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Executive summary 
The Department of Environment and Primary Industries (DEPI) commissioned La Trobe and Deakin 
Universities to conduct a study of the influence of fire on biodiversity in the tree mallee region; known 
as the ‘Mallee HawkEye’ project. Its primary goal is improving fire management in relation to biodiversity 
and ecosystem resilience. 

Key results:
• Time-since-fire responses of fauna, plants and habitat/

fuel attributes have been modelled across a 100 year 
chronosequence, greatly improving our understanding of 
the effects of fire in this system. A set of common types 
of responses to fire have been found across the different 
groups – incline, irruptive, bell-shaped, plateau and decline.

• This has allowed us to evaluate current fire management 
policy, which proposes the use of Tolerable Fire Intervals 
(TFI), Geometric Mean Abundance and Vegetation Growth 
Stages. We have analysed the existing TFIs and growth 
stages for the mallee using empirical data, rather than 
expert opinion, and using a wide range of measures, rather 
than only plant communities. Based on this analysis we 
propose the following amended growth stages: 

– Hummock-grass Mallee: Minimum TFI 40 years, 
Maximum TFI >90 years

– Saltbush Mallee: Minimum TFI 40 years, Maximum TFI 
200 years (no change)

– Hummock-grass Mallee: management stages 0–15 
years, 15–50 years, >50 years

– Saltbush Mallee: management stages 0–30 years, 
30–150+ years

• Several plant species currently used as Key Fire Response 
Species (KFRS) to estimate minimum and maximum TFI 
were found to be so rare or so insensitive to fire that they 
are unsuitable as KFRS.

• It is important to note that some animals, plants and habitat 
attributes, such as hollow-bearing trees, are still changing 
in occurrence 100 years or more since last fire. These are 
slow-developing values in the mallee which require long 
inter-fire intervals. 

• We calculated the geometric mean abundance and the 
optimal distribution of successional states using the tree 
mallee dataset. The optimal fire history for the combined 
bird, reptile and small mammal species was a successional 
state comprised of middle and late successional vegetation. 

Management actions should be aimed at fostering 
extensive connected areas of Stage 2 (15–50yr old mallee) 
and Stage 3 (>50yr old mallee) in order to reduce the risk to 
biodiversity due to fire.

• Various scenarios important for management were explored. 

– Planned burn scenarios were developed with fire 
managers in the region using a range of possible targets 
(0–5% of public land) for annual area burnt. The effect of 
different planned burn scenarios on threatened mallee 
birds were evaluated using newly developed species 
distribution models. We were able to gather records 
of threatened bird species from multiple sources, 
including DEPI, Parks Victoria and the Mallee Catchment 
Management Authority, and use these data to develop 
novel insights into the effects of fire on these rare and 
threatened species. Modelling indicated that burning 
3–5% per annum of public land in the tree mallee 
vegetation would lead to a significant decline in some 
threatened mallee birds.

– The effects of other key drivers in this system were 
also evaluated – namely rainfall and herbivory. Species 
occurrences recorded during the previous Mallee Fire and 
Biodiversity Project (MFBP; 2006– 2008) were compared 
with data collected during the Mallee HawkEye Project 
(20011/2012), to study the interaction between rainfall 
and fire and their effects on fauna, Triodia and fuel hazard. 
Fenced plots to exclude goats, kangaroos and rabbits 
were established after a planned burn to examine the 
effect of post-fire grazing on Triodia. No evidence of a 
significant impact of grazing upon Triodia either post-fire 
or post-rainfall was detected.

– The large multi-taxa dataset was used to search for any 
possible indicators of ecosystem health to use in fire 
management, with little success. However, managing for 
two focal bird species (Mallee Emu-wren and Black-eared 
Miner) was not found to detrimentally affect other bird 
species. 

t Planned fire within Triodia Mallee vegetation (Lara Edwards).
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Introduction
In 2010, in response to Recommendation 58 
of the Victorian Bushfires Royal Commission 
(VBRC), the then Department of Sustainability and 
Environment (now: Department of Environment and 
Primary Industries, DEPI) established a long-term 
biodiversity monitoring project called HawkEye.
Recommendation 58 states that: “The Department of 
Sustainability and Environment significantly upgrade its 
program of long-term data collection to monitor and model the 
effects of its prescribed burning programs and of bushfires on 
biodiversity in Victoria.” This recommendation complemented 
Recommendation 56 for an increase in planned burning to 
5% of public land; and is recognition by the VBRC that this 
increase would potentially affect biodiversity values. The 
recommendation implies a question-driven, causality-focussed 
monitoring and research program trying to understand the 
effects of planned burning and bushfires in the context of 
a complex ecosystem with many other factors affecting 
biodiversity.

The Victorian Mallee was selected as an area for HawkEye 
focus. It is of high biodiversity value, easily burnable — typically 
at high intensity — thus presenting considerable risk to species 
if inappropriate fire regimes were applied. In addition, the tree 
mallee had been a focus of a multi-agency, multi-state fire and 
biodiversity project for the four years prior to HawkEye (Mallee 
Fire and Biodiversity Project). Thus, HawkEye could build 
on both the considerable long-term dataset that had been 
accumulated and ask more in-depth questions than might be 
possible in other, less well-known, fire-dependent ecosystems. 
The Mallee HawkEye project took the form of a partnership 
between DEPI and La Trobe and Deakin Universities, with a full 
time HawkEye project officer connecting the research outputs 
to DEPI and Parks Victoria’s adaptive management processes. 
Numerous students and volunteers also contributed. Field 
operations commenced for Mallee HawkEye in July 2011.

Since HawkEye was first established, DEPI has continued 
to address VBRC recommendations through the Bushfire 
Management Reform Program. A key document guiding 
this reform process is the Code of Practice for Bushfire 
Management on Public Land (DSE, 2012) which identifies two 
primary objectives:

• To minimise the impact of major bushfires on human life, 
communities, essential and community infrastructure, 
industries, the economy and the environment. Human life 
will be afforded priority over all other considerations.

• To maintain or improve the resilience of natural ecosystems 
and their ability to deliver services such as biodiversity, 
water, carbon storage and forest products.

The Bushfire Management Reform program has developed 
an explicitly risk-based approach to the management of fuel 
hazard through Strategic Bushfire Management Planning 

teams. In north-west Victoria, the Mallee Murray-Goulburn 
Risk Landscape Team is responsible for developing bushfire 
management strategies that integrate biodiversity management 
(using information developed through the Mallee HawkEye 
project among others) and management of risks to life and 
property. 

An integral part of the risk based approach to bushfire 
management is ongoing monitoring of the program outcomes. 
As of 1 July 2014, the HawkEye project will be integrated into 
an updated and consolidated Bushfire Monitoring, Evaluation 
and Reporting (MER) Program guided by a Bushfire MER 
Framework. As part of this integrated approach to bushfire 
monitoring, the ‘HawkEye’ designation will cease to exist as a 
separate entity. 

The following report thus summarises four years of investment 
by HawkEye and our partners in understanding how fire 
operates to influence plants and animals in a truly remarkable 
ecosystem – the tree mallee.

Ecosystem resilience measures

The Monitoring Evaluation and Reporting Framework being 
developed by DEPI for bushfire management on public land 
is bringing together many of the concepts being investigated 
through monitoring and research programs for ecological 
resilience. DEPI is developing models and measures of 
ecosystem resilience to guide fire planning and prioritization of 
monitoring and research (DEPI 2014).

DEPI is developing and testing three measures of ecosystem 
resilience that it anticipates can be used to incorporate the 
impact of planned burning on biodiversity into fire management 
planning (Figure 1). These three measures are:

1. Tolerable Fire Interval (TFI)
 This represents the minimum or maximum recommended 

time interval between successive fire events for a particular 
vegetation type (Cheal 2010). Typically this is based on the 
vital attributes of Key Fire Response Species (KFRS; almost 
uniformly plant-based, to date). If large areas of a landscape 
are younger than the minimum TFI then this would be 
likely to have large negative effects on plant biodiversity. 
Therefore the proportion of the landscape that is below 
minimum TFI at any given time provides a measure of 
landscape risk (low resilience = high risk).

2. Geometric Mean Abundance (GMA)
 The Geometric Mean Abundance of species in a community 

is an index of the relative abundance of species in an 
ecological community and provides a measure correlated 
to community viability that reflects both the abundance 
and evenness of species representation in a community 
(McCarthy 2012). Changes in GMA can be monitored 
over time and also modelled against anticipated changes 
in the age-class distributions of vegetation types within a 
landscape.

t Regular photopoint monitoring shows pre and post fire change in 
Triodia Mallee vegetation.  From top to bottom: pre-fire, two weeks 
post-burn, 12 months post-burn (Natasha Schedvin).
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3. Vegetation Growth Stage Analysis (and departure from a 
desired age-class distribution)

 Vegetation Growth Stage analyses are based on the 
premise that a ‘desirable’ (or optimal) mix of vegetation 
growth stages and habitat structures across a landscape 
can be derived from models, e.g. a) TFIs (based on plant 
KFRS), combined with a negative exponential curve (Fire 
Ecology Working Group 2002), or b) optimizing growth 
stages to maximize the Geometric Mean Abundance of 
species in a landscape management unit. The degree 
of departure of the actual distribution of growth stages 
in a landscape management unit from some ‘desired’ 
distribution of growth stages has been labelled a measure 
of ‘relative entropy’ by McCarthy (2012), and is assumed 
to be a measure of the loss of resilience in the landscape. 
In Victoria, growth stages were defined for each Ecological 
Vegetation Division (EVD) by Cheal (2010).

The Mallee HawkEye Project attempted to examine the 
evidence that underpins the application of these approaches 
to quantifying loss of resilience (i.e. the increased risk of 
irreversible ecosystem change at a landscape scale). 

The Mallee Fire and Biodiversity Project gathered the 
most comprehensive data set on fire history, flora, fauna 
and habitat characteristics ever assembled in tree mallee 
ecosystems. Modelling allowed us to identify the critical, 
fire-sensitive habitat requirements of a broad range of taxa. 
This represents a unique opportunity to critically examine 
the adequacy of vegetation growth stages as a surrogate for 
the habitat requirements of fauna. Our existing data set also 
allowed us to examine whether current tolerable fire intervals 
are realistic thresholds upon which to make management 
decisions. Furthermore, we have a unique opportunity to make 
cross-taxa comparisons of the adequacy of a wide range of 
outcome measures as surrogates for measuring the impact 
of planned burning on the most fire sensitive/at risk species 
and ecosystems (e.g. habitat growth stages, focal species, 
threatened species). Both the MFBP and the Mallee HawkEye 
project focus on tree mallee vegetation. We use Triodia Mallee 
and Chenopod Mallee as these vegetation types can be 
applied to the entire treed mallee region across three states, 
Victoria, New South Wales and South Australia (Haslem et al. 
2010). These vegetation types are equivalent to the following 
Ecological Vegetation Divisions in Victoria: Hummock-grass 
Mallee (75% of Hummock-grass Mallee is classified as Triodia 
Mallee) and Saltbush Mallee (58% of Saltbush Mallee is 
classified as Chenopod Mallee). 

Objectives
The Mallee HawkEye project aimed to address the following 
key questions:

• How adequate are habitat growth stages as a surrogate for 
the habitat requirements of fauna?

• What are the appropriate ecological output and outcome 
measures for planned burning?

• What is the effect of burning at and beyond thresholds on 
the most fire sensitive/at risk species and ecosystems?

Scope
The scope of Mallee HawkEye included:

1. Making cross-taxa comparisons of the adequacy of a wide 
range of outcome measures as surrogates for measuring 
the impact of planned burning on the most fire sensitive/
at-risk species and ecosystems (e.g. habitat growth stages, 
focal species, threatened species).

2. Testing the adequacy of the surrogate measures in 
predicting the condition of the ecological values in the field, 
by monitoring the occurrence and abundance of selected 
taxa at novel sites (n = 100 sites) across the Victorian 
tree mallee (area covered = 534,878 ha) including recent 
planned burns and a wide range of other age-classes.)

3. Monitoring the response of selected taxa at existing study 
sites subjected to planned burning during the project (n = 
50 sites), to test if their responses are consistent with the 
predictions of existing models

4. Making recommendations on the most appropriate 
monitoring options available.
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Figure 1. Flowchart of ecosystem resilience measures and their application for fire management.
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How do species and habitat attributes 
respond to fire? 
In this report, we synthesize the results of analyses 
carried out during the Mallee Fire and Biodiversity 
Project (MFBP) on the time-since-fire responses of 
fauna (Kelly et al. 2010, Nimmo et al. 2011, Watson 
et al. 2012) and habitat/fuel attributes (Haslem et 
al. 2011), and the recent analysis of plant species 
responses to time-since-fire, and apply these 
results to current fire management policy. 
We focus our attention on Victoria, although many of our 
results apply to the whole of the Murray Mallee region. 

To summarise, surveys for the MFBP were conducted within 
a study region of 104,000 km² in tree mallee vegetation of 
the Murray Mallee Region of south-eastern Australia between 
2006 and 2008. These surveys consisted of:

• 70,000 trap nights for reptiles and mammals with 7,200 
individual reptiles and 1,490 individual mammals captured

• 1,120km of bird survey walks and 2,240 bird point counts, 
with 21,348 birds recorded at point counts

• 3,360 termite baits (toilet rolls)

• 835 vegetation transects

• 44,184 mallee stem diameters measured.

Time-since-fire responses
The fire responses of species were modelled using Generalised 
Additive Mixed Models (GAMMs), based on the detected 
presence or absence of species at sites, in relation to time-
since-fire across a century-long (0–100 years) chronosequence. 
Responses were modelled for the two major vegetation types: 
Triodia Mallee (TM) and Chenopod Mallee (CM). The fire 
responses of reptiles were modelled separately for sites north 
and south of the Murray River (this was the only group analysed 
in this way). Ageing of vegetation at sites greater than 35 years 
since fire was carried out using regression models based on the 
average diameter of mallee stems at sites (Clarke et al. 2010) 
in order to maximise the temporal scale considered in these 
analyses. A summary of results for all taxonomic groups is 
presented in Table 1. The selected invertebrate species had no 
response to fire. 

Fauna 

Testing existing growth stages and TFIs with time-
since-fire responses

At least 24 Victorian fauna species (16 birds, six reptiles and two 
mammals) were fire-sensitive within Triodia Mallee vegetation 
(see Appendix 1). Of the known fire-sensitive fauna, 14 species 
(eight birds, five reptiles and one mammal) were identified to be 
‘important’ components of the biodiversity of the mallee due to 
their restricted distribution and population sizes.

