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Abstract

The increased severity and frequency of wildfires are a growing threat to biodiversity

globally posing a complex challenge for the management of protected areas. K'gari, a

World Heritage‐listed sand barrier island located off the coast of Australia, was

extensively burnt in wildfires in 2019 and 2020. Banksia aemula low open woodland

(BALOW) is a fire‐adapted ecosystem, and Banksia aemula is the dominant vegetation

type on the island. This research explored interactions between vertebrate fauna and

flora species richness and structure after fires in the BALOW habitat. We employed

camera trapping and vegetation surveys to estimate species richness and habitat

structure. We detected 28 fauna and 56 plant species, including two vulnerable species.

Fauna species richness differed between sites; the site with the most intense, extensive,

and recent fire had the lowest fauna species richness and mammal species richness. In

contrast, the site with lower intensity and more frequent historical fires had the highest

fauna diversity. The long unburnt site had higher overall tree diversity and reduced

shrub diversity. This research further highlights the need for evidence‐based fire

management in protected areas and the risk that large‐scale and/or high‐intensity fires
may pose to biodiversity even within fire‐adapted ecosystems.
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Highlights

� We employed camera trapping and vegetation surveys to estimate faunal and floral diversity

and structure in Banksia aemula low open woodland, following extensive wildfires.

� This research provides an important biodiversity baseline for the dominant ecosystem onWorld

Heritage‐listed K'gari, a sand barrier island located off the coast of Australia, identifying 57

flora species and 28 vertebrate fauna species.

� This research further highlights the need for evidence‐based fire management in protected

areas and the risk that large‐scale and/or high‐intensity fires may pose to biodiversity even

within fire‐adapted ecosystems.
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1 | INTRODUCTION

1.1 | Fire and biodiversity in Australia

Biological diversity is diminishing at an alarming rate, largely due to

the direct and indirect actions of a rapidly growing human population

and the onslaught of the Anthropocene.1,2 Whilst human‐mediated
habitat loss, fragmentation and degradation impose significant im-

pacts on biodiversity, the modification of nutrient, hydrological and

fire regimes also present substantial threats to biodiversity

conservation.3

Fire is an important ecological disturbance mechanism in many

terrestrial biomes globally, and the importance of fire to many

Australian plant species and ecosystems is evident.4–6 Many

Australian plant taxa have life‐history aspects relating to the

repeated occurrence of fire and other disturbances, and as such, fire

regimes play a crucial role in maintaining biodiversity.7–10 Elements

of many plant species' reproductive cycles (e.g. obligate postfire

flowering [Lamont and Downes11]) or fire‐stimulated germination for
obligate seeders,12,13 and thus population recruitment, are depen-

dent on appropriate fire regimes.14 Fire regimes also influence

biodiversity by regulating intra‐ and interspecific competition and

nutrient cycles.15

Sclerophyllous taxa, which are high in oil content and hence,

flammable, are currently the dominant flora type throughout

Australia.16 However, there is evidence indicating the historical

presence of fire in Australia and its influence as a selection pressure

on the continent's biota over an extensive period.17 The anthropo-

genic manipulation of fire regimes in Australia and the tangible in-

fluence of humans on the Australian landscape is generally

considered to have commenced approximately 40–50,000 years BP,

coinciding with the migration of First Nations peoples to the conti-

nent.18 By the commencement of the Holocene Era (approximately

14,000 years ago), the influence of First Nations peoples on the

Australian landscape included an era of increased fire frequency

throughout the continent, and it is proposed that this shift towards

more frequent burning solidified the dominance of fire‐adapted
species and ecosystems.19 During the late Holocene, the intensifi-

cation of anthropogenic burning along the east coast of Australia

including coastal islands such as K'gari and their allied mainland

systems (such as the Cooloola sand mass),20,21 coupled with the

progressively deepening aridity of the continent, has had a major

influence in shaping the contemporary form of many ecosystems,

such as wallum heathlands and associated Banksia woodlands.19 The

fire management strategies historically employed by First Nations

peoples in Australia, termed cultural burns, were diverse, dynamic

and seasonally determined, resulting in broad patch‐mosaic burning
patterns. The use of controlled, often smaller fires (often of cooler

intensity) created a diversity of habitat types and fire histories

throughout the landscape.22,23

The predominant fire management ethos on mainland Australia

which followed European settlement (approximately 220 years BP),

was mostly one of fire suppression to protect human lives, property

and livestock/agriculture.21 This approach was highly detrimental as

the resultant build‐up of fuel meant that when fires did occur, they

were of high‐intensity, severity and/or extent.24 Whilst recent de-

cades have seen increased intention to reintegrate burning regimes

that promote biodiversity at a landscape scale and are sometimes

more reflective of seasonal cultural burning practices, the legacy of

postcolonial fire management through much of the Australian

continent can make this challenging to impart on a contemporary

landscape. When coupled with severe weather conditions relating to

human‐mediated climate change, recent years have yielded wide-

spread, catastrophic wildfires, such as the Australian Black Summer

megafires in 2019–2020, when 19 million hectares of natural vege-

tation burnt in hot, large fires.25–27 The scale and intensity of these

fires across affected regions were unparalleled in recorded history.28

Whilst much of the burnt estate was on mainland Australia, some

coastal islands, also experienced large‐scale fires, although significant
work remains to fully quantify the magnitude of these impacts. As

climate change is expected to continue to contribute to exacerbating

fire conditions,29 it is imperative that we further our understanding

of the response of Australian species and ecosystems to fire, many of

which are understudied.

