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Introduction

Libby Rumpff, Sarah M. Legge, Stephen van Leeuwen, Brendan A. Wintle and 
John C. Z. Woinarski

Fire is an integral part of the Australian landscape. Over a long history, including tens of 
thousands of years under Indigenous use and management, it has shaped most of Australia’s 
terrestrial environments and moulded its plant and animal assemblages (Bowman 1998; 
Bowman et al. 2009).

Yet in 2019–20, much of eastern and southern Australia was burnt in ‘megafires’ at high 
severity, across an unprecedented extent and over an unusually long duration (Collins 
et  al. 2021). The term and incidence of megafire is relatively new: reflecting a global 
increase in fire sizes, it is recognised as ‘an emerging concept’ (Linley et al. in press). Here 
we apply it to fires that are more than 100 000 ha in extent, although we note that others 
have advocated applying the term megafire to fires > 10 000 ha and have coined the terms 
gigafire for fires > 100 000 ha, and terafire for fires > 1 000 000 ha (Linley et al. in press).

This season of fires was a landmark event in the country’s post-colonial history, a year 
of exceptional loss. For many, these megafires provided a stark demonstration that the 
consequences of global climate change are occurring now. This was a frightening glimpse 
of a dystopian future, of a world beyond our control (Fig. 1.1).

The 2019–20 wildfires exacted a considerable toll on people and the economy. They 
killed 33 people directly and in fire-fighting operations, led to the death of approximately 
another 430 people through smoke pollution, imposed a $2 billion impost on the Australian 
health budget (Johnston et al. 2021), destroyed many homes and livelihoods and caused 
significant damage to the national and regional economies. However, in this book our 
focus is on the environmental impact of these fires.

Australians, and the global community more broadly, watched on as images of burnt 
koalas and kangaroos haunted the nightly news footage, and experts estimated that billions 
of animals may have been killed (van Eeden et al. 2020). But the dead or injured animals 
represented only the most conspicuous margins of the impacts of these fires on wildlife. 
Places of outstanding biodiversity significance, such as World Heritage areas, were 
damaged. Some environments intolerant of fire, such as rainforests, burnt for the first time 
in living memory (Kooyman et  al. 2020). A preliminary analysis estimated that, over  
the period of 6–8 months, the fires burnt the habitat or range of 107 of Australia’s 436 
threatened terrestrial and freshwater vertebrate species. The fires rapidly pushed many 
already imperilled species further to the brink, and caused hundreds of other species 
formerly considered secure to now be threatened (Ward et al. 2020). Scientists have begun 
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documenting likely extinctions as a result of the fires (Moir 2021) – we will learn more in 
the coming years. However, because of decades of chronic underfunding of survey and 
monitoring efforts, the actual number of such extinctions may never be known (Scheele 
et al. 2019; Wintle et al. 2019).

The fires galvanised an extraordinary response by the Australian community, govern-
ments, Indigenous groups and conservation organisations. Record sums of money were 
contributed to wildlife rescue and recovery efforts. The Australian Government estab-
lished a $200 million wildlife recovery fund, for urgent and short-term actions designed to 
limit biodiversity losses and support post-fire recovery – this one-off funding initiative 
was almost twice that of the normal annual expenditure by the Australian Government 
on management of all threatened species (Wintle et  al. 2019). Rapid responses  – often 
heroically undertaken in dangerous situations and with great urgency – helped save some 
species and constrain some losses (Morton 2020). These responses showed how much the 
Australian community valued our nature, and were concerned and moved by its potential 
loss.

But while many of these responses were admirable and achieved some successes, these 
fires also highlighted the ad hoc status, and inadequacies, of planning, management, policy 
and legal settings for the protection of biodiversity. Emergency management for biodiver-
sity was not previously given prominence by government agencies, and these fires exposed 
the limited capacity to deal with situations that were beyond what was previously thought 
to be the extreme limit. Established soon after the fires, a series of government inquiries 
probed these revealed weaknesses, and proposed some major changes to attempt to reduce 

Fig. 1.1.  The 2019–20 wildfires were exceptional in scale and duration, burning large areas at 
high severity. Here, flames from the fires rolling over the ridges of Tidbinbilla Nature Reserve and 
Namadgi National Park. (Photo: Markus Dirnberger)
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the likelihood of future comparable events and to improve the effectiveness of fire planning 
and operational control (Chapter 30).