These species exhibited a range of response types, with 
maximum probability of occurrence at different points along 
a century-long chronosequence. All species responses have 
been classified into one of five response types. 

Irruptive Response (n=2 species, see Figure 2(a))

These species included the Chestnut-rumped Thornbill 
(Acanthiza uropygialis) and the Painted Dragon (Ctenophorus 
pictus). Their probability of occurrence is maximized in young 
mallee vegetation (<10 years since fire), then rapidly declines 
and is lowest in mid and older vegetation.

Declining Response (n=3 species, see Figure 2(b))

This response group includes three reptile species: the 
Coral Snake (Brachyurophis australis), the Mallee Dragon 
(Ctenophorus fordi) and the Desert Skink (Liopholis inornata). 
Their probability of occurrence is highest in young vegetation 
(<10 years since fire) and steadily decreases to be the lowest 
in older vegetation.

Bell-shaped Response (n=4 species, see Figure 2(c))

This response group includes the Marble-faced Delma (Delma 
australis), the Mallee Ningaui (Ningaui yvonneae), the Striated 
Grasswren (Amytornis striatus) and the White-browed Babbler 
(Pomatostomus superciliosus). Their probability of occurrence 
shows a clear peak in middle-aged (29–72 years since 
fire) vegetation and is lowest in young and, generally, older 
vegetation.

Table 1. Summary of analyses of responses to time-since-fire for species in all taxonomic groups surveyed in the Mallee Fire and 
Biodiversity Project.

Taxonomic group Number of species recorded

Fire response

Y N ID

Birds 89 16 14 59

Mammals (small) 7 2 2 3

Reptiles 56 15 15 26

Invertebrates 26 0 21 5

Plants 164 25 18 121

Habitat structures/fuel type 12 1 0

ID = there was insufficient data for analysis; N = there was no significant influence of time-since-fire on the probability of occurrence of the species; Y = there was 
a significant influence of time-since-fire (tsf) upon the probability of occurrence of the species (p<0.05) and the relationship explained > 5-10% of the variation in the 
occurrence of the species.

t Sand goanna, Varanus gouldii, Murray Sunset National Park (Louise Durkin).
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Plateau Response (n=1 species, see Figure 2(d))

This response group includes the Yellow-plumed Honeyeater 
(Lichenostomus ornatus). Its probability of occurrence is 
lowest in young vegetation, peaks in ‘mid’ age vegetation 
(i.e. 70 years since fire) and remains relatively steady in older 
vegetation.

Inclining Response (n=4 species, see Figure 2(e))

This response group includes four bird species; the Spiny-
cheeked Honeyeater (Acanthagenys rufogularis), the Striped 
Honeyeater (Plectorhyncha lanceolata), Gilbert’s Whistler 
(Pachycephala inornata) and the Southern Scrub-robin 
(Drymodes brunneopygia). Their probability of occurrence is 
lowest in young vegetation and increases steadily to be highest 
in old vegetation.

Figure 2. Response curves generated by generalized additive mixed models (GAMMs), of changes in the probability of occurrence 
of species with time-since-fire. Examples of each of the five fire response types are illustrated: a) Irruptive (Red = Painted Dragon, Blue = 
Chestnut-rumped Thornbill); b) Declining (Orange = Mallee Dragon, Light purple = Coral Snake, Dark green = Desert Skink); c) Bell (Grey = 
Mallee Ningaui, Light blue = Marble-faced Delma, Pink = White-browed Babbler, Green = Striated Grasswren); d) Plateau (Purple = Yellow-
plumed Honeyeater and e) Inclining (Dark blue = Spiny-cheeked Honeyeater, Light green = Southern Scrub-robin, Black = Gilbert’s Whistler, 
Brown = Striped Honeyeater). Each figure illustrates how burning at current tolerable fire intervals for Triodia Mallee (represented by the 
yellow vertical lines on the plots, Min TFI=25 and Max TFI=90 years since fire) will influence the probability of occurrence of species within 
these response groups. Note: these response curves are presented without confidence intervals for illustrative purposes – see published 
papers for detailed information, listed in Appendix 1.
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Fauna – Trioda Mallee

The impact of burning at the minimum tolerable fire 
interval (25 years since fire) 

Burning at 25 years since fire (the current min. TFI for 
Hummock-grass Mallee; Cheal 2010) will act to enhance 
the status of irruptive and declining species (four species, 
Figure 2a and b). All species within these response types are 
either rapidly or steadily declining in occurrence probability 
by 25 years post-fire and thus burning at this point would be 
advantageous to them. 

In contrast, species such as those with bell-shaped, plateau 
or inclining fire responses (nine species) will be detrimentally 
affected by a 25-year fire interval. The peak probability of 
occurrence for all species with ‘bell-shaped’ responses occurs 
at >28 years since fire (range of 29–72 years since fire, Figure 
2c) and the ‘plateau’ species (e.g. Yellow-plumed Honeyeater, 
Figure 2d) have not peaked in occurrence probability at 25 
years since fire. The ‘inclining’ species will be affected the 
most by a 25 year burning interval. All four species within this 
group have a probability of occurrence of <0.25 (e.g. Figure 
2e) at 25 years since fire and will thus be seriously negatively 
affected by a 25-year fire interval.

The impact of burning at the maximum tolerable fire 
interval (90 years since fire) 

Maintaining a burning interval of 90 years (Cheal 2010) may 
negatively affect the probability of occurrence of irruptive and 

declining species as their occurrence probabilities are at or 
below 0.2 at 90 years post fire and continue to decline with 
increasing time-since-fire. However, the creation of a ‘newly 
burnt’ area through fire will quickly act to enhance their status 
in the landscape.

In contrast, a 90-year fire interval will not negatively affect the 
occurrence of species within the ‘bell-shaped’ and plateau 
response groups. The peak probability of occurrence of each 
of these species will have occurred (between 29–72 years 
since fire) and probabilities of occurrence are still above 50% 
of their peak. As such, a burn at 90 years post-fire is unlikely to 
be detrimental to the species (Figure 2c and 2d).

Most importantly, however, the probability of occurrence of all 
species from the ‘inclining’ response group is still increasing at 
90 years since fire. Species within this response group will be 
negatively affected by a 90 year fire interval as they show a 
preference for vegetation that is older than 100 years. 

Do fauna respond to Triodia Mallee growth stages? 

We have utilized the growth stages for Triodia Mallee outlined 
in the report by Cheal (2010), with the exception that we have 
grouped all early stages (renewal, juvenility and adolescence) 
into one growth stage encompassing 0–10 years since fire. 
We therefore recognize four growth stages (0–10 years, 10–35 
years, 35–80 years and >80 years).

Whilst some species with similar response types peak within 
specific growth stages, marked changes in the probability 
of occurrence of species do not coincide with the junctions 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

100908070605040302010

S
ta

g
e 

1
(0

–1
0 

ye
ar

s)
n 

=
 5

 s
p

ec
ie

s Stage 2
(10–35 years)
n = 1 species

Stage 3
(35–80 years)
n = 4 species

Stage 4
(>80 years)

n = 4 species

Time-since-fire (years)

P
ro

b
ab

ili
ty

 o
f 

o
cc

ur
re

nc
e

Figure 3. A diagram illustrating how the probability of occurrence of species from each of the five key response types is related to 
Triodia Mallee growth stages. The number of fauna species that peak in occurrence probability during each growth stage is indicated. Pink 
= irruptive species, White = declining species, Black = plateau species, Blue = bell shaped species, and green = inclining species.
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between each growth stage (i.e. at 10 years, 35 years, 80 
years). Irruptive and declining species are most prevalent in 
growth stage 1 (Figure 3), with ‘early’ bell shaped species 
such as the Mallee Ningaui peaking within stage 2. The 
probability of occurrence of ‘late’ bell shaped species such 
as the White-browed Babbler and Marble-faced Delma is 
highest in growth stage 3. The probability of occurrence of 
four bird species (i.e. the ‘inclining species’) is still increasing 
throughout growth stage 4 (Figure 3). The implications of 
this assessment of growth stages for fauna will be discussed 
further on page 35, in Review of Growth Stages.

Fauna – Chenopod Mallee 
As Chenopod Mallee is inherently less flammable, there were 
far fewer fauna species that exhibited a fire response within 
this vegetation type. Only three reptile species showed a fire 
response within Chenopod Mallee, all being associated with 
early successional stages (see Appendix I; Nimmo et al., 
2012). Four bird species were fire-sensitive in Chenopod 
Mallee (Appendix 1).

Response types were similar to that observed in Triodia Mallee, 
with four species showing a declining response, one species 
showing a plateau response and two species showing a 
preference for older vegetation (i.e. an inclining response) 
(Figure 4).

The impact of burning at the minimum tolerable fire 
interval in Chenopod Mallee (40 years since fire)

Burning at 40 years since fire will act to enhance the status 
of the four species that show a declining response (Figure 
4). All species within this response type steadily decline in 
occurrence probability from 0–40 years post-fire and thus 
burning at this interval would be advantageous to these 
species.

In contrast, species that had plateau or inclining fire responses 
will be detrimentally impacted by a 40-year fire interval. The 
peak probability of occurrence for the ‘plateau’ species (e.g. 
Yellow-plumed Honeyeater, Figure 4) is at 60 years post fire.

The two ‘inclining’ bird species will be impacted the most by 
a 40 year burning interval in Chenopod Mallee. The species 
within this group have a probability of occurrence of <0.3 
(Spiny-cheeked Honeyeater) and <0.1 (White-browed Babbler) 
(Figure 4) at 40 years since fire.

Do fauna respond to Chenopod Mallee growth stages? 

We used the growth stages for Chenopod Mallee outlined 
in by Cheal (2010), with the exception that we grouped two 
early stages (renewal and juvenility) into one growth stage 
encompassing 0–10 years since fire. We therefore recognize 
three growth stages for this vegetation type (0–10 years, 
10–30 years and 30–150+ years).
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Figure 4. Response curves generated by generalized additive mixed models (GAMMs), of changes in the probability of occurrence 
of species with time-since-fire. The figure illustrates how burning at current minimum tolerable fire interval in Chenopod Mallee 
(represented by the yellow vertical line on the plot, Min. TFI=40) will influence the probability of occurrence of these fire sensitive species.
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Whilst some species with similar response types peak within 
specific growth stages, marked changes in the probability 
of occurrence of species do not coincide with the junctions 
between each growth stage (i.e. at 10 years and 30 years 
since fire). Declining species are most prevalent in growth 
stage 1 (Figure 5), whilst no species showed a maximum 
probability of occurrence during growth stage 2 (Figure 5).  
The maximum probability of occurrence of the plateau species 
and the inclining species are associated with growth stage 3.

Flora
We used GAMMs to model the responses of plant species to 
time-since-fire over a 100 year chronosequence in order to 
gain a more accurate understanding of key components of 
their life histories to inform TFI estimates. We used presence/
absence data collected by the Mallee Fire and Biodiversity 
Project at 835 sites across the Murray Mallee region. Of 164 
species detected, 43 species had sufficient data for model 
building. Eucalyptus species were not included due to the 
lack of influence of fire on their presence at a site (trees in 
the Mallee survive fire by resprouting from underground 
lignotubers). Time-since-fire had a significant influence on 
the predicted probability of occurrence of 25 plant species, 
sixteen in Triodia Mallee and nine in Chenopod Mallee 
vegetation types (Appendix 1). Despite extensive survey 
effort (835 sites sampled), only four (out of 13) of the species 
currently listed in the Victorian Flora Vital Attributes Dataset 
(D. Cheal, unpublished data) as Key Fire Response Species 

(KFRS) for the mallee had sufficient data to produce models. 
Contrary to the expectation of species chosen as KFRS, the 
predicted probability of occurrence of these four species was 
not significantly influenced by time-since-fire at a site. The 
remaining six species were not sufficiently abundant to be 
modelled and given their rarity are unsuitable as KFRS. 

Flora – Triodia Mallee
Species whose probability of occurrence decreases with 
increasing time-since-fire (Figure 6) consist of irruptive 
(Eremophilia glabra) and declining species (Myoporum 
platycarpum subsp platycarpum, Halgania cyanea, Acacia 
ligulata, Melaleuca lanceolata subsp. lanceolata, Prostanthera 
serpyllifolia subsp. microphylla and Eremophila crassifolia). 
It is not clear whether such species have seeds that persist 
in the soil seed bank for long periods after the species is no 
longer observed above ground, although these species were 
not detected in the soil seed bank at sites of any fire age class 
(pre-1970s, 1980s, post-2004) during the MFBP (Kenny, 
2012). 

