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Australia’s 2019–2020 mega-fires were exacerbated by 
drought, anthropogenic climate change and existing land-use 
management. Here, using a combination of remotely sensed 
data and species distribution models, we found these fires 
burnt ~97,000 km2 of vegetation across southern and east-
ern Australia, which is considered habitat for 832 species of 
native vertebrate fauna. Seventy taxa had a substantial pro-
portion (>30%) of habitat impacted; 21 of these were already 
listed as threatened with extinction. To avoid further species 
declines, Australia must urgently reassess the extinction vul-
nerability of fire-impacted species and assist the recovery 
of populations in both burnt and unburnt areas. Population 
recovery requires multipronged strategies aimed at amelio-
rating current and fire-induced threats, including proactively 
protecting unburnt habitats.

The impact of major fires on species and ecosystems is attracting 
increasing conservation attention in many parts of the world. Fire 
is an important disturbance in numerous ecosystems worldwide1, 
yet changes to fire regimes are frequently implicated in extinctions2. 
Without fire, some plants and communities are unable to persist, 
while some animals rely on post-fire growth and flowering of plants 
for habitats and resources3–6. However, due to climate change and 
other factors7, many parts of the world are experiencing larger, 
more frequent and more intense fires, often outside of the tradi-
tional fire season8–11. In the past few years, catastrophic fire events 
have occurred in the United States, Brazil, Democratic Republic of 
Congo, Indonesia and Russia12–16.

The Australian mega-fires that occurred between July 2019 
and February 2020 were unprecedented in their spatial extent and 
severity across the subtropical, Mediterranean and temperate biore-
gions of the continent17. Approximately 97,000 km2 of the southern 
Australian forest, woodlands, heathlands, grasslands and farmlands 

burned. These fires were at least 50 times more extensive than 
California’s worst wildfires on record14 and five times the size of the 
2019 fires in the Amazon17. They were also exceptionally severe, 
burning Australian ecosystems that typically do not burn, including 
the World Heritage-listed Gondwanan rainforest18,19.

While fires are commonplace in large parts of the Australian land-
scape, many native fauna species depend on long-unburnt vegeta-
tion for the provision of specific food resources (for example, nectar 
and fruits), development of complex vegetation and ground-level 
structure for foraging and refuge from predation, and tree hol-
lows for nesting and roosting20–23. The spatial extent and severity 
of wildfire, and the landscape context in which it burns, greatly 
influence how fire affects individual survival, post-fire recovery and 
long-term persistence of species in burnt landscapes24–27.

The 2019–2020 mega-fires impacted native species in numer-
ous ways. Many individual survivors will struggle in the short term 
to find food and shelter in burnt habitat or ash-impacted localities, 
leaving them vulnerable to starvation, environmental extremes and 
predators28–30. In the long term, the loss of key resources, such as 
tree hollows, nectar-bearing trees and deep pools, may impact spe-
cies populations for decades or centuries31. Many impacted species 
were already in a state of decline caused by drought, disease, habitat 
destruction and invasive species32,33. The 2019–2020 mega-fires may 
have exacerbated the situation by abruptly and severely reducing 
population sizes and rendering habitat unsuitable for many years.

Here we assess the 2019–2020 bushfire season within temper-
ate, Mediterranean and subtropical Australian landscapes, which 
are characterized by remnants of forest, woodland and heathland 
ecosystems in a human-dominated matrix. We quantify the overlap 
of the fires with all 243 nationally threatened (that is, those listed in 
Australia’s Environment Protection and Biodiversity Conservation 
Act 1999 (EPBC Act)) terrestrial and freshwater vertebrate fauna 
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species or subspecies (hereinafter referred to collectively as ‘taxa’)34 
whose ranges intersect with the study region. We also examine the 
overlap with almost all (those with reasonable distribution data) 
non-threatened terrestrial and semiterrestrial vertebrate taxa in the 
study region, comprising 71 mammals, 500 birds, 554 reptiles and 143 
frogs. We quantify potential impacts by intersecting the Australian 
Government’s national fire dataset35 with the realized and poten-

tial habitat of taxa (hereinafter referred to collectively as ‘habitat’) 
derived from species distribution models and/or expert opinion36–38 
(see Methods). Our assessment does not consider plants, inverte-
brates and non-threatened freshwater fish and turtles, and hence 
captures only a subset of the fires’ impact on Australian biodiversity.

