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Abstract
The greater bilby (Macrotis lagotis) is a nocturnal marsupial endemic to Australia.
Unfortunately this species has declined to 20% of its former range and is now classified as
vulnerable to extinction under national legislation (Environmental Protection and Biodiversity
Conservation Act 1999). Bilbies are omnivorous and their diet varies with the availability of
food resources. Promoting bilby food resources through landscape fire management may be
one approach to help conserve this species. The abundance of bilby diggings under shrubs
known to host root-dwelling larvae (larvae) suggests larvae are an important food source for
bilbies, an idea which until now has not been specifically examined. The aim of my project
was to investigate the availability of larvae and their inclusion in the bilby diet through
assessment of (a) bilby burrow use and foraging diggings in burnt and unburnt vegetation
patches and (b) the occurrence of larvae in four known host shrub species in relation to shrub
age/size and fire history. Field work was undertaken at ABM Resources NL’s Twin Bonanza
Mine site in the Tanami Desert in the Northern Territory. Additionally, I conducted trials with
captive bilbies at the Alice Springs Desert Park to determine if larvae can be detected in bilby
faecal material when bilbies are known to have consumed larvae. Once this had been verified,
faecal pellets from wild bilbies collected at the Tanami Desert field site were analysed for the
presence of larvae remains.
My results confirmed that larvae are used as a food source by bilbies at the Tanami Desert
field site and that larvae availability and diggings associated with larvae hosting shrubs are
concentrated in longer unburnt vegetation patches. Larvae remains were detected in one third
of bilby faecal pellets collected in the field, and a further third had ‘probable’ larvae remains.
The availability of larvae in living shrub hosts varied between host species, with only 0.8% of
the short lived Senna notabilis shrubs found to contain larvae, while a maximum of 11.3% of
the longer lived Acacia shrubs hosted larvae, namely Acacia acradenia, Acacia hilliana and
Acacia lysiphloia. Bilbies were also active in recently burnt areas, likely obtaining fire and
rain promoted food resources, such as Yakirra australiensis seed, that are usually only
available for short periods early in post-fire regeneration. Managing fire to retain vegetation
patches in a mosaic of various fire ages, especially protecting patches of larvae hosting shrubs
from frequent fire, will promote short term fire promoted food resources as well as maintain
short lived and long lived larvae host shrubs to promote larvae availability. This would assist
in the provision of continual access to a variety of food resources as a means to support
ongoing survival of bilby populations.
iii
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1. Introduction
1.1.

Life history and decline of the bilby

The greater bilby (Macrotis lagotis) is a nocturnal marsupial endemic to Australia. Aboriginal
people have strong cultural connections to this species, with the bilby being a totem or past
food resource for many Aboriginal groups (Southgate 1990a). The strength of these
connections was evident at the inaugural Ninu (bilby) Festival held at Kiwirrkurra in June
2016, where 120 Indigenous people from 20 Aboriginal communities came together to
celebrate the cultural significance of the bilby and discussed options for its recovery. Greater
bilbies have become an iconic Australian native species, being well known as the Easter bilby
(Foundation for Rabbit Free Australia Inc. 2016). The greater bilby is also valuable from a
species conservation perspective, as one of the few remaining medium sized mammals in the
critical weight range (35-5500g) within which the most severe decline of mammals has
occurred across Australia (Burbidge and McKenzie 1989; Johnson and Isaac 2009). From a
landscape perspective, bilbies provide important positive ecosystem engineering services
through their diggings; turning over soil and creating depressions that catch organic matter
and thus increase local soil nutrients (James and Eldridge 2007). Until recently there were two
species of bilby in Australia; the lesser bilby (Macrotis leucura) which is considered to have
declined to extinction by 1960 (Burbidge et al. 1988) and the greater bilby which is the focus
of this project. The greater bilby will be referred to as bilby throughout this text.
At the time of European settlement bilbies occupied 70% of Australia (Southgate 1990a).
However, by the 1990s bilby distribution had reduced to less than 20% of this former range
(Southgate 1990a) (Figure 1.1). Bilbies are currently restricted to the Tanami Desert in the
Northern Territory (NT), Great Sandy Desert, Little Sandy Desert, Gibson Desert, parts of the
Pilbara and Southern Kimberly in Western Australia (WA), an area between Boulia and
Birdsville in far south-western Queensland (QLD) and a few reintroduced populations, such
as near Roxby Downs in South Australia (SA) (Southgate 1990a; Moseby and O'Donnell
2003). The burrowing and nocturnal habits of the bilby provide protection from extreme heat
and cold, allowing bilbies to persist in harsh arid conditions (Gibson et al. 2002). It is
considered that bilbies only occupy a small proportion of these remnant areas; for example,
surveys conducted by Southgate et al. (2007) found that across more than 75% of the Tanami
Desert signs of bilbies are separated by at least 20 km. Furthermore, this occupied area
1

appears to be reducing, with bilby detection rates in the Granites-Rabbit Flat region of the
Tanami Desert having reduced from 23% in the 1990s to 12% in 2006 to 2012, for similar
sampling effort (Paltridge 2013).

Figure 1.1 Decline in known bilby distribution from the time of European settlement (green)
to the 1990s (red). Produced by Headstart, The Courier Mail, adapted from Southgate
(1990a).
The vigorous burrowing nature of this species and their mobility across the landscape means
each individual may occupy up to 18 burrows concurrently, some of which will be shared
with other individuals and some which will be visited more frequently than others (Lavery
and Kirkpatrick 1997; Moseby and O'Donnell 2003; Bradley et al. 2015). Consequently,
estimating the size of bilby populations based on burrow density and occupation rate is
difficult (Lavery and Kirkpatrick 1997; Southgate et al. 2005). However, using alternate
indicators of population size; it is thought that bilbies were once common, as numerous bilby
tails were worn by Aboriginal people during the late 1800s and early 1900s (Spencer and
Gillen 1912).
2

Given the decline and present uncertainty about the status of populations, the bilby is
recognised as Vulnerable under Commonwealth (Environmental Protection and Biodiversity
Conservation Act 1999), NT (NT Parks and Wildlife Conservation Act 2006), WA (Wildlife
Conservation Act 1950) and SA (National Parks and Wildlife Act 1972) legislation.
Additionally, in QLD the bilby is listed as Endangered (Nature Conservation Act 1992) and in
New South Wales presumed extinct (Threatened Species Conservation Act 1995).
There are a number of threats thought to have contributed to the decline of the bilby. These
include: introduced predators such as foxes (Vulpes vulpes) and cats (Felis catus); introduced
competitors and species that cause destruction to the environment such as rabbits
(Oryctolagus cuniculus), cattle (Bos Taurus) and camels (Camelus dromedaries); clearing of
habitat; changes to fire regimes; predation by dingoes (Canis lupus dingo) and changes in
climate (Southgate 1990a; Southgate et al. 2007; Threatened Species Scientific Committee
2016). Changes in land use have potentially promoted these threats; for example the
construction of mine sites in the Tanami Desert and Kimberly has caused clearing of small
areas of habitat and increased the local abundance of bilby predators (Bradley et al. 2015).
Large scale and frequent fires in the Tanami Desert may be increasing predation risk to bilbies
with McGregor et al. (2015) finding that animals in the Kimberly were more vulnerable to
predation in open sites, such as those recently burnt. However, Southgate and Carthew (2006)
and Southgate et al. (2007) suggest bilbies are not highly reliant on vegetation for protection
from predators as they can use their burrows. Given that multiple pressures are influencing
bilbies there is unlikely to be a single management strategy that will ensure the persistence of
the species. Instead a range of strategies are required, including maintenance of appropriate
bilby habitat and promoting food resource availability (Southgate and Carthew 2007). These
strategies would complement current efforts to remove or control the density of introduced
predators (Christensen and Burrows 1994; Burrows et al. 2003; Commonwealth of Australia
2015).

1.2.

Diet of the bilby

Bilbies are omnivorous and have a varied diet. Most dietary analyses of bilbies have been
undertaken through faecal analysis, a technique favoured for its low invasiveness and as a
concentrated source of digested foods (Dickman and Huang 1988; Southgate 1990b; Gibson
2001; Southgate and Carthew 2006; Bice and Moseby 2008). Studies undertaken in QLD and
3

the NT have found that bilbies consume predominately seeds, tubers, and a diversity of
invertebrates including termites and beetles. In the Tanami Desert of the NT the key seed and
tuber species consumed are Yakirra australiensis and Cyperus bulbosus respectively
(Southgate 1990b; Southgate and Carthew 2006). These are both ephemeral species occurring
very patchily in space and time (Southgate and Carthew 2006). Bilbies show low site fidelity
and high mobility (Southgate et al. 2007), traits which provide adaptability and allow
movement across the landscape to take advantage of patchy food resources. Occasionally
other plant matter, fungi and parts of vertebrates constitute components of the bilby diet. The
reproductive success and density of bilbies in the Tanami Desert appears to be positively
related to the availability of food plants (Southgate and Carthew 2006). In the absence of
plant food resources bilbies consume more invertebrates, especially termites (Southgate and
Carthew 2006).
Much of the Australian landscape is highly fire prone, with the Tanami Dessert being no
exception. Areas remaining unburnt for more than six years are considered long unburnt
(Southgate and Carthew 2006; Southgate and Carthew 2007). Fire has an important influence
on changing resource availability for bilbies (Southgate and Carthew 2006). For example, the
availability of Y. australiensis is strongly influenced by the magnitude and timing of rainfall
and fire (Southgate and Carthew 2007). When there has been >300 mm of rain within two or
three months of a fire Y. australiensis can grow well and attain >5% cover within six months
of the fire (Southgate and Carthew 2007). Thus, conducting burns in late spring or early
summer, immediately before the majority of rain falls for the year, could promote this food
resource for bilbies (Southgate and Carthew 2007). In the past, bilbies and Aboriginal people
had many food resources in common, including Y. australiensis and C. bulbosus, and it is
likely that traditional burning practices that promoted food availability for Aboriginal people
also benefited bilbies and helped to maintain populations of this species (R. Paltridge at the
Kiwirrkurra Bilby Festival 2016, pers. comm.).
Notably there are a number of limitations with analysing faecal material to assess the diet of a
species. Namely the food items identified in bilby faecal pellets and the relative proportions
of these items will not be a completely accurate reflection of the food items consumed and the
proportions in which these items were consumed. This is due to certain food items
deteriorating more during digestion than others, with some items becoming unidentifiable in
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faecal material. Consequently, dietary analysis through faecal examination provides only an
indication of food items consumed.

1.3.

Importance of root-dwelling larvae in the diet

The importance of root-dwelling larvae as a food resource used by bilbies is recognised by
local Australian Aboriginal people (Burbidge et al. 1988; Si and Turpin 2015), was
documented by early explorers (Spencer and Gillen 1912) and has been discussed by
researchers (Johnson 1989; Southgate 1990a; Southgate 1990b; Bice and Moseby 2008).
Root-dwelling larvae are Lepidopteran (butterfly, moth and skipper) and Coleopteran (beetle)
larvae which reside in the roots or stem of host plants. A well-known example of rootdwelling larvae is witchetty grubs (Endoxyla leucomochla from the Cossidae family of
Lepidoptera) which occupy the roots of Acacia ligulata (Si and Turpin 2015). The perception
that root-dwelling larvae are important in the diet is based primarily on observations of bilby
diggings at the base of larvae host plants (Bice and Moseby 2008; R. Paltridge 2016, pers.
comm.) rather than on dietary analysis. Southgate (1990b) documents that bilbies near
Warburton in WA fed on Cossidae larvae from the roots of two Acacia species (A. kempeana
and Acacia rhodophloia), however, does not explicitly state the evidence this is founded on.
Larvae have been detected in bilby faecal material, however, the larvae have not been
confirmed specifically as root-dwelling (Gibson 2001) and could represent any of a wide
range of insect species. For example, bilbies have access to soil dwelling larvae and
caterpillars from vegetation. Smyth and Philpott (1968) found white Lepidopteran larvae in
bilby faecal material sourced from beneath grass tussocks of two Eragrostis species.
Additionally, the larvae component has not represented a large proportion of bilby faecal
volume: 1.51% in SA (Bice and Moseby 2008); 1.7% in the NT (Southgate and Carthew
2006) and 0.9% in QLD (Gibson 2001). This is probably not surprising as most larvae are
composed predominantly of soft body parts which can deteriorate significantly during
digestion, thus leading to lower prevalence in the faeces compared with invertebrates that
have a greater proportion of hard parts or plant materials, especially seeds (Dickman and
Huang 1988). This together with the lack of experience identifying larvae body parts may
account for the low detection of larvae in bilby faecal pellets (Bice and Moseby 2008).
Consideration of the occurrence, rather than volume, of larvae in bilby faecal pellets is more
consistent with what might be expected if root dwelling larvae form an important component
of the diet, with larvae appearing in 11.5% of faecal pellets in the NT (Southgate and Carthew
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2006) and 33.2% of faecal pellets in QLD (Gibson 2001). From here on, unless specified, the
term larvae will be used in reference to root-dwelling larvae.
While many bilby diggings have been noted at root-dwelling larvae host shrubs, it is not
known what proportion of these diggings represent successful foraging attempts on larvae by
bilbies. Bilbies are also known to eat the central section of tap roots of some shrubs that have
not been identified to host larvae, potentially for moisture (Watts 1969). Considering these
uncertainties about the importance of larvae in the diet of bilbies, a better understanding of the
relationship between consumption of larvae and detection of larval remains in bilby faecal
material would be helpful.

1.4.