Two species had a bell-shaped response (Beyeria opaca, 
Acacia rigens), where the peak probability of occurrence was 
at 30 years since fire. Seven species had either a plateau 
(Westringia rigida, Olearia muelleri) or inclining response 
(Enchylaena tomentosa var tomentosa, Olearia pimeleoides 
subsp. pimeleoides, Senna artemisioides (all subsp. 
combined), Acacia colletioides, Daviesia benthamii subsp. 
acanthoclona).
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Figure 5. A diagram illustrating how the probability of occurrence of species from each of the three key response types observed in 
Chenopod Mallee is related to Chenopod Mallee growth stages. The number of fauna species that peak in occurrence probability during 
each growth stage is indicated. Red= declining species, green = inclining species and black = plateau species.
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a) Irruptive response b) Declining response

c) Bell response d) Plateau response

e) Inclining response

a) Irruptive response b) Declining response

c) Bell response d) Plateau response

e) Inclining response

Figure 6. Response curves generated by generalized additive mixed models (GAMMs), of changes in the probability of occurrence 
of plant species with time-since-fire in Triodia Mallee vegetation. Examples of each of the five fire response types are illustrated:  
a) Irruptive (Eremophila glabra); b) Declining (Black = Myoporum platycarpum subsp. platycarpum, Grey = Halgania cyanea, Blue = Acacia 
ligulata, Purple = Melaleuca lanceolata subsp. lanceolata, Orange = Prostanthera serpyllifolia subsp. microphylla; c) Bell (White = Beyeria 
opaca, Black = Acacia rigens); d) Plateau (Grey = Westringia rigida, Black = Olearia muelleri) and e) Inclining (Black = Enchylaena tomentosa 
var. tomentosa, Grey = Olearia pimeleoides subsp. pimeleoides, Red = Senna artemisioides (all subsp. combined), Green = Acacia 
colletioides, Blue = Daviesia benthamii subsp. acanthoclona). Each figure illustrates how burning at current tolerable fire intervals for Triodia 
Mallee (represented by the yellow vertical lines on the plots, Min TFI = 25 and Max TFI = 90 years since fire) will influence the probability of 
occurrence of plant species within these response groups.
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The impact of burning at the minimum tolerable fire 
interval (25 years since fire) 

As with fauna species, the current minimum TFI for Triodia 
Mallee is likely to benefit species with irruptive or declining 
responses to time-since-fire (seven species). In contrast, 

those species with bell, plateau or inclining responses (nine 
species) are less likely to be detected at sites that are burnt 
<25 years and are likely to be negatively affected by intervals 
of this duration. Several species are still inclining at 100 years 
post-fire. 
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Flora – Chenopod Mallee 
Species found in Chenopod Mallee showed similar patterns 
of decline responses to those described for Triodia Mallee. 
Species with inclining responses in CM have slower rates of 
incline from a higher probability of occurrence; that is they are 
likely to be present soon after fire at relatively high levels of 
occurrence and increase with increasing time-since-fire, with 
no plateau by 100 years. These species include chenopods 
such as Enchylaena tomentosa, Maireana pentotropis and 
Zygophyllum apiculatum as well as Senna artemoides subsp. 
coriacea

Habitat/Fuel
The Mallee Fire and Biodiversity Project collected data for 
habitat assessments at 835 sites across the Murray Mallee 
region. These sites included pitfall trap lines, bird survey sites 
and invertebrate survey sites. Habitat surveys were performed 
using a consistent method at all sites and included a range 
of variables including floristic richness, the stem diameter of 
Eucalyptus trees, amount of logs, decorticating bark, litter 
depth, the presence of hollows and various measurements of 
Triodia hummocks (see Haslem et al. 2011 for detail). As well 
as being used in the analyses of habitat requirements of fauna, 
this large dataset has also been used to estimate ages of ‘long 
unburnt’ sites (Clarke et al. 2010), to classify vegetation types 
across the three states (Haslem et al. 2010) and to explore 
the responses to fire of various habitat elements (Haslem et al. 
2011). The selection of variables used in the surveys covers 
measures of habitat resources as well as fuel types, and 
our data are currently being used to improve predictions of fire 
risk in the region by informing models of fuel accumulation and 
fuel distribution. 

We used GAMMs to model responses of 13 key habitat 
structural variables to time-since-fire over a 110-year 
chronosequence (Haslem et al., 2011). A total of 12 habitat 
variables were fire-sensitive within Triodia Mallee vegetation. 
The development of key habitat attributes exhibited a range 
of response types, with the trend and rate of development not 
consistent across the 110-year long chronosequence (Haslem 
et al. 2011). The range of response types resembled four of the 
five key response types observed in the faunal fire responses 
and included:

1. Irruptive Response — Percentage cover of Low and  
Mid-storey plant matter and density of logs (no./ha), see 
Figure 7 (a and b)

2. Bell-shaped Response — Percentage cover of Triodia 
scariosa, see Figure 7(c)

3. Plateau Response — Mean Litter Depth (cm) and Canopy 
Height (m), see Figure 7(d and e)

4. Inclining Response — Proportion of stems with hollows and 
Decorticating Bark Index, see Figure 7 (f and g).

Habitat – Triodia Mallee

The impact of burning at the minimum tolerable fire 
interval for Triodia Mallee (25 years since fire) 

Burning at 25 years since fire will act to enhance ‘irruptive’ 
habitat attributes such as low and mid storey plant cover and 
the density of logs as these attributes rapidly increase in early 
fire ages, peaking at 0–20 years since fire (Figure 7 a and b). 
These attributes are declining in cover/density by 25 years 
post-fire and thus burning at this point would be advantageous 
to maintaining them. 

In contrast, habitat attributes such as the cover of Triodia 
scariosa, an extremely important foraging and shelter structure 
for many mallee animals, is not at its peak of cover until 33 
years post-fire (Figure 7c). Maintaining a 25-year fire interval 
would be detrimental to the cover of this species and therefore 
the faunal species that rely upon it.

Litter, another key foraging and shelter resource, is also likely 
to be detrimentally impacted by a 25 year fire interval. It does 
not reach its maximum depth until 25 years post-fire and 
maintains these depths at 50–80 years since fire (Figure 7d). 
Canopy height is also likely to be restricted as, at 25 years it 
is only approx. 60% of maximum height, which is reached in 
Triodia Mallee at 61 years post-fire, after which it maintains this 
height (Figure 7e). 

Inclining habitat attributes such as the amount of decorticating 
bark and the proportion of mallee stems with hollows will 
be severely affected by the current Minimum Tolerable Fire 
Interval (Figure 7 f and g). Decorticating bark exhibits a linear 
increase with time-since-fire and is still increasing after 110 
years post-fire. The proportion of stems with hollows shows a 
‘delayed’ incline, whereby there is no change in proportion in 
the first 20 years since fire, then a marked increase after this 
point. Importantly, the proportion of stems with hollows is still 
increasing after 110 years post-fire.

The impact of burning at the maximum tolerable fire 
interval (90 years since fire) 

Maintaining a burning interval of 90 years will have minimal 
impact on low and mid-storey plant cover and the density of 
logs as these structures remain in the landscape from 0–90 
years since fire. The creation of a ‘newly burnt’ area through 
fire will quickly act to enhance their rate of development/
occurrence in the landscape.

A 90-year fire interval will be advantageous to the development 
of key shelter and foraging structures such as Triodia scariosa 
cover and litter depth as these attributes peak prior to 90 years 
since fire and are in fact declining at the proposed interval.

Most importantly, foraging and shelter habitat attributes that 
are still developing at 110 years post-fire (i.e. hollows and 
decorticating bark) will be negatively affected by the Maximum 
Tolerable Fire Interval as they continue to develop in vegetation 
that is older than 90 years. 
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Figure 7. Response curves generated by generalized additive mixed models (GAMMs), of changes in habitat structural attributes 
with time-since-fire. Examples of four fire response types are shown: Irruptive: Illustrated by the percent cover of a) Mid-storey (0.5–2m 
high; red) and lower-storey (<0.5m; grey) plant matter and b) density of logs; Bell: Illustrated by c) Percent cover of Triodia scariosa;  
Plateau: Illustrated by d) Mean litter depth (cm) and e) Canopy height (m); and Inclining: Illustrated by f) Proportion of stems with hollows 
and g) Decorticating Bark Index. Each figure illustrates how burning at current tolerable fire intervals for Triodia Mallee (represented by the 
yellow vertical lines on the plots, Min TFI=25 and Max TFI=90 years since fire) will influence each key habitat structural attributes within 
these response groups. 

a) Irruptive – % cover b) Irruptive – log density

c) Bell – % cover Triodia 

d) Plateau – mean litter depth e) Plateau – canopy height

f) Inclining – stems with hollows g) Inclining – decortiating bark index
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Does habitat structure development coincide with 
particular Triodia Mallee growth stages? 

Whilst some habitat attributes show a peak in development 
within specific growth stages (e.g. density of logs within 
growth stage 1, Triodia scariosa cover within growth stage 2, 
marked changes in the rate of development do not coincide 
with the junctions between each growth stage (i.e. at 10 
years, 35 years, 80 years). The currently recognized Triodia 
Mallee growth stages outlined by Cheal (2010) are therefore 
not necessarily helpful in identifying important Triodia Mallee 
vegetation ages for the management of habitat structures.

Fuel hazard (Appendix 2)
Initial surveys of fuel hazard were undertaken at 25 sites across 
Murray-Sunset and Hattah-Kulkyne National Parks during 
October and November 2006 as part of the Mallee Fire and 
Biodiversity Project (Appendix 2). Follow-up surveys were 
undertaken in November 2011 (23 sites) and March 2012 (two 
sites).

Two methods were used to assess fuel at a site – the line 
intercept method and the Fuel Hazard Assessment Guide 
method (DSE 2010). A 50 m line intercept/transect was 
used at each site to record structural diversity and cover of 
each species (2006) or life form (2011–12) (see Appendix 11 
for detail). Fuel hazard was assessed following DSE (2010). 
Briefly, each fuel layer (surface, near-surface, elevated, bark) 
is assessed separately in the field. Average canopy height (to 
top of canopy and bottom of canopy) is also assessed. Bark 
hazard and average canopy height are assessed over a 20 
m radius and the remaining layers are assessed over a 10m 
radius. Each assessment was repeated three times at a site.

Overall fuel hazard varies little with time-since-fire. There are 
no clear trends of increasing fuel hazard as time-since-fire 
increases; rather, most sites assessed have a medium fuel 
hazard (Figure 8).
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hazard. Note: bubbles represent number of sites (1, 2, or 3) with same time-since-fire and fuel rating.
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A comparison of overall fuel hazard in 2011–12 and the same 
categories captured along the fuel transect indicated that 
values recorded from the fuel transect were generally higher 
than those recorded as part of the fuel hazard assessment. 
Litter and elevated fuel and average canopy height were 
consistently recorded with higher values along the transect 
in comparison to the fuel hazard assessment. In contrast, 
near-surface fuel hazard was consistently recorded with higher 
values using the fuel hazard assessment methods.

Inter-fire Interval (Appendix 1)
Guidelines concerning the length of time between fires 
(e.g. tolerable fire intervals) are common in Australian 
fire management, and have the objective of maintaining 
biodiversity. Minimum and maximum fire intervals have 
typically been identified based on the life-history traits of 
key plant species. It is often difficult to obtain information on 
the number of years between recurrent fires however, due 
to incomplete fire-history records and reduced temporal 
coverage of remotely-sensed imagery. Thus, there is limited 
capacity to empirically assess the potential outcomes of such 
prescriptions. 

Quantitative predictive models of time-since-fire (Clarke et al. 
2010) and inter-fire interval (Haslem et al. 2012) have allowed 
novel insights for the Murray Mallee. Results from the Mallee 
Fire and Biodiversity Project were used to develop a way of 
estimating the fire intervals experienced at a site using the 
size of dead standing stems on Eucalyptus trees (Haslem et 
al. 2012). This method allowed us to explore the effects of fire 
beyond the history currently available from mapping Landsat 
imagery.

Plant species
Data collected on the presence/absence of plant species 
in tree mallee, used in the time-since-fire models outlined 
previously, were also used to investigate the effect of inter-
fire interval on the occurrence of species at a site (Appendix 
1). The probability of occurrence for 14 plant species (of 43 
species able to be modelled) was found to be significantly 
affected by inter-fire interval at a site. The majority of these 
(9) were in Triodia Mallee and eight of these had an inclining 
probability of occurrence with increasing inter-fire interval; 
that is, they are more likely to be recorded at a site when time 
between successive fires was longer. Four of these species 
were recorded only at very low rates in Triodia Mallee sites 
and are more likely to be found when the interval between 
fires is greater than 60–80 years (and are still increasing 
after 90 years). These species include Maireana pentotropis, 
Zygophyllum apiculatum and Z. aurantiacum, which, 

interestingly, are chenopod species more likely to be found in 
Chenopod Mallee than Triodia Mallee. This raises questions 
about successional processes in very old Triodia Mallee and 
whether it becomes more similar to Chenopod Mallee in the 
long term (>100s of years). The only plant species to decline 
in probability of occurrence with increased inter-fire interval in 
Triodia Mallee was Melaleuca lanceolata, which was more likely 
to occur at sites with intervals less than 30 years between fires 
and declined to very low levels at intervals greater than this. 

Within Chenopod Mallee, two species had an incline response 
to inter-fire interval. Atriplex stipitata and Senna artemoides 
subsp. zygophylla were recorded with a low probability of 
occurrence (<0.2) at intervals of less than 60 years, but 
increased at intervals greater than this. Three species with 
declining probability of occurrence with inter-fire interval 
experienced declines at greater than 40–60 year intervals 
(Acacia sclerophylla, Daviesia benthamii and Sclerolaena 
dicantha).

Habitat attributes: Triodia and hollows
Non-linear mixed models were also used to examine the effect 
of time-since-fire and inter-fire interval on two habitat structural 
attributes for fauna: Triodia scariosa and tree hollows (which 
provide key nesting and shelter resources for a large range 
of species). Time-since-fire was the dominant influence on 
T. scariosa; inter-fire interval had less effect (Appendix 3). Live 
hollow-bearing stems were affected only by time-since-fire, 
whereas inter-fire interval influenced the occurrence of hollows 
in dead stems (Haslem et al. 2012). Dead stems were more 
likely to contain hollows as inter-fire intervals increased.

Results show that the current minimum tolerable fire intervals 
for both vegetation types will have a negative impact on 
hollow-dependent mallee fauna. Hollows typically do not 
develop in live stems before 40 years; and inter-fire intervals 
of this length or less will result in fewer, and smaller, dead 
stems with hollows, particularly in recently-burnt areas where 
dead stems provide crucial habitat for hollow-nesting species 
(Haslem et al. 2012). Further, fires at the maximum tolerable fire 
interval for Hummock-grass Mallee (90 years) are also unlikely 
to provide habitat that will meet the requirements of all hollow-
dependent fauna. Only some 10% of live stems are predicted 
to contain hollows by 90 years post-fire (Haslem et al. 2012), 
and these stems are predicted to be around just 13 cm in 
size (Clarke et al. 2010), too small to provide hollows for some 
of the larger hollow-nesting species in the region (e.g. large 
parrots, cockatoos). While outside the temporal range of our 
dataset, the maximum tolerable fire interval for Saltbush Mallee 
(200 years) is likely to be much more suitable when it comes to 
meeting the requirements of hollow-dependent mallee fauna.



