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ABSTRACT

Extensive late dry season fires in northern Australia have long been considered detrimental to
biodiversity conservation, pastoral production and other cultural and landscape values. Fire
management programs in these landscapes typically aim to shift the fire regime from wildfires
occurring predominately in the late dry season (LDS), when they tend to be extensive and
destructive, to prescribed burns in the early dry season (EDS), when fires are generally smaller
and less intensive. The intent is to create heterogeneity in vegetation age classes, reduce the scale
of LDS fires and, in doing so, retain long-unburnt vegetation, a critical asset for biodiversity in a
flammable landscape. Boodjamulla National Park, in Queensland’s Gulf Country, experienced a
cycle of large LDS wildfires every 5 years for most of its history as a pastoral property and park
until a progressive EDS burning program was introduced. Although there is limited information
for defining the ideal fire regime for spinifex (Triodia spp.) rangelands, this program has improved
a range of spatial metrics which the Queensland Parks and Wildlife Service (QPWVS) believes can
only benefit biodiversity; these include decreased annual and LDS area burnt; a greater number of
small burnt patches; shorter distances between recently burnt and long-unburnt spinifex; and,
consequently, a greater area of long-unburnt spinifex embedded in the mosaic across the
landscape. There has been an improvement in the ecological parameters of these landscapes,
as well as the protection and persistence of fire-sensitive vegetation communities and species,
because of the burn program.
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Introduction

Fire is a key natural ecological process in the tropical savannas and rangelands of
northern Australia (Bowman et al. 2010; Russell-Smith et al. 2020). The tropical climate
is typically characterised by high wet-season rainfall followed by an extended dry season,
resulting in a cycle of prolific summer vegetation growth and then rapid curing, creating
ideal fire conditions (Russell-Smith and Edwards 2006). Fire management in Australia
was a core cultural and land management activity conducted by Aboriginal people over
many thousands of years, and the ecology and patterning of wildlife naturally evolved to
be resilient to this management (Andersen et al. 2005). However, fire in northern
Australia was largely unmanaged after European colonisation, characterised by a shift
from smaller early dry-season (EDS) burns to a regime of frequent, large, and high-
intensity wildfires in the late dry season (LDS; Gill et al. 2003; Russell-Smith et al. 2009).
This change caused substantial negative effects on the flora and fauna of this significant
ecoregion (Andersen 2021).

Fire regimes are defined by their frequency, intensity, scale, season, and type (Gill et al.
2003). LDS wildfires are typically intense, and have the most negative effect when they
occur frequently. These impacts include a reduction of spatial and temporal habitat hetero-
geneity, including the loss of unburnt refugia (e.g. Franklin 1999; Crowley et al. 2009) and
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structural and floristic changes resulting in decreased
resources for wildlife, and then subsequent wildlife population
declines (Woinarski and Legge 2013). Frequent, intense LDS
wildfires can also promote invasive species that respond
quickly to disturbance or are disturbance tolerant (Rossiter
et al. 2003; van Wilgen et al. 2010; Alba et al. 2015), reduce
cultural values and pastoral production, and increase
greenhouse-gas emissions (Corey et al. 2020).

Fire management on conservation land in northern
Australia typically aims to reduce LDS wildfires and
re-establish the patchy EDS fires more characteristic of
Aboriginal cultural burning (Andersen et al. 2005). The
heterogeneity or patchiness resulting from an EDS fire
regime promotes structural complexity beneficial to tropical
savanna fauna (Price et al. 2005). Landscapes that contain a
mix of different-aged vegetation, including older age classes,
are considered to represent high ecological-condition eco-
systems (Radford et al. 2020). The patchiness of EDS burns
and the reduction in dry-season wildfires increase the total
unburnt area, which provides measurable biodiversity ben-
efits (Andersen et al. 2005; Radford et al. 2020; Shaw et al.
2021). Such benefits are often defined using Geographic
Information Systems (GIS)-derived metrics, with an under-
lying ecological rationale to demonstrate improved fire
management (Price et al. 2005; Legge et al. 2011; Evans
and Russell-Smith 2020; Edwards et al. 2021). A recognition
of the importance of this strategic shift in fire management
has led to well resourced broad-scale burning programs across
large tracts of northern Australia, often using aircraft-
mounted incendiary machines (Legge et al. 2011; Edwards
et al. 2021).