1.2 | Flora and fauna responses to fire

Vertebrate faunal species' responses to fire regimes can vary in

duration and have been observed to contrast widely according to

class, life history strategies, population demographics, ecology,

habitat structure and variability, and fire regimes.30–32 A global meta‐
analysis on the responses of fauna to fire confirmed variations at the

class level, and highlights that wildfires can negatively influence the

abundance, biomass, diversity, evenness and richness of fauna.33

However, most of the studies considered in the review were in for-

ests and focused on North America and Europe. In a review on the

impact of fire on small vertebrate species in mallee woodland and

heathlands of temperate Australia, Friend30 identified shelter and

foraging requirements as key predictors of abundance and distribu-

tion of small vertebrates following fires, in the time immediately

following the fire and in early succession stages. More recent studies

also highlight the importance of habitat structure on the postfire

recovery of fauna and flora, including the value of habitat refuges for

survival during and postfire.34–36

Due to the many factors that influence the response of fauna to

fire, land managers of protected areas face a complex task when

developing fire regimes that are designed to conserve both flora and

fauna and their required habitats. It is evident that more research is

needed to inform fire management regimes for protected areas,

which consider priority species' life history strategies and adapta-

tions, as well as flora and fauna community interactions under

different fire regimes. In a recent global review, Jolly et al.37

demonstrated that the proportion of wildlife mortality increases

during higher intensity fires. Similarly, in a synthesis of fire‐driven
declines of threatened mammals in Australia,38 most were threat-

ened by unsuitable fire regimes, particularly in terms of high‐
intensity, high frequency and large‐scale fires.

It has become increasingly acknowledged that a shift back to-

wards fire regimes reminiscent of cultural burning practices can

create a patch‐mosaic fire landscape with inherent variability, which

is somewhat synonymous with the concepts of pyrodiversity and

patch‐mosaic burning.39 This approach reduces the risk of higher

intensity, widespread fires and thus minimises risk factors whilst
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enhancing biodiversity outcomes, although there are logistical, po-

litical and bureaucratic barriers that currently compromise wide-

spread readoption of cultural burning practices.40 in Australia. The

benefits of pyrodiversity to create spatiotemporal variability in patch

fire history is supported by previous research in Banksia woodlands

in the Mediterranean climate (dry summers–wet winters) of south-

western Australia.36,41 However, Banksia woodlands in subtropical

central eastern Australia, which are considered fire‐dependent sys-
tems, have had little research attention. Banksia aemula low open

woodland (BALOW—Regional ecosystem 12.2.9) occurs mostly on

sand islands off the coast of southern Queensland and supports a

variety of threatened plant and animal species.42 BALOW is well‐
represented in protected areas, encompassing 16 protected areas

in Queensland, including the Great Sandy National Park on World

Heritage‐listed K'gari.

During the Black Summer megafires in Australia (2019–2020),

K'gari experienced widespread wildfires. In 2020, during one single

fire event (the ‘Duling’ wildfire), 46% of the island burnt (essentially

the northern half of K'gari) with 82% of the BALOW impacted, and

almost 50% experiencing high to extreme relative fire severity.43 This

followed a previous large‐scale wildfire (lightning‐ignited) on the

southern end of the island in the preceding summer (2018/2019).

Following these events, in 2021, vegetation survey plots were

assessed by the Queensland Herbarium to estimate the vegetation

recovery on the island after the 2019/2020 fires. The survey only

assessed two BALOW sites, both of which were reported to be in

good condition, with slightly lower canopy heights, less coarse woody

debris (CWD), and lower shrub species richness than the benchmark

for this regional ecosystem.44 However, there are to date neither

published studies assessing the vertebrate fauna composition of this

habitat type nor the postfire ecosystem dynamics of BALOW eco-

systems and the flora and fauna that they support. This information is

vital to refining any fire management strategy for this habitat and

informing its conservation within the World Heritage estate on K'gari

and in other protected areas.

Therefore, in this study, we aimed to explore interactions of

fauna and flora species richness and habitat structure following

large‐scale fires in BALOW habitat by

i) Assessing the diversity and structure of vegetation of sites with

differing fire histories.

ii) Assessing and comparing vertebrate species and class richness at

the same sites.

iii) Interpreting flora and fauna species composition and structure, in

the context of varying fire regimes.