 Mallee HawkEye Project Final Report 15

Conclusion
Inter-fire interval is important for some plant species, with the 
predominant relationship being one of increasing probability 
of detection when intervals are longer (>60 years), particularly 
in Triodia Mallee. However, fire intervals are not an important 
driver of the cover of the key habitat/fuel resource Triodia. 
The most important result of the inter-fire interval analysis is 
that hollow-bearing dead stems of Eucalyptus trees are more 
likely at longer (>60 year) intervals and increase with 100 year 
intervals. These hollows are an important but scarce resource 
for hollow-dependent species in the tree mallee system. 
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How does rainfall affect time-since-fire 
responses?
Fire and rainfall are key drivers of structure and 
change in semi-arid ecosystems. Repeated 
sampling of fauna and vegetation structure before 
and after a period of above-average rainfall has 
allowed us to examine the interacting effects of fire 
and rainfall. 
Differences in annual rainfall totals received around the time of 
the two survey periods (2007, 2012) allowed an examination 
of the effect of above-average rainfall at sites in Victoria. The 
original MFBP surveys of 2007 were preceded by a decade in 
which many years experienced well below-average rainfall. In 
contrast, Mallee HawkEye surveys undertaken in late 2011 and 
2012 followed two years of very high rainfall: totals recorded 
in 2010 and 2011 were the highest received in the region over 
the last 50 years (Figure 9).

Mammals and reptiles
Previous studies have documented the time-since-fire 
responses of small mammals (Kelly et al. 2011) and reptiles 
(Nimmo et al. 2012). Work on small mammals has also 
demonstrated the positive association between high rainfall 
and populations of small mammal species (Kelly et al. 2013). 
However, interactions between fire and rainfall have not been 
previously explored.

We asked two key questions:

1. Are small mammal and reptile responses to fire consistent 
between low rainfall (2006–2008) and high rainfall (2011–
2012) periods?

2. Are small mammal and reptile capture rates associated with 
low rainfall (2006–2008) and high rainfall (2011–2012)?

Methods

We employed a space-for-time approach to investigate small 
mammal and reptile responses to fire. We completed repeat 
surveys of small mammals and reptiles at a total of 11 Triodia 
Mallee sites in Murray Sunset N.P. and Hattah-Kulkyne N.P. We 
also established seven new study sites in Hattah-Kulkyne N.P. 
in 2011–2012. Sites were arrayed along a chronosequence of 
1–105 years post-fire. 

Surveys were undertaken in Spring/Summer 2006–2008 (low 
rainfall period) and Spring/Summer 2011–2012 (high rainfall 
period). At each survey site, we established a line of pitfall 
traps comprising ten 20 L plastic buckets, spaced five metres 
apart, connected by a continuous 300-mm-high flywire drift 
fence. Each survey period consisted of five consecutive nights 
of trapping, and traps were checked daily. We completed a 
total of 2,200 pitfall trap nights in the low rainfall period and 
1,752 pitfall trap nights in the high rainfall period.

Here, we summarise a visual comparison of a) the time-since-
fire response curves for reptiles and small mammals in each 
survey period and b) the capture rates of reptiles and small 
mammals in each survey period (with the low rainfall period 
split into two years).

Figure 9. Total annual rainfall (mm) recorded between 1960 and 2013 at the Mildura Airport weather station. The mean annual rainfall 
for Mildura Airport (calculated over this same period: 1960–2013) is shown by the dashed line. Grey bars show survey years (2007 by the 
Mallee Fire and Biodiversity Project; 2012 by Mallee HawkEye). Data obtained from the Bureau of Meteorology website. 
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Reptile responses to time-since-fire

Reptile surveys resulted in 445 captures of 26 species. We 
focus on six species that are associated with time-since-fire 
in Murray Sunset National Park and Hattah-Kulkyne National 
Park (see Table 1, Appendix 1).

Overall, reptile responses to time-since-fire were consistent 
between low rainfall and high rainfall periods (Table 2). For 

example, capture rates of the Marble-faced Delma (Delma 
australis) were highest in middle successional vegetation 
(bell-shaped) during both survey periods (Figure 10a). Mallee 
Dragon (Ctenophorus fordi) capture rates were consistently 
higher in early successional vegetation (declining response) 
(Figure 10b).
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Table 2. Reptile and small mammal responses to fire in 2006–2008 and 2011–12.

Taxa Species name Common Name
Response shape  
(2006–2008)

Response shape  
(2011–2012)

Reptile Brachyurophis australis Coral Snake Bell* Bell

Ctenophorus fordi Mallee Dragon Decline Decline

Ctenophorus pictus Painted Dragon Irruptive Irruptive

Delma australis Marble-faced Delma Bell Bell

Liopholis inornata Desert Skink Decline Null

Morethia boulengeri Boulenger’s Skink Incline Data deficient

Mammal Mus musculus House Mouse Irruptive Irruptive

Ningaui yvonneae Mallee Ningaui Bell/Plataeu Bell/Plataeu

Notomys mitchellii Mitchell’s Hopping Mouse Data deficient Data deficient

Cercartetus lepidus Little Pygmy-possum Data deficient Data deficient

Cercartetus concinnus Western Pygmy-possum Null Null

Sminthopsis murina Common Dunnart Null Null

*  Note: The fire response curves summarised in Table 2 are based on a smaller data set (18 sites) than those presented in Table 1 in  
Appendix 1 (280 sites). Differences in the shape of the fire response curve are likely due to local variation and different sample sizes.  
In this section, our focus is on changes in the shape of fire response curves at a smaller subset of sites and we have classified the  
Coral Snake (B. australis) as a bell-shaped species.

Figure 10. Reptile responses to time-since-fire in 2006–2008 (low rainfall) and 2011–2012 (high rainfall). Black dots are observed data 
from sites visited in both survey periods. Grey dots are observed data from sites established in 2011–2012. The data has been jittered to 
show where dots overlap.
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Small mammal responses to time-since-fire

Small mammal surveys resulted in 221 captures of five native 
species and one introduced species.

Small mammal responses to time-since-fire were consistent 
between low rainfall and high rainfall periods (Table 3; 
Figure 11a–d). For example, the capture rates of the Mallee 
Ningaui (Ningaui yvonneae) were highest in middle and late 
successional vegetation (bell/plateau-shaped) in both survey 

periods (Figure 11a). Surveys conducted following high rainfall 
offered additional insights. Capture rates of Mallee Ningaui in 
early successional vegetation were higher than when surveys 
were undertaken at those same sites during a low rainfall 
period. Capture rates of Mitchell’s Hopping Mouse (Notomoys 
mitchellii) were higher following high rainfall. Preliminary analysis 
suggests this species is associated with early successional 
vegetation during periods of high primary productivity  
(Figure 11c).

Figure 11. Small mammal responses to fire in 2006–2008 (low rainfall) and 2011–2012 (high rainfall). Black dots are observed data from 
sites visited in both survey periods. Grey dots are observed data from sites established in 2011–2012. The data has been jittered to show 
where dots overlap.

6

4

2

0

6

4

2

0

 0 25 50 75 100
Time-since-fire (years)

(a) Ningaui yvonneae

C
ap

tu
re

 r
at

e 
(1

00
/T

N
)

2006–8

2011–12

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

 0 25 50 75 100
Time-since-fire (years)

(c) Notomys mitchellii

C
ap

tu
re

 r
at

e 
(1

00
/T

N
)

2006–8

2011–12

15

10

5

0

15

10

5

0

 0 30 60 90
Time-since-fire (years)

(b) Mus musculus

C
ap

tu
re

 r
at

e 
(1

00
/T

N
)

2006–8

2011–12

6

4

2

0

15

10

5

0

 0 25 50 75 100
Time-since-fire (years)

(d) Cercartetus lepidus

C
ap

tu
re

 r
at

e 
(1

00
/T

N
)

2006–8

2011–12



 20 Mallee HawkEye Project Final Report

Reptile and small mammal capture rates in each survey 
period

We compared the capture rates of small mammals and 
reptiles in three survey periods. Reptile capture rates were 
not consistently related to survey period (Table 3, Figure 12a 
and b). For example, visual exploration of the data shows that 
the Mallee Dragon and Marble-faced Delma were captured 

at similar rates in each survey period. Small mammal capture 
rates were strongly associated with survey period. Four of 
six small mammal species were captured at markedly higher 
rates in the high rainfall survey period of 2011–2012 (Table 
3). In particular, capture rates of rodents (House Mouse and 
Mitchell’s Hopping Mouse) and burramyids (Little Pygmy 
Possum) were associated with high rainfall years (Figure 
13a–d).

Table 3. Reptile and small mammal capture rates in Spring/Summer 2006–2007, Spring/Summer 2007–2008 and Spring/Summer 
2011–12. Values are mean capture rates per 100 trap nights (± standard error).

Taxa Species name Common Name
Capture rate 
(2006–2007)

Capture rate  
(2007–2008)

Capture rate  
(2011–2012)

Reptile Brachyurophis australis Coral Snake 1.63 (± 0.50) 0.55 (± 0.25) 0.52 (± 0.22)

Ctenophorus fordi Mallee Dragon 4.82 (± 2.94) 2.09 (± 1.25) 2.92 (± 0.95)

Ctenophorus pictus Painted Dragon 0.82 (± 0.82) 0.55 (± 0.55) 1.84 (± 0.70)

Delma australis Marble-faced Delma 0.27 (± 0.19) 0.09 (± 0.09) 0.29 (± 0.14)

Liopholis inornata Desert Skink 0.64 (± 0.31) 0.27 (± 0.27) 0.63 (± 0.27)

Morethia boulengeri Boulenger’s Skink 0.09 (± 0.09) 0.00 (± 0.00) 0.06 (± 0.06)

Mammal Mus musculus House Mouse 0.91 (± 0.25) 0.00 (± 0.00) 6.21 (± 1.22)

Ningaui yvonneae Mallee Ningaui 0.45 (± 0.28) 0.45 (± 0.28) 2.34 (± 0.54)

Notomys mitchellii Mitchell’s Hopping Mouse 0.00 (± 0.00) 0.00 (± 0.00) 0.12 (± 0.08)

Cercartetus lepidus Little Pygmy-possum 0.09 (± 0.09) 0.18 (± 0.12) 0.73 (± 0.39)

Cercartetus concinnus Western Pygmy-possum 0.18 (± 0.12) 0.00 (± 0.00) 0.18 (± 0.10)

Sminthopsis murina Common Dunnart 1.0 (± 0.30) 0.09 (± 0.09) 0.24 (± 0.11)

Figure 12. Reptile capture rates in each grouped survey period. Box plots show the median capture rate and the 25th and 75th 
percentiles. Observed data are black circles.
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Figure 13. Small mammal capture rates in each grouped survey period. Box plots show the median capture rate and the 25th and 
75th percentiles. Observed data are black circles.
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Birds (Appendix 4)
We conducted point count bird surveys at 180 sites in Victorian 
tree mallee during the high rainfall period (spring 2011, 
autumn 2012) and compared this with data from prior surveys 
conducted at those locations in an extended period of drought 
(Watson et al. 2012). Association of species’ occurrence with 
post-fire age was determined for each rainfall period using 
GAMMs. Models for the low rainfall period, originally developed 
by Watson et al. 2012, were reconstructed using data from 
the Victorian data subset only to allow direct comparison of 
changes in the shape of fire responses.

We found that the occurrence of episodic high rainfall had 
a massive effect on the bird communities in the mallee, with 
a much greater incidence of birds and also greater species 
richness post-rainfall. The higher rainfall resulted in changes 
to the post-fire responses of some species of mallee birds, 
whereas others remained stable.

A total of 695 site presences, comprising 67 species, were 
recorded at Victorian mallee sites under low rainfall conditions, 
substantially lower than the 1,782 presences, comprising 76 
species, following high rainfall. There was a substantially higher 
occupation of all post-fire age classes following high rainfall 
(Figure 14). Seventeen species had sufficient detection rates 
to enable their fire responses to be modelled. The responses 
of many species were unable to be modelled under low rainfall 
due to low presence rates (i.e. insufficient data for the Victorian 
mallee dataset only). Of the 17 species, nine were found to 
be significantly associated with post-fire age. Almost twice 
as many significant responses to post-fire age were exhibited 
following high rainfall (9, where multiple responses by a single 
species in different vegetation types and rainfall periods 

are counted separately) than in low rainfall (5), and these 
comprised a greater breadth of response types such as bell 
and plateau. Nevertheless, the majority of species able to be 
modelled showed no association with post-fire age following 
rain (19 null responses across Triodia and Chenopod Mallee).

Comparison of fire response types between rainfall periods 
for individual species showed mixed results. For a number 
of species, response type changed between rainfall periods. 
The Yellow-plumed Honeyeater (Lichenostomus ornatus) 
showed an incline under low rainfall but a plateau response 
following high rainfall (in Triodia Mallee, Figure 15a). A number 
of species which showed a response under low rainfall had 
no association with post-fire age following high rainfall. These 
included the White-eared Honeyeater (Lichenostomus leucotis, 
Figure 15b) and Spiny-cheeked Honeyeater (Acanthagenys 
rufogularis).

Several species showed a consistent response to post-fire 
age irrespective of rainfall. The Yellow-plumed Honeyeater 
showed a consistent incline response type, where its 
probability of occurrence remained almost identical in both 
low and high rainfall within Chenopod Mallee (Figure 15c). The 
Shy Heathwren (Calamanthus cautus) also had a consistent 
response, showing a decline in both rainfall periods in Triodia 
Mallee; however, its rate of predicted occurrence in young 
vegetation was higher following high rainfall (Figure 15d). 
A further four species, the Weebill (Smicrornis brevirostris), 
Spotted Pardalote (Pardalotus punctatus), White-fronted 
Honeyeater (Philydonyris albifrons) and Grey Butcherbird 
(Cracticus torquatus), all showed no association with post-fire 
age regardless of rainfall period.

Figure 14. Average number of species records per site within post-fire age classes, under conditions of low and high rainfall.  
N.B. *no sites within 11–20 year age class were surveyed in low rainfall; **no sites within 21–30 year age class were surveyed following high 
rainfall. 
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Figure 15. Example species responses to post-fire age, showing species’ predicted probability of occurrence under low and high 
rainfall conditions (mean + 1 SE) for the a) Yellow-plumed Honeyeater, incline for low rainfall and plateau for high rainfall (in Triodia Mallee), 
b) White-eared Honeyeater, decline for low rainfall and null for high rainfall (in Triodia Mallee), c) Yellow-plumed Honeyeater, incline for both 
low and high rainfall (Chenopod Mallee) and d) Shy Heathwren, decline for both low and high rainfall (in Triodia Mallee). 

Triodia (Appendix 5)
There was no overall, region-wide increase in the cover of 
Triodia between 2007 (following drought) and 2012 (following 
above average rainfall), when accounting for site-age to 
remove succession-related change. This is in contrast with the 
post-rainfall irruption of annual grasses such as Austrostipa 
species (Noble and Vines 1993).