In this study, I review 21 years of fire management in a
large (>380000ha) and significant conservation reserve
(Boodjamulla National Park) in the tropical savannas of
Queensland, Australia. At gazettal of the reserve in 1984,
a 5-year cycle of large-scale and high-intensity LDS wildfires
was entrenched, resulting in young, even-aged, contiguous
stands of the very fire-prone spinifex grass (Trioda spp.), the
dominant vegetation type of the reserve (Wright et al. 2021).
These extensive LDS wildfires caused significant environmen-
tal and financial cost. For example, in November 2006, a LDS
wildfire that burnt over 60% of the reserve cost the QPWS
approximately AU$180000 to manage (L. Ezzy, unpubl.
data). Similarly, an assessment of the vegetation of the
reserve after this wildfire rated the ecological parameters of
both fire-adapted and fire-sensitive vegetation communities
as critical (Melzer et al. 2019). The fire regime was also
implicated in the decline of the endangered Carpentarian
grasswren (Amytornis dorotheae), a species dependent on
old unburnt spinifex and areas of fire refuge (Harrington
et al. 2011; Harrington and Murphy 2015). The fire manage-
ment guidelines for this region recommend fire-free intervals
between 4 and 10 years, a retention of some unburnt areas for
10-20 years, and widespread, but patchy, EDS fire regimes
(Queensland Government 2013).
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Appropriate fire regimes are critical for conservation in
fire-prone environments, especially when extreme weather
patterns caused by climate change can create catastrophic
fires and severe impacts on biodiversity (Ward et al. 2020).
I present the history and outcome of a long-term landscape-
scale prescribed burn program at Boodjamulla National
Park, the aim of which was to break the cycle of large LDS
wildfire. This paper assesses the burn program and docu-
ments the change in the fire regime at Boodjamulla between
2000 and 2020, by using an associated improvement in key
spatial metrics that are known to, or are likely to, influence
biodiversity. These are the annual and seasonal area burnt,
burnt patch characteristics, fire heterogeneity, the average
distance between long-unburnt and recently burnt spinifex,
and the extent of long-unburnt spinifex (=5 years old).

Methods

Study area

Boodjamulla National Park, comprising 10 adjoining pro-
tected areas, covers 388 363 ha in north-western Queensland
(Fig. 1). The park is managed by the Queensland Parks and
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Fig. 1. Location of study area, Boodjamulla National Park.
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Wildlife Service (QPWS) and protects a landscape of spinifex
(Triodia spp.)-dominated rangelands, as well as restricted fire-
sensitive vegetation communities such as springs, riparian
forests, and lancewood (Acacia shirleyi Maiden) outcrops.
The spinifex rangelands are a highly fire-prone semi-arid
landscape (average annual rainfall between 400 and 600 mm),
with high spring and summer temperatures (mean maximum
November and February temperatures are 39.1°C and 36.5°C
respectively), and a long austral winter dry season (Bureau of
Meteorology 2022).

Prescribed burn planning

The QPWS manages the implementation of prescribed
burn programs on protected estates as part of its legislative
obligations and responsibilities. The process follows the
guidelines described in the QPWS Bioregional Planned
Burn Guidelines, and involves three main steps, namely
(i) planning, (ii) implementation and (iii) assessment,
monitoring and evaluation (Melzer and Hines 2022).
Although this study reports on changing fire metrics for
the period from 2000 to 2020, between 2000 and 2011
fire management at Boodjamulla was more reactive, and
did not involve a consistent, sustained approach to regular
prescribed burning. The following methodology for plan-
ning and implementation, therefore, refers to the period
between 2012 and 2020 when there was more focus and
emphasis on rigorous EDS burning approaches.

