19.297 0.000 42 2943.268 

p(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) } - Global 

11 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(.)} 2700.297 22.996 0.000 22 2994.819 

12 { ~(Fire*(T + TLF}+Month+Age+Hab+Sex+Rain) p(Hab)} 2700.502 23.201 0.000 23 2992.715 

13 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Sex)} 2700.912 23.611 0.000 23 2993.178 

14 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Age)} 2701.236 23.935 0.000 23 2993.543 

15 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(Rain)} 2701.976 24.675 0.000 23 2994.378 

Table 7. Survival models. Candidate models are ordered according to QAICc. 

Delta QAICc Num. 

Rank Model QAICc QAICc Weights Par Deviance 

{ ~(Fire*T) p(TLF+Month) } 2669.825 0.000 0.973 15 2976.699 

2 { ~(Fire*(T + TLF)+Month+Age+Hab+Sex+Rain) p(TLF+Month} } 2677.301 7.476 0.023 28 2954.823 

3 { ~(TLF+ T) p(TLF+Month) } 2681.590 11.765 0.003 10 3001.467 

4 { ~(Fire*TLF) p(TLF+Month)} 2683.241 13.416 0.001 15 2991.829 

5 { ~(Fire+Age) p(TLF+Month) } 2687.546 17.721 0.000 12 3003.594 

6 { ~(Fire+Rain) p(TLF+Month) } 2687.702 17.877 0.000 12 3003.770 

7 { ~(Fire) p(TLF+Month)} 2689.20519.380 0.000 11 3007.762 

8 { ~(Fire+Month) p(TLF+Month) } 2691.105 21.280 0.000 16 2998.388 

9 { ~(Fire+Sex) p(TLF+Month)} 2691.137 21.312 0.000 12 3007.644 

10 { ~(Fire+Hab) p(TLF+Month}} 2691.141 21.316 0.000 12 3007.649 

11 { ~(.) p(TLF+Month)} 2692.814 22.989 0.000 8 3018.701 

12 { ~(TLF} p(TLF+Month)} 2694.842 25.017 0.000 9 3018.701 

13 { ~(TLF+Month) p(TLF+Month) } 2696.421 26.596 0.000 14 3009.000 

14 { ~(TLF+RaiiJ) p(TLF+Month) } 2696.661 26.836 0.000 10 3018.463 

15 { ~(TLF+Hab} p(TLF+Month)} 2696.737 26.912 0.000 10 3018.549 

16 { ~(TLF+Sex) p(TLF+Month)} 2696.850 27.025 0.000 10 3018.676 
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Figure 6. Recapture estimates derived from the most parsimonious model. Note that the Early, Late 
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The effects of late bums on bandicoot survival are very clear, leading to a marked decline in 

bimonthly survival rates from 0.783 (se 0.066) in March-Aprill989 to 0.187 (se 0.143) in 

March-Aprill995. The effect of progressive bums was the most dramatic, causing a rapid and 

almost complete collapse in bandicoot survival from 0.782 (se 0.056) to 0.058 (se 0.054) over 

the six years of the experiment. 
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Discussion 

The results of this analysis show a decline in the abundance and survival of Isoodon macrourus 

in all burnt and unburnt treatments over the years in which fires were lit from 1990 to 1995. 

Survival rates in 1990, prior to the start of burning were similar across all treatments. Survival 

was then noted to decline at different rates depending on fire treatment. Areas burnt several 

times each year (the Progressive treatment) showed the most rapid decline in survival, followed 

by areas experiencing intense fires in the late dry season (the Late treatment). Unburnt and 

early burnt areas, showed very similar survival rates, although survival in unbumt areas 

declined more than areas burnt early in the dry season. The differences in survival rate 

between fire treatments over the course of the study indicate that fire regime is critically 

important in determining the survival ofbandicoots. 

The model selection methodology used in this study was found to provide an objective and 

informative basis for inference. Only very simple models were used in this analysis, as the 

objective of the study was to reveal important trends and patterns, rather than to produce a 

precise model for the estimation of survival rates. Thus only linear models and simple additive 

and first order interactions were examined as there was insufficient evidence to justify the used 

oflarger multidimensional models with more complex (logarithmic or polynomial) 

relationships. Therefore the K-L best model found in this study must be viewed only as the 

model that provides the most parsimonious explanation for the data, and hence the strongest 

basis for inference about the factors influencing survival in this study. It should not be viewed 

as a precise predictive model for the influence of fire on this species. 