Above-average rainfall, however, did reduce the strength of the 
post-fire response in T. scariosa. After many years of average/
below-average rainfall, time-since-fire had a strong effect 
on T. scariosa, explaining one third of the variation in cover 
measurements (2007 data). In contrast, this strong effect was 
no longer observed after two years of above-average rainfall 
(2012 data). Due to the infrequent occurrence of such above-
average conditions in the study region, it is considered that 
the resultant loss of a time-since-fire signature on T. scariosa 
is an uncommon occurrence. Nonetheless, these results 
contribute to our understanding of interacting effects of rainfall 

and fire on Triodia, emphasizing the important insights gained 
by the repeated sampling of sites over time, and highlighting 
the potential influence of conditions at the time of survey on 
results.

While examining the role of rainfall in the response of Triodia 
to time-since-fire, it was found that there is variation in this 
response across the biogeographical gradient (Figure 16). Sites 
with low mean annual rainfall have a stronger response to time-
since-fire for Triodia than do sites with higher mean annual 
rainfall (i.e. sites in Victoria). Time-since-fire explained around 
16% of the variation in Triodia cover in the higher rainfall sites, 
compared with 62% in low rainfall sites (with the 2007 dataset). 

Bringing these results together, within Victoria time-since-fire 
has some effect on the cover of Triodia, but this effect is not 
as strong as in tree mallee ecosystems to the north. When 
periods of above-average rainfall occur, the effect of time-
since-fire is no longer seen.
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Figure 16. Predicted relationship between Triodia scariosa cover (%) and time-since-fire (years) for (a) low rainfall Triodia Mallee 
sites in areas of low mean annual rainfall (218–251mm/yr) and (b) for Triodia Mallee sites in areas of high mean annual rainfall 
(273–327 mm/yr). Dashed lines show the 95% confidence intervals of predicted values, circles show observed data (as collected in 2007 by the 
Mallee Fire and Biodiversity Project).

T.
sc

ar
io

sa
 c

o
ve

r 
(%

)

Time-since-fire (years)

0

10

20

30

40

50

60

1101009080706050403020100

T.
sc

ar
io

sa
 c

o
ve

r 
(%

)

Time-since-fire (years)

0

10

20

30

40

50

60

1101009080706050403020100

Fuel (Appendix 2)
Using the data collected for fuel assessments in both 2006 
and 2011–12, outlined on page 18 (and detailed in Appendix 
2), the horizontal gap between fuel layers was calculated from 
the line intercept data. Lifeforms within the different vegetation 
layers (<0.5 m, 0.5–2 m and >2 m) were combined as these 
act as fuel within these structural layers. Bare ground and 
cryptogamic crust (which represents negligible fuel load and 
does not carry fire) were considered as one. Litter was 
considered a separate fuel source.

Gaps between litter sources (one measure of the level of 
connectivity between fuels) were generally larger during 
the drier period (2006) than the wetter period (2011–12) 

irrespective of the gap measure used (minimum, maximum, 
or average; Table 4). Significant differences were found 
between the two survey periods in all three gap measures 
(Table 4). Gaps in the fuel layer at <0.5 m above ground were 
also generally larger in 2006 than 2011–12 for minimum 
and average gap size. However, there was little difference in 
maximum gap size for the two survey periods. Mid-storey 
vegetation/fuel (0.5–2 m) mirrored that of the <0.5 m layer 
(Table 4). Canopy vegetation/fuel (>2 m) had a contrasting 
trend and in 2011–12 all gap measures were larger than in 
2006.

Conclusion
For mammals and birds, the period of above-average rainfall 
resulted in a marked increase in captures/records from those 
during lower rainfall conditions in 2006–2008. Interestingly, 
this was not the case for reptiles. While periods of high rainfall 
did affect the responses to time-since-fire for a few fauna 
species, the effect was generally to increase the range of 
suitable habitat, particularly by including younger fire age 
classes which are presumed to supply resources not present 
in drier years (e.g. nectar, seeds, and invertebrates). However, 
for many species there was little overall effect. The effect of 
time-since-fire on the cover of Triodia is lessened during the 
period of high rainfall, due to greater variation observed in 
young and older sites. The predominant weather pattern in 
the mallee region is characterised by below average rainfall 
with bi-decadal peaks (Figure 9 above), so we believe that the 
time-since-fire responses developed using data collected in 
2006–2009 are the most reliable representations on which to 
base management decisions.

Table 4. Analysis of variance results for comparison of fuel layer 
gap sizes between two survey periods (2006 vs. 2011–12).

Element Gap type F value p value

Ground layer (gaps 
between litter sources)

Minimum 28.16 <0.0001

Maximum 4.01 0.051

Average 17.67 0.00012

Vegetation <0.5 m Minimum 20.4 <0.0001

Maximum 0.001 0.979

Average 6.753 0.013

Vegetation 0.5–2 m Minimum 21.07 <0.0001

Maximum 2.76 0.105

Average 15.64 0.0003

Vegetation >2 m Minimum 28.27 <0.0001

Maximum 3.55 0.067

Average 26.09 <0.0001



 Mallee HawkEye Project Final Report 25

Distribution of threatened bird 
species (Appendix 6)

We had sufficient data to model the responses to time-since-
fire of 30 species of birds from data collected during the 
Mallee Fire and Biodiversity Project, but at that time there 
were several species of particular interest for which we were 
unable to collect sufficient data for modelling. These included 
threatened species which are found rarely during surveys, such 
as the Mallee Emu-wren (Stipiturus mallee), Black-eared Miner 
(Manorina melanotis) and Red-lored Whistler (Pachycephala 
rufogularis). Many of these species are thought to be affected 
by fire and to have requirements for specific fire-age classes 
in the landscape. To address this limitation in our knowledge, 
the Mallee HawkEye project collected all available data from 
surveys conducted in the mallee region to develop species’ 
distribution models using presence-only data (because many 
data were records of sightings rather than from surveys of the 
presence/absence of birds). Sources of data included DEPI, 
Parks Victoria, Department of Environment Water and Natural 
Resources (South Australia), Mallee Catchment Management 

Authority, Birdlife Australia and Deakin, La Trobe and Monash 
University research groups. Although individually these surveys 
may not have gathered sufficient data to answer these types 
of questions, combined together the results from previous 
investments form a valuable resource. 

Aims

We sought to develop MaxEnt species distribution models for 
12 threatened bird species using presence-only data, with the 
following objectives:

1. To determine the extent to which species occurrences are 
driven by post-fire vegetation age

2. Of those species with an association with post-fire 
vegetation age, to determine the nature of their response

3. To predict the distributions of all threatened bird species 
across the Murray Mallee region and to identify where the 
most suitable habitat available to them was located

4. To identify whether any of these species were considered 
highly restricted within the region.

Figure 17. Selected distribution maps for threatened mallee bird species in the Murray Mallee region at 2011. Pixels of highest relative 
predicted occurrence (approaching 1) are indicated by red, intermediate (~0.5) green, and lowest (approaching 0) blue.

a) Extent of modelling area b) Mallee Emu-wren

c) Black-eyed Miner d) Red-lored Whistler
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Major findings

MaxEnt distribution models with high performance (AUC 
values >0.75) were able to be developed for nine of 12 
threatened bird species. The discriminatory ability of models 
for the Malleefowl (Leipoa ocellata), Major Mitchell’s Cockatoo 
(Lophochroa leadbeateri) and Crested Bellbird (Oreoica 
gutturalis) were deemed too weak to be evaluated. 

A range of climatic zone predictors relating to precipitation 
and temperature were responsible for much of the variation 
exhibited in distribution trends for all nine species. However, 
post-fire vegetation age contributed strongly to all models. 
It was the most important predictor of occurrence for both 
the Southern Scrub-robin (Drymodes brunniopygia) and the 
Red-lored Whistler. Vegetation type was an important predictor 
of occurrence for only three species – the Mallee Emu-wren, 
Striated Grasswren (Amytornis striatus) and the Red-lored 
Whistler, all of which were strongly associated with Triodia 
Mallee vegetation. 

Individual species responses to post-fire age class showed 
three general patterns, with peaks of maximum occurrence 
within intermediate (21–40 years), late intermediate (41–50 
years) and old (51–70 years) post-fire vegetation classes 
(Figure 17). Maximum occurrence was highest in old post-fire 
age classes for the Striated Grass-wren, Black-eared Miner 
(Figure 17c) and Gilbert’s Whistler (Pachycephala inornata), 
which all peaked within 41–60 years; highest in intermediate 
and late intermediate for the Regent Parrot (Polytelis 
anthopeplus, 21–50 years); and highest in intermediate for 
the remaining species – Mallee Emu-wren (21–30 years), Shy 
Heathwren (Calamanthus cautus, 21–40 years), Southern 
Scrub-robin (31–40 years), Chestnut Quail-thrush (Cinclosoma 
castanotum, 31–40 years), and Red-lored Whistler (21–40 
years). For all species except the Shy Heathwren, the lowest 
occurrence was found in very young post-fire vegetation 

(1–10 years). An inadequate sampling effort in very old 
vegetation (>80 years post-fire) restricted the utility of models 
in determining the relative importance of the oldest age classes 
to threatened species.

The distribution models identified that suitable habitat was 
most highly restricted within the study region for two species, 
the Mallee Emu-wren and Red-lored Whistler (Figure 17b & d). 
Most suitable habitat for the Mallee Emu-wren was strongly 
associated with Triodia Mallee located in small, discontinuous 
patches located in the Hattah Kulkyne, Annuello and eastern 
Murray-Sunset Victorian reserves, and suitable habitat for 
the Red-lored Whistler was predominantly restricted to the 
southeast of the study region, located in a mostly connected 
series of small patches in the west of the Murray-Sunset 
National Park in Victoria.

Threatened Mallee Birds and Triodia Mallee growth 
stages/TFI’s

Using the results for the nine species of threatened mallee 
birds presented in the previous section, we looked at the 
proportions of records for these species within different time-
since-fire age classes across the Murray Mallee region. The 
presence of all species was very low at sites within fire ages of 
0–20 years, with peak presences observed in intermediate fire 
ages (21–60 years since fire) (see Table 3, Appendix 1, Figure 
18). This illustrates the importance of maintaining sufficient 
proportions of ‘intermediate’ ages of Triodia Mallee, particularly 
within growth stage 3 (35–80 years since fire).

The peak presence of three bird species regarded as 
threatened in Victoria occurs after 25 years since fire. Thus, 
extensive burning at the suggested minimum tolerable 
fire interval of 25 years is likely to be detrimental to the 
conservation of the preferred habitat for these species.
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Figure 18. The proportion of total presences in each fire-age class for mallee bird species listed as threatened under the Victorian 
Flora and Fauna Guarantee Act 1988. The figure also includes the proportion of the total area of reserves studied in each of the fire-age 
classes in 2011 within the Victorian Mallee.
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Review of Tolerable Fire Intervals 
The existing Tolerable Fire Intervals (TFIs) for both 
Hummock-grass Mallee and Saltbush Mallee in 
Victoria are based upon expert opinion of the 
requirements of the vegetation community. Key 
Fire Response Species (KFRS) currently listed for 
mallee vegetation are not representative of either 
flora or fauna species requirements with regard to 
fire, based on our analyses, and do not inform the 
TFIs for these two EVDs. 
They are either not affected by fire (Eucalyptus species), are 
rarely found and therefore are not good response species, or 
were not found to have a response to time-since-fire over a 
100 year chronosequence.

For this reason we suggest that a different suite of species 
that includes both plants and animals are used to inform 
the TFIs for both EVDs, and to identify the intervals that will 
promote resilience within these communities. Results from 
MFBP and Mallee HawkEye have identified the time-since-
fire responses of 42 animal species, 25 plant species and 13 

habitat attributes, using empirical data collected at 835 sites 
across the region. As outlined above, five distinct response 
shapes were consistently found across all groups (Figure 19). 
Our results suggest that the minimum TFI for Triodia Mallee, 
to enhance the resilience of the community, should be 40 
years since last fire (Figure 19). The appropriate maximum TFI 
will depend on the species or resources that management is 
trying to protect: species with bell-shaped responses (Triodia 
and associated fauna) will benefit from the existing 90 year 
interval, whereas slow developing resources such as hollows 
will require >100 year intervals. 

The appropriate TFIs for Chenopod Mallee are less clearly 
defined by the responses of fauna, flora or habitat attributes. 
This vegetation type is less likely to burn than Triodia Mallee 
(Avitabile et al. 2013) and has fewer species with strong time-
since-fire responses. Nevertheless, some threatened mallee 
birds, and hollow-bearing trees, are more likely to occur in 
older Chenopod Mallee (>60 years). There is no evidence to 
support altering the existing TFIs of 40 (minimum) and 200 
(maximum) years. 

Figure 19. A diagram illustrating how the probability of occurrence of species from each of the five key response types is related to 
our proposed minimum and maximum tolerable fire intervals for Triodia Mallee. (Illustrated with the vertical yellow lines on the graph. 
Minimum = 40 years since fire, Maximum = 90 years since fire). Pink = irruptive species, white = declining species, black = plateau species, 
blue = bell shaped species and green = inclining species.
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Review of Growth Stages
Vegetation growth stages have been described 
for all EVDs in Victoria (Cheal 2010) and detail 
the successional stages experienced in plant 
communities with time-since-fire. 

Our analysis has shown that fauna species do not follow the 
same successional stages as those described for Hummock-
grass and Saltbush Mallee; in fact there are no clear 
successional stages but rather a continuum with a range of 
response types. The challenge is to manage the landscape so 
that all species (or those reliant on particular fire-age classes) 
have their requirements met. 

We propose the following ‘management’ stages for future 
fire management in Triodia (Hummock-grass) — Mallee: 
0–15 years, 15–50 years and >50 years (Figure 20). These 
management stages are based on the responses of fire-
sensitive fauna, flora and habitat attributes in this vegetation 
type. Each stage describes a range of fire ages within which 
fire sensitive species/attributes reach their peak occurrence. 
The early stage of 0–15 years since fire is when irruptive and 

declining species/attributes are at their peak occurrence (e.g. 
Mallee Dragon). The mid-stage 15–50 years is when Triodia 
cover is maximised and associated fauna are at their peak. The 
late stage (>50 years) meets the requirements of plateau and 
inclining species/attributes. While 50 years is the minimum age 
for this stage, many species associated with this stage reach 
their maximum occurrences after 60–80 years and most are 
either still inclining, or are close to their maximum occurrence, 
at 100 years.