Root-dwelling larvae availability in relation to host plants and fire

A variety of Acacia species have been recorded as key host plants for root-dwelling larvae,
with other hosts including some species of Senna (Fearn 1985; Southgate 1990b; Bice and
Moseby 2008; Cranston 2010). Southgate and Carthew (2006) and Southgate et al. (2007)
observed that the lateritic regions of the Tanami Desert support Acacia species known to host
larvae, and suggest that root-dwelling larvae may provide a continuous reliable food source
for bilbies in this region which may be particularly important when plant based foods are in
short supply. However, minimal research has been undertaken on root-dwelling larvae,
especially within the Tanami Desert region. Based on research from other regions of
Australia, species that inhabit roots in the larval stage only exist as adults briefly in summer
when they lay eggs from which larvae hatch. These larvae then spend the next two or three
years in a host plant before pupating and eventually emerging as an adult (Fearn 1985;
Monteith 2011). Hence, as suggested by Southgate and Carthew (2006) and Southgate et al.
(2007), unlike some plant foods favoured by bilbies that vary in abundance seasonally, insect
larvae are likely to be a relatively constant food resource that is accessible to bilbies for much
of the year in areas where host plants exist.
However, at present the spatial or temporal availability of larvae as a food resource for bilbies
cannot be easily estimated. For example: not all host species are known; the proportion of
host plants that contain larvae and the number of larvae found per plant have not been
investigated; and it is not known how disturbances, particularly fire, that have profound
effects of host plants may affect availability of larvae in the landscape. Many of the known
larvae host plants are obligate seeders. Adult plants are killed by all but the mildest fires and
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as they do not resprout new cohorts must germinate from seed (Crowley et al. 2007; Nano
and Clarke 2011). Such plants tend to produce long lived seed banks, often with dormancy
mechanisms that require activation by fire, rainfall, temperature or a combination of
promoting factors (Crowley et al. 2007; Nano and Clarke 2011). Silky wattle (Acacia
acradenia), Hill’s tabletop wattle (Acacia hilliana), turpentine wattle (Acacia lysiphloia) and
cockroach bush (Senna notabilis) are four larvae host species known from the Tanami Desert
(C. Ellis 2016, pers. comm.) and all fall into this category of obligate seeders (Nano and
Clarke 2011). For such species the maximum plant size within a stand correlates broadly with
time since fire. Immediately after fire there are no living adult plants present, then seedlings
begin to emerge and shrubs become progressively larger each year until they reach their
maximum size or the next fire comes through. For species that do not rely on fire to break
seed dormancy, seeds will continue to germinate after the initial post fire germination event,
leading to multiple cohorts and size classes in longer unburnt patches. The abundance of
larvae per plant is likely to be affected by plant size (and time since fire), especially at the
lower end of the scale where plants are too small or have not been established long enough to
become hosts. For instance, S. notabilis is a short lived shrub (approximately two years) that
germinates and grows quickly after disturbance, such as fire (Latz 1995). This shrub may
quickly become a larvae host, but will die within two years. In contrast, the three Acacia
species mentioned also germinate after fire, but grow more slowly and live for an extended
time (over 20 years) (Latz 1995; Crowley et al. 2007). Longer lived and slower growing
Acacia species may take multiple years to become suitable larvae hosts, but have potential to
host larvae for numerous years before they die. It is also not known how long larvae can
persist in the roots of host plants after they are killed by fire. Currently there is a solid
understanding of how fire affects some of the ephemeral food plants that bilbies use
(Southgate and Carthew 2007), but no information about how fire affects other, potentially
more persistent, food resources. Additional understanding of the connection between fire,
larvae host plants and larvae is needed.

1.5.

Study purpose and aims

Through this project I aimed to contribute to knowledge that may prove beneficial in
promoting the recovery of the greater bilby, specifically by gaining a better understanding
about how fire could be used to promote or protect one of the less well known, but thought to
be important, food resources for bilbies. To do this I aimed to (a) compare bilby activity, and
specifically foraging activity for root-dwelling larvae, in recently burnt compared to longer
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unburnt areas within the bilbies home range and (b) to assess the prevalence of root-dwelling
larvae in relation to host plant species, host plant size and fire. I also aimed to (c) investigate
whether faecal analysis could provide a useful method for investigating larvae consumption
by bilbies.
For part (a) I investigated the activity of bilbies from a single population where the bilbies had
access to vegetation patches burnt in October 2015 (“burnt”) and patches not burnt since
either 2011 or 2013 (“unburnt”). The components of bilby activity I was interested in were the
use of burrows and foraging activity represented by diggings. I hypothesised bilbies would
show preferential use of burrows in unburnt vegetation due to the greater protection afforded
by denser vegetation. With regard to foraging, I expected bilbies would forage in both fire
ages, but anticipated higher activity at unburnt sites. Additionally, I hypothesised that bilbies
would vary their type of diggings between fire ages to target the different food resources
available in each of these habitats. Specifically, I expected a higher density of diggings in the
open at burnt sites and a higher density of diggings at the base of shrubs at unburnt sites.
Furthermore, I hypothesised that the shrub species being dug would be dominated by known
root-dwelling larvae host species and would represent larger individuals as these were
considered more likely to host larvae.
My second aim (b) was to collect baseline data on the abundance and occurrence of larvae in
relation to host plants and to ascertain how the availability of larvae as a food resource for
bilbies might vary temporally, specifically in relation to time since fire and shrub size. To
achieve this I assessed the prevalence of larvae in four host species across vegetation patches
that represented varying stages of post-fire regeneration. I hypothesised that fire would result
in the temporary disappearance of larvae from a site due to the death of host plants. I expected
to observe an increase in larvae availability at sites with a longer time since fire, where host
plants had re-established and were progressively bigger. For shrubs with a shorter life span,
this process was expected to occur at a faster rate. I also hypothesised that there would be
differences among the four host species in the number of larvae present and how this related
to plant size.
Finally in part (c) I investigated the detectability of larvae remains in bilby faecal material;
specifically, whether any larvae fragments are recognisable in bilby faecal material, and
whether it is possible to quantify the number of larvae eaten from the remains in faecal
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material. I hypothesised that larvae would be detectable, but this would be limited to hard
body parts and the volume of material would be low relative to the amount of larvae
consumed. Upon verification that larvae remains could be detected, I aimed to analyse faecal
pellets from wild bilbies at my study sites for presence of larvae remains to confirm if larvae
were a part of the bilby diet at this site. Based on information in the literature and the
common occurrence of diggings under known larvae host shrubs I expected that wild bilbies
consume root-dwelling larvae, but hypothesised that larvae would be detectable in only a
small proportion of faecal pellets due to expected deterioration of larva material during
digestion.
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2. Methods
2.1.

Tanami Desert study site

The field component of this study was undertaken across ABM Resources NL’s exploration
licences and mineral lease associated with the Twin Bonanza Project in the Tanami Desert of
the NT (Figure 2.1). The licences and lease cover an area of Aboriginal land approximately
2790 km2 in the NT adjacent to the NT/WA border at a similar latitude to Tennant Creek.
This is approximately 700 km North West of Alice Springs. Permission to enter and remain
on this land was granted by the Central Land Council, permit number 33558, and by ABM
Resources NL.

NT

QLD
WA
SA
NSW

VIC

TAS

Figure 2.1 Location of the ABM Resources NL’s Twin Bonanza Exploration and Mining
Tenure (yellow rectangle, not to scale) in the Tanami Desert, Northern Territory.
The area receives an average annual rainfall of 481 mm, calculated from recordings taken at
Rabbit Flat, the closest weather station, across 19 years (Bureau of Meteorology 2016). There
can be substantial variation in rainfall between years (Figure 2.2) and the majority of rain falls
during the summer months (Bureau of Meteorology 2016). The average daily minimum and
maximum temperature (calculated per month and averaged across 20 years of data) at Rabbit
Flat weather station are 6.8°C and 29.4°C respectively in winter compared to 23.4°C and
38.5°C respectively in summer (Bureau of Meteorology 2016). A palaeodrainage channel on
the western side of the site contrasts with quartz rocky ridges to the east. The majority of the
site consists of undulating red sand and lateritic substrates supporting a mix of acacia shrub
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and spinifex grassland. Fire occurs frequently, with recent extensive fires occurring in both
late October 2015 and September 2011 burning 50% and 35% respectively of the Twin
Bonanza site. Some small patches of vegetation, equating to approximately 10% of the site,
had escaped the impacts of recent fire and remained unburnt for more than five years. Bilbies
have been sighted at various locations across the lease, with one active population present
throughout the course of this study (Figure 2.3).
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Figure 2.2 Annual rainfall, with average annual rainfall indicated by the red line, at Rabbit
Flat weather station from 1997 to 2015. Data obtained from Bureau of Meteorology (2016).
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Figure 2.3 Location of bilby activity and sightings across the Twin Bonanza area prior to this
study and the area within which active bilbies were detected during the study (blue circle).
EcOz records were from 2012/2013 and DWS records were from 2015. Map sourced from
ABM Resources NL, 29/03/2016 (1:130,000 GDA 1994).
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2.2.

Bilby burrow use and foraging in recently burnt and longer unburnt
patches

2.2.1. Bilby activity at burrow entrances
The area where bilbies were known to be active within the Twin Bonanza site at the time of
my study was approximately 3 km by 1 km (Figure 2.3) and investigation of bilby burrow use
and foraging activity took place within this area. The location of three burrows had been
previously identified and monitored with remote cameras by Rachel Paltridge on behalf of
ABM Resources NL up until my study commenced. This monitoring provided verification
that bilbies were active at these burrows. Additional bilby burrows were located by a team of
six people, including two Aboriginal rangers (Christine Ellis and Magda Curtis) with
significant skill in identifying signs of bilbies and myself. Signs included a concentration of
tracks, faecal pellets, diggings and mounds of earth near burrow entrances, all of which
helped to indicate the presence of a burrow.
Searches continued until we had located six active burrows in recently burnt patches (“burnt”,
i.e. burnt in 2015 approximately six months prior to my field work) and six active burrows in
longer unburnt patches (“unburnt”, i.e. last burnt in either 2011 or 2013), giving 12 burrows
altogether that extended over an area 1.9 km long by 0.5 km wide (Figure 2.4 and
photographs in Appendix Section 5.1). Active burrows were defined as having fresh tracks or
fresh excavation resulting in minimal leaf litter within the burrow entrance. Burrows in burnt
patches were between 20 m and 285 m (average: 132±112 m) from unburnt habitat, and
burrows in unburnt patches were between 10 m and 165 m (average: 60±59 m) from burnt
habitat. Based on established knowledge of bilby mobility, I was confident that all burrows
would be within the home range of bilbies active in the area.
Infrared and motion detecting HC500 HyperFire Reconyx camera traps were installed at the
entrance of the 12 bilby burrows from the 16th or 17th of April to the 12th, 14th or 15th of June
2016. Cameras were checked and batteries and SD cards changed once during this period,
between the 3rd and 6th of May. The cameras were mounted on a garden stake 70 cm from the
ground and 1.5 m from the front of the burrow entrance (Figure 2.5). The direction the camera
was facing varied depending on the height of the mound of soil in front of the burrow and the
vegetation surrounding the burrow, but was generally either directly in front or behind a
burrow. The cameras were tilted 65° towards the ground using custom wooden wedges.
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Camera sensitivity was set high with three pictures taken one second apart for every trigger.
No quiet period was nominated and the illuminator was turned on. Data recorded with each
image included camera identity, date, time and temperature. GPS locations were recorded and
vegetation structure within 5 m of each burrow was assessed. This involved estimating the
percent canopy cover of the grass and shrub layers, assuming the entire canopy area of plants
in each layer was opaque, and classifying this according to Domin percent cover classes
(Sutherland 2006). Additionally the modal height of the grass and shrub layers was measured.

Legend
Vegetation
Burnt
Unburnt
Burrow
Burnt
Unburnt
Dirt Road

Figure 2.4 Location of bilby burrows fitted with camera traps in recently burnt (i.e. last burnt
in 2015) (red circles) and longer unburnt (i.e. last burnt in either 2011 or 2013) (green circles)
vegetation at the Tanami Desert field site from April to June 2016.

14

Camera Trap
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Burrow
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1.5 m
Figure 2.5 Camera trap configuration at bilby burrows at the Tanami Desert field site from
April to June 2016 (Burrow 8).
Camera data were managed using Reconyx MapView Professional Mapping and Image
Management Software Version 3 (RECONYX 2014). Photographs were sorted to remove
false triggers and all animals in photographs were identified. Where possible, individual
animals were distinguished based on morphology and colour patterns. Data were then
exported to Microsoft Excel 2010 where visitations to burrow entrances by bilbies and bilby
predators were identified. If a bilby or predator appeared at a burrow entrance in multiple
photos with gaps between consecutive photos of less than five minutes, then this was
considered a single visit. If the bilby or predator left the area or entered the burrow for five
minutes or more, the next reappearance of the bilby or predator was counted as a new
visitation.
The number of visits to burrow entrances was compared between burnt and unburnt burrows
using Two-tailed T-tests on data standardized for camera trapping effort. To standardize data,
the number of visits made to a burrow entrance was divided by the number of nights the
camera at that burrow was actively recording. This gave the average number of visits made to
a burrow entrance per night. The length of visits to burrow entrances was also compared
between burnt and unburnt burrows, using all data from all cameras using Two-tailed T-tests.
Vegetation adjacent to burrows was compared between the two fire ages using Mann-Whitney
U tests and a Two-tailed T-test. Locations of burrows and bilby movements were displayed in
ArcMap version 10.3.1 (Esri 2015). Two-tailed T-tests were undertaken in XLSTATS version
16.01.28 (Carr 2016) and non-parametric Mann-Whitney U tests were undertaken in PAST
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version 3.11 (Hammer et al. 2001). Prior to undertaking statistical analysis the normality and
variance of data was checked. Where these requirements were not met data was transformed
or non-parametric tests were undertaken.
2.2.2. Bilby foraging diggings
Bilby foraging behaviour was assessed around six of the burrows set with camera traps; three
in burnt patches and three in unburnt patches. This subset of burrows was selected to
maximise spatial spread between the burrows and to obtain a representative mix of vegetation.
At each burrow I assessed the 50 closest foraging diggings, starting 1.5 m away from the
burrow to avoid direct disturbance to the burrow. The 50 closest diggings were located by
circling around the burrow repeatedly, radiating outwards in a spiral. The set number of
diggings was decided upon to maintain equal sampling effort (in terms of number of diggings
assessed) at burrows in burnt and unburnt patches, where density of diggings was expected to
vary. At each digging the characteristics of the digging and surrounding vegetation were
recorded. Specifically the age of the digging (recent/moderate/old; indicated by loose soil vs.
the presence of a soil crust, no leaf litter vs. leaf litter and no tracks vs. fresh tracks), the
position of the digging (in the open/ at a shrub/ at spinifex or other grass/at an ant nest/at a
forb), size of the digging (depth, longest width and perpendicular width) and presence of
Y. australiensis within a radius of 3 m was noted. These data enabled me to test if bilbies were
foraging equally in both fire ages, if different food resources were being targeted in the
different fire ages, how bilby foraging varied when targeting different foods (i.e. size of
diggings) and how the availability of Y. australiensis varied between fire years respectively.
The size of bilby diggings was calculated using the length, width and depth of the diggings
and based on the assumption that diggings were upside down pyramids
(size=(lengthxwidthxdepth)/6), as this was the general shape of bilby diggings at the Tanami
Desert field site.
If the digging was at the base of a shrub then the shrub was categorised as live or dead and, if
live, it was identified to species and the height was measured. Evidence that a larva may have
been extracted from the root was recorded and where observable, diameter of the shrub stem
30 mm below the soil surface was measured. Evidence of possible larva extraction included
holes in the side of the root (sometimes with a clear hollow visible beneath) or torn
up/chewed roots. From these data I determined the proportion of diggings at shrubs that may
have resulted in successful extraction of a root-dwelling larvae and if this was associated with
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stem diameter. If the digging was at the base of a shrub the next nearest shrub was also
identified and the height was measured. Where, these two shrubs were not of the same
species, the nearest shrub of the same species as that with the digging at its base was also
identified and the height measured. If the digging was not at the base of a shrub, the shrub
nearest to each bilby digging was identified and the height was measured. This enabled me to
test whether bilbies were targeting particular shrub species to dig at compared to that
available in the vicinity of diggings. I was particularly interested to see if known rootdwelling larvae host species were being dug at. I also tested if certain size shrubs were being
targeted of those species dug at by comparing the height of shrubs dug at with that of the
nearest shrub of the same species. Shrubs were defined as plants with a woody stem, low
stature and multiple stems branching from or near the ground (Debenham 1962).
The total area encompassed by the 50 diggings at each burrow was determined by measuring
the North-South and East-West axis of the overall spiral area. Given the overall spirals were
approximately circular, the axis measurements were averaged and divided by two to give the
radius of the spiral and thus calculate the area of the circle encompassed by the spiral
(area=r2). The density of diggings at each burrow was calculated by dividing the number of
diggings assessed (50) by the area they encompasses (overall spiral area), and was
subsequently compared between fire ages. For each burrow, the number of diggings at each
position (i.e. in the open/ at a shrub/at spinifex or other grass/ at an ant nest/ at a forb) was
divided by the overall spiral area to provide digging density, and thus standardize data for
comparison between digging position and fire age.
Two 50 m simplified Point Centred Quarter (PCQ) transects were conducted at each burrow
assessed for bilby foraging activity. The transects were positioned randomly beside the
burrows so they did not overlap with each other. At five points positioned at 10 m intervals
along each transect and starting at 10 m, an imaginary line was drawn perpendicular to the
transect to create quarters. In each quarter the nearest shrub species was identified. From this
data I could determine the shrub species available in the vicinity of burrows (unbiased by the
location of bilby diggings), and thus by comparing to shrub species found near bilby diggings
see if bilbies were targeting specific vegetation patches. This data was also used to compare
species composition between burnt and unburnt burrows.
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Overall, comparisons were made between bilby foraging characteristics around burrows in
burnt and unburnt patches. I tested if the proportion of fresh diggings, density of diggings and
volume of diggings varied between fire ages using 2-tailed T-tests. A Kruskal Wallis test was
undertaken to test if digging size varied between diggings targeting different food resources
(i.e. diggings in different positions). Bilby foraging was also assessed in relation to vegetation
composition. A 2-tailed T-test was used to determine if the stem diameter of shrubs with
evidence of successful larvae extraction differed from those where larvae were not extracted.
The height of shrubs with bilby diggings was compared to that of nearby shrubs of the same
species using 2-tailed T-tests. Two-tailed T-tests were undertaken in XLSTATS version
16.01.28 (Carr 2016) and both paired T-tests and non-parametric Kruskal Wallis tests were
undertaken in PAST version 3.11 (Hammer et al. 2001). Requirements of statistical tests were
checked as per Section 2.2.1.