Of course, there is a history of severe and destructive wildfires; these have been a 
recurring and scarring feature of Australian life, especially in temperate Australia. 
Although exceptional, the 2019–20 wildfires had precursors that also had major impacts 
on biodiversity. For example, although little of Tasmania was burnt in the 2019–20 
season, extensive fires there in the previous season, and in 2016, imposed significant 
impacts on the Tasmanian Wilderness World Heritage Area and on species and ecologi-
cal communities that are highly susceptible to wildfire (Foulkes et  al. 2021). But no 
previous Australian wildfires have caused such loss of biodiversity as the 2019–20 wild-
fires. And our starting point in 2019–20 was influenced and contextualised by a changing 
fire regime  – the complex spatial and temporal patterning of fires has been shifting. 
Some species and environments may recover from the impacts of the 2019–20 fires, but 
recovery may not occur for many decades, and recovery for others may be stymied if 
another comparable fire occurs in the near future. The precarious prospects for these 
species and environments depend now on our willingness and capability to better 
manage this country.

Why we wrote this book
We write as scientists, respectful of the objectivity of data and fascinated by the analysis 
and interpretation of it. But here we also write for the benefit of our children, and for their 
descendants, and for the world that they will live in. We write at a critical time for the 
health of our planet, for the wellbeing of humanity, for the future of nature. These are at 
increasing risk from cascading episodes of catastrophic events such as the 2019–20 
Australian wildfires, from the factors that made those fires happen, from our demonstra-
ble ineffectiveness in managing them, and from an insufficient provision of supporting 
resources and inadequate protection (Samuel 2020). We write because we don’t want to 
bequeath to our children a tarnished world in which such fires – and the devastating and 
compounding losses of nature that they cause – become the new normal. Such a world 
would become inhospitable for humanity and for nature (Fig. 1.2).

So, in this account we want to document and communicate as accurately as possible the 
impacts of this single year of fire across the breadth of Australia’s species and natural envi-
ronments; we also want to propose that such losses are unacceptable. Furthermore, we 
want to distil the lessons hard won from these fires, to recommend responses that will 
make it less likely that comparable fires will blight our future, so that we can respond more 
effectively (before, during and after fire) if they do happen. We want to use the 2019–20 
fires as a pivot in learning to live in this country and for better safeguarding of our natural 
heritage.

Accounting for biodiversity loss in these fires is not straightforward, because short-
comings in Australia’s biodiversity monitoring (Legge et al. 2018) mean that there is no 
robust pre-fire benchmark of the population status of most species, at most sites, against 
which to measure loss. Furthermore, post-fire sampling, of population sizes or the condi-
tion of ecosystems, is a time-consuming process, and especially so across the gamut of 
species and ecological communities affected by these fires. And while it is important for 
accounting purposes to document the immediate population reductions due to these 
fires, a more critical conservation focus should be on the longer-term impact and the 
pathway to and likelihood of recovery (the return to pre-fire status): how long such 
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recovery may take; what factors may help support it; and what factors may constrain or 
prevent it. We can document the wounds to nature relatively easily, but more critical is the 
process of healing, and our capability and willingness to contribute to such healing. We 
are at the edge of the unknown. There are few precedents for chronicling recovery from 
environmental catastrophes of the scale of the 2019–20 fires, and such recovery will be 
tenuous in a future world if comparable fires recur, and highly unlikely without a signifi-
cant increase in focus on recovery and increasing the resilience of our biodiversity and 
landscapes.

The shape of this book
This account is focused on those regions of southern and eastern Australia – mostly 
forested areas – in which wildfires in 2019–20 were exceptional (Fig. 1.3). This area was 
circumscribed by the Australian Department of Agriculture, Water and the Environ-
ment and designated the ‘Preliminary Analysis Area’ (PAA), and has been used as the 
basis of many analyses of impacts (e.g. Ward et al. 2020; Legge et al. 2022). The total 
area burnt in this region by fires in 2019–20 was 10.3 million ha. There were many fires 
in 2019–20 elsewhere in Australia, but those fires were much more within normal 
bounds.