As stated above in the review of TFIs, Chenopod Mallee 
has fewer fire sensitive species/attributes. Nevertheless, we 
propose that the management stages for this vegetation type 
are 0–30 and 30–150+ years (Figure 21). These stages allow 
for the declining species whose peak occurrence is between 
0–10 years and removes the 10–30 year stage, which did not 
cater for the optimal occurrence of any species (Figure 5). 
The stage from 30–150+ years caters for those species with 
a bell-shaped response to fire and also the inclining species/
attributes, although it should be noted that these may be slow-
developing and require >100 years to increase in occurrence. 
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Figure 20. A diagram illustrating how the probability of occurrence of species from each of the five key response types is related 
to our proposed Triodia Mallee management stages (0–15, 15–50 and >50 years since fire). The number of fauna species that peak in 
occurrence probability during each growth stage is indicated. Pink = irruptive species, white = declining species, black = plateau species, 
blue = bell shaped species and green = inclining species.
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Figure 21. A diagram illustrating how the probability of occurrence of species from each of the three key response types observed 
in Chenopod Mallee is related to our proposed management stages (0–30, 30–150+ years since fire). The number of fauna species that 
peak in occurrence probability during each growth stage is indicated. Pink = declining species, green = inclining species and black = plateau 
species.
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A composite biodiversity index

There is growing interest in the use of biological indices to 
understand environmental change and to set conservation 
objectives (Butchart et al. 2010). Recent work demonstrates 
that the geometric mean of species’ relative abundance is 
a useful measure of biodiversity (Buckland et al. 2011). This 
index has several advantageous properties: it is a measure 
of the relative abundance of multiple species; it is sensitive 
to changes in the relative abundance of rare species; it 
reflects community evenness (a measure of the number of 
species and their relative abundances); and it can be used 
to generate a composite index from surveys of multiple taxa 
(Buckland et al. 2011). The geometric mean abundance of 
species has a theoretical grounding (McCarthy et al. 2014) as 
well as practical application, for example it underpins indices 
currently used for monitoring biodiversity, including the Living 
Planet Index which is being used for reporting as part of the 
Convention for Biological Diversity (Butchart et al. 2010). 

Murray Mallee Case Study

Here, we present a method for determining the optimal fire 
history of a given area for biodiversity conservation. Our case 
study is based on extensive field surveys of birds, reptiles 
and small mammals in semi-arid Australia (Kelly et al. 2011; 
Nimmo et al. 2012, Taylor et al. 2012, Watson et al. 2012). 
We used data from the Mallee Fire and Biodiversity Project, 
using those sites located in Triodia Mallee vegetation typical of 
sandy flats and dunes, and characterised by an understorey of 
hummock grass Triodia scariosa. Triodia Mallee vegetation is 
the dominant and most fire-prone of the two main vegetation 
types in the region. It comprises 58% of the native vegetation 
in the region, a total of 18,755 km2. 

A detailed copy of our methods and results are available in the 
submitted version of our manuscript: Kelly, L.T., Bennett, A.F., 
Clarke, M.F. and McCarthy, M.A. (in press) Optimal fire histories 
for biodiversity conservation. Conservation Biology. Accepted 
June 20, 2014 (Appendix 7).

Methods

We employed a framework that links tools from three fields of 
research: species distribution modelling, composite indices 
of biodiversity and decision science. Firstly, we developed 
statistical models of species’ responses to fire history. 
Secondly, we presented a method for determining the optimal 
allocation of successional states in a given area, based on the 
geometric mean of species relative abundance. Finally, we 
demonstrated how conservation targets based on this index 
can be incorporated into a decision-making framework for fire 
management. Each step of the analyses is summarised below. 

Step 1: Determining animal responses to fire history using 
species distribution models

We used generalized additive mixed models (GAMMs) to 
determine animal responses to time-since-fire, as already 
presented in this report (Time-since-fire responses of fauna, 
page 7). When species are at low prevalence (not commonly 

found or widespread), as was the case in our data set, 
probability of occurrence is highly correlated with relative 
abundance. Due to the nature of the data set, hereafter our 
focus is on ‘probability of occurrence’, as a surrogate for 
‘abundance’. We modelled all native bird, reptile and small 
mammal species that occurred at ≥15 sites. 

Step 2: Calculating geometric mean abundance and the 
optimal distribution of successional states

We classified mallee vegetation of sandy flats and dunes into 
three successional states: early (0–10 years), middle (11–35 
years) and late (36–110 years). Exploratory analysis indicated 
that these age-classes represent distinct structural and floristic 
elements. These successional states were applied in this 
case study, based on earlier work. We aim to re-calculate the 
geometric mean abundance and optimal distribution based on 
the recommended management states outlined in the previous 
section (pages 35, 36). Based on the GAMM results, we 
identified the vertebrate species that were clearly associated 
with time-since-fire. For these species only, we calculated the 
probability of occurrence in each age-class by averaging the 
GAMM model predictions over the time period defined by each 
age class. We used numerical optimization to calculate the 
optimal allocation of successional states that maximized the 
geometric mean abundance for birds and reptiles as separate 
groups, and for all vertebrate groups combined.

Step 3: Identifying the optimal management strategy using 
decision science

Decision theory provides tools for setting conservation 
objectives and assisting managers to achieve these objectives. 
One such tool is stochastic dynamic programming (SDP): a 
mathematical optimization method used to identify strategies 
that will best achieve a given objective, given the state of 
the system. Richards et al. (1999) used SDP to determine 
the optimal fire management strategy for a nature reserve in 
semi-arid Heath Mallee. Following Richards et al. (1999), we 
assumed that: 1) the state of the system was the proportion 
of the vegetation in each of three successional states (early, 
middle and late); 2) the state of the system can change over 
time probabilistically due to succession and to fires that can 
be planned or unplanned; and 3) the management strategies 
available include fighting all bushfires; letting all bushfires burn; 
or intentionally burning 10% or 20% of the middle successional 
vegetation, or 10% or 20% of the late successional vegetation. 
Our objective was to maximize the expected number of years 
that the reserve is in a desirable state over the next 30 years. 
We defined the desirable state (the conservation target) based 
on the optimal distribution of successional states identified in 
Step 2.

Results

Regression modelling indicated that 10 of 23 bird species with 
sufficient data for modelling, 11 of 25 reptile species, and one 
of three small mammal species were strongly associated with 
time-since-fire. The fire responses of three exemplar species 
are shown in Figure 22d–f. The fire history for an area that 

Geometric Mean Abundance (Appendix 7)

t Triodia hummock in flames during planned burning (Lara Edwards).
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maximized the geometric mean probability of occurrence of 
bird species consisted entirely of late successional vegetation 
(Figure 22g). Most bird species that show a time-since-fire 
response in mallee vegetation peak in abundance in older 
vegetation. The fire history that maximized the mean probability 
of occurrence (ax) of reptile species was weighted towards 
the middle successional stage (aM = 0.77), with some older 
vegetation included (aL = 0.23) (Figure 22h). We do not present 
the fire history that maximized the probability of occurrence of 
small mammals because only one species was associated with 
time-since-fire. Finally, the optimal fire history for birds, reptiles 
and mammals combined was a state comprised of middle (aM 
= 0.44) and late successional vegetation (aL = 0.55) (Figure 22i).

The mix of fire age-classes that maximizes the geometric 
mean probability of occurrence can be compared with current 
fire maps of the study region (here we used mapping to 
2007). For example, the largest nature reserve in the region 
(Murray Sunset National Park; 6,330 km2) was comprised 

of proportions of early (0.05), middle (0.52) and late (0.42) 
successional vegetation. This is very similar to the solution 
that maximizes geometric mean relative abundance for birds, 
reptiles and mammal combined (Fig 22i). It is also useful 
to compare values of G under alternative fire management 
scenarios. For example, under a scenario of equal proportions 
of vegetation in each successional age-class (representative of 
the ‘pyrodiversity’ hypothesis), the value of G for birds is 0.23. 
This represents a 21% decline in G from the optimal solution 
for that taxonomic group.

We show how stochastic dynamic programming can be used 
to inform fire management decisions by first setting objectives, 
e.g. of having at least 35% middle successional and 35% 
late successional vegetation in the landscape (for detail see 
Appendix 13). Optimal strategies are then selected for fire 
management, given a set of possible fire management options 
such as fighting all fires, letting fires burn, setting burn targets 
etc. 

Figure 22. Three species characteristic of mallee vegetation (a) Yellow-plumed Honeyeater Lichenostomus ornatus (b) Southern 
Legless Lizard Delma australis and (c) Mallee Ningaui Ningaui yvonneae. For each exemplar species, responses to time-since-fire 
across a 110-year period are shown (d,e,f). Solid lines are predictions of the probability of occurrence from generalized additive mixed 
models, shaded areas are ± 1 standard error, and diamonds are observed data. The age structure that maximizes the geometric mean 
probability of occurrence is shown for birds (g), reptiles (h) and all vertebrates combined (i). [Photos: (a) Rohan Clarke, Monash University; 
(b) and (c) Lauren Brown, Mallee Fire and Biodiversity Project]. Figure after Kelly et al. (2014) Conservation Biology (early view) DOI:10.1111/
cobi.12384
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Conclusion

We have presented a method for determining the optimal mix 
of fire histories for biological conservation and shown how a 
biodiversity index can inform fire management decisions. An 
important step here has been to clearly define the desirable 
mix of fire histories for biodiversity conservation, based on the 
responses of multiple species in the community. That is, we 
have defined the form of ‘pyrodiversity’ required to maximize 
the prevalence of a suite of species that respond to time-
since-fire. Importantly, pyrodiversity, per se, does not increase 
biodiversity; in our case, maximizing pyrodiversity, by having an 
equal mix of age classes would actually reduce the geometric 
mean relative abundance of vertebrates below that which 
could be achieved.

The optimal fire history for the combined bird, reptile and 
small mammal species was a successional state comprised of 
middle and late successional vegetation. In our study area, the 
middle age-class is characterised by a high cover of hummock 
grass, a keystone structure that provides habitat for a number 
of reptile and small mammal species (Kelly et al. 2011; Nimmo 
et al. 2012). Late successional vegetation contains larger 
eucalypts that provide food and shelter for many bird species 
(Taylor et al. 2012; Watson et al. 2012). Although some species 
displayed a preference for recently burnt vegetation (e.g. 

Chestnut-rumped Thornbill Acanthiza uropygialis), typically 
they were also able to maintain populations in middle or late 
successional vegetation. The reverse was generally not true; 
those species most abundant in older vegetation were rare 
in recently burnt areas (e.g. Rufous Whistler Pachycephala 
rufiventris).

By clearly defining fire management objectives based on the 
habitat requirements of fire-sensitive species in a community, 
this approach could be used to maximize biodiversity in 
fire-prone regions and nature reserves, and help to avoid 
population extinctions due to inappropriate fire regimes. 
Future work will include applying the management stages 
recommended in this report to calculate the GMA of fire 
sensitive species in mallee vegetation in the proposed 
management stages. We will then be in a position to compare 
the relative benefit to biodiversity of growth stages currently 
used in fire management and the management stages we 
propose here, which are based on responses of fauna, 
flora and habitat attributes to time-since-fire. Stochastic 
dynamic programming may then be used to assist in 
determining optimal fire management strategies for biodiversity 
conservation, which will need to be considered along with 
other fire management objectives, such as protecting life and 
property.
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Testing management scenarios
Planned burn scenarios (Appendix 8)

Aims

We sought to predict the long-term (21 year) impact of different 
planned burning scenarios on threatened, fire-sensitive bird 
species in the Victorian mallee reserves (Murray-Sunset NP, 
Hattah-Kulkyne NP and Annuello FFR), with the following 
objectives:

1. To develop a series of realistic, spatially-explicit scenarios 
for future planned burning for the reserves spanning two 
decades, representing varying levels of burning per annum 
(0, 1.5, 3 and 5 percent)

2. To demonstrate changes to the distribution of post-fire age 
classes in the reserves, following the two decade application 
of these future planned burning scenarios

3. To predict how the extent of most suitable habitat available 
to those threatened species differs between scenarios and 
changes over the course of time.

And from this, to identify those species most likely to be 
affected by planned burning management actions.

Scenarios were developed by fire managers in the region, 
using current guidelines and practical restrictions, such as not 
re-burning vegetation within 20 years. Bushfire was included 
in the scenarios through the inclusion of one large simulated 
bushfire each decade, of a size equivalent to the average large 
fire experienced by the region in the previous 35 years.

Major findings

Following two decades of scenarios, higher planned burn 
treatments were associated with much higher proportions of 
young vegetation (1–10 years post-fire age), and significant 
loss of intermediate and older age classes (Figure 23). 

Predicted distributions for nine species were able to be 
projected onto future scenarios. The Mallee Emu-wren 
and Black-eared Miner were identified as most likely to be 
negatively affected by sustained higher levels of planned 
burning in the reserve and a further seven species were shown 
to be potentially susceptible (Figure 24). Burning at 5% per 
annum was not found to be most favourable for any species, 
and mixed responses were shown to the remaining levels of 
planned burning. However, even recent historical levels of 
bushfire with no planned burning were deleterious to several 
species.

Burning 5% of the total area per annum had the most marked 
impact on suitable habitat, under which the total extent of 
best habitat decreased by approximately 13% for the Mallee 
Emu-wren, and 10% for the Black-eared Miner, by 2032. 
For the remaining species, negligible differences in the total 
area of most suitable habitat were seen after 20 years across 
planned burn treatments. Of note, however, was that for all 
of these species (the Regent Parrot, Striated Grasswren, Shy 
Heathwren, Southern Scrub-robin, Chestnut Quail-thrush, 
Red-lored Whistler and Gilbert’s Whistler) during the course 
of the two decades, the extent of most suitable habitat 

Figure 23. Post-fire age class distribution of the Victorian tree reserve system (comprising Murray Sunset NP, Hattah Kulkyne NP 
and Annuello FFR) in 2032, following 21 years of prescribed burning (at 0% p.a. with bushfires only, and 1.5, 3, and 5% p.a. with 
bushfire). Blue indicates the 2011 distribution. Red dotted lines indicate the minimum tolerable fire interval for Triodia (TM, 25 years) and 
Chenopod (CM 40 years) Mallee.
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decreased considerably more under 5% planned burning per 
annum than under 3% or 1.5% burning per annum, but was 
followed by a subsequent recovery by the end of the second 
decade. This demonstrated that the final difference between 
treatments was not indicative of the full extent of the impact 
of planned burning on suitable habitat. Conversely, following 
the no planned burning scenario, the extent of suitable habitat 
showed greatest decline for two species, the Shy Heathwren 
and Red-lored Whistler. 