This study examined a small but ecologically meaningful set of a priori models that accounted 

for all factors considered important in determining survival of Isoodon macrourus in this study. 

Burnham & Anderson (1998) warn of the danger of drawing post-hoc correlations between 

model-derived estimates and other ecological variables. They argue that any ecological 

correlates that are suggested to the analyst after perusal of the data are likely to yield spurious 

over-fitted models that will only reflect the peculiarities of the sample. Therefore if any post 

hoc observations are made from the data that appear to be meaningful in retrospect (and are 

supported by other credible ecological sources), then these ideas may be presented as new 

hypotheses and form the basis of a new experiment, to gather new data, and investigate a new 

set of a priori models. 
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Model selection methods allowed an assessment of the relative importance of fire treatment 

and other influences such as sex, age~ habitat type, rainfall and time of year. The K-L best 

model for survival had an Akaike weight of 0.973, while the combined influence of all other 

models together produced an Akaike weight of just 0.027. Inferences based on model selection 

should be confined to those models that make up the top 90% of Akaike weights (Burnham & 

Anderson 1998), so in this study inference was limited to a comparison of the K-L best model 

with all other models. Comparisons between lower ranking models could not be considered a 

valid basis for inference. Therefore the main inference drawn from this study is that trend over 

time within fire treatments was the most important source of variation in survival and that the 

combined influences of sex, age, habitat, rainfall and time of year had relatively little bearing 

on survival, either separately or in combination. 

In t~e absence of fire, these other factors may play a role in explaining subtle variation in 

survival rates, but in this study the large differences observed in survival over time and 

between fire treatments obscured these influences. The relatively minor contribution of sex, 

age, habitat, rainfall and time of year on survival is an important finding of this study. It 

provides a clear demonstration that of all the influences examined, fire regime was the most 

important in determining the survival of this species. 

It is important t.o note that decline in survival took place over the duration of the study and did 

not occur as a rapid collapse with any fire treatment. If the introduction of fire in 1990 had 

caused a rapid drop in survival rate to a lower but reasonably stable level, then one of the TLF 

models would have provided a better explanation for the data. Instead it was found that there 

was a cumulative reduction in survival over time in all fire treatments but more so in the Late 

and Progressive treatments. This is most likely related to a progressive alteration of habitat 

and resource availability as well as the cumulative mortality associated with the fires 

th~mselves. The reasons for this downward trend occurring in all fire treatments are less 

ob;vious; P~.icularly for the unburned areas. 

There are several possible explanations for this observation. It may be that unknown 

environmental or demographic influences were causing a reduction in survival across the 

region, and that intense and frequent fires merely accelerated this decline within those 

treatment areas. Alternatively, a regional effect may have occurred as a result of the frequency 
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and extent ofburning across the Early, Late and Progressive treatments, causing a survival 

decline in the Unbumt treatment as well. Another possible explanation for the decline in 

survival is that the annual burning regimes were too frequent, while the unburnt treatments 

decreased due to lack of fire. Indeed all three of the above possibilities could be acting 

simultaneously. The true reasons for this pattern are not clear, although use ofK-L model 

selection methods has made it clear that the factors of sex, age, habitat type, rainfall and time 

of year are not responsible. 

If there was an unexplained regional influence causing reduced survival in all treatments, then 

the impact of each fire treatment could still be assessed by comparing the relative survival 

estimates and relative rate of survival decrease in each fire treatment. Under this global decline 

paradigm, survival decline could be viewed as having two additive components: the first 

associated with the differences between fire treatments, the second being a global decline 

across all fire treatments due to unknown causes. However, consideration of relative measures 

instead of absolute measures does not alter the findings of this study. Regional influences that 

could have had a negative effect on survival include long-term natural fluctuations in 

temperature, primary production, availability of prey and abundance of predators. 

Management actions and changes caused by human use of the region could also provide an 

explanation. These influences may vary in overlapping ways to produce apparently random or 

cyclic fluctuations in survival. 