A critical component of the annual prescribed-burn pro-
gram is a review of fire-history mapping to ensure a strategic
approach to ignition. The main source of fire-history data in
northern Australia is the North Australia Fire Information
website (NAFI - www.firenorth.org.au) which provides
annual fire scar vector mapping at 250 m resolution, derived
from MODIS imagery (NASA MODIS, http://modis.gsfc.nasa.
gov/). These data were downloaded and clipped to the park
boundary (see Fig. 1) and attributed by year, month, and
season. Boodjamulla is situated between the tropical savanna
region of northern Australia and the semi-arid rangelands
further south, and experiences highly variable rainfall; as
such, the QPWS define the EDS as February to July and
the LDS as August to January.

The metric, time since last burnt, was used as a proxy for
spinifex age class (where 1 year since last burnt is 1 year old
spinifex) and therefore fuel load (where 0-4years old is
classified as low fuel loads, and >4 years old is high fuel
loads), and indicates where EDS prescribed burns might have
been required. Extensive stands of contiguous older-aged
spinifex were prioritised for ignition, the aim being to frag-
ment older spinifex into smaller patches to insure against
total combustion in the LDS. Areas that were sufficiently
patchy (at least three age classes of spinifex within a
1000 ha?) or were recently burnt were not targeted for treat-
ment in the year. The fire history maps were overlain with
vegetation maps (Queensland Herbarium 2021) showing the

location of fire-sensitive vegetation communities. Together
these data were used to determine where EDS burning was
recommended, and the number and location of transects
along which to undertake annual burn program ignition.

Prescribed burn implementation

Due to the large spatial scale and inaccessibility of
Boodjamulla, most of the prescribed-burn program was
delivered by aerial incendiary. Operations were conducted
from Robinson 44 helicopters by using an aerial incendiary
machine, which dispenses small capsules (potassium per-
manganate and glycol), that ignite approximately 20s
after release. The ignition transects were typically 1km
apart, and capsules were dropped at approximately 200 m
spacings, although the ignition pattern was adjusted during
operations according to the observed fire behaviour, distri-
bution of fuel types and fuel loads, and any changes in
prevailing weather patterns.

The prescribed burning was conducted during mild con-
ditions with high humidity and soil moisture in the late wet/
early dry seasons (typically March-May). This ensured that
fires were of low intensity and would extinguish overnight
or along natural features such as rivers and escarpments. In
most years, the burns were completed within a 1-2 week
period. In wetter years, the program was staggered over
several months, with areas revisited when the fuels were
more cured. The aim was to ensure a sufficient number and
distribution of burnt patches to help minimise the risk of
extensive LDS wildfires.

Spatial metrics analysis

Assessment, monitoring and evaluation are important com-
ponents of fire management (Melzer and Hines 2022). As
indicated above, the core metrics used for planning pre-
scribed burns are proxy fuel loads (time since last burn)
and patch sizes of long-unburnt vegetation. The availability
of long-term fire history data from the NAFI website allows
managers to look at the success of long-term fire programs
retrospectively, and examine new metrics known to represent
improved fire patterns for biodiversity outcomes (e.g. pyrodi-
versity Jones and Tingley 2022). In recognising the shift in
fire management at Boodjamulla between 2000-2011 and
2012-2020, I examined a range of fire metrics to contrast
the fire-regime change between 2000 and 2020.

Annual and seasonal area burnt

This metric identifies the area of vegetation burnt annu-
ally and by season, and is the foundation for all annual
prescribed-burn planning by QPWS. I examined fire-scar
data between 2000 and 2020 by season and year, applying
procedures recommended by Fisher and Edwards (2015).
The fire-management objective for this metric is a decrease
in the annual fire extent and the proportion of area burnt in
the LDS (Russell-Smith and Edwards 2006).
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Burnt patch characteristics

This metric identifies the number of patches burnt and
the mean annual patch area at Boodjamulla from 2000 to
2020. These were calculated separately for EDS and LDS
periods. Although this metric is not used in prescribed-burn
planning, it is valuable for assessing the patchiness of a fire
regime. The fire-management objective for this metric is
to decrease the area of burnt patches and increase the
frequency of smaller EDS patches, as a patch area below
100 ha (1 km?) is considered ideal for biodiversity conserva-
tion in savanna and spinifex rangelands (Felderhof 2007;
Radford 2012).