2 | METHODS

2.1 | Study site and experimental design

K'gari is a coastal barrier sand island, situated within the Great Sandy

Strait (Korrawinga) region of southeast Queensland and covers

around 160,000 ha.45 The island constitutes a significant part of the

ancestral lands of the Butchulla people, who are the Traditional

Custodians of K'gari island who managed the landscape prior to

European occupation.45 The island has a prevailing subtropical

climate with a variety of vegetation types including heathlands and

wallum, open and closed forests dominated by trees from the Myr-

taceae family, mangrove communities on the west coast and vast

areas of foredune complexes along the east coast. Climate data taken

from the Sandy Cape Lighthouse indicates an average of 1267 mm of

rainfall annually mostly occurring during the summer wet season,

with an average yearly temperature ranging from a maximum

average of 26°C to a minimum average of 19°C.46

There are 20 mapped regional ecosystems on K'gari47 harbour-

ing more than 800 species of flowering plants and ferns.48 Our focal

ecosystem (Regional Ecosystem 12.2.9) is commonly known as

‘Banksia aemula low open woodlands’ (BALOW)42 and is the dominant

ecosystem on K'gari covering about 47,000 ha, or 29% of the island.

While BALOW also occurs on the mainland from south of Rock-

hampton in QLD to Newcastle in NSW,49 the communities on K'gari

are significant in terms of their substantial extent at the northern end

of the system distribution, alongside high representative protection

within national park tenure. BALOW occurs on sandy podzols on

recent dune formations as well as those aged in excess of

500,000 years48,50 and is generally characterised by having an upper

tree canopy composed most frequently of B. aemula and Eucalyptus

racemosa. In areas that have been unburnt for a long period of time,

Allocasuarina littoralis51 is often also present, whilst the shrub and

herb layer is relatively diverse with dominant species including Rici-

nocarpos pinifolius, Leptospermum trivernium, Melaleuca nodosa, Aotus

ericoides, Strangea linearis, Platysace linearifolia, Pteridium esculentum,

Xanthorrhoea johnsonii and X. fulva, with some sites also containing

fire‐dependent threatened species such as Acacia baueri.52,53

As Traditional Custodians of the island, Butchulla continue to

assert their identity and connection with their traditional homelands,

with both the land and seascapes being of intrinsic importance to the

well‐being of Butchulla society. In 2014, the Butchulla Aboriginal

Corporation (BAC) became the Registered Native Title Body

Corporate for K'gari, and in 2019, the Butchulla Native Title

Aboriginal Corporation was also granted native title in adjacent

mainland areas, surrounding waters and up to the high‐water mark
on K'gari. In the BAC's ongoing role as Traditional Custodians, they

seek to manage future fire regimes on K'gari in line with their

traditional culture and customs.54 Existing fire management guide-

lines for BALOW are for mosaic burns of moderate intensity to occur

throughout 40%–60% of the current extent every 8–15 years.47

These fire intervals are aimed at allowing for the survival of obligate

seed regenerating species and avoiding a reduction in species rich-

ness.47 Current understanding of this habitat type suggests that ideal

management should include reducing the risk of large‐scale fires and
reducing the extent of high to extreme fire severity.43,55

2.2 | Site selection and fire history

From mid‐October to late December 2020, an extensive wildfire

(hereafter referred to as the 2020 or Duling wildfire) on the northern

end of the island burnt 82% of the island's BALOW habitat, 50% of

which experienced high to extreme relative fire severity.43 Approxi-

mately 12 months prior to this event (hereafter referred to as the

2019 fire event), approximately 20% of the southern end of the is-

land was burnt, also comprising some areas of BALOW. We therefore
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used BALOW sites in the northern and southern regions of the island

to represent differing recent fire histories, alongside a long unburnt

site as a control, essentially resulting in three distinct fire history

treatments (Figure 1, Table 1). Fire history for each site was obtained

from FLAME, the Queensland Parks and Wildlife Service (QPWS) fire

data recording system.

The sites are latitudinally similar in terms of climatic conditions,

and also have the same geologic substrate and soil type. The long

unburnt control site (Wanggoolba) was adjacent to Wanggoolba

Creek on the central western side of the island and had not burnt for

close to 30 years (Table 1). The second site (Yankee Jack) was located

in close proximity to Yankee Jack Lake on the southwest of the island

and was burnt in the 2019 fire (Table 1). Nearby BALOW vegetation

monitoring plots reported moderate fire intensity in the area with

more patchy fire than the northern 2020 fires and tree mortality of

5%–25%.44 The third site was adjacent to Woralie track on the

F I GUR E 1 Vegetation and camera trap study site locations, fire treatments and approximate extent in Banksia aemula low woodland
habitat (green shading) on K'gari, Queensland, Australia. Extents of recent wildfires are outlined in orange (2019) and blue (2020).
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central northern part of the island, and burnt in the most recent,

high‐intensity fire in 2020.43 For simplicity, we refer herein to the

three sites in terms of their most recent fire history in terms of timing

and intensity: long unburnt (control, Wanggoolba), intermediate (last

burnt in 2019, lower intensity fire, Yankee Jack) and recently/

intensely burnt (last burnt in the 2020 Duling wildfire, Woralie track)

(Table 1).