2.3.

Root-dwelling larva prevalence in host shrub roots in relation to fire

The prevalence of larvae in plant roots was assessed for four main species known to host
larvae and occurring in the study area; A. acradenia, A. hilliana, A. lysiphloia and S. notabilis
(Figure 2.6). These species are all obligate seeders (Nano and Clarke 2011). Acacia acradenia
occurs on rocky slopes, but is generally uncommon, growing 2-4 m high and living 1520 years (Moore 2005; B. Low 2016, pers. comm.). Acacia hilliana may be locally abundant
on rocky sandy soils, growing 0.5 m high and living over 20 years (Moore 2005; Crowley et
al. 2007). Acacia lysiphloia is very common across a variety of soils, may grow 2-4 m high
and can live over 20 years (Moore 2005; Crowley et al. 2007). Senna notabilis is also
common across a variety of soils, appearing after disturbance, growing from 0.3-1.5 m high
and living approximately two years, but can live up to five years (Latz 1995; Moore 2005;
Crowley et al. 2007).
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a) A. acradenia

b) A. hilliana

c) A. lysiphloia

d) S. notabilis

Figure 2.6 Four root-dwelling larvae host species assessed for larvae availability at the
Tanami Desert field site, 2016. a) Acacia acradenia, b) Acacia hilliana, c) Acacia lysiphloia
and d) Senna notabilis. Photographs courtesy of D.T.Liddle.
Sites where these shrub species occurred were located by visual searches conducted while
driving along all accessible tracks within the study area in combination with pre-existing
documentation of vegetation patches at the site (R. Paltridge 2016, pers. comm.). Maps of
recent fire history within the Twin Bonanza area were created in MapView Professional
Mapping and Image Management Software Version 3 (RECONYX 2014) by compiling
Landsat 8 satellite imagery (United States Geological Survey 2016) and fire history data from
North Australian Fire Information (North Australia Fire Information 2016). For each target
species plots to be assessed were selected within 2 km of roads, spatially separated from
replicate plots of the same species of the same fire age class, and to give the greatest
representation of fire ages available for each shrub species. Proximity to roads was required
for logistical ease and safety.
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At the Tanami Desert field site the two most widespread species were A. lysiphloia and
S. notabilis, with the later species occurring throughout areas burnt in 2015 and along
disturbed roadsides. The next most abundant species was A. hilliana which was patchily
distributed, but dense within a patch. In contrast, A. acradenia was very rare with only a few
small patches identified within the local area during my study. The irregular distribution of
the host species and the various years that these vegetation patches were last burnt limited
assessment options. Consequently, it was not possible to get equal sample sizes for different
shrub ages or for each fire age to be represented for each species (Table 2.1), but sampling
sites were chosen to provide the broadest representation (Figure 2.7, Figure 2.8, Figure 2.9,
Figure 2.10 and photographs in Appendix Section 5.2). The four host species generally did
not occur in the same patch, thus few plots for different species were undertaken at the same
location.
Table 2.1 Number of sampling sites for each host shrub species according to the year the
patch was last burnt at the Tanami Desert field site from April to June 2016.
Approx.

Year last

years since

burnt

fire

Number of Sampling Sites
Acacia

Acacia

Acacia

Senna

acradenia

hilliana

lysiphloia

notabilis

0.5

2015

2

2

2

9

2

2014

-

1

-

4

3

2013

2^

4

4

-

5

2011

4

4

4

-

≥9

≤ 2007*

2

2

2

-

Burnt Shrubs

2015

2

2

2

-

*Last burnt in or before 2007, ^larvae occurrence not assessed due to close proximity to the
bilby population.
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Figure 2.7 Distribution of Acacia acradenia sampling sites (red crosses) across the Tanami
Desert field site assessed from April to June 2016 (Background imagery from Landsat 8 on
27/03/2016).
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Figure 2.8 Distribution of Acacia hilliana sampling sites (green crosses) across the Tanami
Desert field site assessed from April to June 2016 (Background imagery from Landsat 8 on
27/03/2016).
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Figure 2.9 Distribution of Acacia lysiphloia sampling sites (blue crosses) across the Tanami
Desert field site assessed from April to June 2016 (Background imagery from Landsat 8 on
27/03/2016).
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Figure 2.10 Distribution of Senna notabilis sampling sites (pink crosses) across the Tanami
Desert field site assessed from April to June 2016 (Background imagery from Landsat 8 on
27/03/2016).
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Sampling for larvae was undertaken in April, May and June of 2016. As larvae are thought to
reside in the host plant for multiple years and pupate mainly in summer (Fearn 1985;
Monteith 2011), I assumed that larvae would be present and the occurrence of larvae in shrubs
would not be affected by mass pupation during this period.
At each identified site the size and density of the host plants and the occurrence of larvae in
the roots were assessed using Point Centred Quarter (PCQ) transects. This method enabled me
to select shrubs for assessment in an unbiased manner as well as giving a measure of shrub
density within the patch. A straight transect of either 50 m (in small patches where shrubs
were very dense) or 100 m (in larger patches with more sparse shrubs) was established
through the selected plots such that each transect was situated within the one vegetation type
and time since fire. Transects were orientated through the longest axis of a vegetation patch,
thus the angle of each transect varied. Shrubs were assessed at five points at 10 m intervals
(on 50 m transects) or 20 m intervals (on 100 m transects). At each point an imaginary line
was visualised perpendicular to the tape measure to form four 90° quadrants around the point.
In each quadrant the distance to the nearest plant of the host species of interest was measured.
Longer transect lengths in areas with sparse shrubs ensured the plants would not be double
sampled from consecutive points along a transect, while shorter transects allowed me to
sample smaller patches of dense shrubs. The height was measured for each plant (n=20 per
plot). Density was calculated by averaging the distance to the 20 shrubs on a transect (in m),
and dividing 100 by the square of this number (Density per hectare=100/(average distance to
plants on a transect)2).
Two of the four plants measured at each point (the plant occurring in the first and third
quadrant) were also assessed for evidence of larvae (n=10 plants per plot). Firstly the area
around the base of the stem was examined for sign of larvae. Evidence included chewed up
wood or larva faecal material (commonly referred to as ‘kuna’ by central Australian Warlpiri
Aboriginal people), casings of emerged larvae and holes in the host plant stem at ground level
(Figure 2.11). Then the shrub was dug up using custom made crow bars designed for digging
up bush tucker, shovels, secateurs or a saw, as needed. The method for digging up shrubs was
learnt from Christine Ellis and Magda Curtis, two Aboriginal Rangers with much experience
in harvesting larvae, who also assisted in digging up shrubs during my first field trip. Central
tap roots and lateral roots were dug until they narrowed to approximately 5 mm thickness or
were deemed solid healthy wood, highly unlikely to contain a larva. The diameter of the stem
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of all plants dug up was measured at 30 mm below the soil surface. This provided another
measure of plant size/age and avoided the high variability of the stem diameter at the soil
surface commonly caused by multiple branching stems at ground level. Once excavated, as
far as possible, roots were split open to check for larva presence, although the presence of
larvae was often indicated by abnormal shaped and weak roots. Because of the destructive
nature of sampling (shrubs were killed), and the potential importance of larvae hosting shrubs
for bilby populations, the number of shrubs that were assessed for larva presence was kept
small (limited to under 10% of shrubs in a patch). Time was another significant factor limiting
the number of shrubs that could be dug, with some larger shrubs taking over two hours to dig
up and examine.

a)

b)

Figure 2.11 Surface evidence that larvae have previously occupied a host plant include a)
wood shavings (“kuna”) and b) casings of emerged larva, indicated by red arrows.
Photographs courtesy of D.T.Liddle.
The number of larvae discovered within the roots was recorded. Morphology of these larvae
was also recorded on the second and third field trip. Larvae were collected for later use in
captive feeding trials (Section 2.4).These sampling methodologies were approved under a
Northern Territory Parks and Wildlife Commission permit to take wildlife for commercial
purposes, number 58473.
For the majority of transects half of the shrubs measured were assessed for the presence of
larvae as described. However, the number of shrubs assessed varied at some sites as follows.
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All burnt A. acradenia and A. lysiphloia shrubs (i.e. n=20 per plot) and 75% of A. hilliana
shrubs (i.e. a combination of n=20 and n=10 per plot) identified with the PCQ method in plots
burnt in 2015 were assessed for larvae as these shrubs were all already dead. I did not expect
to find any live larvae within these shrubs six months after the host had been killed and
sampling these dead shrubs was undertaken specifically to test this assumption. No
A. acradenia shrubs from areas last burnt in 2013 were assessed for larvae due to close
proximity to active bilbies and only 44% of A. lysiphloia shrubs from areas last burnt in 2013
were assessed for larvae due to initial sampling methodologies which were modified to
increase sample size.
Data was stored in a Microsoft Access 2010 database and data exploration was undertaken in
Microsoft Excel 2010. The data were analysed to see how larvae availability and past
evidence of larvae varied across host species, shrub height and fire age. Specifically, Chi
square tests were undertaken to compare larvae prevalence and past evidence of larvae across
host species and fire ages (considering only patches of living host plants). This was not
undertaken for shrub size as the criteria that no expected value should be less than one and
that less than 20% of expected values may be less than 5 were not met. Based on the shrubs
assessed, I also sought to determine the minimum height, stem diameter and age of plants that
hosted root-dwelling larva for each host species. Based on the density of shrubs and
proportion of shrubs to host larvae in each transect I calculated the density of larvae available
in patches of living host plants identified as having larvae hosting capacity.

2.4.

Detection of root-dwelling larvae in bilby faecal material

2.4.1. Location of feeding trials and ethical considerations
The feeding trials undertaken for this part of the project involved three captive bilbies from
the Alice Springs Desert Park (ASDP) zoological collection. The health and diet of the bilbies
was monitored throughout the trials by ASDP staff. Additionally, ASDP animal keepers were
responsible for moving the bilbies prior to the second trial. All procedures were carried out
according to the animal ethics Animal Research Permit, number A16008.
2.4.2. Feeding trial one – open enclosure
The aim of the first trial was to gain preliminary information about whether any remains of
larvae could be detected in bilby faecal material. If remains could be detected I planned to
follow up with a second trial under more controlled conditions. The first trial lasted six days
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from the 20/04/16 to the 25/04/16, and involved two female bilbies that were being held in a
single long term outdoor non-display enclosure (Figure 2.12a). The enclosure was
approximately 50 m2 with a central bilby warren and single eucalypt tree. Conducting this
trial in the bilbies’ normal enclosure reduced disturbance that would have been caused by
moving them into controlled conditions. Such disturbance would be unnecessary if no larvae
remains could be detected in the bilby faecal material. The bilbies had constant access to
grains (commercial mix) and water during the trial. Their diet was supplemented with 50 g of
dog kibble and 50 g of chopped vegetable on days one, three and five of the feeding trial at
the feed station pictured in Figure 2.12b. This conformed to the normal feeding regime
followed by the ASDP, except that an insect component normally included with the
supplementary feed was replaced with larvae collected at the Tanami Desert field site (see
Section 2.1 and Section 2.3). A total of 13 larvae were fed to the bilbies, equating to 4-5
larvae with each supplementary feed.

a)

b)

Figure 2.12 a) Outdoor long term bilby enclosure at the Alice Springs Desert Park with b) a
close up of the food and water feeding station.
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On the first morning of the feeding trial, prior to providing any larvae to the bilbies, the
enclosure was searched for any existing bilby faecal pellets and these were removed. On day
two (the morning after the first larvae had been fed to the bilbies) until day six (the morning
after the last larvae had been fed to the bilbies) faeces were collected from the enclosure and
the area around the feeding bowl was searched for larva remains. This was to confirm that the
larvae had been eaten and that the bilbies has consumed the entire organism and not left any
body parts behind, such as hard head pieces. Additionally, a HC500 HyperFire Reconyx
camera, equipped with passive infrared motion detector, was positioned at the feeding bowl
on all nights of the feeding trial to verify that the bilbies were eating the larvae. Camera
sensitivity was set high with five pictures taken one second apart for every trigger. No quiet
period was nominated and the illuminator was turned on. Approximately 20% of faecal pellets
collected each day were randomly chosen for analysis. Analysis involved moistening an
individual faecal pellet with water and teasing it apart under an Olympus SZ51 Stereo
Microscope at 10x magnification to identify larva remains. The morphology of larvae fed to
the bilbies was examined prior to the feeding trial as a reference for expected larvae material
in the bilby faeces.
2.4.3. Feeding trial two – controlled environment
Feeding trial two involved one of the female bilbies from the first trial and a second female
bilby sourced from the nocturnal house at the ASDP. The second bilby from the first trial
could not be included due to its involvement in a captive breeding program. The bilbies were
moved by the animal keepers into two indoor enclosures 6 m x 2m x 2.4 m and 6 m x 4 m x
2.1 m in the ASDP veterinary block (Figure 2.13) and were given four days to settle in. The
floor was coated in river sand and boxes, grass tussocks and branches were placed in the
enclosures to provide cover and interest for each bilby.
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a)

b)