The set of 2019–20 Australian fires has been labelled the Black Summer, an evocative 
description of the sense of doom felt by many people in fire-affected areas, and by those in 
nearby capital cities blanketed for many weeks by thick smoke. However, that epithet over-
looks one of the key distinctive features of these fires  – that they started unseasonably 

Fig. 1.2.  Landscape in the aftermath of the 2019–20 wildfires, Kangaroo Island. (Photo: Nicolas 
Rakotopare/Threatened Species Recovery Hub)
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early, in south-eastern Queensland in early September 2019 (Inspector-General Emergency 
Management 2020; Smith et al. 2021).

In the following chapter, we contextualise and characterise the 2019–20 fires, and the 
factors that catalysed them. We then describe (in Chapter 3) the impacts of these fires on 
Indigenous cultural values and Country. In Chapters 4 to 16, we document the immediate 
and short-term impacts of these fires across different components of Australia’s biodiver-
sity. As noted above, the longer-term impacts cannot yet be known. In Chapters 17 to 19, 
we also recognise that many species and ecosystems faced threats (such as introduced 
animals, weeds and plant disease, and forestry) before the 2019–20 wildfires, and that 
these factors may continue to operate after fire, compounding the impacts from fire alone. 
For post-fire recovery to occur, such interactions need to be understood and the interact-
ing factors effectively managed. We acknowledge that other threats may also compound 
the impacts of fire, including habitat loss and fragmentation. Chapter 20 provides a distil-
lation across the different components of biodiversity of the direct and compounding 
impacts of the 2019–20 wildfires, and summarises key results and characteristics of this 
impact.

Chapter  21 provides an account of prescribed (fuel reduction) burning, an integral 
component of the management of fires in Australia. It notes that such pre-emptive burning 
to some extent reduced risks associated with the 2019–20 fires, and that prescribed burning 
itself may have varied impacts on biodiversity.

In the following section (Chapters 22 to 28), we describe the responses made to help 
support the recovery of biodiversity following the 2019–20 wildfires. A feature of this 
response was that it involved so many groups and individuals, but that there was generally 
a high degree of collaboration across this network of respondents. Biodiversity 

Fig. 1.3.  The geographical scope of this book is focused on those regions of Australia (hatched in 
this figure) in which the 2019–20 fires were exceptional: the ‘Preliminary Analysis Area’ (PAA).
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conservation in Australia is a shared responsibility, and this was very evident in the 
response to these wildfires. We include in this section chapters describing the contribu-
tions made by the Australian Government, state and territory governments, some conser-
vation non-government organisations (NGOs) and natural resource management (NRM) 
groups. We acknowledge here that many other conservation groups, animal welfare 
groups, community groups, Indigenous groups, landholder organisations, local councils, 
corporations and individuals also made significant contributions to this recovery effort – 
not all of this extraordinary effort could be reported here. This section also considers two 
issues that are important generally in the recovery effort, and specifically in the case of the 
2019–20 fires: animal welfare and ex situ conservation.

In the final section (Chapters 29 to 36), we describe the planning and management 
context that forms the basis for dealing with fire in Australia. In this final set of chapters, 
we seek to identify what improvements need to be made in the way biodiversity is managed 
in relation to fire in Australia. In particular, we:

•	 consider how adequate the knowledge base is for species’ response to and needs for fire, 
and what the key knowledge gaps are;

•	 assess whether biodiversity assets in fire-prone regions are clearly prioritised, defined 
and circumscribed, such that they can be most readily protected during fire operations;

•	 evaluate the extent to which biodiversity is adequately represented in fire planning and 
whether such inclusion has sufficient clout during fire operations and management;

•	 assess the extent to which conservation of biodiversity assets during fire operations is 
sufficiently grounded in policy and law;

•	 describe the current extent of biodiversity monitoring, and its role in benchmarking 
fire impacts and in assessment of recovery and management effectiveness;

•	 assess the successes and failures for biodiversity outcomes of other actions taken before, 
during and after fire;

•	 recognise the need for a more pivotal role for Indigenous land and fire management; 
and

•	 consider what actions may be taken before fire events to improve environmental resil-
ience, to reduce the likelihood of severe fire, and to spread and reduce environmental 
risks from fire.