2.3 | Vegetation surveys

2.3.1 | Fire severity, vegetation structure and
species richness

Two rounds of vegetation surveys took place, first in September

2021 and again in September 2022. During the first surveys, as a

further indicator of fire severity (in addition to QPWS fire records),

we measured burn height (m, maximum height at which bark displays

burn marks) for each B. aemula tree present within our plots at the

intermediate and recently/intensely burnt sites.

To assess the diversity and structure of vegetation at both time

points and at all sites, we measured attributes commonly collected in

a standardised BioCondition survey method using a nested quadrat

system around central transect lines.56 Species richness was recor-

ded at an overall scale of 500 m2 per site by utilising a 4‐m wide belt

transect along the first 125 m of overall transect length. Species were

classified in situ, using field guides where necessary, and according to

descriptions in Applegate.48 Tree canopy cover and overall shrub

cover were measured across 200 m of overall transect length, using

the line intercept method.57 Ground cover was measured using

10 � 1 m2 quadrats at 10‐m intervals along the central transect lines.

Percentages were estimated for bare ground, small shrubs (<1 m),

litter and grasses/forbs. The magnitude (length) of CWD was

measured using a belt transect over a 200‐m2 area as per Eyre

et al.,56 with CWD defined as all fallen timber that was more than

80% in contact with the ground, as well as >0.5 m in length and

>10 cm in diameter.

2.4 | Fauna surveys

To assess vertebrate species and class richness, cameras were

passively (no bait) deployed across the three sites (Figure 1), with

10–12 camera stations per site, over two trapping periods in two

consecutive years (2021 and 2022). Deployment was carried out

simultaneously with the vegetation surveys and was not randomised

due to several site‐based limitations, including avoiding human

presence on roads and walking tracks and ensuring placement in

BALOW vegetation within proximity to the vegetation survey areas.

At each site, camera stations were positioned along two transects,

with each station approximately 100 m apart and one camera

deployed per station (2 � 5 or 2 � 6 grid). This layout allowed the

maximum distance apart that cameras could be positioned, in order

to ensure alignment with the vegetation survey areas, which were

limited to small spatial extents. Cameras were attached to a tree

stem or a log, 40–50 cm above the ground and where possible were

focused on a log, tree or area with evidence of animal presence for

example, scats or diggings. Cameras were positioned south facing to

reduce glare, and vegetation at the station was cleared or restrained

to reduce the likelihood of false triggers.

Three types of cameras were used in the study: Bestguarder

SG‐990, Browning BTC‐6PXD and EnduroSwift, and were config-

ured to equivalent settings. Camera brands were spread as close to

equal as possible across sites, in order to minimise bias in fauna

detection. Cameras were configured to photo mode using an

infrared flash, normal PIR trigger, three to five photos per burst and

with minimal delay (0–1 s) between triggers. Cameras were

deployed at all three sites for an approximately 3‐week period,

during August/September of 2020 and 2021 (576 and 764 trap

nights, respectively).

2.5 | Data analysis

2.5.1 | Camera data management

Following camera collection, images were classified and tagged using

digiKam (Version 7.7.0). Where possible, each animal was identified

at the species level using taxonomic guide books and online sources.

If the animal in the image could not be identified to a species level,

identification was made to the lowest possible taxonomic level. At

least, two people independently identified each image, and if

consensus was not able to be reached on the identification, the image

was excluded from analysis. Each image was tagged with the taxo-

nomic metadata, while camera set‐up and false trigger (no animal

visible) images were tagged accordingly. Five cameras were deployed

in video mode instead of photo mode. For the stations with video

data, a still image snapshot was taken when an animal was identified

and tagged with the relevant metadata. The cameratrapR package58

and software ExifTool (2016) were used to extract image metadata

and merge site and deployment information, summarise trapping

efforts and create summary data tables. We classified images as

TAB L E 1 Fire history of three study sites on K'gari, showing time since fire (TSF) at two sampling periods and the number of fires in the
20 years prior to initial sampling (T20).

Site location

Most recent fire history

classification (timing
and intensity) Date of last fire

TSF in 2021
(months)

TSF in 2022
(months) T20

Woralie track Recently/intensely burnt October 2020 9 21 2 (2020, 2006)

Yankee Jack Intermediate/lower intensity November 2019 22 34 3 (2019, 2015, 2009)

Wanggoolba Long unburnt August 1992 347 359 0

Abbreviation: TSF, time since fire.
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independent when they were taken more than 15 min apart from any

other image on the same camera.

2.5.2 | Statistical analysis

All statistical analyses were conducted using jamovi (Version 2.3.0).

We performed Kruskal–Wallis tests (nonparametric) to assess for

differences between sites in median fauna species richness, mammal

species richness, bird species richness and reptile species richness.