Our results show that the 2019–2020 fires overlapped with 
habitat for 107 threatened vertebrate fauna (44% of taxa assessed) 
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Fig. 1 | Vertebrate fauna habitat burned during the 2019–2020 mega-fires. The photographs show taxa impacted by the recent bushfires (clockwise 
from top left): Kate’s leaf-tailed gecko S. kateae (100% of habitat burnt), long-footed potoroo P. longipes (82%), northern corroboree frog Pseudophryne 
pengilleyi (26%), short-eared brushtail possum T. caninus (64%), Littlejohn’s tree frog L. littlejohni (62%) and brush-tailed rock-wallaby Petrogale penicillate 
(38%). Credit: Anders Zimny (Kate’s leaf-tailed gecko), George Bayliss (long-footed potoroo), Ben Scheele (northern corroboree frog) and Mark Sanders 
(brush-tailed rock-wallaby, Littlejohn’s tree frog and short-eared brushtail possum).
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and 725 non-threatened vertebrate fauna (57% of non-threatened 
taxa assessed). These fires burned ~97,000 km2 of remnant vegeta-
tion, all of which is considered habitat for at least one threatened 
or non-threatened faunal taxa (Fig. 1). In total, 378 birds, 254 rep-
tiles, 102 frogs, 83 mammals and 15 freshwater fish have habitats 
overlapped by these fires. Of these 832 taxa, 196 had 10–30% of the 
Australian extent of their habitat burned, 51 had 30–50% of habi-
tat burned, 16 had 50–80% of habitat burned and 3 had >80% of  
habitat burned.

The EPBC Act is Australia’s primary legislation for protecting 
threatened species and includes criteria for classifying species and 
subspecies as threatened39 (see Methods). Our analysis shows a high 
level of overlap between fire and the distribution of many taxa, poten-
tially translating into major declines in abundance and distribution. 
Crucially, in many cases, taxa affected by the fires were already in a 
state of decline, compounding the fire impact and possibly reduc-
ing their capacity to recover. For example, three taxa had >80% of 
habitat impacted by these fires. Two of these species, the Kangaroo 
Island dunnart Sminthopsis griseoventer aitkeni and the long-footed 
potoroo Potorous longipes (both categorized as endangered by the 
EPBC Act), were already threatened with extinction, while a third, 
Kate’s leaf-tailed gecko Saltuarius kateae, is a narrow-range endemic 
that is currently not listed. The threat status of all three taxa requires 
re-evaluation as it is likely the immediate and ongoing effects of the 

fires will translate into substantial population size reductions. Four 
vulnerable taxa, including the South Australian Bassian thrush 
Zoothera lunulata halmaturina and Littlejohn’s tree frog Litoria 
littlejohni, as well as seven currently non-threatened species, includ-
ing Pugh’s frog Philoria pughi and short-eared possum Trichosurus 
caninus, had >50% of their habitat impacted, suggesting they may 
now meet the endangered criteria if fire impacts translate commen-
surately into reductions in population size.

Forty-one species not currently listed as threatened, such as the 
long-nosed bandicoot Perameles nasuta and pilotbird Pycnoptilus 
floccosus, had >30% of their habitat impacted, warranting assess-
ment for listing as threatened (Fig. 2). If extinction risk assess-
ments find that these 49 species meet listing criteria39, the number 
of threatened Australian terrestrial and freshwater vertebrate 
fauna would increase by 14%. Rapid extinction risk assessment of 
non-threatened species is urgent, as without listing, there is no trig-
ger for dedicated monitoring and recovery efforts.