A previous mark-recapture investigation of Isoodon macrourus at Kapalga from September 

1980 to January 1983 found a similar level of fluctuation in abundance (Friend 1990). This 

study also noted a decline in abundance, and reported that subsequent retrapping efforts in 

1984 and 1985 failed to find any bandicoots. Friend noted that these years corresponded with 

late dry season wildfires. Clearly, populations of Isoodon macrourus had returned by the start 

of sampling for this study in July 1989. This may be an indication that populations ofthis 

species can take many years to recover from a series of late dry season wildfires. Recent 

resampling in October 1999 (Woinarski et al. unpublished data) at the same sites as used in the 

current study failed to find any Isoodon macrourus in the study area in 7000 trap nights. This 

prolonged period of suppression may be the result of cumulative fire impact over the course of 

the experiment and fire management in the area subsequently. 
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The possibility of a regional effect on mammal abundance has been explored previously by 

Braithwaite & Muller (1997). Their abundance estimates of mammals on the Kapalga study 

area showed that many species had declined in this region over the years 1986 to 1993. Their 

analyses led them to propose a link between mammal abundance and groundwater levels. 

Groundwater was thought to influence mammals indirectly by altering primary production. 

Their proposed groundwater index was based on a mean of dry season rainfall in the previous 

eight years. They found that this index was strongly correlated with the abundance of many 

mammal species, but not with Isoodon macrourus. The bandicoot data used in the current 

study is from the same set as that used by Braithwaite & Muller, so their findings are directly 

applicable to this study. Therefore long term climatic and groundwater patterns investigated by 

Braithwaite & Muller can be excluded as possible explanations for the global decline in 

survival. 

One very prominent management action with regional consequences for the Kapalga study area 

was the removal of Asian Water Buffalo (Bubalus bubalis). Buffalo had previously lived in 

large numbers in the region, but were culled throughout the 1980's for reasons of disease 

control under the Brucellosis and Tuberculosis Eradication Campaign (BTEC), which was one 

of the largest and most concentrated feral animal control campaigns ever undertaken (Freeland 

& Boulton 1990). The sudden removal ofbuffalo from the area led to large-scale ecological 

change across the region, particularly in wetland and riparian areas (Finlayson 1997). These 

changes have provided benefits for many native species but created problems for others (Friend 

& Cellier 1990; Finlayson 1997). It is possible that with the passing of feral buffalo 

immediately prior to the study, ecological changes have occurred that have proven 

disadvantageous to bandicoots. This would seem unlikely however as bandicoots have been 

shown to be sensitive to grazing pressure (Newsome 1971; Gordon et al. 1990), so removal of 

buffalo should have been beneficial to their survival. 

Predation has been shown to be a key factor in determining the viability of bandicoot 

populations (Reading et al. 1996). Data regarding the abundance of predators during the study 

period are not available but it is possible that the removal ofbuffalo or introduction of 

experimental fire regimes may have increased the population of predators such as feral cats, 

dingoes, owls or snakes in the region, or made bandicoots more accessible to them. In the 

absence of data, inferences are speculative, however it is believed that this is an issue worthy of 

further investigation. 
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Studies of the Southern Brown Bandicoot (Isoodon obesulus) have shown this species to be 

well adapted to utilising regenerating bushland (Stoddart & Braithwaite 1979). This ability is a 

product of their high reproductive rate, allowing many young bandicoots to invade newly 

formed patches adjacent to undisturbed patches. These observations are most likely also true 

for Isoodon macrourus, which has a very similar reproductive strategy, including the shortest 

gestation recorded for any mammal (Lyne 1974). Isoodon macrourus is known to form quite 

static home ranges and individuals tend not to move very far in response to local environmental 

changes (Gordon 1974). They are also known to shun open ground such as that created 

immediately following a fire, and tend to stay within 50m oflow ground cover (Gordon 1974). 

A consequence of these traits is that this species is probably best adapted to mid-successional 

habitats with occasional patchy disturbances (Possingham 1995). 

Despite their adaptations, the decline in bandicoot survival in all burnt treatments was 

indicative of an inability to cope with the experimentally imposed fire regimes used in this 

study. This may be a product ofthe way that burning was conducted during the experiment. 