Heterogeneity index

This metric identifies the heterogeneity of the fire land-
scape by using a GIS model (Price et al. 2005) based on the
MODIS-derived fire history with 250 m pixels. The index is
calculated by using a 5 X 5 (25 ha) moving ‘window’, pro-
vides a count of the number of burnt and unburnt patches
surrounding the central cell, and then re-calibrates the
entire dataset to a percentage from the least to the most
heterogeneous state. The value of each cell is then averaged
for 5-year periods to obtain the final heterogeneity index
score (Price et al. 2005). I examined this heterogeneity
index for three 7-year time ranges between 2000 and 2020
(2000-2006; 2007-2013; 2014-2020) as a proxy for mosaic
patchiness, although it is not currently used in prescribed-
burn planning. The fire management objective for this
metric is to increase landscape fire heterogeneity, as it is
linked to the persistence and population increases in taxo-
nomic groups such as ground dwelling mammals (Swan
et al. 2020).

Average distance between long-unburnt and
recently burnt spinifex

This metric identifies the average distance from recently
burnt spinifex (<1year) to the nearest long-unburnt
(=5years old) patch that is larger than 62ha. The GIS
model for this analysis selected any unburnt patches larger
than nine cells (a single cell size is 6.25ha). This was to
ensure that unburnt patches in the analysis were sufficiently
large to be considered beneficial for biodiversity, and to
account for potential mapping error with the imagery. The
distance from recently burnt vegetation to longer-unburnt
vegetation is used as an index for assessing whether the
availability of unburnt habitat has changed as measured
by the increase or decrease in the mean distance between
unburnt patches (Edwards et al. 2021). I examined this
metric for the period 2000-2020, although it is not currently
used in prescribed-burn planning. The fire-management
objective for this metric is to reduce the distances between
recently burnt patches and long-unburnt refugia, so that
fauna can persist in or near their pre-fire ranging area
(Radford 2012).
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Extent of long-unburnt spinifex (=5 years old)

This metric identifies the distribution of spinifex ages
across the park. I examined this metric for the period
2000-2020, although it too is not currently used in
prescribed-burn planning. The aim for improved fire manage-
ment for this metric is to increase the area of long-unburnt
spinifex patches, as the retention of long-unburnt vegetation
in flammable landscapes is considered critical for biodiversity,
particularly small-mammal and bird taxa, ensuring that ani-
mals that rely on unburnt vegetation can persist in the land-
scape (Woinarski and Recher 1997; Andersen et al. 2005;
Woinarski and Legge 2013; Shaw et al. 2021).

Results

Over the 21-year period (2000-2020), at Boodjamulla, EDS
prescribed burning was conducted annually except for 2001,
2002, 2006, 2007 and 2008. The timing of burn operations
varied across the EDS, the earliest being February and the
latest being July.

Annual and seasonal area burnt

The average total area of Boodjamulla burnt annually between
2000 and 2020 was 56 234 ha, ranging from 244 229 ha in
2006 to no burns in 2002 and 2008. The 5-year wildfire cycle
is evident in the large areas burnt in LDS wildfires in 2001,
2006 and 2011, with very low total area burnt in the inter-
vening years (Fig. 2). Prior to the 2006 LDS wildfire, only
27571 ha had been burnt in EDS prescribed burns between
2002 and 2006, with 80594 ha burnt in EDS prescribed
burns between 2007 and 2011 prior to the 2011 wildfire
(Fig. 2). Fig. 3 shows the lack of EDS burns leading up to the
2006 LDS wildfire. With the effort to break the wildfire cycle
by increasing EDS prescribed burns after 2011, EDS burns
were an increasing proportion of the annual burnt area
(Fig. 2). Between 2012 and 2016, 146 531 ha were burnt in
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Fig. 2. Annual area burnt by season at Boodjamulla National Park
between 2000 and 2020 and annual rainfall recorded at Lawn Hill
Gorge.
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- National Park Boundary

] 2002-2006 EDS fires
2006 LDS fires

Fig. 3. EDS fire history of Boodjamulla National Park between
2002 and 2006, showing minimal EDS prescribed burns in the
5 years prior to the large LDS wildfires of 2006.