Figure 2.13 Indoor veterinary block enclosures of bilby A (a) and B (b) at the Alice Springs
Desert Park. Video cameras indicated by red arrows.
All detectable faecal pellets were removed from each enclosure before starting the trial. This
trial spanned nine days from the 06/07/16 to the 14/07/16. On each day the bilbies were fed
25 g of dog kibble, 25 g of chopped vegetable and 25 g of grain. Water was always available.
Over the first five nights 12 and 13 larvae collected at the Tanami Desert field site (see
Section 2.1 and Section 2.3) were fed to bilby A and B respectively, equating to 2-3 larvae per
night per bilby. These were a combination of four types of larvae (Type 1, 2, 3 and 5, Figure
3.16) varying from 14 mm to 90 mm long and weighting from <0.1 g to 14.6 g (Appendix
Section 5.3 ). The total weight of larvae provided was 46.3 g and 41.7 g respectively. I
conducted a thorough 20 minute search for faecal material every morning and searched the
area around the feeding bowl for larva remains. CCTV cameras (model ESW469 and lens
3.6 mm) attached to a H.264 mp Digital Video Recorder console were set up at each feeding
bowl to record bilby feeding behaviour on the nights that larvae were provided. The video
cameras were set up 20-30 cm from and 58-63 cm above the feeding bowl (Figure 2.13).
The total weight of faecal material from each bilby was measured daily. All faecal material
produced during this feeding trial (rather than just a sample) was analysed; otherwise the
same method that was used in the first trial was followed. All insect components were
extracted from the faeces and examined closely to enable positive identification of larva
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remains. Whole root-dwelling larvae collected from the Tanami Desert field site, and cuticle
shed from these individuals, were used as reference specimens to compare with remains in
faecal material. Larva fragments from all faecal material were classified according to the body
part they represented and counted. Where a fragment consisted of numerous body parts, for
example legs attached to cuticle, the fragment was categorised according to the most
dominant body part. This allowed me to determine which body parts were detected most
often. Body parts that appeared as whole pieces (e.g. legs, spiracles and jaws) were also
counted individually, for example two spiracles attached to one piece of cuticle were counted
as two separate spiracles rather than one fragment with spiracles (Appendix Section 5.4). This
enabled me to compare the number of these body parts found in faeces to the number that
were consumed to derive an overall detection rate.
2.4.4. Tanami Desert bilby faecal material
Faecal material from wild bilbies was collected from the active population of bilbies at the
Tanami Desert field site (Figure 2.3) in August, October and December of 2015 during cat
management trips commissioned by ABM Resources NL and facilitated by R. Paltridge, and
in April, May and June of 2016 during my field trips. Various individuals collected the faecal
pellets including R. Paltridge, Aboriginal rangers, those assisting on my field trips and
myself. Faecal material was found in piles of 1-18 pellets which represented a deposit by a
single bilby at one time. A single faecal pellet from each pile was randomly selected for
analysis. The weight and width of the widest part of this pellet was measured and the contents
examined using the same method used in the captive trials. Insect fragments detected were
compared to root-dwelling larva reference specimens and to the larva remains detected in the
bilby faecal material from feeding trial two. Each pellet was categorised as containing either
larval remains, unconfirmed larval remains or no larval remains. Larval remains were
confidently identified when distinct body parts were present (i.e. jaws and head shield from
type 1 larvae) or at least three different body parts were detected.
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3. Results
3.1.

Bilby burrow use and foraging in recently burnt and longer unburnt
patches

3.1.1. Bilby activity at burrow entrances
Bilbies were found to visit burrows in both burnt and unburnt habitat, with evidence of their
presence recorded on the camera traps at all 12 burrows. One camera in a burnt patch (camera
12) and one camera in an unburnt patch (camera 11) recorded illegible night-time photographs
for the first three weeks of the camera trapping period due to one setting on the camera being
incorrectly programmed. In addition, camera six did not work for the first week of May due
to the SD card becoming full from a high number of false triggers caused by grass moving in
the wind. Sixty trap nights were recorded on each of six cameras, 58 trap nights on two
cameras, 57 nights on one camera, 53 nights on one camera and 39 nights on two cameras.
This gave a total of 337 trap nights in burnt patches and 327 trap nights in unburnt patches.
Data were standardised to account for differences in trap nights among cameras which was
necessary to enable comparisons, as explained in the methods.
Vegetation was dominated by grass and shrub layers with Triodia sp., Acacia sp. and
S. notabilis being common at many burrows. In the field, vegetation appeared sparser at burnt
sites (i.e. last burnt in 2015) compared to unburnt sites (i.e. last burnt in either 2011 or 2013).
However, based on Domin percent cover classes there was no significant difference (p>0.05)
in cover between fire ages for both grass and shrub layers around burrows (Mann-Whitney U
test: p=0.139, z=-1.557, U=8 and p=0.080, z=-1.946, U=6 respectively). Overall, cover varied
from <4% (with many individuals) to 51-75% (Table 3.1). The modal height of vegetation
was significantly taller (p<0.05) at unburnt burrows (Table 3.1). The average modal height of
the grass layer was 28±6 cm and 39±7 cm at burnt and unburnt sites respectively (MannWhitney U test: p=0.0368, z=-2.127, U=4.5) (Figure 3.1). The average modal height of the
shrub layer was 51±16 cm and 200±57 cm at burnt and unburnt burrows respectively (square
root transformed, 2-tailed T-test: p=0.00025, T=-6.825, df=7) (Figure 3.1).
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Table 3.1 Characteristics of and vegetation around the 12 bilby burrows with cameras traps at
the Tanami Desert field site from April to June 2016.
Fire Age

Burrow No. of
Open

Dominant

Modal Height

Domin Cover (%)

Vegetation

Grass

Shrub

Grass

Shrub

35

35

<4, many

4-10

Entrances (grass/shrub)
Burnt

1

1

Sida sp.1/
S. notabilis

2

1

Triodia

individuals
35

50

4-10

11-25

Triodia epactia/ 30

55

11-25

4-10

25

30

11-25

4-10

20

70

<4, many

11-25

schinzii/
S. notabilis
7

1

S. notabilis
8

1

T. epactia/
S. notabilis

9

3

T. epactia/
S. notabilis

12

2

T. epactia/

individuals
25

65

26-33

4-10

35

170

34-50

26-33

35

210

26-33

4-10

40

100

4-10

11-25

45

250

11-25

11-25

30

220

11-25

34-50

50

250

51-75

51-75

S. notabilis
Unburnt

3

2

T. schinzii/
Grevillia
wickhamii

4

3

T. schinzii/
A. acradenia

5

3

T. schinzii/
A. lysiphloia

6

1

Paraneurachne
muelleri/
A. acradenia

10

2

T. epactia/
A. acradenia

11

1

T. epactia/
A. stipuligera
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Figure 3.1 Average modal height, ±standard deviation, of grass and shrub vegetation layers at
recently burnt (i.e. last burnt in 2015) and longer unburnt (i.e. last burnt in either 2011 or
2013) bilby burrows at the Tanami Desert field site from April to June 2016 (n=12). The
difference in grass and shrub height between fire ages was statistically significant.
The 12 bilby burrows with camera traps had between one and three open entrances during the
course of this project (Table 3.1), but activity data was limited to a single (largest) entrance at
each burrow where the camera was placed. The relationship between the number of entrances
and number of bilby visits recorded at a burrow was tested to see if burrows with more
entrances had fewer recorded visits, which could result from visits to unmonitored burrow
entrances. However, no significant correlation (p>0.05) was detected (correlation analysis in
XLSTATS: p=0.504, r=-0.214, n=12), thus although burrows in unburnt patches tended to
have more entrances there is no evidence to support that the number of entrances affected the
number of visits recorded at burnt compared to unburnt burrows. There was significantly
higher (p<0.05) visitation to burrow entrances in burnt habitat (natural log transformed, 2tailed T-test: p=0.0186, T=-2.945, df=8). Burnt burrows were visited between 0.43 and 1.08
times per night while unburnt burrows were visited between 0.19 to 0.36 times per night, with
one outlying unburnt burrow visited 0.88 times per night (burrow 10) (Figure 3.2a).
Regardless of time since fire, the majority of bilby visits to burrow entrances (75%) were
shorter than 31 seconds. Bilbies spent up to 13 minutes and 29 seconds for a single visit at
burnt burrows compared to 6 minutes and 49 seconds for a single visit at unburnt burrows
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(Figure 3.2b). Overall, visits were significantly shorter (p<0.05) at burnt sites (natural log of
x+1 transformed, 2-tailed T-test: p=0.0248, T=-2.258, df=234).

a)
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n=6

1.0

n=6
0.8
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0.2

Time Spent at a Burrow Entrance during a Visit
(hr:min:sec)

Visits to a Burrow Entrance per Night

1.2

0.0
Recently Burnt
Burrows

Longer unburnt
Burrows

b) n=23

0:11:31

0:08:38

n=12
0:05:46

0:02:53

0:00:00
Recently Burnt
Burrows

Longer Unburnt
Burrows

Figure 3.2 Box plots showing a) the number of times bilbies visited the entrance of burrows
and b) time spent by bilbies at burrow entrances during visits in recently burnt (i.e. last burnt
in 2015) compared to longer unburnt patches (i.e. last burnt in either 2011 or 2013) at the
Tanami Desert field site from April to June 2016. Box plots indicate 25 percentile segments
of data with the median indicated by the central line. Differences between burnt and unburnt
burrows were statistically significant in both figure a and b.
Bilbies were active around burrows across all phases of the lunar cycle, on both dry and wet
nights (as evident by images of wet bilbies) and at temperatures from 7.22°C to 30.56°C.
During visitation to burrows bilbies were observed crouching stationary, standing upright on
their hind legs, travelling, digging, entering and exiting burrows and once a bilby appeared to
be vocalising. In a single visit to a burrow bilbies were captured entering and exiting multiple
times (up to three), while on other visits bilbies passed by without entering the burrow. Four
times two bilbies entered or left a burrow together.
A minimum of three bilbies were detected at the site on the cameras: one large (likely male
based on size) bilby with damaged ears; at least one large (likely male based on size) bilby
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with intact ears, and at least one medium (likely female based on size) bilby with intact ears
(Figure 3.3). The bilby with damaged ears was recorded at 10 out of the 12 burrows that had
cameras on them during the sampling period. The two burrows not visited by the bilby with
damaged ears were in the centre and on the western edge of the monitored area (burrow 3 and
12) (Figure 3.4). On a single night, this bilby was recorded making a maximum of seven visits
across six different burrows (Figure 3.4, white arrows). These burrows were a maximum
distance apart of 1.3 km (covering approximately 68% of the camera monitoring area).

a)

b)

Figure 3.3 Individual bilbies detected on camera trap images at the Tanami Desert Field Site
from April to June of 2016. a) large bilby (likely male) with damaged ears and b) large bilby
(likely male) on the left and medium bilby (likely female) on the right, both with intact ears.

36

Legend
Vegetation
Burnt
Unburnt
Burrow
Burnt
Unburnt
Dirt Road

Figure 3.4 Movement between burrows of the bilby with damaged ears over two separate
nights (white arrows and pink arrows). The two burrows not visited by this bilby over the
entire sampling period are circled in yellow.
3.1.1. Predator presence at burrows
Five different cats were identified visiting ten of the bilby burrows (not burrow 3 and 12, the
same two burrows not used by the bilby with damaged ears), with a total of 46 cat visits to
bilby burrows (Figure 3.5). The highest number of different cats recorded visiting a single
burrow was three and the highest number of burrows visited by a single cat was five. There
was no significant difference (p>0.05) in the number of visits cats made to burrows in burnt
and unburnt habitat, with between 0 and 0.21 visits per night across all burrows (cubed root
transformed, 2-tailed T-test: p=0.676, T=-0.432, df=9). However, cats were recorded for
significantly longer periods at burnt burrow entrances (p<0.05), averaging 1 minute with a
maximum of 4 minutes and 57 seconds compared to an average of 20 seconds and maximum
of 1 minute and 21 seconds at unburnt burrows (natural log transformed, 2-tailed T-test:
p=0.0013, T=-3.421, df=47). On two separate visits to burrow 9 the same cat appeared to
enter the burrow before reappearing in the camera view 22 seconds and 31 seconds later.
During this study direct contact between cats and bilbies was not observed and there was no
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evidence of successful predation on bilbies by cats. However, bilbies and cats were active at
the same times in the same areas with one cat recorded at the entrance of burrow 2 just
7 minutes and 18 seconds after a bilby was recorded.
Dingos were recorded five times at three different bilby burrows (burrow 7, 9 and 12), all of
which were burnt. Individual dingoes could not be distinguished. An average visit lasted 15
seconds with a maximum of 29 seconds. Sand goannas (Varanus gouldii) were observed at 11
burrows and regularly entered burrows, appearing to do so for the purpose of shelter. A king
brown snake (Pseudechis australis) was recorded once at one burrow. A variety of nonpredator species were also recorded at the burrow entrances, presumably some of these were
incidental observations while others appeared to be specifically using the burrow area (e.g.
birds appearing regularly and likely the same individuals). A list of all species recorded at the
bilby burrows can be found in Appendix Section 5.5).

a)

b)

d)

e)

c)