Our preliminary results indicate that 55 threatened and 
non-threatened taxa probably warrant detailed reassessment or ini-
tial assessment against the criteria for listing under the EPBC Act. 
While our fundamental aim was different to that of other assess-
ments40, the species we have identified are largely consistent, except 
for an additional 16 freshwater fish and crayfish listed as threatened 
by the International Union for Conservation of Nature that may also 
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Fig. 2 | Proportional impact of the 2019–2020 mega-fires on the habitats of 832 species. Change in available habitat area for each threatened and 
non-threatened vertebrate species, categorized by their current EPBC Act threat status. The horizontal lines indicate EPBC Act threat status thresholds of 
>30% (yellow), >50% (blue) and >80% (red) for vulnerable, endangered and critically endangered, respectively.
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require an initial assessment. The formal conservation status assess-
ments must consider fire severity (and hence the extent to which 
habitat suitability has been reduced), the susceptibility of species 
to fire and prolonged drought41 and their capability to survive in 
burnt landscapes. These detailed assessments can be used to target 
species that will require a range of strategic and targeted post-fire 
management actions to maintain and recover surviving popula-
tions. While some species are monitored sufficiently, many are 
not42, and additional resources are required to support on-ground 
surveys that quantify fire impacts on species abundance and distri-
bution, and help identify priority areas for immediate management 
efforts. The range of population recovery actions required is broad 
and informed by the sensitivity of each species to fire and to the 
suite of threatening processes that affect it43. Such actions include 
invasive species control, supplementary feeding and captive breed-
ing programmes28,44,45. Surveys could also inform assessments of the 
areas to be prioritized for long-term conservation action, includ-
ing protecting unburnt refuges and large intact areas of forests or 
streams, and, where needed, restoration of habitats46.

The 2019–2020 fires highlight the need for better information 
on species’ responses to fire, in particular, mega-fires. Many assess-
ments of the likely impact of fire on species are based on best guesses 
rather than empirical evidence. These fires provide an opportunity 
to closely examine species’ responses to landscape-scale fires, which 
are projected to become more frequent47–49; they also provide scope 
for monitoring the extent and pace of species’ recovery (or failure 
to recover) and of the effectiveness of different remedial manage-
ment responses. We have explored the extent of overlap with fire, 
but for some species, this may be an imprecise proxy for fire impact. 
Further consideration of fire severity, susceptibility to other threats, 
downstream impacts from ash and sediment inputs to streams, and 
life history traits of species will provide more refined evaluation of 
impacts26. We also need to better understand the relative influence 
of factors such as topography, local climate, land use and land man-
agement on fire susceptibility and spread, both to improve predic-
tions of the probable spatial distribution of fires in the future and 
to manage in ways that minimize the likelihood of mega-fires. For 
example, historical and contemporary logging in Australian forests 
has increased fire severity50 and flammability51.

Australia has one of the worst extinction rates in the world, 
including the highest mammal extinction rate52. Species declines 
showed no sign of slowing, even before the 2019–2020 fires53. This 
extinction crisis is the result of major changes in land management 
(for example, land clearing, logging and extensive grazing), com-
bined with the impacts of introduced species across the continent, 
transforming many Australian ecosystems32,52,53. Some Australian 
landscapes have become more prone to catastrophic wildfire54–56 due 
to ecosystem transformations7 and the escalating climate crisis caus-
ing drier forests and more frequent, longer periods of extreme fire 
weather57. As well as threatening native wildlife, mega-fires affect 
human life and property. Australia has the opportunity to pursue 
synergistic strategies for achieving human safety, climate change 
mitigation and species conservation through improved native veg-
etation retention and management. Avoiding further species extinc-
tions will require assessment and recovery of species imperilled by 
mega-fires, including stopping habitat loss and managing threats to 
species survival in remaining unburnt forests.