EDS prescribed burns, compared with 67 644ha in LDS
wildfires. When three LDS wildfires approached the park
boundaries in 2016, they largely extinguished on the young
fuel created by previous EDS prescribed burns, effectively
breaking the 5-year wildfire cycle (Fig. 4). Average annual
area burnt declined between 2012 and 2020 (69557 ha
pre-2012, 38 469 ha post 2012), and LDS wildfires were a
minor component after 2011 (3% of average annual area
burnt).

Burnt patch characteristics

The low number of patches and high mean patch size
associated with large LDS wildfires are evident in the data
for 2001 and 2006. The regime shift after 2011 is evident in
the increasing number of EDS patches, with the mean annual
number of EDS patches increasing from seven between 2000
and 2011 to 45 between 2012 and 2020. As patch number
increased, both mean LDS and mean annual patch size
decreased between the 2000-2011 and 2012-2020 periods
(184.8-17 km? 157.3-9.9km? respectively, Table 1). The
mean EDS patch size also nearly halved from 11.3km? in
2000-2011 to 6.4 km? in 2012 to 2020.

- National Park Boundary
|:| 2012-2016 EDS fires
Il 20160 fires

AS

e

(\
|
ALY w&

y

A
0 5 10 20 km
IS S I —

Fig. 4. EDS fire history of Boodjamulla National Park between
2012 and 2016, showing extensive EDS prescribed burns in the
5 years prior to the LDS wildfires of 2016.

Heterogeneity index

There was a shift from a more to a less homogenous fire
environment over the 2000-2006, 2007-2013 and 2014-2020
periods (Fig. 5). The uniformity of the landscape in the first
two periods, which includes the effect of the 2001, 2006 and
2011 fires, is evident in the dominance of lower scores. In
2014-2020, the mosaic effect of the prescribed-burn program
is evident, the higher scores (15-18) most likely emerging as a
result of the patchiness of the EDS burns over those years.

Average distance between long-unburnt and
recently burnt spinifex

Because spatial data were unavailable prior to 2000, Fig. 6
begins at 2005 (the previous 5 years of fire history are used to
calculate the availability of spinifex of at least 5 years in age).
The average distance between recently burnt (<1 year) to long-
unburnt (=5 years) spinifex declined from 3.4 km in 2005 to
940 m in 2020 (Fig. 6), with a noticeable decline in 2016.

Extent of long-unburnt spinifex (=5 years old)
Similarly, Fig. 7 begins at 2009 to include the previous
10year fire history. In 2009, there were six spinifex age
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Table I. Burnt-patch characteristics (£s.e.m.) for Boodjamulla National Park between 2000 and 2020: number of patches and mean patch size.
Year Number of patches Mean patch size (km?)

EDS LDS EDS LDS Annual

2000 | 4 523" 85.6+8l.6 789+ 63.5
2001 0 3 798.6 £794.8 798.6 £794.8
2002 0 I 14.9% 14.9%
2003 8 0 79437 79437
2004 13 8 35x14 94+£5.5 58+23
2005 7 0 14675 146 +7.5
2006 0 3 800.9 + 800.7 800.9 + 800.7
2007 0 0
2008 0 0
2009 I 3 369+ 129 6.9+£5.1 304107
2010 31 0 77+29 77+29
2011 13 4 13.3+44 501.3 +£500.7 128.1 £ 117.3
2012 14 9 17+6.8 48.9 + 40.5 295+ 16.2
2013 3 3 4+25 289+ 12 16.5+7.8
2014 64 6 52+ 1.6 57+3.6 53%15
2015 46 | 104+29 1.3% 102+28
2016 94 9 58+ 1.3 8.1+52 6+1.3
2017 26 | 3017 6.9% 3216
2018 62 7 6723 464+41.8 10.7 +4.7
2019 62 3 68+ 1.6 67%6 68+1.5
2020 34 0 1.3+£03 1.3+£03

ANo s.e.m. because patch number = |.