We used Dwass‐Steel‐Critchlow‐Fligner pairwise comparisons for

multiple comparisons between sites. A Mann–Whitney U test was

also applied to determine potential differences in burn height be-

tween the two burnt sites. Normality was assessed using a Shapiro–

Wilks test (p < 0.01).

3 | RESULTS

3.1 | Flora surveys

3.1.1 | Fire severity

The mean burn height of trees was significantly higher (U = 3.135,

p < 0.01) at the recently/intensely burnt site (x̄ = 2.4 m, s = 1.16 m),

with mean burn height three times greater than at the intermediate

site (x̄ = 0.85 m, s = 0.5 m).

3.1.2 | Structure and species richness

Fifty‐six flora species were identified across all sites over 2 years (15
trees, 32 shrubs, three grasses and six forbs), including one vulner-

able species, A. baueri, which was only found at the burnt sites

(Table S1). Grass and forb richness were uniformly low for all sites

across both years (Table 2). Tree species richness was relatively

stable between years, but on a site basis, tree species richness was

higher at the long unburnt site than both the intermediate and

recently/intensely burnt sites, with the inverse true although less

pronounced, for shrub richness (Table 2, Figure 2).

CWD was highest at the long unburnt site, with the recently/

intensely burnt site having the least (Table 2, Figure 2). Canopy cover

was also highest at the long unburnt site and was fairly uniform

between years for all sites and between the two burnt sites (Table 2,

Figure 2). Shrub cover had more inter‐year variability, increasing at
all sites from 2021 to 2022, with a fourfold increase at the recently/

intensely burnt and a nearly twofold increase at the intermediate

site, which also had the most shrub cover across all sites and years in

2022 (Table 2, Figure 3). In terms of ground cover attributes, overall

shrub cover increased within each site between 2021 and 2022,

which for the burnt sites resulted in a commensurate decrease in

bare ground (Figure 3). Additionally, both burnt sites consistently

had higher proportions of bare ground than the long unburnt site,

which had negligible bare ground (Figure 3).

The highest cumulative total flora species richness was found at

the long unburnt site (n = 39), with the burnt sites having lower and

similar overall species richness (n = 26 and n = 27, respectively). T
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Tree species richness was highest at the long unburnt site, whilst

cumulative shrub species richness was similar between sites but

lowest at the long unburnt (Figure 2), and grass and forb cumulative

species richness was low for all sites (Table 2).

3.2 | Fauna surveys

A total of 1340 trap nights (2021: n = 576 and 2022: n = 764) across

all sites identified 28 vertebrate species in total (10 mammals, eight

reptiles and 10 birds) including one vulnerable species, Potorous tri-

dactylus (Table 3). One invasive species was detected, Felis catus: one

cat in 2021 and three cats in 2022, and all were found at the inter-

mediate site only.

At the recently burnt site, 0.032 independent images per trap

night of identified species were acquired. The intermediate and long

unburnt sites had much higher, and similar, counts of independent

images, with 0.152 and 0.157 images/trap night, respectively. The

total number of independent images/trap night across all sites was

lower in 2022 (0.086) than in 2021 (0.149) and total species richness

was higher in 2021 (n = 21) than in 2022 (n = 16) (Figure 4). Only

three species were present at all three sites: Antechinus flavipes (10

independent captures), Colluricincla harmonica (9 independent cap-

tures) and Wallabia bicolor (12 independent captures).

F I GUR E 2 Pictographic summary of fauna and flora species richness and structure at three sites of Banksia aemula woodland with varying
fire histories, sampled in both 2021 and 2022 (recently burnt—Woralie track, intermediate—Yankee Jack and long unburnt—Wanggoolba) on
K'gari, Queensland, Australia.

F I GUR E 3 Ground cover proportions at
three sites of Banksia aemula woodland with

varying time since fire (months) in 2021 and
2022 on K'gari, Queensland, Australia
(recently burnt—Woralie track, intermediate—

Yankee Jack and long unburnt—Wanggoolba).
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TAB L E 3 Vertebrate fauna species detected by passive camera traps in 2021 and 2022, at three sites with varying fire histories on K'gari,
Queensland, Australia (recently burnt—Woralie track, intermediate—Yankee Jack and long unburnt—Wanggoolba).

Class Common name Scientific name

Presence at site (yes or no). Number of stations per site

each species was detected at in 2021/2022 shown in brackets

Recently burnt Intermediate Long unburnt

Bird Brown thornbill Acanthiza pusilla N Y (0/2) N

Bird Australian owlet‐nightjar Aegotheles cristatus N Y (1/0) Y (1/0)

Bird Grey shrike‐thrush Colluricincla harmonica Y (1/1) Y (1/1) Y (1/2)

Bird Bar‐shouldered dove Geopelia humeralis N Y (2/1) Y (1/2)

Bird Painted buttonquail Turnix varius N Y (3/3) N

Bird Sulphur‐crested cockatoo Cacatua galerita Y (0/1) N N

Bird Eastern yellow robin Eopsaltria australis N Y (0/1) Y (0/1)