Regardless of planned burn treatment type, the extent of 
suitable habitat available decreased over time for most 
species. Vegetation of intermediate (21–40 years) to old age 
classes (51–70 years) were favoured habitat for most of these 
threatened bird species and under all treatments these age 
classes became either predominantly very old (under a 0% 
p.a.planned burn scenario) or were extensively burnt and 
converted to younger vegetation (under 1.5, 3 and 5% p.a. 
scenarios). However, given the limited ability of the distribution 
models to determine the association of threatened birds with 
very old vegetation (80 years and older), conclusions about the 
impact of their removal under the various burning scenarios 
could not be adequately assessed. 

What is the result of having 40% of the 
landscape under minimum TFI? 
It has been proposed that a threshold of 40% of area burnt at 
less than the minimum TFI is a possible criterion for measuring 
the resilience of ecosystems (DEPI 2014). Our work on the 
planned burn scenarios provides some insight into 1) when 
this threshold might be reached and 2) the possible effects on 
suitable habitat for threatened birds in the mallee (Appendix 3). 

1. Under all planned burn scenarios, the total percentage 
of area younger in age than the recommended minimum 
tolerable fire interval for Triodia (25 years) and Chenopod 
Mallee (40 years) has greatly exceeded the Department’s 
recommended threshold of 40% (DEPI 2014) by 2032. 
Burning 3% p.a. resulted in more than 60% of the Victorian 
tree mallee reserves being below the minimum TFI and 
burning 5% p.a. resulted in more than 80% of the reserves 
being below the minimum TFI. It appears that a 5% p.a. 
burning target in the tree mallee is not compatible with the 
proposed threshold of <40% of area burnt at less than the 
minimum TFI. 

2. Following two decades of projections, a higher amount of 
planned burning was associated with substantial reductions 
in the extent of most suitable habitat for two of nine 
species, the Mallee Emu-wren and Black-eared Miner. The 
Mallee Emu-wren was one of the few species to show any 
increase in total extent available relative to 2011, under any 
treatment type; in this case no planned burning resulted in 
a two percent expansion of most suitable habitat. Under 
5% and 3% p.a. extent was thirteen and eight percent 
less, respectively, than extent available under no planned 
burning. Additionally, most suitable habitat for the Mallee 
Emu-wren was widely dispersed under all planned burning 
treatments which is a concern for such a non-volant /

Figure 24. Changes to the extent of ‘most suitable habitat’ 
within the tree reserve system (comprising Murray Sunset NP, 
Hattah Kulkyne NP and Annuello FFR) over 21 years subjected 
to 0% (i.e. no prescribed burning but including bushfires), 
1.5%, 3% and 5% p.a. prescribed burning, for selected species: 
a) Mallee Emu-wren, b) Black-eared Miner, and c) Red-lored 
Whistler. ‘Most suitable habitat’ is defined as those areas in which 
the predicted occurrence rate was estimated to be equal to or 
greater than the top 20th percentile of the predicted occurrence 
rates for each particular species in 2011. Changes are expressed 
relative to the total area of ‘most suitable habitat’ in 2011 in the 
reserve. 
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immobile species. The configuration of most suitable habitat 
under 5% p.a. in particular comprised very small and 
isolated patches. The extent of the most suitable habitat 
for the Black-eared Miner showed a considerable decline 
under five and three per cent p.a. scenarios of ten and eight 
percent, respectively, relative to the no planned burning 
scenario. 

Herbivory and predation in the mallee

Distribution of vertebrate herbivores (Appendix 9)

It is important to improve our understanding of the factors that 
influence the distribution of vertebrate herbivores because 
such species can act as agents of disturbance, particularly 
in systems where there are introduced herbivore species or 
overabundant populations of native herbivores. One such 
system is the semi-arid Murray Mallee region of south-eastern 
Australia. This system is home to large populations of native 
macropods including the Western Grey Kangaroo (Macropus 
fuliginosus) and Red Kangaroo (Macropus robustus), and 
introduced species including feral goats (Capra hircus) and 
European Rabbit (Oryctolagus cuniculus).

Fire is a potential driver of herbivore distributions in many 
regions and within a variety of ecosystems worldwide because 
it changes the structure, complexity and availability of both 
habitat and food resources. Due to the fire-prone nature of 
the Murray Mallee, it was likely that fire may act to influence 
the distribution of vertebrate herbivore species. As such, a 
large-scale study was conducted across the region that aimed 
to improve our understanding of the factors that influence the 
distribution of vertebrate herbivores.

Herbivore occurrence data (Western Grey Kangaroos, goats, 
rabbits) were obtained from two datasets – the original data 
were collected during faecal pellet surveys at 771 sites of 
differing fire age within 28 landscapes throughout 104,000 km2 
of the Murray Mallee as part of the Mallee Fire and Biodiversity 
Project. ‘Independent’ data were collected via faecal pellet 
surveys at a further 65 sites of differing fire age within 13 
different landscapes across the region. 

Generalised additive mixed models (GAMMs) were used to 
build species distribution models for kangaroos, goats and 
rabbits. Predictor variables used in these models included 
time-since-fire (using a 100-year, post-fire chronosequence), 
vegetation type, rainfall, habitat structural complexity, cover of 
different plant life-forms, fire uniformity and a context variable 
that took into account the distance of a site from agricultural 
land.

Western Grey Kangaroos showed a preference for sites within 
Triodia Mallee vegetation and within this vegetation type, for 
sites with both larger areas of bare ground and with greater 
cover of plants including grasses, herbs and Triodia scariosa. 
Most importantly, within Chenopod Mallee kangaroos had a 
higher probability of occurrence at recently burnt sites (<10 
years since fire). In contrast to kangaroos, the distribution of 
goats was not influenced by vegetation type. However, the 
probability of occurrence of goats was also higher in recently 

burnt sites. The probability of occurrence of rabbits was far 
higher in Chenopod Mallee compared with Triodia Mallee, with 
their occurrence more likely at sites with little Triodia scariosa 
cover and at sites in closer proximity to agricultural land. In 
contrast to goats and kangaroos, the distribution of rabbits 
within the Murray Mallee did not appear to be related to time-
since-fire.

The preference of kangaroos and goats for recently burnt 
mallee vegetation may be linked to an increased availability of 
higher quality forage, including an increase in ephemeral grass 
cover and coppicing eucalypt foliage. This may have important 
implications for the conservation of plant species and the 
resources available for other fauna and highlights the potential 
need to control herbivore densities in areas where regeneration 
is a priority. 

To what extent does exclusion of herbivory by 
vertebrates affect the cover, abundance or recruitment 
of Triodia at recently burnt sites? (Appendix 10)

Interactions between fire and herbivory in the Mallee are 
not well understood. Herbivores are thought to be attracted 
to vegetation newly regenerating after fire, with herbivore 
density being higher in smaller compared to larger burnt 
areas (Cohn and Bradstock 2000, though see Caughley et 
al. 1985). The effect of post-fire herbivory on the trajectory of 
vegetation recovery may have ecological implications, as well 
as influencing future fire (Kirkpatrick et al. 2011). Fenced plots 
(n=18) to exclude herbivores (kangaroos, goats and rabbits) 
were constructed after a planned burn in 2012 in the Murray-
Sunset NP (on Miner’s Track). Together with paired unfenced 
plots (n=18) and reference plots away from the track (n=10), 
46 plots in total were used in the following analyses of 1) the 
effect of herbivory on the recruitment and recovery of Triodia 
after fire, and 2) whether herbivore activity (number of scats) 
was affected by distance from fire edge or distance from the 
road.

GLMM analyses indicated that herbivory interacted with the 
proportion of quadrats burnt to influence the number of Triodia 
seedlings (Table 5). When the proportion burnt was low, 
seedlings were more numerous in grazed quadrats. As the 
proportion burnt increased, this difference disappeared, with 
the number of seedlings increasing in both grazing treatments 
(Figure 25). These patterns may be due to more marked 
competitive exclusion of Triodia at low proportions of burning in 
ungrazed quadrats than in grazed quadrats. This competition 
may come from mature plants that escaped burning and the 
high density of forbs that established post-fire in ungrazed 
quadrats. At higher levels of burning competitive pressure 
is relaxed, allowing more Triodia seedlings to establish. 
The higher rate of increase in seedling numbers relative to 
proportion burnt in the absence of grazing may indicate a 
grazing effect on seedlings.

Not surprisingly, mean Triodia height (combined seedlings, 
resprouting plants and unburnt hummocks) and cover were 
negatively related to proportion burnt. Conversely, bare ground 
increased with proportion burnt.
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Table 5. GLMM model coefficients (± se), marginal and conditional R2 values and mean values in grazing treatments (± se) for 
Triodia and ground cover variables. G = grazed, UG = ungrazed. Bold type indicates statistical significance (determined by 95% CI for 
coefficient not overlapping 0). † Indicates response log transformed prior to analysis.

Response Treatment UG % burnt Treatment UG*burnt R2m R2c Mean G Mean UG

Number Triodia seedlings -1.70 ± 0.61 0.009 ± 0.003 0.018 ± 0.007 0.11 NA 14.50 ± 3.46 15.56 ± 3.11

Triodia seedling height† -0.13 ± 0.44 0.002 ± 0.003 0.003 ± 0.005 0.04 0.29 5.16 ± 0.24 6.71 ± 0.32

Triodia height† 0.10 ± 0.57 -0.012 ± 0.004 -0.003 ± 0.007 0.11 0.33 23.60 ± 1.08 17.96 ± 0.77

Triodia cover (%) 6.45 ± 4.30 -0.07 ± 0.03 -0.06 ± 0.05 0.32 0.38 3.70 ± 0.86 3.89 ± 0.95

Litter cover (%) -11.56 ± 12.04 -0.13 ± 0.09 0.02 ± 0.15 0.30 0.59 36.94 ± 2.11 25.74 ± 2.52

Bare (%) 6.42 ± 13.45 0.21 ± 0.10 0.008 ± 0.168 0.27 0.65 49.72 ± 2.57 59.54 ± 3.17

Cryptogams (%) -1.19 ± 7.66 -0.05 ± 0.06 0.01 ± 0.10 0.03 0.25 10.56 ± 1.30 9.63 ± 1.39

Figure 25. Predicted relationship of effect of grazing treatment 
on number of Triodia seedlings in quadrats to percentage of 
quadrat burnt. Dashed lines indicate standard error.

Scats

Counts of kangaroo and goat dung pellets (scats) were 
analysed in relation to distance from a road, and the interactive 
effects of distance from fire edge and proportion burnt. In all 
cases, there was no statistically significant relationship (Table 
6). However, for both kangaroos and goats there was a trend 
for higher pellet numbers in quadrats close to the road.

Preliminary conclusions

Herbivores appear to have little effect on Triodia, though there 
is evidence of an interactive effect of competition amongst 
plants and herbivory. Further analyses of plant abundance will 
potentially shed light on this, as well as herbivory effects on 
species other than Triodia. 

The (non-significant) trend for dung pellets to be more 
numerous closer to the road perhaps supports anecdotal 
evidence that herbivores use roads to travel in the Mallee. 
However, it should be noted that pellet counts, particularly for 
goats, were highly variable amongst quadrats. Also, movement 
through the post-fire environment is quite easy (pers. obs.), so 
the incentive for herbivores to follow roads possibly does not 
apply. There was no evidence that herbivore activity varied in 
relation to distance from the fire edge. The patchy nature of the 
Miners Track burn means that cover is available throughout the 
burnt area. This may mean that the juxtaposition of unburnt 
and regenerating vegetation that is hypothesised to attract 
herbivores is available throughout the fire ground, negating any 
edge effect.

Distribution of predators in mallee ecosystems – does 
fire have a role? (Appendix 11)

As invasive mammalian predators are known to significantly 
affect native fauna, it is essential that we examine the factors 
that drive the activity and distribution of such species in order 
to develop appropriate and informed management plans. 

Table 6. GLMM model coefficients (± se), marginal and conditional R2 values and mean numbers of herbivore dung pellets in 
distance from road categories (± se) for counts. C = close to road, D = distant from road. No results were statically significant (as 
determined by 95 % CI for coefficient not overlapping 0). † Indicates response log transformed prior to analysis.

Distance from road

Coeff. Mean C Mean D R2m R2c

Kangaroo 23.19 ± 19.17 91.27 ± 15.37 67.97 ± 10.44 0.03 0.04

Goat† 0.34 ± 0.60 34.80 ± 8.98 69.0 ± 20.37 0.01 0.01

Distance from fire edge and % burnt

Distance % burnt Distance*%burnt

Kangaroo 0.02 ± 0.07 -0.32 ± 0.78 0.0001 ± 0.0009 0.03 0.04

Goat† 0.001 ± 0.002 0.02 ± 0.02 -0.00002 ± 0.00002 0.01 0.01

0

4

8

12

16

20

Ungrazed

Grazed

98938883787368635853484338332823

% Quadrat burnt

N
um

b
er

 T
ri

o
d

ia
 s

ee
d

lin
g

s

Grazed
Ungrazed



 Mallee HawkEye Project Final Report 41

Disturbances caused by fire have the potential to strongly 
influence the distribution of invasive species by altering food, 
shelter and breeding resource availability and changing 
ecological interactions within the modified community. Other 
factors including human-induced landscape alteration by 
means of increasing fragmentation and the creation of road 
networks may also influence the distribution of invasive 
predators.

A large-scale (6,630 km2) study examining the activity and 
distribution of the invasive Red Fox (Vulpes vulpes) was 
conducted within Murray-Sunset National Park (MSNP), 
Victoria, in order to explore what drives the distribution of 
an invasive predator within this fire-prone system. Camera 
traps (with infrared and motion-sensor capabilities) were used 
to determine the presence/absence and temporal activity 
patterns of Red Foxes at each of 112 sites of varying fire age 
(0–105 years since fire) within 11 study landscapes spread 
across the MSNP. The distribution of sites throughout the Park 
meant that sites also varied in vegetation type (Triodia Mallee 
or Chenopod Mallee); distance to nearest boundary of the 
National Park (range: 1.72–21.28 km); and distance to the 
nearest road (range: 28–1,044 m). Each camera was deployed 
for at least 15 nights, with thorough habitat assessments 
conducted at each study site in order to determine whether 
natural variation in habitat structure/type was influencing Red 
Fox distribution or activity. 