Figure 3.5 Feral cats observed in camera trap footage at the Tanami Desert field site from
April to July 2016. a) black, b) spotted, c) tortoise shell striped tail, d) tortoise shell half dark
tail and e) tortoise shell dark tail.
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Figure 3.6 Box plots showing a) the number of times cats visited the entrance of burrows and
b) time spent by cats at burrow entrances during visits in recently burnt (i.e. last burnt in
2015) compared to longer unburnt patches (i.e. last burnt in either 2011 or 2013) at the
Tanami Desert field site from April to June 2016. Box plots indicate 25 percentile segments
of data with the median indicated by the central line. Differences between burnt and unburnt
burrows are statistically significant for figure b.
3.1.2. Bilby foraging diggings
Bilbies were found to be actively foraging in both fire ages, and there was no significant
differences in the proportion (p>0.05) of fresh diggings (2-tailed T-test: p=0.967, T=-0.0451,
df=3) (Figure 3.7) or the density (p>0.05) of diggings (2-tailed T-test: p=0.259, T=-1.559,
df=2) around burrows in each fire age. There was much variation in digging density between
individual burrows, corresponding to an on ground presence of a digging every 4 m2
(unburnt) where digging density was high compared to every 29 m2 (burnt) where digging
density was low (Table 3.2). The average density of diggings was 0.124±0.095 diggings
per m2.
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Figure 3.7 Proportion of fresh bilby diggings, ±standard deviation, around recently burnt
burrows (i.e. last burnt in 2015) compared to longer unburnt burrows (i.e. last burnt in either
2011 or 2013) at the Tanami Desert field site from April to June 2016.
Table 3.2 Area encompassed by 50 diggings at each burrow, with the resultant digging
density and area containing one digging, at the Tanami Desert field site assessed from April to
June 2016.
Fire Age
Burnt

Unburnt

Burrow

Area (m2)

Digging Density

Area Containing One

(diggings/m2)

Digging (m2)

2

433.7

0.115

8.7

8

804.2

0.062

16.1

9

1469.1

0.034

29.4

3

1017.9

0.049

20.4

5

213.8

0.234

4.3

10

201.1

0.249

4.0

690.0±501.8

0.124±0.095

13.8±10.0

Average±standard
deviation

The type of bilby foraging diggings varied between the patches burnt in different years. In
both fire ages there was a high density, indicating high number, of diggings in the open
(Figure 3.8). Diggings at shrubs were also prevalent in unburnt habitat, but were seldom
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recorded at burnt sites. Notably, diggings at shrubs were significantly larger (p<0.05) than
diggings in the open, at grass/spinifex or at ant nests (Kruskal-Wallis test: p=4.09x10-7,
H=35.27, Hc=35.27) (Figure 3.9). The higher number of diggings at shrubs at unburnt sites
and the larger size of diggings at shrubs accounts for the significantly larger (p<0.05) size of
diggings at unburnt sites, 301±391 cm3 compared to 166±221 cm3 at burnt sites (natural log
transformed, 2-tailed T-test: p=3.24x10-6, T=-4.747, df=291). There was a low density of
diggings at grass/spinifex tussocks, ant nests, dead shrubs and forbs (Figure 3.8).

Average Density of Diggings
(diggings/m2)
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Recently Burnt Burrows
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Figure 3.8 Density of bilby diggings according to digging position, ±standard deviation,
around recently burnt burrows (i.e. last burnt in 2015) (n=3) compared to longer unburnt
burrows (i.e. last burnt in either 2011 or 2013) (n=3) at the Tanami Desert field site from
April to June 2016.
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Figure 3.9 Volume of bilby diggings in various positions across both fire ages at the Tanami
Desert field site from April to June 2016.
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Bilby diggings at shrubs were mainly targeted at A. acradenia and A. lysiphloia, with
diggings also occurring at S. notabilis, Acacia stipuligera, Sida sp.1 and Corchorus sidoides
(Figure 3.10a). A single bilby digging was found at the forb Tephrosia sp. Barrow Creek.
These plant species were targeted despite the presence of other plant species in the vicinity of
bilby diggings (Figure 3.10b). The composition of shrub species varied between fire ages,
with both A. acradenia and A. lysiphloia occurring more frequently at unburnt burrows
(Figure 3.10c and d). A high number of small stature shrub species (17) was found at burnt
burrows, compared to a high number of large statured shrub species (12) at unburnt sites
(Figure 3.10c and d). Yakirra australiensis occurred within 3 m of 90% of bilby diggings at
burnt sites, compared to 0% at unburnt sites.
Of the shrubs with bilby diggings, 22.2% had evidence that a larvae may have been extracted,
while 37.5% had no evidence that a larvae had been extracted and the remaining 40.3% could
not be determined (e.g. due to infilling with soil). Thus of the diggings at shrubs where
extraction could be determined, 37.2% of diggings occurred at shrubs with evidence of larvae
removal. Stem diameter did not differ (p>0.05) between shrubs that had bilby diggings with
evidence of larva extraction compared to no evidence of larvae extraction, with an overall
stem diameter of 19.6±9.3 mm (2-tailed T-test: p=0.693, T=-0.399, df=28).
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a) Shrubs bilbies dug at

b) Shrubs near bilby diggings

c) Shrubs near bilby burrows (burnt 2015)

d) Shrubs near bilby burrows (burnt 2011/13)
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Figure 3.10 Proportion of shrubs according to species that a) bilbies dug at (n=74), b) near
bilby diggings (excluding shrubs immediately at diggings) (n=300), c) at recently burnt bilby
burrows (i.e. last burnt in 2015) unrelated to diggings (n=120) and d) at longer unburnt bilby
burrows (i.e. last burnt in either 2011 or 2013) unrelated to diggings (n=120) at the Tanami
Desert field site from April to June 2016.
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The height of A. acradenia shrubs targeted for bilby diggings ranged from 36 cm to 199 cm,
which was significantly larger (p<0.05) than the nearest shrub of this same species, range
11 cm to 171 cm (square root transformed, paired 2-tailed T-test: p=0.0123, T=2.664, n=31)
(Figure 3.11a). However, shrubs of A. lysiphloia targeted for bilby diggings were not
significantly different in height (p>0.05) to nearby A. lysiphloia shrubs, with an overall range
in height from 11 cm to 118 cm (paired 2-tailed T-test: p=0.0657, T=1.941, n=14) (Figure
3.11b). The heights of the A. acradenia and A. lysiphloia cohorts in the vicinity of bilby
diggings (Figure 3.11) matched that recorded across the broader Twin Bonanza area (see
Section 3.2.1).
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Figure 3.11 Heights of a) Acacia acradenia and b) Acacia lysiphloia shrubs with bilby
diggings compared to the height of the nearest shrub of the same species at the Tanami Desert
field site from April to June 2016. There was a significant different between A. acradenia
heights.

3.2.

Root-dwelling larva prevalence in host shrub roots in relation to fire

3.2.1. Living host shrubs and larva availability
The occurrence of larvae across my sample of host plants, fire years and individual patches
was highly variable. Of all living plants sampled for larvae, 11.3% of A. acradenia, 9.2% of
A. hilliana, 4.4% of A. lysiophloia and 0.8% of S. notabilis contained larvae and 5.0% of
A. acradenia, 10.8% of A. hilliana, 13.97% of A. lysiophloia and 5.4% of S. notabilis had past
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evidence of larvae. Despite this low occurrence of larvae overall and high variability, I was
able to detect significant differences (p<0.05) in larvae abundance in relation to host plant
species and time since fire (Chi square test: p<0.01, x2=21.097, df=6 and p<0.001, x2=62.209,
df=4 respectively).
Generally across Acacia species larva presence was highest in medium-aged patches (3-9
years post fire) and past evidence of larvae was highest in longer unburnt patches (≥ 9 years)
(Figure 3.12, Figure 3.13, Figure 3.14 and Table 3.3). No larvae or past evidence was found
in seedlings of any Acacia species established since the 2015 fire (Figure 3.12a, Figure 3.13a
and Figure 3.14a).
There were no stands of A. acradenia available for sampling between six months and five
years post fire. Ten percent of shrubs in the five year old stands contained larvae, increasing
to 25% of plants in long unburnt stands (≥ 9 years post fire) (Figure 3.12 and Table 3.3).
There was no sign of current or previous larva occupation in two year old A. hilliana shrubs
(last burnt 2014, notably this is based on a small sample size, n=10), however, larvae were
recorded in three year old stands of A. hilliana (last burnt 2013) (Figure 3.13 and Table 3.3).
Prevalence of larvae was greatest in five year old A. hilliana (22.5%) (last burnt 2011), with
no larvae present in plants from the longest unburnt category (≥ 9 years post fire). A small
number of A. lysiphloia plants from three year old habitat contained larvae, but the frequency
of shrubs with larvae was higher in five year old stands (7.5%) (Figure 3.14 and Table 3.3).
This reduced to 5% in plants remaining unburnt for at least nine years.
The only species showing evidence of larva colonisation in plants established since the 2015
fire was S. notabilis (Figure 3.15a and Table 3.3). Two small larvae were found in a single six
month old S. notabilis seedling (1.1% of shrubs assessed from the 2015 fire age). Evidence of
previous occupation was regularly recorded in two year old plants (17.5% of shrubs assessed)
(Figure 3.15b).
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Figure 3.12 Height distribution of Acacia acradenia shrubs at sites last burnt in; a) 2015, b)
2013, c) 2011, and d) ≤ 2007, at the Tanami Desert field site, 2016. The proportion of shrubs
hosting larvae (solid black), with past evidence of larvae (spotted), with no evidence of larvae
(white) and not assessed for larvae (diagonal stripes) are indicated. Shrubs in areas burnt in
2013 were not assessed for larvae due to close proximity to the bilby population.
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Figure 3.13 Height distribution of Acacia hilliana shrubs at sites last burnt in; a) 2015, b)
2014, c) 2013, d) 2011 and e) ≤ 2007, at the Tanami Desert field site from April to July 2016.
The proportion of shrubs hosting larvae (solid black), with past evidence of larvae (spotted),
with no evidence of larvae (white) and not assessed for larvae (diagonal stripes) are indicated.
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Figure 3.14 Height distribution of Acacia lysiphloia shrubs at sites last burnt in; a) 2015, b)
2013, c) 2011 and d) ≤ 2007 at the Tanami Desert field site from April to July 2016. The
proportion of shrubs hosting larvae (solid black), with past evidence of larvae (spotted), with
no evidence of larvae (white) and not assessed for larvae (diagonal stripes) are indicated.
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Figure 3.15 Height distribution of Senna notabilis shrubs at sites last burnt in; a) 2015 and b)
2014, at the Tanami Desert field site from April to July 2016. The proportion of shrubs
hosting larvae (solid black), with past evidence of larvae (spotted), with no evidence of larvae
(white) and not assessed for larvae (diagonal stripes) are indicated.
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Table 3.3 Prevalence of larvae and past evidence of larvae in host species sampled at the
Tanami Desert field site from April to June 2016.
Approx.

Year

Number of Shrubs (Percent of Shrubs)

years since

last

Acacia

Acacia

Acacia

Senna

fire

burnt

acradenia

hilliana

lysiphloia

notabilis

Larvae Present
0.5

2015

0

0

0

1 (1.1)

2

2014

-

0

-

0

3

2013

-

3 (7.5)

1 (2.9)

-

5

2011

4 (10)

9 (22.5)

3 (7.5)

-

≥9

≤ 2007

5 (25)

0

1 (5)

-

Burnt Shrubs

2015

2 (5)

0

3 (7.5)

-

Past Evidence of Larvae
0.5

2015

0

0

0

0

2

2014

-

0

-

7 (17.5)

3

2013

-

1 (2.5)

1 (2.9)

-

5

2011

1 (2.5)

6 (15)

3 (7.5)

-

≥9

≤ 2007

3 (15)

7 (35)

12 (60)

-

Burnt Shrubs

2015

20 (50)

12 (40)

16 (40)

-

Shrub size increased with increasing time since fire, seen by a shift to the right in the height
distribution of shrubs from cohorts on recently burnt sites to long unburnt cohorts in Figure
3.12, Figure 3.13, Figure 3.14 and Figure 3.15. In areas that had remained unburnt for longest
(i.e. last burnt ≤ 2007) A. acradenia had large height variation (Figure 3.12d), A. hilliana
stands contained mainly larger shrubs (Figure 3.13d) suggesting that a single cohort was
represented for this species and A. lysiphloia shrubs were mainly larger with some smaller
shrubs present (Figure 3.14d). There was minimal difference in the range of S. notabilis
heights between sites burnt in 2014 and 2015 (Figure 3.15), with fewer short plants detected
in the older 2014 cohort.
The minimum height of shrubs to host larvae was smallest for A. acradenia and A. hilliana, at
13 and 15 cm respectively (Table 3.4). In contrast, A. lysiphloia shrubs were found to have the
greatest minimum height to host larvae of 47 cm. The minimum stem diameter of shrubs
found to host larvae was 11-12 mm across all four host species. Acacia shrubs were either
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three or five years old before larvae was detected in the shrub roots and S. notabilis was half a
year old.
Table 3.4 Minimum height, stem diameter and age of host shrubs with evidence of larva
presence, either past or present, at the Tanami Desert field site from April to June 2016.
Host species

Height (cm)

Stem Diameter (mm) Age (years)

Acacia acradenia

13

12

5

Acacia hilliana

15

11

3

Acacia lysiphloia

47

12

3

Senna notabilis

26

11

0.5

Of those shrubs found to host a larva, the majority contained a single larva (26 out of 32),
three shrubs contained two larvae, one shrub contained three larvae, one shrub contained six
larvae and one shrub contained 20 larvae. All four host species were represented amongst
these shrubs with multiple larvae. The low number of shrubs with multiple larvae prevented
assessment of any patterns between time since fire, shrub height and presence of multiple
larvae.
3.2.2. Density of available larva
Density of shrubs was highly variable across individual patches, regardless of species and fire
ages, ranging from 3.1 plants per hectare (A. acradenia) to 362.8 plants per hectare
(S. notabilis). The average density of patches containing living shrubs (excluding dead
shrubs) and patches identified as hosting larvae (excluding Acacia seedlings from the 2015
fire and A. acradenia plants from 2013) was lowest for A. acradenia and highest for
S. notabilis,20.42±25.10 and 71.54±93.44 plants per hectare respectively (Table 3.5).
However, the proportion of plants to contain larvae was the opposite, with fewest larvae being
found in S. notabilis (0.008 of shrubs) and most in A. acradenia (0.15 of shrubs).
Consequently, density of larvae per hectare was lowest for S. notabilis at 0.55 shrubs
containing larvae per hectare, but was highest for A. hilliana, at 5.02 shrubs to host larvae per
hectare. Note that these values only apply to areas that living and viable host shrubs occur.
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Table 3.5 Host shrub density and larvae availability amongst living and viable host shrubs for
each host species at the Tanami Desert study site from April to June 2016.
Host species

Density (plants per

Proportion of

Density of larvae hosting

hectare ± standard

shrubs with larvae shrubs (plants per hectare)

deviation)
Acacia acradenia

20.42±25.10

0.15

3.06

Acacia hilliana

46.05±30.33

0.11

5.02

Acacia lysiphloia

23.50±16.07

0.05

1.24

Senna notabilis

71.54±93.44

0.008

0.55

3.2.3. Dead host shrubs and larva availability
At the sites burnt in 2015 there was no evidence of resprouting on any of the burnt shrubs and
the only live individuals of host plants were seedlings that had germinated post-fire. Live
larvae were found in the roots of dead A. acradenia and A. lysipholia plants in June 2015,
approximately seven months after the plants has been killed by fire (Table 3.3). This equated
to 5% and 7.5% respectively of shrubs assessed containing larvae. These patches of dead
shrubs had remained unburnt for five to nine years prior to the October 2015 fire. This
availability of larvae was on par with five to ninie year old patches of A. lysiphloia, but was
lower than that recorded for A. acradenia (Table 3.3). All living larvae detected in the dead
shrubs appeared dehydrated with shrivelled bodies and were less active compared to larvae
obtained from live shrubs. Remains of dead larvae were also found in three A. acradenia and
one A. lysiphloia shrub burnt in the 2015 fire (no dead larvae were found in live shrubs) (these
larvae are classified as past evidence in Table 3.3). Combing the living and dead larvae to
indicate approximate larvae occurrence prior to the 2015 fire suggested 12.5% of
A. acradenia and 10% of A. lysiphloia shrubs contained larvae, values more similar to that
recorded for five to nine year old patches of live shrubs (Table 3.3).
3.2.4. Larva characteristics
Based on morphology five types of larva were distinguished (Figure 3.16):


Type 1 – moth larvae from the Endoxyla genus within the Cossidae family with a
shield on its head (this group probably consisted of multiple species);



Type 2 – a beetle larvae from the family Cerambycidae (longhorn beetle) with no
shield and a wider head;
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Type 3 – another beetle larvae from the family Cerambycidae (longhorn beetle) with
horns on its posterior end;



Type 4 – a moth larvae with a rounded head identified as an unnamed Maroga species
(family Xylorytidae), and



Type 5 – a beetle larvae from the family Buprestidae (jewel beetle) with a wide flat
head and long body.