Bird White‐cheeked honeyeater Phylidonyris niger N Y (0/2) N

Bird Eastern whipbird Psophodes olivaceus N Y (0/1) N

Bird Fairywren Malurus sp. N Y (1/0) N

Mammal Feathertail glider Acrobates phygmaeus N N Y (1/0)

Mammal Yellow‐footed antechinus Antechinus flavipes Y (1/0) Y (1/2) Y (2/0)

Mammal Cat Felis catus N Y (1/2) N

Mammal Northern brown bandicoot Isoodon macrourus N N Y (1/2)

Mammal Long‐nosed bandicoot Peramales nasuta N Y (2/0) N

Mammal Long‐nosed potoroo Potorous tridactylus N Y (2/1) Y (3/3)

Mammal Bush rat Rattus fuscipes N Y (1/0) Y (3/4)

Mammal Slender‐tailed dunnart Sminthopsis murina Y (1/0) N N

Mammal Swamp wallaby Wallabia bicolor Y (1/1) Y (3/5) Y (0/2)

Mammal Fawn‐footed melomys Melomys cervinipes N N Y (0/1)

Reptile Comb‐eared skink Ctenotus sp. N Y (2/0) N

Reptile Green tree snake Dendrelaphis punctulatus N Y (1/0) N

Reptile Dragon Diporiphora sp. Y (0/1) N N

Reptile Major skink Egernia frere Y (1/0) N Y (2/1)

Reptile Garden skink Lampropholis sp. N Y (1/0) N

Reptile Lace monitor Varanus varius N Y (0/5) Y (5/3)

Reptile Snake Unidentified snake 1 N Y (1/0) N

Reptile Snake Unidentified snake 2 Y (1/0) N N

Total species richness

(2021 þ 2022)

8 20 13

F I GUR E 4 Vertebrate fauna species

richness by class for three sites with varying
fire histories, sampled in both 2021 and 2022
(recently burnt—Woralie track, intermediate—

Yankee Jack and long unburnt—Wanggoolba).
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Overall median fauna species richness was significantly different

between the three sites (χ2 = 14.07 and p < 0.001) (Figure 4), with

species richness lower at the recently burnt site than the interme-

diate (p = 0.001) and long unburnt (p = 0.003) sites. Total cumulative

fauna species richness (i.e. over 2 years) was significantly lower at

the recently burnt site (n = 8) than at the intermediate (n = 20,

including one invasive species) and long unburnt sites (n = 13).

Mammal species richness was lower at the recently burnt than at the

long unburnt site (p = 0.041). A difference in bird species richness

was observed between the recently burnt and long unburnt sites

(χ2 = 4.84, p = 0.047). There was no significant difference in reptile

species richness observed between sites (p > 0.15) (Figure 4).

4 | DISCUSSION

This study provides insights into interactions between fire history

and ecosystem dynamics and flora and faunal diversity/assemblage in

BALOW habitat that are valuable for guiding management on K'gari

and elsewhere. This is of importance, given the World Heritage sig-

nificance of this landscape and the context of the Duling wildfire

being one of many extraordinary fire events throughout Australia

during the Black Summer megafires of 2020. One of the challenges of

quantifying the impacts of wildfires can be the lack of baseline,

prefire data. In our study, while prefire data were lacking in our

target ecosystem, we were able to utilise data from a long unburnt

BALOW site on K'gari, which provided invaluable context to our

results in both burnt sites. The availability of only one ‘control’ site

(unburnt) was a limiting factor and meant that to maintain a balanced

survey design without resorting to pseudoreplication, we surveyed

only one ‘intermediate’ site (longer time since the 2019 fire) along-

side one recently and intensively burnt site from the Duling wildfire.

Despite the imposition of these unavoidable real‐world limitations,

these sites provided balance in terms of ecosystem type, climate,

geology (substrate) and soil type, and our approach yielded illumi-

nating data to underpin management.

Our data presented here (burn height), in field observations and

previous research,43 show that the most recent fire (2020) at Woralie

track was of higher severity and scale than the intermediate (Yankee

Jack) site's most recent fire (2019). The high severity fire at that site

was most likely partly a combination of the prevailing conditions and

fire behaviour.43 It was also potentially influenced by the occurrence

of only two fires in the last 20 years, with the most recent fire in-

terval being 14 years. In comparison to this fire regime, the Yankee

Jack site had experienced three fires in the previous 20 years, with

shorter inter‐fire intervals. While fire intensity is the result of many

dynamic factors, fire regimes involving longer inter‐fire intervals may
result in higher intensity fire due to increased fuel load in fire‐prone
habitats, although these relationships can be complex, variable and

influenced by other factors.59 Of note, the Woralie track site which

experienced the high‐intensity/severity fire, (partly as a result of the
historical fire regime, but also due to fire conditions) also had the

lowest amounts of CWD, and the lowest overall vertebrate species

richness of all sites at both sampling periods, with mammals being

most affected.