Foxes were present at 61% of the sites surveyed, with a peak 
in activity occurring between 6 pm to 10 pm, confirming that 
they are largely nocturnal within the semi-arid zone.

Generalised Linear Mixed Modelling (GLMMs) results revealed 
that fox occurrence and activity was not influenced by time-
since-fire, proximity to roads or park boundaries, vegetation 
type or the structural complexity of the vegetation. Foxes 
were active at recently burnt sites, but did not favour these 
areas over others, despite the strong influence of fire on 
both habitat structure (Haslem et al., 2011) and availability 
of prey (e.g. Watson et al., 2012; Nimmo et al., 2012) over a 
100-year chronosequence. These results suggest that foxes 
are essentially habitat generalists within MSNP and imply 
that basing management practices on habitat preferences 
would have limited success in the mallee system. Alternative 
approaches to management, such as biological control 
through the reintroduction of the Dingo, may provide more 
promising solutions into the future.

Indicators for fire management

General Indicators of biodiversity (Appendix 12)

During the Mallee Fire and Biodiversity Project, we collated 
a large dataset covering a range of taxonomic groups. This 
was an ideal basis to start exploring relationships between 
biodiversity measures of taxonomic groups and individual 
species, which may identify possible indicators of ecosystem 
health for use in fire management. Despite surveying an area 
of over 104,000 km2, with a total of 840 sites, pitfall trapping 

for 70,000 nights, recording 21,000 birds, 7,200 reptiles and 
1,500 mammals, we found no strong evidence that there are 
adequate, simple and effective indicators for a wide range of 
taxa in tree mallee. 

We used generalised linear mixed models (GLMMs) to 
look for the best predictors of mammal, reptile, and bird 
species diversity. Possible indicators were the diversity of 
other taxonomic groups (mammals, reptiles, birds, termites, 
threatened species, fire-sensitive species). There were 
no adequate predictors for any of the taxonomic groups. 
For example, collectively, threatened species were not 
representative of the diversity of any other fauna group. 
Therefore, it is not enough to manage for the presence of these 
threatened species alone, if the aim is to achieve effective 
management for overall biodiversity. The most promising 
possibilities for potential indicators were selected fire-sensitive 
species. Managing for, and monitoring, the presence of these 
species is likely to reflect the diversity of reptiles and birds in 
the mallee. 

Managing for the needs of ‘focal’ species – a case study 
using avifauna (Appendix 13)

As part of work undertaken by the Mallee Fire and Biodiversity 
Project, Taylor et al. (unpubl. data) examined the utility of using 
a ‘focal species’ approach to guide fire management actions 
in the semi-arid Murray Mallee region. The focal species 
approach assumes that by catering for the needs of species 
with more limited ranges of preferred fire-affected habitat 
structure, the habitat requirements of less limited species will 
be satisfied.

The focal species used in the study included those species 
found to be the most strongly associated with structural 
attributes that are most strongly influenced by fire. Two 
vegetation types were examined, with the Black-eared Miner 
(Manorina melanotis, BEM) identified as the focal species in 
Chenopod Mallee and the Striated Grasswren (Amytornis 
striatus, SGW) in Triodia Mallee. By analysing the habitat 
requirements and fire-responses of these two species, a 
structural and temporal domain of preferred habitat within 
each vegetation type was identified. The structural domain was 
defined as the range of values of important habitat structure 
(canopy height for BEM and Triodia scariosa cover for SGW) 
that resulted in ≥25% of the maximum predicted probability 
of occurrence of each species at a site. The temporal domain 
was then calculated by utilising the ages of sites that were 
within the structural domain.

The structural domain for the BEM included sites with canopy 
height of 6–10m which corresponded to a temporal domain 
of 39–80 years since last fire. The structural domain for 
the Striated Grasswren included sites with ≥26% cover of 
Triodia scariosa and corresponded to a temporal domain of 
22–52 years since last fire. These structural and temporal 
domains were then compared with the predicted probability 
of occurrence of a number of other threatened and endemic 
(to the mallee) bird species, as well as bird species richness 
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measures, in order to ascertain to what degree the focal 
species domains encapsulated the needs of other bird species.

No threatened or endemic bird species were negatively 
associated with the temporal domains within Triodia or 
Chenopod Mallee. Therefore, these domains appear to provide 
a relatively broad range of resources for bird species with 
differing ecological needs. Similarly, the structural domain for 
BEM may also represent suitable habitat for a range of other 
fire sensitive bird species.

The temporal domains identified using the focal species 
approach may be useful in refining and developing fire 
management strategies for birds. While a general indicator 
for species diversity was not found (see previous section), 
these results show that managing for the needs of individual 
fire sensitive bird species encapsulated the needs of other 
threatened or endemic bird species in the mallee. 
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Conceptual Models
The Mallee HawkEye project team initiated the development 
of a conceptual ecological model for the tree mallee region. 
Conceptual ecological models provide a way of summarising 
current knowledge and understanding of a system or 
issue, including the important components of a system and 
the known and hypothesised interactions between those 
components. Conceptual ecological models have been 
developed for a range of purposes – for example, a conceptual 
model of a vegetation/ecosystem (e.g. Florida Everglades, 
Gentile et al. 2001; south-eastern Australian woodlands, 
Rumpff et al. 2011), a conceptual model of a disturbance 
process (e.g. fragmentation, Hobbs and Yates 2003) and an 
adaptive management model for the conservation of a species 
(e.g. malleefowl, Benshemesh 2008).

Many studies have used the state and transition model 
structure to describe alternate stable states in a system 
that are affected by disturbance processes (e.g. Wood and 
Bowman 2012, McWethy et al. 2013). States are often based 
on expert opinion (Rumpff et al. 2011). A strict state and 
transition model does not fit the mallee ecosystem. There are 
no clear successional stages in plant community composition 
after fire (Holland 1986, Noble 1989, Kenny 2012). Structural 
changes occur with time-since-fire but these are not clearly 
defined and there is significant variation in post-fire structure 
across sites as the result of other key processes such as 
rainfall, herbivory and other aspects of the fire regime (e.g. 
inter-fire interval). We describe the changes in mallee structure 
and composition as a continuum which varies in its rate of 
change as the result of interactions between the major drivers/
processes, namely fire regime, rainfall and herbivory.

We sought to synthesise current knowledge from experts in 
the mallee across three states, and included both ecologists 
and land managers in the discussion. An initial workshop 

held in June 2013 resulted in a significant start in the process 
of synthesising knowledge, and the outcome was that three 
models were necessary to adequately describe the drivers and 
processes operating in the mallee. 

A regional model (Avitabile et al. in prep; Figure 26) describes 
the major drivers and relationships operating in the mallee 
region of south-eastern Australia which includes the Murray 
Mallee, Eyre Peninsula and Kangaroo Island. These broad 
spatial patterns drive what flora and fauna are present at a site.

From there, the two major vegetation types (Avitabile et al. in 
prep; Triodia Mallee Figure 27, and Chenopod Mallee Figure 
28) are represented by models of successional processes after 
fire, highlighting key habitat and fauna changes over time and 
the influence of other drivers such as rainfall and herbivory. 

Furthermore, a model describing the spatial movements of 
species across the region synthesizes our understanding of the 
key process of migration across multiple spatial scales (Nimmo 
et al. in prep). 

The models are still in development as we continue to refine 
our thinking and improve the graphical representation. 
Manuscripts are in preparation and we anticipate submission 
to journals in the second half of 2014. 

These models represent our current understanding of this 
important region, and should underpin both management 
and further research. They are not static models, but should 
be tested and further improved through the evaluation of 
management actions over time, and as new knowledge 
replaces old.



 44 Mallee HawkEye Project Final Report

Figure 26. Interim regional model outlining the drivers that influence what is present at a site in the mallee and how it is the result of 
broad spatial pattern and processes operating in the region. The major drivers are named in boxes, and characteristics of these drivers 
in the mallee are listed underneath. Physical environment drivers influence the vegetation communities, e.g. Triodia and Chenopod Mallee.
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Figure 27. Interim successional stage model of Triodia Mallee with time-since-last-fire (time boundaries are flexible and intended 
as a guide only). Major drivers in addition to fire (top), key structural characteristics outlined in profile (left), defining characteristics (flora/
habitat) shown as relative amount of variable in each stage (right). 
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Figure 28. Interim successional stage model of Chenopod Mallee with time-since-last-fire (time boundaries are flexible and 
intended as a guide only). Major drivers in addition to fire (top), key structural characteristics outlined in Profiles (left), defining 
characteristics shown as relative amount of variable in each stage (right).

 Tree Litter Hollows Trees
 height depth  per ha

1.0

0.5

0.0

FIRE

FIRE

FIRE

INITIAL

0–5 years

JUVENILE

5–30 years

MATURE

30–75 years

STASIS

>75 years

DRIVERS

PROFILE STAGES DEFINITIONS

Landscape properties Rainfall Grazing

Distance

H
ei

g
ht

R
el

at
iv

e 
am

o
un

t

Attribute

 Tree Litter Hollows Trees
 height depth  per ha

1.0

0.5

0.0

 Tree Litter Hollows Trees
 height depth  per ha

1.0

0.5

0.0

 Tree Litter Hollows Trees
 height depth  per ha

1.0

0.5

0.0



 Mallee HawkEye Project Final Report 47

Conclusion

This project has highlighted the many values of a comprehensive dataset arising from a well-designed 
study. We have been able to analyse data collected across the mallee region to answer new questions 
and to assess the application of current management policy in this system. We have also identified how 
we can value-add to existing and past investments when data from various sources/surveys is collated in 
order to answer questions otherwise unable to be addressed.

We support the development of a future monitoring strategy 
that both informs management and also gathers data that 
can be used to answer existing and new questions. For 
example, our work has highlighted how monitoring habitat 
characteristics for fauna also provides data that can be used to 
assess fuel loads.

We have proposed new Tolerable Fire Intervals and 
management stages for Hummock-grass and Saltbush Mallee 
EVDs. While these are based on empirical data from multiple 
species and characteristics, monitoring over time will be 
valuable to assess how well they meet the needs of the fauna 
and flora.

Species distribution models developed for threatened mallee 
bird species have greatly improved our understanding of the 
requirements of these species and where those requirements 
are likely to be met in the future. Future monitoring would 
establish whether the species are using the habitat identified 
as suitable by the models.

It was previously found that time-since-fire explained a 
significant amount of the variation in cover of Triodia (Haslem 
et al. 2011). Further analysis has revealed that this relationship 

is less strong in the southern region (including Victoria) and 
disappears altogether during periods of above-average rainfall. 
In addition, high rainfall does not result in an overall increase in 
the cover of Triodia, and grazing does not appear to affect the 
regeneration or recruitment of Triodia after fire. It is apparent 
that there is still much to discover about the factors affecting 
the distribution and cover of this key habitat characteristic in 
the mallee. 

Finally, we have been able to establish the management 
stages that best cater for the needs of fauna, flora and key 
habitat attributes in the mallee. We have demonstrated the 
use of the geometric mean abundance as an index to inform 
the optimal mix of age-classes, when setting landscape and 
regional goals. What is still to be determined is the spatial scale 
at which the optimal mix of age classes is most appropriate; 
and the size and level of connectivity needed between 
patch sizes of various fire age classes. The work on planned 
burn scenarios outlined in this report takes a step towards 
answering this question for threatened mallee birds, but this 
still remains a difficult, but key question for the future.
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Appendices

Research question
MFBP 
data

Mallee HawkEye  
data Appendix/reference

1 Adequacy of growth stages

1.1 How well do David Cheal’s growth stages match  
measured changes in habitat characteristics?

835 sites 1. Document 

1.2 Are there patterns in responses to time-since-fire  
for plant species?

835 sites 1. Document 

1.3 Which groups or guilds of species exhibit close  
ssociations with particular seral stages or growth  
stages in the mallee?

835 sites 1. Document 

1.4 Are the spatial distributions of threatened species  
associated with particular growth stages/seral stages  
across the landscape?

560 sites 180 MFBP sites 
+ 320 new survey 
points

6. Draft manuscript – J. Connell

1.5 What is the predicted effect on threatened species  
of current prescribed burning scenarios  
(none, 1.4% pa, 3% pa, 5% pa)?

Planned burn 
scenarios with 
DEPI and PV

8. Draft manuscript – J. Connell

2 Identifying ecologically appropriate output and  
outcome measures

2.1a Are there indicator species for biodiversity in any  
of the taxonomic groups present in the mallee?

835 sites 12. Draft manuscript – S. Avitabile

2.1b Focal species (birds) 560 sites 13. PhD thesis chapter – R. Taylor

2.2 How does rainfall influence the cover, abundance  
and recruitment of Triodia at sites which have  
been recently burnt?

835 sites 208 sites 5. Draft manuscript – A. Haslem

2.3 To what extent does exclusion of herbivory by  
vertebrates affect the cover, abundance or  
recruitment of Triodia at recently burnt sites?

46 sites: 
18 fenced, 18 
unfenced, 10 
reference

10. Draft manuscript – S. Leonard

2.4 How does the spatial distribution of planned  
burns influence the distribution of herbivores?

9. Honours thesis – C. Warren

2.5 What is the relative importance of rainfall in 
explaining the occurrence/abundance of species 
at sites of varying time-since-fire?

Reptile/ 
Mammal

280 sites 18 existing MFBP 
sites and seven 
new sites

Birds 560 sites 180 existing sites 4. Draft manuscript – J. Connell

2.6 What is the relative importance of predation in  
explaining the occurrence/abundance of species  
at sites of varying time-since-fire?

11. Honours thesis – C. Payne

2.7 How do fuel hazard and the spatial distribution  
of fuels change with time-since-fire in the mallee?

24 sites 24 sites 2. Methods and results – S. Kenny

2.8 Effect of inter-fire interval Hollows 835 sites 12. Published article – A. Haslem 
et al. 

Triodia 835 sites 5. Draft manuscript – A. Haslem

Plant 
species

835 sites 1. Document

Addit Geometric Mean Abundance, application  
in the mallee

7. Manuscript (provisionally 
accepted) Conservation Biology– 
L. Kelly et al.

The documents listed below are available separately.
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