Of all the larvae found, the largest number that were identified were of type 4 larvae (29% of
all larvae), followed by type 1 larvae (23%), type 3 larvae (7%), type 2 larvae (5%) and type 5
larvae (3%) (Figure 3.17). The remaining 33% of all larvae were collected during the first
field trip and their individual identity not recorded. Notably, all type 4 larvae were detected in
the stems of a single A. lysiphloia shrub. However, all other larvae types appeared across a
range of host species. Additionally, multiple larva species could co-occur in a single host
shrub (e.g. type 1, 3 and 4 larvae within a single A. lysiphloia shrub and type 1 and 2 larvae
within a single A. acradenia).

a) Type 1

c) Type 3

b) Type 2

d) Type 4

e) Type 5

Figure 3.16 Larva species detected at the Tanami Desert field site from April to June 2016
based on morphology; a) type 1 larva, b) type 2 larva, c) type 3 larva, d) type 4 larva and e)
type 5 larva. Photographs courtesy of D.T.Liddle.
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Figure 3.17 Proportion of larvae collected from the Tanami Desert field site in April to June
2016 belonging to each of the five morphological larvae types identified (n=41) and larvae
not individually identified from the first field trip (n=20).

3.3.

Detection of root-dwelling larvae in bilby faecal material

3.3.1. Feeding trial one – open enclosure
No remains of larvae were detected near the feeding bowl on any morning subsequent to their
being offered. Camera footage confirmed that the bilbies were eating the larvae (Figure 3.18).
However, not all feeding activities were clearly captured in images and several other species
were also observed at the feeding bowl, including ants, crows and mice, thus it was uncertain
exactly how many larvae were consumed by the bilbies.
Larva remains were evident in the bilby faecal material, with positively identified fragments
consisting of some large sections of larva cuticle and small pieces of larva shield. Most faecal
content was highly fragmented and delicate. This positive confirmation of larva detectability
in bilby faecal material prompted continuation to the second feeding trial which would
provide a more thorough assessment of larva detectability in bilby faecal material.
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Figure 3.18 A root-dwelling larva being consumed by a bilby during feeding trial one at the
Alice Springs Desert Park in April 2016.
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3.3.2. Feeding trial two – controlled environment
Video cameras were used in place of infrared motion detecting cameras in this trial to more
accurately and reliably capture bilby feeding activity and confirm that bilbies were consuming
all of the larvae they were presented with. However, on the first night of the trial the video
cameras malfunctioned, thus consumption of larvae by bilbies was assumed but could not be
confirmed for that night. On subsequent nights the bilbies were observed consuming all but
two larvae which were taken from bilby A’s food bowl by mice (Figure 3.19). Thus the
adjusted number of larvae consumed by Bilby A was 10, totalling 39.1 g over the nine day
trial. Although root-dwelling larvae comprised the only insect material fed to the bilbies
during the trial, the presence of some other insect material (e.g. wings and head pieces) in the
faecal material suggests that some insects entered the enclosures and were opportunistically
consumed by the bilbies during the trial period.
As for the previous trial, no uneaten larva remains were found near the feeding bowls and it
appeared, from the video footage, that bilbies consume the whole larvae. During this trial the
bilbies were producing unformed, loose faeces so it was not possible to count formed faecal
pellets. This was a pre-existing condition not related to the diet during the trials. Bilby A
produced an average of 9.8 g of faecal material and bilby B 18.7 g daily. As per feeding trial
one, most faecal content was highly fragmented and delicate. Particular food types commonly
appeared clumped in pellets, with some rogue pieces scattered throughout other pellets. Larva
components that were detected included cuticle, spiracles, legs, suction pads, posterior end,
shield fragments, head pieces and jaws (Figure 3.20). Many of these pieces originated from
the first type of larva with a shield on its head (suction pads, posterior end, shield fragments
and jaws) (Figure 3.16). Pieces of shield (type 1 larva) and jaws were considered the most
diagnostic fragments of larva (Figure 3.20).
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Figure 3.19 A root-dwelling larva being consumed by bilby A during feeding trial two at the
Alice Springs Desert Park in July 2016.
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Figure 3.20 Identifiable parts of root-dwelling larvae detected in bilby faecal material during
the second feeding trial at the Alice Springs Desert Park, July 2016, in comparison to parts
from reference specimens. Lines in the background of each image are 1 mm apart.
Of the larval material detected, posterior end, jaw and head material were detected least
frequently, with a maximum of eight fragments of any of these body parts being found
(Figure 3.21). By contrast, hard casing, leg and shield fragments were found most often with
more than 70 fragments of each of these body parts being found (Figure 3.21). The detection
of cuticle is a probable underestimate as additional cuticle like fragments were detected, but
could not be confidently identified so were not counted.
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Figure 3.21 Number of fragments of each larva body part detected in all the faecal material
from both bilbies from the second feeding trial at the Alice Springs Desert Park, July 2016.
Cuticle is a probable underestimate.
For body parts that could be identified individually, occurrence within the faecal material was
compared to the number of each part consumed. Proportionately fewest (7.1 %, the two
bilbies combined) posterior ends were detected in the faecal material while proportionately
most (60.1%, the two bilbies combined) legs were detected (Figure 3.22). The proportion of
the consumed legs recovered from the faecal material is probably an overestimate as all leg
fragments were counted, and some of these represented only one segment of the leg, for
example the distal or proximal sections of the leg, likely leading to double counting. When
excluding legs, less than 40% of any countable body part was detected in the faecal material
post digestion. There was variability in detection rate of larvae body parts in the faecal
material of the two bilbies, as seen by a 22.9% difference in survivorship of jaws from type 1
larvae (Figure 3.22).
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Figure 3.22 Proportion of total larva material fed to each bilby that appeared in the faecal
material, by count, in the second feeding trial at the Alice Springs Desert Park, July 2016.
Legs are a probable overestimate.
3.3.3. Tanami Desert bilby faecal material
Examination of faecal pellets from wild bilbies at the Tanami Desert site confirmed that
bilbies were eating root-dwelling larvae. Approximately one third of the faecal pellets that
were analysed contained evidence of root-dwelling larvae (Figure 3.23). Larval material
detected included pieces of shield (type 1 larva), head fragments, cuticle, suction pads,
spiracles, legs and posterior ends. A further third contained unconfirmed evidence of rootdwelling larvae and another third contained no evidence of larvae. Faecal pellets weighed on
average 1.17±0.47 g and were an average width of 9.81±1.09 mm.

6, 33%

7, 39%

Present
Absent
Unconfirmed Fragments

5, 28%

Figure 3.23 Proportion of bilby faecal pellets from the Tanami Desert field site with evidence
of larva remains: present (white), absent (black) or unconfirmed (diagonal stripes), n=18.
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4. Discussion
4.1.

Key findings

This study investigated the effect of fire on availability and use of root-dwelling larvae as a
potentially important food source for bilbies. Bilbies were found to forage across areas with
different fire ages and to target specific food resources available in each of these areas.
Diggings at the base of shrubs known to host root-dwelling larvae were common in longer
unburnt vegetation patches where shrubs big enough to host larvae were present. Analysis of
bilby faecal pellets collected from the field site confirmed that the bilbies were successfully
obtaining root-dwelling larvae. To assess the impact of fire on availability of root-dwelling
larvae I measured the prevalence of larvae in stands of four host shrub species in varying
stages of regeneration since fire, and found clear patterns in availability. Specifically, larvae
were absent from seedlings, becoming available as host plants matured. I also investigated the
usefulness of faecal analysis for detecting root-dwelling larvae in the diet of bilbies. In faecal
pellets the volume of material identifiable as root-dwelling larvae was very small compared to
the volume consumed, but with careful analysis and appropriate reference specimens,
presence of larvae can be positively determined from faecal pellets collected from wild
bilbies.

4.2.

Use of recently burnt and longer unburnt patches by bilbies

Bilbies at the Tanami Desert study site actively used burrows in both burnt (last burnt
six months earlier in October 2015) and unburnt (last burnt in either 2011 or 2013) patches
within their home range. The short visits to burrow entrances that were recorded represented
the time bilbies spent at the burrow entrance on which the camera was focussed and not the
time spent inside the burrow. I was unable to identify daytime residence in burrows based on
camera footage because photos of bilbies going into burrows were not consistently followed
by photos of bilbies coming out. It is likely that bilbies used multiple burrow entrances known
to be present at least at some burrows, consequently evading the camera. Thus my data
provides an index of relative activity at burrow entrances between fire ages which may not
necessarily correlate with how frequently burrows were used as a day-time refuge. Additional
camera trapping effort, with cameras placed on all burrow entrances, would be required to
confirm whether the activity outside the burrow is directly related to time inside the burrow.
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There are several potential explanations for the higher number, but shorter length, of visits by
bilbies to burrows in burnt areas that were recorded. Firstly bilbies may have returned to
burrows more frequently when using more open burnt areas due to a real or perceived lack of
protection against predators, which might normally be provided by vegetation. Although my
research was focussed on the availability of root-dwelling larvae as a dietary item for bilbies
and the main purpose of monitoring bilby activity at burrow entrances was to determine if
bilbies were using habitat of both fire ages and how this related to foraging activity, the data
obtained from cameras provided some interesting information about the influence of predator
activity on the use of these areas by bilbies. This information was presented in the results and
warrants brief discussion here, especially as introduced predators are considered one of the
major threats to bilby populations (Southgate 1990a; Bradley et al. 2015). The composition of
plants differed and grass and shrub layers were taller in long unburnt areas although,
surprisingly I found no significant differences between the percentage cover of grass and
shrub layers at burrows in the two fire ages. My cover estimates show that vegetation had
recovered substantially by six months after fire. This may be an artefact of the method used to
measure cover as inspection of site photographs in Appendix Section 5.1 indicates a denser
layer of vegetation around the unburnt burrows. Regardless, at the unburnt sites the taller
grass layer may have provided greater concealment of bilbies from ground dwelling predators
and the taller shrub layer afforded greater concealment from airborne predators.
Many studies have documented an increased risk of predation by cats for prey animals, such
as small mammals, at burnt sites (McGregor et al. 2014; Leahy et al. 2015; McGregor et al.
2015). However, Smyth and Philpott (1968) and Thompson and Thompson (2008) found
bilby diggings were never more than 180 m from a burrow, which suggests that bilbies may
be less reliant on vegetation and more reliant on their burrows for protection, as proposed by
Southgate and Carthew (2006) and Southgate et al. (2007). Lower reliance on vegetation as
cover from predators may enable bilbies to continue using burnt sites, especially if they spend
more time in close proximity to burrows and can take shelter as often as required. The time
bilbies spend exposed outside their burrow entrances (compared to inside or compared to the
number of discrete visits) may be reduced if there is no alternate cover available. Out of 46
recordings of cats at burrow entrances, cats were only recorded entering the bilby burrows on
two visits which supports the concept that bilbies are considerably more protected once they
are inside the burrow.
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The observed absence of dingos at unburnt bilby burrows suggests this predator may pose a
greater threat to bilbies in burnt areas, although relatively few dingos were detected at the
burrows. Additionally, although the number of visits to burrow entrances by cats did not
differ between fire ages, they stayed for longer at burnt burrows. Thus cats may also pose a
greater threat to bilbies at burnt burrows. Alternatively, if cats were taking advantage of taller
vegetation close by burrows in unburnt areas for cover from which to ambush emerging
bilbies, then longer stays by cats at unburnt burrows may not have been detected by the
cameras. Individual cats were observed at multiple burrows and repeatedly at the same
burrows suggesting cats learned the locations of burrows within the area. Multiple cats were
also detected at single burrows. Clearly the risk of encountering a cat is high for bilbies using
these burrows. I hypothesised that bilbies would use burrows in unburnt areas more frequently
because of the additional shelter these areas would afford, but I found only limited support for
this. Instead I found that bilbies were using burrows in both recently burnt and longer unburnt
areas within their range. This is further supported by the bilby with damaged ears moving
between multiple burrows in both fire ages.
In addition to using burrows in burnt and unburnt areas, bilbies actively foraged in both fire
ages. However, contrary to my hypothesis that unburnt sites would be utilised more for
foraging, no difference was found with an equal proportion of fresh diggings and an equal
density of diggings at both burnt and unburnt burrows. A limitation of my comparison of
bilby foraging activity is that I was not able to determine the exact age of the diggings,
although I categorised them broadly as recent, moderate or older. As I was unsure of the
accuracy of this assessment I included all diggings in my analyses of digging density and
cannot be certain that all the diggings occurred after the most recent fire. Given bilbies were
accessing both burnt and unburnt sites for foraging during this study, they were able to access
food resources from both fire ages. As hypothesised, this resulted in different patterns in
foraging between fire ages as unique food resources were targeted.
In burnt patches the majority of diggings were in open areas. These diggings may have been
targeting soil invertebrates such as termites and beetles or seed banks within the soil profile.
The seeds of Y. australiensis, which are an important component in the diet of bilbies in the
Tanami Desert (Southgate 1990b; Southgate and Carthew 2006), were abundantly available at
burnt burrows during my study period. This is consistent with the previously documented
response of Y. australiensis to fire and rainfall (Latz 1995; Southgate and Carthew 2006). The
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short lived nature of this species explains its absence at unburnt sites. Bilbies may have
collected seeds from Y. australiensis through surface diggings in the open, deeper diggings in
the open targeting underground granaries of harvester ants (Johnson 1989) or digging at the
surface of harvester ant nests (Latz 1995).
Despite S. notabilis being a known larva host (C. Ellis 2016, pers. comm. and Section 2.3)
and being present at the burnt burrows assessed, this species was not the target of bilby
foraging at burrows in recently burnt areas. When S. notabilis shrubs of the same age
(approximately six months post fire) were assessed for larvae occurrence only 1.1% were
found to be hosting larvae. The low occurrence of larvae in shrubs of this age class may
explain why bilbies were not digging under the S. notabilis shrubs near the burnt burrows.
Large larvae have been previously found to occur in one year old S. notabilis shrubs
(R. Paltridge, unpublished data). This suggests that root-dwelling larvae from the roots of
S. notabilis may become a source of food for bilbies by one year after fire, although I did not
find any larvae in two year old S. notabilis shrubs. This may be because of my relatively
small sample size which may not have been sufficient to detect a low occurrence of larvae.
Further sampling of S. notabilis of different age classes and with considerably bigger sample
sizes is required to determine how prevalent larvae are in this species.
In longer unburnt patches there were also many diggings in the open, but unlike in recently
burnt areas there were a large proportion of diggings at the base of shrubs. These diggings
were predominately at A. acradenia and A. lysiphloia shrubs, known root-dwelling larvae host
species. It is unknown if the other plant species dug at by bilbies are also larvae hosts or
whether bilbies were targeting other prey items with these diggings. Bilbies seem to be
relatively efficient at detecting larvae before digging because 22.2% of all diggings that were
at the base of shrubs had evidence that a larva had been extracted which represents 37.2% of
diggings at shrubs where evidence of larvae extraction could be assessed. These extraction
rates were considerably higher than the proportion of A. acradenia and A. lysiphloia shrubs of
similar age that were found to host larvae across the wider Twin Bonanza area (2.9% to 10%
respectively).
It is plausible that some roots appearing to have had a larva extracted were damaged in a
convincing manner or that the shrub root had hosted larvae previously but did not have larvae
when the bilby dug at the roots. Hence it is possible I overestimated the success rate of
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foraging attempts beneath shrubs, although it is also possible that larvae were obtained but
this was not observable due to redistribution of soil during extraction covering any evidence.
Bilbies possibly use their acute sense of smell and hearing to locate larvae in host plant roots
(Johnson 1989), however, this remains untested. Regardless, my results suggest that bilbies
are obtaining larvae in a higher abundance than would be found by random selection of
shrubs. The capacity of bilbies to select host shrubs with larvae is further supported by their
selection of significantly larger A. acradenia shrubs from the shrub cohort present for digging
under. The large size and depth of diggings into shrubs causes the diggings to remain evident
in the landscape for an extended time. Thus the diggings I observed may have occurred over
an extended time and may have targeted multiple cohorts of larvae.
Overall these results support my hypothesis that bilbies focus diggings at species that are
known to host root-dwelling larvae and select for larger shrubs which are more likely to host
larvae. In addition to this field evidence, one third (and potentially up to two thirds) of faecal
pellets collected from the area where bilby diggings were surveyed contained remains of rootdwelling larvae, which provides further definitive evidence that bilbies had sourced rootdwelling larvae. This was a higher detection rate of larvae remains in bilby faeces than has
been previously recorded for bilbies in the Tanami Desert (11.5%) (Southgate and Carthew
2006) and QLD (33.2%) (Gibson 2001). The larvae component from QLD is unlikely to have
represented root-dwelling larvae because the study areas was dominated by Mitchell grass on
cracking clay soils with few shrubs, and bilby diggings were not found to target shrubs
(L. Gibson 2016, pers. comm.). Many bilby diggings have been recorded at shrubs at WA
sites, suggesting root-dwelling larvae may be an important part of the diet of bilbies in WA
(M. Dziminski 2016, pers. comm.). The frequency of occurrence of root-dwelling larvae in
faecal pellets from bilbies in the Tanami Desert found in this study is based on a small sample
which would need to be increased to make further comparisons.