The rationale for employing multiple lines of evidence (flora

structure and diversity and vertebrate species richness) in our study

to examine the impacts of fire is validated, with the long unburnt site

showing higher structural complexity and flora species richness yet

no significant difference in faunal species richness compared to the

intermediate burn site (Yankee Jack). The complexity of fire regime

impacts on flora and fauna in BALOW on K'gari is well‐illustrated by
comparing the outcome from the higher‐severity, most recent fire at
Woralie track and the lower severity fire at the intermediate site

(Yankee Jack) at a similar time since their last fire (21–22 months

postfire respectively), whilst using the long unburnt site as a refer-

ence point. While the two sites had similar canopy cover, tree and

shrub species richness and structure, the overall vertebrate fauna

species richness was more than three times lower at Woralie track.

Vertebrate species richness was also significantly lower at Woralie

track at both time points than at both other sites. This may indicate

that fire severity has a stronger influence on vertebrate diversity in

BALOW on K'gari than time since the fire, although it is also

important to note that the 2020 fire in the Woralie track region was

also of far greater extent within BALOW than the 2019 fire at

Yankee Jack. Additionally, the recently burnt (Woralie track) site is in

a region of K'gari where vast swathes of BALOW dominate the

landscape in the northern part of the island (Figure 1). In contrast,

both the intermediate (Yankee Jack) and the long unburnt site

(Wanggoolba) are smaller pockets of BALOW amongst a more

complex ecosystem matrix (habitat diversity), which may also influ-

ence vertebrate diversity60 as a range of feeding and shelter habitats

are available in proximity to each of these sites. The differences in

the surrounding habitat matrix are typical of the high habitat di-

versity on K'gari which results from a combination of many factors,

such as dune age, topography and fire history.45 Alongside habitat

diversity in the surrounding matrix, the role of predation (from both

native dingoes and feral predators such as cats) is worthy of future

research on K'gari. These interactions are of particular interest

because predation can be a key risk in recently/intensely burnt

areas, with cover from predators being reduced immediately

following fires61,62 and the patterns of species richness observed in

this study suggest that both fire severity and extent may play a

significant role in vertebrate faunal response to fire in BALOW

habitat.

There are two broad mechanisms through which depleted wild-

life populations can recover from fire impacts: through in situ survival

or recolonisation from ex situ populations. The intensity, fire fre-

quency, time since the last fire and extent of current fires can in-

fluence both in situ survival of fauna,63 particularly for species with

poor mobility and recolonisation capabilities. Areas undergoing more

frequent, larger extent or higher intensity fires are likely to have

slower and/or lower levels of fauna recruitment.37,38 In contrast, fire

regimes comprising smaller scale patch‐mosaic burning akin to cul-

tural burning practices allow for many species to flee to areas adja-

cent to the fire for survival. We note the presence of small mammal

species at this site which are likely to have survived the fire in situ.64

However, the lower fauna species diversity at the recently/intensely

burnt site may be in part due to the large extent of totally burnt areas

and higher severity of the most recent wildfire; it is less likely that

animals would have survived in situ, and there is a lower likelihood of

recolonisation of animals from nearby areas which had an equivalent

habitat type and recent fire history, as all BALOW habitats in this

area were burnt.
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CWD, provides important microhabitats for a range of terrestrial

vertebrates.65 The lack of CWD at the recently/intensely burnt site

may be a product of the high fire severity that occurred in the most

recent fire, which reduces the available habitat and shelter for sur-

viving vertebrates postfire, particularly for reptiles and ground

mammals. This is reflected in the lower reptile and mammal diversity

found at this site than in the long unburnt site. Reptile presence and

abundance are known to be affected by foraging and shelter re-

quirements following fire,30 yet reptile responses can vary widely

between taxa.31 In Banksia woodland in Western Australia, some

species of snakes and lizards showed a strong response to fire, with

higher abundance associated with a longer, fire‐free period.36 Addi-

tionally, in a study of reptile responses to fire in a variety of vege-

tation types in south‐eastern Australia, many species' responses to

fire were found to be linked more to vegetation structure and the

composition of plant communities, rather than fire history alone,31

highlighting the importance of a maintaining a structurally complex

habitat.

The lower levels of CWD also make the more recently burnt sites

in this study more susceptible to negative impacts on reptiles and

mammals from future frequent and intense fires, as there will be

fewer refuges available to enable in situ survival during, and imme-

diately after large intense fires.35 This highlights the importance of

sufficient fire intervals as well as small‐scale patch burns, to maintain
habitat and provide refuges during and after fires, which support

faunal abundance and diversity in this habitat.