Fires were lit annually (Early and Late treatments) or several times annually (Progressive 

treatment), which may have been too frequent for this species. It is also likely that burning 

compartments at the same time each year produced very similar spatial distribution of fire 

within compartments each year thereby reducing the spatial heterogeneity that bandicoots are 

so well adapted to exploit (Reading et al. 1996). Fires were mostly ignited in a line along the 

upwind boundary of the compartments producing large frontal fires that burned a large 

proportion of the compartment in a single event, particularly in the Late and Progressive 

treatments. This method would have produced more intense and complete burning of 

compartments than if fires were lit as patchy point sources which produce less intense elliptical 

bums (G. Cook, pers. comm., 2000). Consequently, the linear burning method is likely to have 

reduced the spatial heterogeneity of compartments than other ignition methods and left fewer 

refuges, particularly in the Late and Progressive treatments. 

Survival decline in the unbumt treatment may also be a reflection ofthe loss of spatial 

heterogeneity by exclusion of fire. Structure ofvegetation is an important determinant of 

habitat suitability in bandicoots, with preferred areas containing a habitat mosaic of open areas 

mixed with low ground cover (Reading et al. 1996). Over many years of fire exclusion, 

understorey vegetation of the open forests of this region thickens substantially (Bowman et al. 
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1988), and could therefore make unbumt areas less suitable for bandicoots, thus lowering their 

survival. 

All fire treatments applied in the Kapalga experiment showed a decline in survival over the six 

years of sampling, so none of these approaches can be recommended for the long-term 

preservation of Isoodon macrourus. What was notable however was that the early dry season 

fire treatment showed the smallest decline in survival over the six years of the study (from 

0.748 ± se 0.042 to 0.589 ± se 0.0884). The higher survival rates under early dry season fires 

compared to Late and Progressive fire treatments is most likely due to the fact that fires in 

these compartments were patchier and less intense than in the Late and Progressive treatments. 

The fact that early dry season fires led to similar and possibly slightly superior survival than 

the Unbumt treatment gives some support to the view expressed by Reading et al. (1996) that 

"Periodic, low-intensity fires may indeed be a requirement in the medium to long term 

management of reserves for bandicoots". 

In conclusion, the results of this study add further weight to the view that Isoodon macrourus is 

a specie~ best adapted to survive in areas experiencing patchy and irregular disturbances of low 

intensity. Most importantly however, the results clearly demonstrate that frequent or intense 

late dry season fires are detrimental to the survival ofthis species. The optimal fire 

management strategy for such species has been discussed by Possingham & Tuck (1996), who 

strongly advocate that managers look beyond dangerous 'one size fits all' approaches to fire 

management, and move toward a fire management strategy driven by monitoring of wildlife 

populations. 
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Appendix A 

Rainfall at Oenpelli during the Kapalga study 

Table 1. Rainfall recorded at Oenpelli during each sampling interval, July 1989 to April1995. 

Table 2. Total annual rainfall recordings from Oenpelli, May 1989 to April1995. 

Table 3. Mean seasonal rainfall at Oenpelli, May 1989 to April1995. 
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Appendix A- Table 1. Rainfall recorded at Oenpelli during each sampling interval, July 1989 to April1995. 
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Appendix A- Table 2. Total annual rainfall recordings from Oenpelli, May 1989 to April1995. 
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Appendix A- Table 3. Mean rainfall within capture intervals at Oenpelli, May 1989 to April1995. 
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Appendix B 

Survival and recapture rate estimates 

Table 1. Bimonthly recapture estimates (p) with standard errors and confidence intervals for 

each fire treatment (Unbumt, Early, Late, Progressive) over course of the duration of the 

Kapalga experiment (July 1989 to May 1995). 

Table 2. Bimonthly survival estimates(~) with standard errors and confidence intervals for 

each fire treatment (Unbumt, Early, Late, Progressive) over course of the duration of the 

Kapalga experiment (July 1989 to May 1995). 
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Appendix B -Table 1. Recapture estimates (p) with standard errors and 95% lower and upper confidence intervals for each fire treatment. 