EDS, early dry season; LDS, late dry season.

2000-2006 2007-2013 2014-2020

index index

- 12 - 12
= 14 = 14

115 = 15
. 17 . 17
- 18 - 18

Heterogeneity

index
-1
- 12
14

Fig. 5. Heterogeneity index in the 2000-2006, 20072013 and 2014-2020 periods, where 0 is no heterogeneity and 100 is the

most heterogenous state.

classes represented, the most frequent being 4 years (Fig. 7).
In 2011, the most frequent was 1 year, and by 2020 the
spinifex was more evenly distributed across all age classes.
The proportion of long-unburnt spinifex (=5 years) increased
markedly from 26% in 2009 and 33% in 2011 to 67% in
2020. Fig. 8 shows an example of the loss of long-unburnt
spinifex in a large LDS wildfire (2006) compared with its
retention in a mosaic of mixed age classes (2018).
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Discussion

Over time, with a clear focus on planning and implementa-
tion of EDS prescribed burning, fire regimes in large conser-
vation reserves can change from being largely extensive
wildfire-mediated systems with potential long-term negative
consequences for biodiversity, to landscapes with a greater
heterogeneity and long-unburnt vegetation. This has been
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demonstrated elsewhere in northern Australia (Evans and
Russell-Smith 2020), including the benefits for biodiversity
(Shaw et al. 2021). From its gazettal in 1984 until 2011,
fire management at Boodjamulla National Park was largely
reactionary. It included a negligible amount of annual EDS
prescribed burning, punctuated by a large LDS wildfire
response every 5 years. Fire management over those years
failed to establish a landscape-scale EDS prescribed-burn
program that created sufficiently extensive areas of young
age-class spinifex to contain LDS wildfires. From 2012, fire
management at Boodjamulla moved to a proactive program of
extensive annual EDS burning. This was largely a result of
consistent practitioners at an operational level using spatial
data and aerial resources to ensure the annual burn program
met the objectives of the Bioregional Planned Burn Guidelines.

By progressively burning patchy, low-intensity fires on a
park-wide scale every year, the landscape was unable
to carry the previous extensive LDS wildfires. I have pre-
sented some key metrics that have demonstrated how the
change from LDS wildfires to EDS burning created tangible
changes in the vegetation and landscape patterns. There are
various approaches to quantifying fire-induced patchiness

4000
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3000

2500 LR .
2000 - L.

1500

Distance (m)

1000 " "

500

0
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Year

Fig. 6. Average distance from recently burnt spinifex (<I year old)
to the nearest long-unburnt spinifex (25 years old). Spatial data were
unavailable prior to 2000 (the previous 5years of fire history is
necessary to calculate the availability of spinifex of at least 5years
in age).

(Russell-Smith et al. 2015; Edwards et al. 2021). Although
there are limitations associated with applying the heteroge-
neity index without statistical analysis, this metric provides
an effective spatial representation of landscape-scale patch-
iness. The progressive increase in fire-induced heterogeneity
was evident over the years that the landscape mosaic devel-
oped, and the wildfire cycle was broken. This pattern is
supported by the burnt-patch characteristics of an increase
in number of EDS patches, a reduction in mean patch size
with the change in fire regime, and a mean patch size being
close to the recommended 100ha by 2020. Landscape
patchiness has also promoted shorter distances between
recently burnt and long-unburnt patches, and a more even
spread of spinifex age classes. These metrics complement
other park monitoring data that have demonstrated improve-
ment in the ecological parameters of the spinifex rangelands
and fire-sensitive vegetation communities at Boodjamulla
(Melzer et al. 2019), and that the population of Carpentarian
grasswrens on the park is persisting (BirdLife Australia,
unpubl. data).