Recognising that the impacts of these fires on biodiversity also affect our sense of the 
value of nature and our connections to country, we also include a chapter (Chapter 34) that 
offers a set of personal perspectives from some individuals involved in the fire manage-
ment and recovery process.

We use the information reported in all chapters to derive recommendations for 
planning, policy, law and management that would serve to reduce the likelihood of 
future catastrophic fires and their impacts on biodiversity, and that would help develop 
and implement manuals or strategies for enhancing the recovery of biodiversity follow-
ing fire.

Note that some examples feature in several chapters. These include some of the 
species and ecosystems with highest profile impacts or conservation efforts in these 
wildfires: Wollemi pine (Wollemia nobilis), Kangaroo Island glossy black-cockatoo 
(Calyptorhynchus lathami halmaturinus), Kangaroo Island dunnart (Sminthopsis griseo-
venter aitkeni), Gondwanan rainforests, the heathlands of the Stirling Range, and 
montane ash forests. These examples recur partly because different chapters describe 
impacts and responses, because we wanted to describe how different agencies and 
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groups contributed in different ways to their rescue or recovery, and because the impacts 
of fire on these species and communities were also influenced by other management 
contexts.

The 2019–20 wildfires showed that our community cared deeply about our natural 
environments and wildlife, and particularly about the extent to which our nature may be 
lost in catastrophic events. For example, as at January 2020, 53% of Australians had 
donated to an appeal to help recovery from the 2019–20 wildfires, with a median donation 
of $50, and an attitudinal survey concluded that ‘The bushfire crisis brought out the best 
in us’ (morestrategic 2020). If we can learn the lessons evident from the fires themselves, 
their impacts and our responses, these fires will provide us with the opportunity to care 
better for our country and to plan for a more sustainable future.

As we write this chapter, exceptional flood events are causing loss of human life, infra-
structure and biodiversity in northern New South Wales and south-eastern Queensland. 
Writing about wildfire in such settings seems perverse, but fire and flood are part of the 
same fabric of escalating environmental catastrophes due to climate change that collec-
tively will winnow biodiversity and challenge our future. Furthermore, although this book 
specifically documents the impacts on biodiversity of the 2019–20 Australian wildfires, 
the responses made, and the lessons that can be learnt, much of what we have written can 
be applied more generically to any environmental disaster. We cannot continue to lurch 
blindly from crisis to crisis, treating each as an unexpected exceptionality, learning little 
from each, and each prompting a patched emergency response. That pathway is a descend-
ing spiral. We need instead to try to reduce the likelihood of such disasters, to build capa-
bility to respond to them, and to better manage our country such that the status of 
biodiversity is not so precarious.

References
Bowman DMJS (1998) Tansley Review No. 101: The impact of Aboriginal landscape burning on the 

Australian biota. New Phytologist 140, 385–410. doi:10.1111/j.1469-8137.1998.00289.x
Bowman DMJS, Balch JK, Artaxo P, Bond WJ, Carlson JM, et al. (2009) Fire in the Earth system. 

Science 324, 481–484. doi:10.1126/science.1163886
Collins L, Bradstock RA, Clarke H, Clarke MF, Nolan RH, et al. (2021) The 2019/2020 mega-fires 

exposed Australian ecosystems to an unprecedented extent of high-severity fire. Environmental 
Research Letters 16, 044029. doi:10.1088/1748-9326/abeb9e

Foulkes JA, Prior LD, Leonard SWJ, Bowman DMJS (2021) Demographic effects of severe fire in 
montane shrubland on Tasmania’s central plateau. Fire (Basel, Switzerland) 4, 32. doi:10.3390/
fire4030032

Inspector-General Emergency Management (2020) ‘Queensland Bushfires Review. Report 2: 2019–2020’. 
Inspector-General Emergency Management, Brisbane.

Johnston FH, Borchers-Arriagada N, Morgan GG, Jalaludin B, Palmer AJ, et al. (2021) Unprece-
dented health costs of smoke-related PM 2.5 from the 2019–20 Australian megafires. Nature 
Sustainability 4, 42–47. doi:10.1038/s41893-020-00610-5

Kooyman RM, Watson J, Wilf P (2020) Protect Australia’s Gondwana rainforests. Science 367, 1083. 
doi:10.1126/science.abb2046

Legge S, Lindenmayer DB, Robinson NM, Scheele BC, Southwell DM, et al. (Eds) (2018) Monitoring 
Threatened Species and Ecological Communities. CSIRO Publishing, Melbourne.