Unburnt Early Late Progressive 
t Year Month p se LCI UCI p se LCI UCI p se LCI UCI p se LCI UCI 
1 1989 JA 0.4553 0.0377 0.3829 0.5296 0.4553 0.0377 0.3829 0.5296 0.4553 0.0377 0.3829 0.5296 0.4553 0.0377 0.3829 0.5296 
2 so 0.5507 0.0421 0.4675 0.6312 0.5507 0.0421 0.4675 0.6312 0.5507 0.0421 0.4675 0.6312 0.5507 0.0421 0.4675 0.6312 
3 NO 0.5005 0.0419 0.4192 0.5819 0.5005 0.0419 0.4192 0.5819 0.5005 0.0419 0.4192 0.5819 0.5005 0.0419 0.4192 0.5819 
4 1990 JF 0.4824 0.0420 0.4013 0.5645 0.4824 0.0420 0.4013 0.5645 0.4824 0.0420 0.4013 0.5645 0.4824 0.0420 0.4013 0.5645 
5 MA 0.5773 0.0460 0.4856 0.6639 0.5773 0.0460 0.4856 0.6639 0.5773 0.0460 0.4856 0.6639 0.5773 0.0460 0.4856 0.6639 
6 MJ 0.6461 0.0430 0.5581 0.7253 0.5260 0.0502 0.4278 0.6221 0.6461 0.0430 0.5581 0.7253 0.5260 0.0502 0.4278 0.6221 
7 JA 0.5019 0.0379 0.4281 0.5756 0.3798 0.0416 0.3023 0.4639 0.5019 0.0379 0.4281 0.5756 0.3725 0.0421 0.2942 0.4580 
8 so 0.5964 0.0412 0.5138 0.6739 0.4731 . 0.0476 0.3818 0.5662 0.4576 0.0491 0.3641 0.5542 0.4576 0.0491 0.3641 0.5542 
9 ND 0.5471 0.0418 0.4645 0.6271 0.4233 0.0458 0.3370 0.5145 0.4082 0.0469 0.3204 0.5023 0.4082 0.0469 0.3204 0.5023 
10 1991 JF 0.5291 0.0427 0.4454 0.6111 0.4057 0.0448 0.3218 0.4956 0.3908 0.0457 0.3057 0.4831 0.3908 0.0457 0.3057 0.4831 
11 MA 0.6221 0.0447 0.5314 0.7050 0.5001 0.0513 0.4009 0.5993 0.4845 0.0528 0.3832 0.5871 0.4845 0.0528 0.3832 0.5871 
12 MJ 0.6876 0.0429 0.5980 0.7650 0.5260 0.0502 0.4278 0.6221 0.5569 0.0474 0.4631 0.6468 0.5260 0.0502 0.4278 0.6221 
13 JA 0.5484 0.0402 0.4691 0.6254 0.3798 0.0416 0.3023 0.4639 0.4095 0.0396 0.3348 0.4886 0.3725 0.0421 0.2942 0.4580 
14 so 0.6404 0.0418 0.5551 0.7178 0.4731 0.0476 0.3818 0.5662 0.4576 0.0491 0.3641 0.5542 0.4576 0.0491 0.3641 0.5542 
15 NO 0.5928 0.0435 0.5056 0.6746 0.4233 0.0458 0.3370 0.5145 0.4082 0.0469 0.3204 0.5023 0.4082 0.0469 0.3204 0.5023 
16 1992 JF 0.5752 0.0449 0.4857 0.6601 0.4057 0.0448 0.3218 0.4956 0.3908 0.0457 0.3057 0.4831 0.3908 0.0457 0.3057 0.4831 
17 MA 0.6649 0.0448 0.5723 0.7464 0.5001 0.0513 0.4009 0.5993 0.4845 0.0528 0.3832 0.5871 0.4845 0.0528 0.3832 0.5871 
18 MJ 0.7262 0.0435 0.6333 0.8029 0.5260 0.0502 0.4278 0.6221 0.5569 0.0474 0.4631 0.6468 0.5260 0.0502 0.4278 0.6221 