The most significant outcome from breaking this 5 year
wildfire cycle at Boodjamulla has been the expansion of
long-unburnt spinifex in the landscape that has increased
within the diverse mosaic of age classes. This has created a
landscape more resilient to occasional LDS wildfires, but no
longer dominated by them. Although a large extensive wild-
fire in spinifex dominated systems is considered a natural
component of arid Australia (Wright et al. 2021), in multi-
use semi-arid savannas where rainfall can promote shorter
fire-return periods, there is clear recognition that prescribed
burning to promote more mosaic landscapes is critical for
threatened species (Radford et al. 2020).

The QPWS have reached a point where a more nuanced
approach to EDS burning can be adopted. The heterogeneity
of the landscape is such that only small areas of the park
require burning on an annual basis, with specific areas
selected for ignition on the basis of the fine-scale distribution
of spinifex ages. Apart from a conservation benefit, this has a
significant effect on the annual budget for prescribed burning,
as well as wildfire management. For example, fire manage-
ment at Boodjamulla no longer includes wildfire response,
and now costs approximately AU$75000 over 5 years, and

2009 2011 2020

70 70 70
2 x X
g 60 g 60 3 60
S 50 5 50 E 50
2 e 2
5 40 40 Z 40
% 30 g, 30 % 30
g s g
§ 20 5 20 3 20
S 10 I 5 10 5 10 I
0 I n [ I a | I I Is_1 |

1 2 3 4 5 6 7 8 9 10 1+ 1 2 3 4 5 6 7 8 9 10 11+ 1 2 3 4 5 6 7 8 9 10 11+
Spinifex age (years) Spinifex age (years) Spinifex age (years)

Fig. 7. Spinifex age-class distribution as a percentage of Boodjamulla NP in 2009, 2011 and 2020. Spatial data were unavailable

prior to 2000; therefore, so as to include the previous 10 years of fire history, Fig. 7 begins in 2009.
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Fig. 8. The loss of long-unburnt spinifex after the 2006 LDS wildfire (left); the protection of long-unburnt spinifex in a mosaic of
age classes in 2018: less than | year old (recently burnt), 2 years old (foreground) and at least 5 years old (far background; right).
Photo credit: QPWS.

consists entirely of EDS burn-program funding. This is a
significant reduction from the 5years of combined EDS
burning and wildfire response expenses between 2002 and
2006, which cost over AU$230 000 (L. Ezzy, unpubl. data).

Strong associations between high-rainfall events and
large LDS wildfires are well documented across Australia
(Wright et al. 2021). For Boodjamulla, it is difficult to sepa-
rate the contribution of high rainfall from that of limited
EDS prescribed burning in driving large LDS wildfire events
in its recent history. Rainfall is highly variable across
Boodjamulla, owing to its 130 km-long latitudinal gradient
in the semi-arid tropics. Accurate long-term rainfall data are
available only at one weather station on the park (Lawn Hill
Gorge, mean rainfall 595 mm). The significant wet seasons
prior to the large 2001 and 2011 fires may have contributed
to fire extent, particularly considering the lack of EDS pre-
scribed burns. However, the large LDS fire in 2006 was
preceded by average to below-average seasons and occurred
prior to the implementation of the more thorough program of
EDS burns. This suggests that rainfall alone is not necessarily
the catalyst for large wildfire events; even-aged spinifex
vegetation can carry fire if the fuel load is sufficient and
contiguous. Therefore, an effective EDS burn program can
reduce the likelihood of large LDS wildfires, irrespective
of large rainfall events, owing to the disruption to the con-
tinuous fuel load (i.e. greater heterogeneity).