Only two bird species were detected at the recently/intensely

burnt site, each with one detection only: Cacatua galerita (omnivore)

and C. harmonica (insectivore). The absence of nectivorous birds

detected may reflect the higher percentage of dead Banksia trees

(25%), which would result in a reduction in the availability of food for

nectarivores, and the surveys were not conducted in key flowering

periods. While there were slight differences detected in bird species

richness at this site, there were no significant differences in overall

bird species richness detected at other sites which may be due to the

higher mobility of bird species than other vertebrate taxa. This is

supported by previous research in Banksia woodland, which found

that bird communities are adaptable to fire regimes, with the density

of most bird species studied showing no response to fire regimes.66 It

should also be noted that the camera deployment in this study

focused close to ground level and may have been biased towards

ground‐dwelling bird species. Notably, a study comparing point

counts and camera trapping techniques for assessing understorey

bird species richness in a variety of habitats found that both survey

methods yielded similar results.67 However, we note that some of the

species present on our cameras were not ground dwelling, and pre-

dominantly feed in trees for example, white‐cheeked honey eaters

and sulphur‐crested cockatoos, and that an arboreal mammals for

example, feathertail glider, was also present. This demonstrates that

tree‐dwelling species were detected on our cameras, as well as those
that feed both on the ground and on trees for example, owlet‐
nightjar and grey shrikethrush and ground‐dwelling species for

example, painted buttonquail. In future studies, acoustic recording

devices could be deployed to expand the scope of detection for bird

and frog species.

Notably, the vegetation surveys also revealed interesting dif-

ferences between the sites in terms of management priorities, and

the long unburnt site in this study provides perspectives into the

complexities of managing fire‐dependent landscapes. The long un-

burnt site had the highest overall diversity, but this comprised mainly

of tree species, with shrub species richness being higher at both

burnt sites. Further, observations by QPWS, combined with the

species composition and vegetation structure data indicate that the

long unburnt site was transitioning away from type (BALOW), and

this was the only site where the threatened, fire‐dependent A. baueri
was not present. The site provided both larger amounts of CWD and

canopy cover than recently burnt sites, providing more habitat and

refuge from predators for reptiles and small mammals. Similar inter‐
site canopy cover (largely represented by B. aemula) between sam-

pling years confirms the low growth rate for the key tree species,

which is typical of Banksia species.68 Higher flora species richness and

higher numbers of senescing older Banksia trees noted in a concur-

rent study69 indicate more habitat for fauna, particularly arboreal

and hollow‐dependent species. However, this may also be indicative

of the degradation of key flora (e.g. B. aemula) and prevent fire‐
dependent threatened species, such as A. baueri52 from persisting

in natural populations in these landscapes, as they have been shown

to decline and become vulnerable to localised extinction in the

absence of fire.52,70 Notably, although tree species richness was

higher at the long unburnt site, the presence of tree species not

usually associated with BALOW (i.e. Alphitonia excelsa, Callitris col-

umellaris and Syncarpia glomulifera), suggest this site may be in

the process of transitioning away from BALOW habitat (RE 12.2.9)

open woodland towards a more mesic forest type. This typifies

the conundrum faced by managers, in that there are often multiple

and competing aims—for example, is the management intent to

maintain ecosystem integrity versus maximising faunal and/or floral

diversity?

5 | IMPLICATIONS FOR EVIDENCE‐BASED
MANAGEMENT OF BIODIVERSITY IN BALOW
HABITAT ON K'GARI

This study provides a crucial baseline understanding of the postfire

ecosystem dynamics in the dominant ecosystem on K'gari. Our re-

sults not only indicate that the preceding fire regime and fire con-

ditions that led to the high‐intensity, widespread Duling wildfire were
detrimental to fauna but also that responses of this fire‐adapted
ecosystem to fire events are dynamic. However, more research is

needed that includes sites with stronger representation of interme-

diate fire frequency and intervals, and replication of fire histories to

gain a better understanding of the complexities of postfire processes

in BALOW habitat. This is particularly important as fire management

on K'gari becomes more reflective of the outcomes of cultural

burning practices in broader landscapes and, in recognition of their

native title rights, BAC seeks to strengthen its role in planning for

and managing K'gari for the benefit of Butchulla people, in the fire

management space.54

For the management of fire‐adapted ecosystems such as BALOW
habitat, a trade‐off exists between maintaining high fauna species

richness and diversity, conserving threatened or priority species and

preserving flora health and ecosystem identity. Overall, this trade‐off
points to the need for pyrodiversity at different scales. For example,
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to maintain fauna habitat complexity in BALOW, some long inter‐fire
intervals are required. Nevertheless, without regular fire, some

cryptic threatened flora (e.g. A. baueri) will likely decline and be ab-

sent in some regions,70 and key species (e.g. B. aemula) may senesce

and die back, and the ecosystem may transition away from BALOW.

Since these ecosystems are dynamic, and disturbance‐driven, man-
agement regimes that capture maximum ecosystem, species and

habitat diversity are needed for effective conservation, with tem-

poral and spatial variation reflective of historical Traditional Custo-

dian management of fire regimes. Maintaining patch networks of

habitat with various fire histories allows for variation in disturbance

across the broader landscape, and may improve fauna survival both

during and immediately after fire. Given the diverse range of plant

and animal species found in BALOW, the need for further research to

better understand these relationships is highlighted; to manage the

ecosystem effectively.
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