19 JA 0.5942 0.0440 0.5060 0.6767 0.3798 0.0416 0.3023 0.4639 0.4095 0.0396 0.3348 0.4886 0.3725 0.0421 0.2942 0.4580 
20 so 0.6822 0.0435 0.5916 0.7609 0.4731 0.0476 0.3818 0.5662 0.4576 0.0491 0.3641 0.5542 0.4576 0.0491 0.3641 0.5542 
21 NO 0.6370 0.0462 0.5426 0.7220 0.4233 0.0458 0.3370 0.5145 0.4082 0.0469 0.3204 0.5023 0.4082 0.0469 0.3204 0.5023 
22 1993 JF 0.6201 0.0482 0.5223 0.7091 0.4057 0.0448 0.3218 0.4956 0.3908 0.0457 0.3057 0.4831 0.3908 0.0457 0.3057 0.4831 
23 MA 0.7052 0.0456 0.6088 0.7862 0.5001 0.0513 0.4009 0.5993 0.4845 0.0528 0.3832 0.5871 0.4845 0.0528 0.3832 0.5871 
24 MJ 0.7618 0.0443 0.6647 0.8376 0.5260 0.0502 0.4278 0.6221 0.5569 0.0474 0.4631 0.6468 0.5260 0.0502 0.4278 0.6221 
25 JA 0.6383 0.0482 0.5395 0.7266 0.3798 0.0416 0.3023 0.4639 0.4095 0.0396 0.3348 0.4886 0.3725 0.0421 0.2942 0.4580 
26 so 0.7213 0.0454 0.6244 0.8012 0.4731 0.0476 0.3818 0.5662 0.4576 0.0491 0.3641 0.5542 0.4576 0.0491 0.3641 0.5542 
.27 ND 0.6790 0.0492 0.5761 0.7670 0.4233 0.0458 0.3370 0.5145 0.4082 0.0469 0.3204 0.5023 0.4082 0.0469 0.3204 0.5023 
28 1994 JF 0.6630 0.0516 0.5558 0.7558 0.4057 0.0448 0.3218 0.4956 0.3908 0.0457 0.3057 0.4831 0.3908 0.0457 0.3057 0.4831 
29 MA 0.7425 0.0466 0.6414 0.8230 0.5001 0.0513 0.4009 0.5993 0.4845 0.0528 0.3832 0.5871 0.4845 0.0528 0.3832 0.5871 
30 MJ 0.7940 0.0447 0.6930 0.8681 0.5260 0.0502 0.4278 0.6221 0.5569 0.0474 0.4631 0.6468 0.5260 0.0502 0.4278 0.6221 
31 JA 0.6802 0.0522 0.5707 0.7729 0.3798 0.0416 0.3023 0.4639 0.4095 0.0396 0.3348 0.4886 0.3725 0.0421 0.2942 0.4580 
32 so 0.7573 0.0470 0.6540 0.8373 0.4731 0.0476 0.3818 0.5662 0.4576 0.0491 0.3641 0.5542 0.4576 0.0491 0.3641 0.5542 
33 NO 0.7183 0.0518 0.6070 0.8081 0.4233 0.0458 0.3370 0.5145 0.4082 0.0469 0.3204 0.5023 0.4082 0.0469 0.3204 0.5023 
34 1995 JF 0.7034 0.0546 0.5869 0.7984 0.4057 0.0448 0.3218 0.4956 0.3908 0.0457 0.3057 0.4831 0.3908 0.0457 0.3057 0.4831 
35 MA 0.7766 0.0472 0.6709 0.8556 0.5001 0.0513 0.4009 0.5993 0.4845 0.0528 0.3832 0.5871 0.4845 0.0528 0.3832 0.5871 
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Appendix B - Table 2. Survival estimates ( ~) with standard errors and 95% lower and upper confidence intervals for each fire treatment. 