Legge S, Woinarski J, Scheele B, Garnett ST, Lintermans M, et al. (2022) Rapid assessment of the 
biodiversity impacts of a megafire to guide urgent management intervention and recovery. 
Diversity & Distributions 28, 571–591. doi:10.1111/ddi.13428

Australia's Megafires: Biodiversity Impacts and Lessons from 2019-2020                   CSIRO Publishing 2003 
Editors: Libby Rumpff, Sarah M. Legge, Stephen van Leeuwen, Brendan A. Wintle and John C. Z. Woinarski

Copyright The Authors 2023.  All rights reserved. 
www.publish.csiro.au

https://doi.org/10.1111/j.1469-8137.1998.00289.x
https://doi.org/10.1126/science.1163886
https://doi.org/10.1088/1748-9326/abeb9e
https://doi.org/10.3390/fire4030032
https://doi.org/10.3390/fire4030032
https://doi.org/10.1038/s41893-020-00610-5
https://doi.org/10.1126/science.abb2046
https://doi.org/10.1111/ddi.13428


Australia’s Megafires8

Linley GD, Jolly CJ, Doherty TS, Geary WL, Armenteras D, et  al. (in press) What do you 
mean,‘megafire’? Global Ecology and Biogeography. doi:10.1111/geb.13499

Moir ML (2021) Coextinction of Pseudococcus markharveyi (Hemiptera: Pseudococcidae): a case 
study in the modern insect extinction crisis. Austral Entomology 60, 89–97. doi:10.1111/aen.12506

morestrategic (2020) ‘Public attitudes to bushfire fundraising: insights from national opinion poll 
16–18 January 2020’. Fundraising Institute Australia, Sydney.

Morton A (2020) ‘Dinosaur trees’: firefighters save endangered Wollemi pines from NSW bushfires. 
The Guardian Australia, 15 January (online).

Samuel G (2020) ‘Independent review of the EPBC Act - Final report’. Department of Agriculture 
Water and the Environment, Canberra.

Scheele BC, Legge S, Blanchard W, Garnett ST, Geyle HM, et al. (2019) Continental-scale assess-
ment reveals inadequate monitoring for threatened vertebrates in a megadiverse country. Bio-
logical Conservation 235, 273–278. doi:10.1016/j.biocon.2019.04.023

Smith I, Velasquez E, Pickering C (2021) Quantifying potential effect of 2019 fires on national parks 
and vegetation in South-East Queensland. Ecological Management & Restoration 22, 160–170. 
doi:10.1111/emr.12479

van Eeden L, Nimmo D, Mahoney M, Herman K, Ehnke G, et  al. (2020) Australia’s 2019–2020 
Bushfires: The Wildlife Toll. World Wide Fund for Nature Australia, Melbourne.

Ward M, Tulloch AIT, Radford JQ, Williams BA, Reside AE, et  al. (2020) Impact of 2019–2020 
mega-fires on Australian fauna habitat. Nature Ecology & Evolution 4, 1321–1326. doi:10.1038/
s41559-020-1251-1

Wintle BA, Cadenhead NCR, Morgain RA, Legge SM, Bekessy SA, et al. (2019) Spending to save: 
what will it cost to halt Australia’s extinction crisis? Conservation Letters 12, e12682. doi:10.1111/
conl.12682

Australia's Megafires: Biodiversity Impacts and Lessons from 2019-2020                   CSIRO Publishing 2003 
Editors: Libby Rumpff, Sarah M. Legge, Stephen van Leeuwen, Brendan A. Wintle and John C. Z. Woinarski

Copyright The Authors 2023.  All rights reserved. 
www.publish.csiro.au

https://doi.org/10.1111/geb.13499
https://doi.org/10.1111/aen.12506
https://doi.org/10.1016/j.biocon.2019.04.023
https://doi.org/10.1111/emr.12479
https://doi.org/10.1038/s41559-020-1251-1
https://doi.org/10.1038/s41559-020-1251-1
https://doi.org/10.1111/conl.12682
https://doi.org/10.1111/conl.12682

	1. Introduction