Some limitations exist with the MODIS imagery and
analysis used for this program. MODIS is considered
moderate-resolution satellite imagery. However, the overall
accuracy derived from MODIS-based studies is not markedly
lower than that obtained using higher-resolution satellite
imagery, such as Landsat (Edwards et al. 2018). Given that
MODIS under-represents the incidence of small (<250 ha)
patch sizes (Roteta et al. 2019), there is likely to be more
patchiness, and therefore unburnt area, in the EDS burn
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program than this review suggests. The QPWS consider the
applied imagery scale to be generally adequate for park
management purposes; however, the use of finer-scale imagery
such as Landsat and Sentinel should enhance future work at
Boodjamulla by providing more detail on fine-scale patterns.
The management of extensive landscapes for conservation are
always faced with trade-offs among technology, resources, and
application (Campagnolo et al. 2021; Wysong et al. 2022).
However, it is important to adopt the most appropriate tools
for fire planning and implementation and monitor long-term
outcomes and change.

Conclusions

Although the Boodjamulla burn program has succeeded in
creating a landscape of diverse age classes and more long-
unburnt refugia than did the previous regime, it is not a
simple matter of translating these metrics into tangible
improvements in biodiversity conservation. This challenge
is not unique to Boodjamulla. Within the Australian context,
studies linking faunal responses to fire regimes are usually
correlative (Griffiths et al. 2015; Corey et al. 2020; Jones
and Tingley 2022). Considering the complexity of bio-
diversity monitoring and the fact that biodiversity responses
may take years to be realised, it is unsurprising that this
remains a challenging area for fire managers.

Indeed, the broad adoption of EDS burn programs across
northern Australia has prompted debate on the risk of ‘bio-
perversity’ occurring, namely, unintended outcomes for bio-
diversity that may result from the mosaic burning paradigm
(Corey et al. 2020). A common assertion is that by reducing
the frequency, severity and extent of fires, particularly in
greenhouse-gas (GHG) abatement programs, there are inher-
ent co-benefits for biodiversity. However, in most cases, the
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ecological significance of different burning patterns remains
poorly understood and seldom scrutinised (Parr and Andersen
2006; Woinarski and Legge 2013). In contrast to the
Boodjamulla burn program in the spinifex rangelands, the
application of EDS prescribed burning in northern Australian
savannas has not always resulted in an increase in longer-
unburnt areas (Corey et al. 2020).

Boodjamulla straddles the transition zone between the
mesic tussock grass-dominated savannas of the north and the
more arid interior hummock grasslands. Whereas there has
been considerable focus on taxa-specific responses to fire in
the northern savannas (Andersen et al. 2012; Woinarski and
Legge 2013; Radford et al. 2020; Andersen 2021), there has
been limited research in the semi-arid spinifex rangelands
(Williams et al. 2006; Felderhof 2007). Williams et al. (2006)
recommended a minimum recurring post-fire interval of
approximately 5years to ensure reproductive success of
most obligate-seeder shrub taxa. Felderhof (2007) developed
a fauna fire-response model that allowed a ‘best guess’ rec-
ommendation of 100 ha as an ideal patch area in the Mount
Isa Inlier. Although there are clear objectives in prescribed-
burn guidelines for land managers, these revolve around fire
indices and vegetation and are still considered ‘educated
guesses’ with regard to appropriate scale, frequency and
heterogeneity for biodiversity (Felderhof 2007). Specific
monitoring of biodiversity responses to fire would further
enhance the Boodjamulla burn program and provide a better
understanding of the more subtle ecological requirements of
this landscape.

Although the mosaic burning program has demonstrated
the possibility of reducing extensive LDS wildfires in spinifex
rangelands, it is not the intention of the QPWS to exclude such
fires from Boodjamulla altogether, and LDS wildfires are still
considered a natural and important dynamic of the landscape.
For example, regrowth in spinifex usually responds more
rapidly after a LDS wildfire than after an EDS prescribed
burn because of subsequent wet-season rain (Felderhof
2007). It is important to recognise such trade-offs when
managing a fire-adapted landscape that should ultimately be
sufficiently resilient to accommodate fire throughout the year.
The question of what defines the most suitable landscape
condition for biodiversity conservation remains unanswered.
In the meantime, as understanding of the ecology improves,
QPWS will continue to employ a flexible adaptive manage-
ment approach that sets objectives on the basis of current
evidence, and acknowledges uncertainty.
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