Unburnt Early Late Progressive 
t Year Month ell se LCI UCI ell se LCI UCI ell se LCI UCI ell se LCI UCI 
1 1989 JA 0.7565 0.0312 0.6902 0.8124 0.7483 0.0421 0.6573 0.8217 0.7829 0.0658 0.6280 0.8851 0.7816 0.0558 0.6536 0.8716 
2 so 0.7514 0.0301 0.6879 0.8055 0.7443 0.0400 0.6585 0.8146 0.7688 0.0631 0.6238 0.8696 0.7605 0.0537 0.6406 0.8498 
3 ND 0.7462 0.0289 0.6856 0.7985 0.7402 0.0379 0.6594 0.8074 0.7541 0.0601 0.6191 0.8527 0.7381 0.0510 0.6269 0.8254 
4 1990 JF 0.7410 0.0276 0.6832 0.7914 0.7360 0.0358 0.6602 0.8001 0.7388 0.0568 0.6138 0.8343 0.7144 0.0479 0.6122 0.7986 
5 MA 0.7356 0.0264 0.6807 0.7841 0.7319 0.0338 0.6608 0.7927 0.7229 0.0533 0.6076 0.8147 0.6895 0.0446 0.5960 0.7697 
6 MJ 0.7303 0.0252 0.6781 0.7767 0.7277 0.0318 0.6611 0.7854 0.7064 0.0499 0.6001 0.7941 0.6634 0.0415 0.5780 0.7393 
7 JA 0.7248 0.0240 0.6754 0.7693 0.7234 0.0300 0.6610 0.7782 0.6894 0.0468 0.5911 0.7731 0.6363 0.0388 0.5573 0.7085 
8 so 0.7193 0.0228 0.6725 0.7618 0.7191 0.0283 0.6605 0.7711 0.6718 0.0443 0.5799 0.7522 0.6082 0.0373 0.5331 0.6785 
9 NO 0.7137 0.0217 0.6693 0.7543 0.7148 0.0268 0.6595 0.7643 0.6537 0.0428 0.5658 0.7322 0.5795 0.0375 0.5047 0.6507 
10 1991 JF 0.7080 0.0207 0.6660 0.7468 0.7104 0.0256 0.6579 0.7579 0.6352 0.0426 0.5483 0.7140 0.5501 0.0395 0.4720 0.6258 
11 MA 0.7023 0.0197 0.6623 0.7394 0.7060 0.0247 0.6555 0.7520 0.6162 0.0440 0.5271 0.6981 0.5205 0.0433 0.4358 0.6039 
12 MJ 0.6965 0.0189 0.6583 0.7322 0.7016 0.0242 0.6522 0.7467 0.5969 0.0470 0.5023 0.6848 0.4907 0.0483 0.3974 0.5845 
13 JA 0.6907 0.0182 0.6539 0.7252 0.6971 0.0241 0.6479 0.7421 0.5773 0.0515 0.4745 0.6738 0.4609 0.0541 0.3582 0.5670 
14 so 0.6848 0.0177 0.6490 0.7185 0.6925 0.0245 0.6427 0.7383 0.5574 0.0571 0.4445 0.6648 0.4314 0.0601 0.3195 0.5509 
15 ND 0.6788 0.0175 0.6436 0.7121 0.6880 0.0253 0.6364 0.7353 0.5374 0.0636 0.4130 0.6573 0.4024 0.0661 0.2822 0.5357 
16 1992 JF 0.6728 0.0175 0.6376 0.7062 0.6834 0.0266 0.6292 0.7330 0.5172 0.0706 0.3810 0.6510 0.3741 0.0716 0.2471 0.5212 
17 MA 0.6667 0.0178 0.6310 0.7006 0.6787 0.0283 0.6211 0.7314 0.4970 0.0780 0.3490 0.6455 0.3466 0.0766 0.2147 0.5073 
18 MJ 0.6606 0.0184 0.6237 0.6956 0.6741 0.0303 0.6122 0.7304 0.4768 0.0855 0.3177 0.6407 0.3201 0.0808 0.1852 0.4937 
19 JA 0.6544 0.0192 0.6159 0.6909 0.6694 0.0326 0.6027 0.7299 0.4567 0.0929 0.2875 0.6364 0.2947 0.0842 0.1589 0.4805 
20 so 0.6481 0.0202 0.6076 0.6866 0.6646 0.0352 0.5926 0.7297 0.4367 0.1001 0.2587 0.6325 0.2706 0.0867 0.1355 0.4675 
21 ND 0.6418 0.0215 0.5987 0.6827 0.6598 0.0380 0.5820 0.7299 0.4169 0.1071 0.2317 0.6289 0.2477 0.0884 0.1150 0.4547 
22 1993 JF 0.6355 0.0229 0.5895 0.6791 0.6550 0.0410 0.5710 0.7304 0.3973 0.1136 0.2065 0.6256 0.2261 0.0891 0.0972 0.4422 
23 MA 0.6291 0.0245 0.5798 0.6758 0.6502 0.0441 0.5597 0.7310 0.3781 0.1196 0.1832 0.6224 0.2059 0.0890 0.0819 0.4298 
24 MJ 0.6226 0.0263 0.5699 0.6726 0.6453 0.0474 0.5481 0.7319 0.3593 0.1251 0.1620 0.6194 0.1871 0.0882 0.0688 0.4177 
25 JA 0.6162 0.0282 0.5597 0.6697 0.6404 0.0507 0.5363 0.7328 0.3409 0.1300 0.1427 0.6165 0.1696 0.0867 0.0576 0.4057 
26 so 0.6096 0.0301 0.5492 0.6669 0.6355 0.0542 0.5243 0.7339 0.3230 0.1342 0.1253 0.6137 0.1535 0.0846 0.0482 0.3938 
27 NO 0.6031 0.0322 0.5386 0.6642 0.6305 0.0578 0.5121 0.7351 0.3055 0.1378 0.1097 0.6110 0.1386 0.0820 0.0402 0.3822 
28 1994 JF 0.5965 0.0343 0.5277 0.6616 0.6256 0.0614 0.4998 0.7364 0.2886 0.1406 0.0958 0.6083 0.1250 0.0791 0.0335 0.3707 
29 MA 0.5898 0.0365 0.5168 0.6591 0.6205 0.0651 0.4874 0.7377 0.2723 0.1428 0.0835 0.6058 0.1125 0.0758 0.0278 0.3595 
30 MJ 0.5832 0.0388 0.5057 0.6567 0.6155 0.0689 0.4750 0.7391 0.2566 0.1443 0.0727 0.6032 0.1011 0.0723 0.0231 0.3484 
31 JA 0.5765 0.0411 0.4946 0.6543 0.6104 0.0727 0.4625 0.7405 0.2414 0.1452 0.0631 0.6007 0.0908 0.0686 0.0192 0.3375 
32 so 0.5697 0.0434 0.4834 0.6520 0.6053 0.0766 0.4500 0.7419 0.2269 0.1454 0.0547 0.5983 0.0814 0.0649 0.0159 0.3268 
33 ND 0.5630 0.0458 0.4722 0.6497 0.6002 0.0805 0.4376 0.7434 0.2131 0.1450 0.0474 0.5959 0.0729 0.0611 0.0132 0.3162 
34 1995 JF 0.5562 0.0481 0.4610 0.6475 0.5951 0.0844 0.4251 0.7450 0.1998 0.1441 0.0410 0.5935 0.0653 0.0573 0.0109 0.3059 
35 MA 0.5494 0.0505 0.4497 0.6453 0.5899 0.0884 0.4128 0.7465 0.1872 0.1426 0.0354 0.5912 0.0583 0.0537 0.0091 0.2958 
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_P_e_n_n_.y,_W_u_r_m _________________ _ 