4.3.

Availability of bilby food resources over time

It is evident from my results that plant community structure and related food resources for
bilbies at my study area differed in areas that were last burnt in different years. Placing this
into a temporal context, a single vegetation patch would undergo a series of changes in the
food resources available in the years after it is burnt. A conceptual model showing the
temporal progression of potential food resources available for bilbies in relation to fire in an
area where shrubs that host larvae and other food plants occur is depicted in Figure 4.1.
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During the first six months after fire some larva may remain available in burnt Acacia host
shrubs (Figure 4.1). Then, if there is sufficient rain Y. australiensis will produce a crop of
seeds at approximately six months after fire (Figure 4.1). This may be followed by larvae
appearing in S. notabilis shrubs between six months and two years post fire (Figure 4.1). By
three to nine years post fire Acacia host species become suitable hosts providing a supply of
larvae (Figure 4.1). It is also expected that in addition to these foods, other seeds, tubers,
invertebrates, fungi and occasionally vertebrates would also be consumed when available.

0-6 months
FIRE

RAIN

6 months

3-9 years

6 months-2 years
Figure 4.1 Conceptual model of how the availability of bilby food resources, especially rootdwelling larvae, varies through time after fire.
Clear links between host shrub species, host shrub size, time since fire and larvae availability
were detected at my field site. Measurement of other factors such as rainfall and local soil and
geomorphology, which undoubtedly contribute to where patches of vegetation occur, growth
rates of plants and possibly the rate of colonisation by larvae, and which would account for
some of the variability between patches of vegetation that I observed, was beyond the scope
of this study. The observed increase in the size of shrubs as patches remained unburnt for
longer was expected given the fire sensitivity of the four host species (Nano and Clarke
2011). Although the minimum shrub height found to host larvae ranged from 13-47 cm across
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the four host species, stem diameter was consistently 11-12 mm for all species when they first
showed evidence of hosting larvae. This apparent size constraint may be a direct consequence
of physical space necessary in the host plant root that is only achieved at this size, but could
also reflect that the plants needed to be a certain size to be located for colonisation or a certain
age to produce cues such as flowers that may attract adult forms of the larvae species. The
time at which the species reached this larvae hosting capacity size varied between species,
with S. notabilis reaching this size first and the three Acacia species later, as was expected
given the different life span of these species. This progression provides support for the
conceptual model of changing food resource availability over time presented in Figure 4.1.
The minimum shrub size reported here to have been colonised by larvae for the four species
assessed is dependent on the sapling undertaken in this project and does not rule out smaller
shrub sizes having capacity to become colonised by larvae (which might be detected if
additional sampling was to be undertaken).
Senna notabilis was found to host larvae between six months and two years after fire (as
discussed above), although in low abundance. The majority of Acacia seedlings in patches
with the same time since fire remained smaller than the minimum size determined to support
larvae and all were found to contain no larvae. Mass breeding events of moths and beetles,
which subsequently lead to increased larvae abundance in host roots, are thought to be
seasonal and occur over summer (Fearn 1985; Monteith 2011). During the summer prior to
my study Acacia seedlings establishing since the October 2015 fire would have been even
smaller than that measured in this study, thus even less viable hosts, leading to no
colonisation by larvae.
The limited availability of patches of the Acacia species two years after fire (last burnt in
2014) made it impossible to determine if larvae were present in this age class. However, from
my data I can confirm that by three to five years after fire all three Acacia species are viable
hosts, which continues through to at least nine years post fire. Both A. hilliana and
A. lysiphloia shrubs appeared to decline in hosting capacity by nine years, but the small
sample size of older shrubs with larvae presented here prevents any such conclusions being
confidently drawn. Especially given that a different trend was observed for A. acradenia,
which increased in hosting capacity in longer unburnt sites. As these host plants grow their
bark thickens which may reduce the capacity for larvae to bore into the inner wood of the host
roots and stems (Pausas 2015). Thus there may be a maximum shrub age that is suitable for
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colonisation by larvae. Further investigation would be required to elucidate this. However,
given that large trees occur in longer unburnt patches and given the high incidence of fire in
the Tanami Desert that results in a very high likelihood that areas will burn regularly (North
Australia Fire Information 2016), it is unlikely that bilby populations would be detrimentally
impacted by shrubs becoming too old to host larvae at a landscape scale. The absence of
larger shrubs that are able to host larvae, caused by frequent and extensive burning is much
more likely to be limiting availability of larvae across the landscape.
Fire-killed A. acradenia and A. lysiphloia plants were still hosting live larvae, which were
presumably present prior to the shrub being burnt, six to seven months post fire. Additional
dead larvae were also detected. This confirms that some root-dwelling larvae remain available
as a food source for bilbies for at least the first six months after fire, but in dwindling
numbers. If there are no unburnt vegetation patches available in an area then these remaining
larvae may be one of the few sources of food available for bilbies in the first months after fire.
The majority of Lepidopteran larvae that live inside a host plant feed on the scar or re-growth
tissue from their boring (Zborowski and Edwards 2007; T. Edwards 2016, pers. comm.) while
Coleopteran larvae living inside a host plant chew large amounts of wood (T. Edwards 2016,
pers. comm.). Particularly for Lepidopteran larvae, once the host plant is killed the larvae’s
food supply will run out. This probably accounts for the deteriorating condition of these
surviving larvae and the presence of dead larvae in some burnt shrubs, suggesting only some
larvae will survive this length of time. It is unlikely that larvae would survive very much
longer, although this would need to be tested with further study. At some point it is expected
that, in a burnt patch of larvae hosting shrubs, there will be no more larvae available in dead
shrubs and the post-fire cohort of shrubs will not yet be big enough to host larvae so there will
be no root dwelling larvae available within the patch. While larvae from S. notabilis shrubs
may help to fill the gap while Acacia seedlings mature into viable hosts, there could be a
period for up to two and a half years that no larvae are available.
In addition to temporal differences in viability to host larvae, the four host species also varied
in their hosting capacity and availability in the landscape. While S. notabilis was highly
abundant and overall dense after fire, the poor hosting capacity detected for this species (0.55
shrubs with larvae per hectare) made this the poorest provider of larvae for bilbies. However,
this finding may be biased by the absence of sampling sites between six months and two years
after fire when this species is expected to be in its prime hosting capacity (as discussed
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above). The three Acacia species were overall better sources of larvae for bilbies, with
between 1.24 and 3.06 shrubs per hectare found to host larvae. Although A. lysiphloia was at
the lower end of this scale, the broader distribution of A. lysiphloia throughout the landscape
means larvae from this species may generally be more available to bilbies.
A limitation of my results was that patchiness of host species in the landscape limited random
selection of sites for PCQ analysis. Consequently some site selection bias was introduced that
could influence host shrub and larva data. Specifically denser vegetation patches with larger
shrubs were more likely to be selected as these can be more easily located in the landscape.
This would cause larva abundance and availability per hectare to be overestimated. Another
possible limitation is that larvae could have been overlooked in host shrub roots, especially if
the larvae were living in very narrow roots, which would have had the opposite effect,
causing larva presence to be underestimated. However, any missed larvae were likely to be
small and thus less important for a bilby. Thus the results of larva availability that have been
presented should be seen as an upper estimate.
This study has been undertaken at a single site in the Tanami Desert, thus verification would
be required at other sites to confidently apply these findings to a broader area. Additionally,
when planning this study I assumed that there would be no temporal variation in larva
availability between April to June as a result of emerging larvae. While not refuted by
observation made during this study, the uncertainty in this assumption suggests further
investigation should be undertaken to assess any temporal variation in larva availability. I
observed numerous Cossid moths in the Twin Bonanza area during other field work in
December 2016, suggesting emergence after the summer rains had started. During my field
work from April to June I observed few Cossid moths and numerous casings left behind by
larvae, presumably during emergence the past summer. However, it is unknown if casings can
last from February through to June, thus if these casing were left by larvae emerging outside
of summer.

4.4.

Potential for fire management to promote bilby food resources

The availability of specific food resources for bilbies at different times since fire suggests
bilbies would benefit from concurrent access to patches of a variety of fire ages, as was the
case for the bilby population investigated here at the Twin Bonanza site. In particular, larvae
availability is expected to be greatest in three to nine year old stands of Acacia, with some
72

larvae also available in six month to two year old S. notabilis. Given the wide scale fires that
occur across the Tanami Desert (North Australia Fire Information 2016), for example, the fire
of October 2015 burnt about 50% of the Tanami Desert study site (approximately 800 km2),
close proximity to vegetation of a range of fire ages in not the normal situation on the mine
site or across the Tanami Desert. It is possible the persistence of bilbies at the Twin Bonanza
site was facilitated by the close proximity of recently burnt and longer unburnt patches of
vegetation at this site.
Large scale and frequent fire are often identified as a threat to small mammals, as reinforced
by the listing of altered fire regimes as a threatening process in 58% of small mammal species
recovery plans (Griffiths and Brook 2014). Additionally, many small mammals are identified
as having improved abundance and demographic composition at long unburnt sites compared
to recently burnt areas (Griffiths and Brook 2014). However, the aspect of current fire
patterns that is most detrimental remains debated. For example, Lawes et al. (2015) identifies
the large extent of fires while Griffiths et al. (2015) found high fire frequency, with fires more
often than once per five years, to be most detrimental to small mammals. The Tanami Desert
and the field site of this study are currently subject to both wide-scale and frequent fires with
approximately 60% of both these areas having been burnt in the last three years and
approximately 80% of both these areas having been burnt at least three times in the last 15
years (North Australia Fire Information 2016).
Reducing the size of fires, by increasing fire frequency in smaller patches and thereby
protecting other patches to remain unburnt for longer, could not only help promote bilby food
resources, but also would likely benefit other small mammals in the region. Fire poses a risk
of increasing cat numbers in an area, as cats are known to travel to fire scars to hunt
(McGregor et al. 2014; Leahy et al. 2015). However, bilbies appear resilient to predation in
burnt patches, at least in the short term, evidenced by the bilby population assessed here
surviving at least seven months after fire in a mixed burnt and unburnt area.
Given the limited resources that are available to manage fire across the vast Tanami Desert,
focus could be directed to preserve patches of shrubs, particularly patches that have been
burnt just a few years previously so the shrubs have years of larvae hosting capability ahead
of them. Given that few vegetation patches are remaining unburnt for more than five years in
this region (North Australia Fire Information 2016), most Acacia vegetation patches are not
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remaining unburnt for long enough to allow them to live out their peak years of larvae hosting
capacity. Assuming that many patches will burn regardless of management efforts, focussing
to conserve unburnt shrub patches will likely result in shrub patches of a range of fire ages
being available in the wider landscape. This could be achieved by small prescribed burns in
the adjacent spinifex dominated areas that make up the majority of the landscape. Adding to
the benefit of this approach, these burnt spinifex dominated areas may thus provide a supply
of fire promoted plant foods for bilbies, such as Y. australiensis. Such approaches could be
incorporated into Aboriginal Ranger fire management plans and could be assisted by
management of fire in the vicinity of mine sites by mining companies.