Methods
The study region for this analysis is composed of 43 temperate, Mediterranean 
and subtropical bioregions across 2.2 million km2, as defined in the Interim 
Biogeographic Regionalization for Australia dataset58. This geographic unit was 
selected because fire is a much more frequent and normal event in other bioregions, 
mostly comprising tropical savannahs and arid and semiarid environments. 
Species distributions for non-threatened mammals and birds were obtained from 
Graham et al.36, who modelled the distribution of every continental Australian 
species of bird and mammal where sufficient data were available to fit a useful 

model59,60. Models were fitted using MaxEnt (version 3.4.0)61, standard bioclimatic 
variables and taxonomically relevant target-group background points. Models 
were evaluated using the area under the receiver operating characteristic curve 
statistic, and through extensive expert vetting, and only those with an area under 
the curve >0.7 and that sufficiently approximated the species’ known range were 
retained36. Data for non-threatened mammal and bird subspecies were aggregated 
and modelled as a single distribution. Post-processing of model outputs involved 
using expert-derived species-specific thresholds to indicate where modelled habitat 
suitability was sufficiently low that the species was likely to be absent. Data on frogs 
and reptiles were obtained from Hoskin et al.37 and Tingley et al.38, respectively. 
Reptile polygons were refined by experts as part of the International Union for 
Conservation of Nature Red List assessment process for Australian squamates. 
While some vertebrate species can use microrefugia to reduce mortality rates 
during wildfires62, many studies report substantial fire-associated mortality and 
habitat loss of such species63–65. These are the largest and most consistent datasets 
of distribution models for non-threatened terrestrial and semiterrestrial vertebrate 
fauna in Australia. For threatened species, we used 100 m × 100 m gridded species 
distributions of Species of National Environmental Significance supplied and 
stored by the Australian Government34. We used only ‘known’ and ‘likely’ habitat 
ranges for all listed terrestrial mammals, birds, reptiles, frogs and freshwater fish. 
We included only threatened freshwater species directly intersecting with fire 
extents, but recognize the impact of freshwater species will be much more extensive 
due to mass sedimentation events that impact downstream populations.

We used the Australian Government National Indicative Aggregated Fire 
Extent Dataset (version 20200225)35, downloaded on 13 February 2020, to 
generate an estimate of the fire impact on species habitat. This dataset combined 
information from multiple sources, including from state and territory agencies 
responsible for emergency and natural resource management, and from the 
Northern Australian Fire Information website. The variety of mapping methods 
and attribution approaches means, conceptually, that the dataset lacks national 
coherency and, in some areas, may identify false positives; however, this is the 
most comprehensive and reliable dataset currently available. This dataset includes 
satellite imagery from 1 July 2019 to 13 February 2020, which covers the majority 
of the 2019–2020 Australian fire season in the bioregions considered.

To calculate the area impacted for each species, we intersected the burn 
extent with the realized and potential habitat for each species, and calculated the 
total area remaining and percentage of habitat burnt. To evaluate which species 
should be assessed for re-evaluation under the EPBC Act, we used the Australian 
Government’s guidelines for assessing the conservation status of native species 
according to the EPBC Act39. Under the EPBC Act, a species may be listed as 
critically endangered, endangered or vulnerable if it experiences a population size 
reduction of >80%, >50% or >30%, respectively, measured over the longer of ten 
years or three generations (where threats are ongoing and unresolved, and given 
temporal considerations). A decline in area of occupancy, extent of occurrence 
and/or quality of habitat is identified under this listing criterion as a driver (and 
indicator) of such population declines.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
All datasets used in this analysis are available via the citations identified 
in the Methods. The raw data used to create Figs. 1 and 2 are available in 
Supplementary Table 1 and in figshare with the identifier https://figshare.
com/s/62ef92b49704bb139333.

Code availability
The code used in this study is freely available at https://figshare.com/s/
d9140d7c22e5ebbf2e03.
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