From: Guy Pardon 
Sent: Thursday, 20 September 2001 12:31 

PennyWurm To: 
Subject: RE: MTEM thesis 

Hello Penny, 

Here is the Dissertation that I submitted last year. 

I have discovered one flaw with the work in it since it was assessed which is related to the goodness-of-fit testing that I 
used. Therefore the GOF test results reported in this document are incorrect. This is due to the fact that the software 
used (MARK) cannot correctly account for individual covariates in the GOF test, even though it does allow them for 
model-selection. At present there is no simple work-around for this problem. 

Additional enhancements to the work are also possible, such as an assessment of trap-dependence and transience in 
the sample population (although these delve into aspects of theory well beyond the scope of an MTEM). 

I hope to be presenting this work at the Australasian Wildlife Management Society Conference in December (in 
Dubbo, NSW). 

I have included the Dissertation and Appendix as separate files. Do not print the entire Dissertation file. Print only up 
to p.38, then print out the Appendix file which has the correct version of pages 39 to 45. 

If you have any difficulties, let me know. 

Thanks, Guy 

Dissertation .zip 

-----Original Message-----
From: Penny Wurm 
Sent: Wednesday, 19 September 2001 5:17 PM 
To: Guy Pardon 
Subject: MTEM thesis 

Hello Guy, 

I'm hoping to build a collection of MTEM theses to place in the short term loan collection of the library. 
These would serve as models and examples for new students. As yours is such a good one, I was 
wondering if you would be happy to provide a copy. 

If you email it to me, that would be fine, and I can arrange binding. I am also interrested in the 
uncorrected version, the one you actually submitted for examination. 

I hope you are happy to do this, but no pressure if not. 

Best wishes, 

Penny 

Dr Penny Wurm, 
Coordinator, Graduate Diploma & Master of Tropical Environmental Management 
Tropical Savannas CRC 
Faculty of Science, IT & Education 
Northern Territory University 
Darwin. NT. 0909 Australia 
Ph: +61 8 8946 6355 
Fax: +61 8 8946 7107 
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