4.5.

Use of faecal analysis to assess the importance of root-dwelling larvae in
the diet of bilbies

So far the consumption of root-dwelling larvae by bilbies and the availability of this food
source have been considered. The relative importance of this dietary item, however, remains
unknown. Given the high fat content of root-dwelling larvae (34.9%) (Brand et al. 1982;
Redford and Dorea 1984), they are probably a valuable food resource for bilbies. The results
of my captive trials and subsequent analyses of faecal pellets of wild bilbies have confirmed
that root-dwelling larvae can be detected in bilby faecal material and I have identified some
key diagnostic body fragments that can be used to do so. Based on this information future
research could use the prevalence of larvae in bilby faeces to address the question of how
important root-dwelling larvae are in the diet of bilbies, and whether root-dwelling larvae are
consumed in different quantities at different times or in different areas (for example when
other ephemeral plant foods are not available) or whether they form a more constant part of
the diet. However, in order for further analysis of faecal material to be successful it is
necessary to consider the type of larvae material that is indicative of root-dwelling larvae,
how the amount of larvae material in faecal pellets relates to the amount ingested, and to
determine an appropriate approach to quantifying the relative use of larvae by bilbies.
Contrary to my expectations that only hard body parts of root-dwelling larvae would survive
the bilby digestive tract, I found remains of many softer larvae body parts including cuticle,
spiracles and legs. Cuticle has previously been detected in mammal faecal pellets (Calver and
Wooller 1982; Lunney et al. 2001; Sale et al. 2006) and the distinct colouration, texture and
attachments to cuticle have been used to inform identification, for example to distinguish
Lepidopteran and Coleopteran larvae. However, such identification was not possible during
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this study due to my lack of previous experience in identifying insect parts in faecal samples.
Hard body parts, such as head capsules and mouth parts, are more commonly used in
identification and reported as present in faecal analysis (Dickman and Huang 1988; Lunney et
al. 2001; Sale et al. 2006; Sprent and Nicol 2016). In this study hard body parts did have
highest survivorship through the bilby digestive system providing support for my hypothesis
that hard body parts would be more durable to digestion and faecal manipulations. However,
it remains unclear why jaws from type 2 or 3 larvae were rarely detected. Jaws from type 5
larvae were potentially not detected due to an absence of reference specimens for comparison.
Overall, based on analyses of faecal pellets where I knew bilbies had consumed larvae, and
where consumption of other invertebrates was restricted as far as possible, I considered pieces
of head shield from type 1 larvae and jaws from any of the larvae types the most diagnostic
parts of root-dwelling larvae. Head capsules were generally fragmented, thus not useful for
identification purposes, as was also the case in the study by Dickman and Huang (1988).
In the second feeding trial (controlled environment) in this study, the highest count of
fragments were hard head casing, leg and shield fragments and this suggests these body parts
will be detected most frequently during analysis of faecal material containing root-dwelling
larvae. By contrast, jaws are rarely expected to be found, as emphasised by the absence of
jaws in the faecal pellets analysed from the field in this study. Thus, while jaws had high
survivorship and are good for identification purposes, their low original number, and hence
poor detection in faeces, make them unreliable indicators of root-dwelling larvae having been
consumed. While it is often impossible to identify larvae remains to genus or species (Calver
and Wooller 1982), detection of multiple body parts, especially those that are diagnostic, can
be used for broad identification of root-dwelling larvae in bilby faeces. As root-dwelling
larvae fragments were not immediately obvious to the untrained eye, were small and delicate,
they may have been overlooked in previous studies. Collection of larvae reference specimens
from the site that bilby faeces are collected and reference to the images of larvae body parts
provided in this thesis is recommended prior to undertaking faecal analysis to elucidate the
diet of bilbies.
The high survivorship of legs may not be a reliable estimate due to a number of limitations of
this experiment. Namely I made the assumption that all legs that looked like larva legs were
to be counted although it is possible that legs from other insects were incidentally consumed
by the bilbies during the second feeding trial and as a relatively inexperienced observer of
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fragments of insect prey I may not have been able to distinguish these. This could have led to
an overestimate of legs. Also, all leg fragments were counted and it was not practically
possible to determine if multiple fragments from the same leg were counted, likely leading to
an overestimate of legs. A further uncertainty was the presence of legs on type 2 and 5 larvae.
For example, legs were undetectable on small type 2 larvae, but were detectable on larger type
2 larvae. In this analysis all larvae were assumed to have legs potentially leading to an
overestimate of the total number of legs consumed and thus an underestimate of the
proportion of legs found.
Excluding legs due to the unreliability of their survivorship, less than 40% of any countable
body parts survived the bilby digestive system. This is likely an upper estimate as the loose
nature of faecal material from both bilbies during the controlled feeding trial may have
increased larva detectability as faecal material were less compacted, less structured and easier
to tease apart, which in turn may have resulted in less damage to faecal contents during
digestion and analysis. Faecal pellets are usually well formed which may reduce larvae
detectability. The survivorship and detectability of larva remains in bilby faecal pellets may
also vary in wild bilbies due to interaction with other food items consumed and living
conditions. Added to this, the high moisture content of root-dwelling larvae contributes much
to the volume of larvae. This volume is lost during digestion, thus reducing the volume of
material to be detected in bilby faecal pellets even if all body parts were to survive the
digestive tract. Combining these factors, assessing the root-dwelling larvae component of the
bilby diet through volume based assessments is likely to dramatically underestimate the
contribution root-dwelling larvae make to the diet. This is consistent with what was found in
another feeding trial looking at the detectability of invertebrate material in the faeces of two
small mammals (Dickman and Huang 1988).
Some studies have applied correction factors to material detected in faecal pellets to account
for the size of the food item when it was consumed (Sprent and Nicol 2016). However, given
the high variability in detectability of food items in faecal material, as seen by the large
difference in detection of any given body part between the two bilbies in this study, such a
correction applied to bilby faecal material is unlikely to be reliable based on current
knowledge. Dickman and Huang (1988) share this view that correction factors are unreliable.
Notably, the low detection and variability in detection of root-dwelling larvae in bilby faecal
material precluded quantification of the number of larvae digested. Here I concur with
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Dickman and Huang (1988) that assessing the proportion of faecal pellets to contain larvae
remains (known as frequency of occurrence) will provide a more reliable measure of rootdwelling larvae consumption than volumetric based analyses.
Prior studies looking at the larvae component of insectivorous and omnivorous mammals
have detected changes in frequency of occurrence of larvae between seasons (Thums et al.
2005; Sale et al. 2006; Sprent and Nicol 2016). Thus, with appropriate sample size,
differences in the consumption of root-dwelling larvae by bilbies in different geographic
locations, across seasons, across years or in response to environmental events (e.g. rainfall
and fire), could be detected by changes in frequency of occurrence. Trites and Ruth (2005)
provide insights into sample size, suggesting 94 faecal pellets need to be assessed to detect
moderate differences between samples.

4.6.

Conclusion

This study has contributed further solid evidence that root-dwelling larvae comprise part of
the bilby diet. Specifically, bilbies target root-dwelling larvae in the roots of known host
species in unburnt vegetation and appear to be successful in targeting roots that contain larvae
and successfully extracting larvae. This is further validated through detection of root-dwelling
larvae in approximately one third of the faecal pellets of wild bilbies. The availability of rootdwelling larvae was influenced by time since fire. This is because the shrub species
investigated, which are the most well-known root-dwelling larvae host species in the Tanami
region, are all obligate seeders that are killed by fire, so shrub size is closely correlated with
time since fire. Specifically, the short lived species, S. notabilis, can be expected to provide a
source of larvae between six months and two years after fire compared to the longer lived
Acacia species which can become viable hosts by three years post fire, while continuing to
remain viable hosts until at least nine years after fire. Acacia hosts were also found to still
contain larvae, albeit in deteriorating condition, at least six to seven months after fire.
These changes in larvae availability, as well as other food resources utilised by bilbies, were
placed into a model that may help to understand how food resources for bilbies shift in
relation to fire. Based on the model, it is evident that staggered burning of adjacent vegetation
patches or strategic burning to preserve patches of host shrubs so they remain unburnt for
longer periods, could be employed to increase local pyro diversity and promote food resource
availability for bilbies, especially access to root-dwelling larvae. Patch size is also an
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important component of fire regime and this study demonstrates the capacity of bilbies to
concurrently use habitat with multiple ages since fire and to target different food resources
within these patches. This suggests a fine scale mosaic of patches of various fire ages is likely
to further optimise resources available to bilbies.
This project has made significant contribution to what is known about the identity and
abundance of root-dwelling larvae in the Tanami Desert and their host plants at various ages
since fire. The detectability of root-dwelling larvae in bilby faecal material has been clearly
demonstrated and this knowledge can be applied in future studies to elucidate the importance
of root-dwelling larvae in the diet of bilbies and how this changes both spatially and
temporally. In addition to these contributions to scientific understanding, applying the fire
management identified here could help to sustain populations of bilbies into the future.
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5. Appendices
5.1.

Vegetation at bilby burrows with camera traps

Camera trapped bilby burrows at the Tanami Desert study site from April to June 2016.
Recently Burnt Patches (Burnt 2015)

Burrow 1

Burrow 2

Burrow 7

Burrow 8

Burrow 9

Burrow 12
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Longer Unburnt Patches (Burnt 2013)

Burrow 3

Burrow 4

Burrow 6

Burrow 5
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Longer Unburnt Patches (Burnt 2011)

Burrow 10

Burrow 11
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5.2.

Vegetation at Point Centred Quarter transects

Vegetation at Point Centred Quarter Transects undertaken at the Tanami Desert field site from
April to June 2016.
Acacia acradenia

Burnt a and 2015a

Burnt b and 2015b

2013a

2013b

2011a

2011b

2011c

2011d
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≤ 2007a

≤ 2007b
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Acacia hilliana

Burnt a

Burnt b and 2015a

2015b

2013b

2013c

2011b

2011c

2014a

2013a

2013d

2011a
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2011d

≤ 2007a

≤ 2007b
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Acacia lysiphloia

Burnt a and 2015a

2013a

Burnt b and 2015b

2013b

2013c

2011b

2011c

2013d

2011a

2011d
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≤ 2007a

≤ 2007b
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Senna notabilis

2015a

2015b

2015c

2015d

2015e

2015f

2015g

2015h

2015i

2014a

2014b

2014c

2014d
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5.3.

Measurements of root-dwelling larvae from feeding trial two
(controlled environment)

Measurements of root-dwelling larvae fed to bilbies during feeding trial two (controlled
environment) at the Alice Springs Desert Park in July 2016.
Larvae
Weight
Bilby Day Larvae Type
(g)
A
1
1
14.6
A
1
1
3.5
A
2
3
1.4
A
2
3*
0.7*
A
3
2
2.6
A
3
5
<0.1
A
3
2
<0.1
A
4
1
6.9
A
4
1
4.2
A
4
1
1.0
A
5
1*
6.5*
A
5
1
4.9
A
Total
46.3
A
Total minus mice meals
39.1
B
1
1
8.9
B
1
1
3.7
B
2
3
0.9
B
2
1
2.1
B
3
2
1.2
B
3
5
0.5
B
3
2
<0.1
B
4
1
8.0
B
4
1
4.1
B
4
1
1.2
B
5
1
5.9
B
5
1
5.2
B
5
2
<0.1
B
Total
41.7
*Larvae taken by mice as per video footage

Larvae
Length
(mm)
90
42
37
30
37
33
22
70
57
35
55
65

Shield
Width
(mm)
12
8
n.a.
n.a.
n.a.
n.a.
n.a.
10
10
6
10
8

65
50
35
55
32
53
17
67
60
40
65
55
14

11
9
n.a.
8
n.a.
n.a.
n.a.
10
9
7
9
9
9
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5.4.

Root-dwelling larvae material consumed during feeding trial two
(controlled environment)

Total root-dwelling larvae material consumed by bilbies* at the Alice Springs Desert Park
during feeding trial two (controlled environment) in July 2016.
Larvae Type 1

Larvae Type 2

Larvae Type 3

Larvae Type 5

Body

No.

^No.

No.

No.

No.

Part

per

Consumed per

larvae
Jaws

2

^No.

Consumed per

larvae

^No.

Consumed per

larvae

^No.
Consumed

larvae

28

2

10

2

4

2

4

Spiracles 18

252

18

90

18

36

18

36

Legs

6

84

6

30

6

12

6

12

Suction

10

140

0

0

0

0

0

0

14

1

5

1

2

1

2

Pads
Posterior 1
End
*This excludes the larvae taken by mice, ^Calculated by multiplying the number of a given
body part on one larva by the number of larvae consumed (one larva type at a time).
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5.5.

Species recorded at bilby burrow entrance

Species recorded on camera traps at 12 bilby burrows at the Tanami Desert field site from
April to June 2016.
Species

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

Mammals
Canis lupus dingo (dingo)

- - - - - - √ - √ -

-

√

Felis catus (feral cat)

√ √ - √ √ √ √ √ √ √

√

-

Macrotis lagotis (greater bilby)

√ √ √ √ √ √ √ √ √ √

√

√

Notomys alexis (spinifex hopping mouse)

√ √ √ √ √ - √ √ √ -

√

√

Pseudomys desertor (desert mouse)

- - - - - - - - - -

√

-

Unidentified small rodent

- - - √ - - - - - √

√

-

Aspidites melanocephalus (black-headed python)

- - - - √ - - - - -

-

-

Ctenophorus isolepis (military dragon)

- - - - √ - - - - -

-

-

Ctenotus pantherinus (leopard skink)

- - √ - - - - - - -

√

-

Pogona minor (dwarf bearded dragon)

- - - - - - - - √ -

-

-

Pseudechis australis (king brown)

- - - - - - - - - -

√

-

Varanus eremius (pygmy desert monitor)

- - - - - - - √ √ √

√

-

Varanus gouldii (sand goanna)

√ √ √ √ √ √ √ √ - √

√

√

Anthus australis (Australian pipit)

√ - - - - - - - - -

-

-

Artamus cinereus (black-faced woodswallow)

- - - √ - - - - - -

-

-

Corvus sp. (crow)

- - - - - - - - - -

-

√

Lichenostomus virescens (singing honeyeater)

√ - - - √ - - √ - -

√

-

Malurus assimilis (variegated wren)

- - √ - √ - - - - -

-

-

Oreocia gutturalis (crested bellbird)

√ √ - - √ - - - - √

-

-

Pardalotus rubricatus (red-browed pardalote)

- - - - √ - - √ - -

-

-

Rhipidura leucophrys (willie wagtail)

- - - - √ √ √ - - -

-

-

Taeniopygia guttata (zebra finch)

- - - - - - - √ - -

-

-

Turnix velox (little button-quail)

√ √ - √ - - - √ - √

√

-

Reptiles

Birds
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