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Abstract
Earth’s extinction crisis is escalating, and threat classification schemes are increasingly important
for assessing which human activities are the most prominent drivers of species declines. However, a
quantitative understanding of the conservation responses needed to abate threatening processes, and
avoid species extinctions, is often lacking. Here, we provide a threat abatement framework which
groups threats based on the shared conservation goal of the actions needed to abate their impact. We
apply this framework to Australia’s threatened species to quantify the relative importance of
achieving different conservation response goals. Our analysis shows the most important
conservation responses across Australia are habitat retention and restoration, due to the combined
impact of threatening processes causing habitat destruction and degradation (e.g. logging, mining,
urbanisation and agriculture), which affects the majority (86%) of Australia’s threatened species
and the effective control of invasive species (82%). Most species also require conservation
responses focussed on improved fire management (66%). We show that implementing responses in
isolation will be inadequate for abating species extinctions as almost all species (89%) require
multiple, integrated management responses to redress their threats. We also acknowledge that
already small and potentially genetically compromised taxa may require more direct interventions
(e.g. captive insurance populations or genetic rescue). Our analysis highlights the necessity of
addressing multiple threats at appropriate geographic scales across Australia. Our threat abatement
framework ensures that core conservation actions can be identified and aid recovery of threatened
species, and can be applied to other geographic regions and conservation contexts.
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1. Introduction

The global biodiversity crisis is accelerating, driven by a multitude of human activities and
threatening processes that affect species directly or indirectly (Maxwell et al. 2016; IPBES 2019).
Actions required to overcome these threats operate at international, regional, national, and local
scales, through policy, planning, legislation and on-ground management (Rands et al. 2010). While
there have been some successes for particular species or locations, current efforts to implement
these actions are insufficient overall, resulting in the ongoing decline of biodiversity (Butchart et al.
2010; Tittensor et al. 2014).

The International Union for Conservation of Nature and Conservation Measures Partnership threat
classification (IUCN-CMP 2018) contains important information on the types of threats affecting
species’ persistence and the prevalence of each threat’s impact. At the global scale, its use
demonstrates that overexploitation (e.g. logging, hunting) and agriculture are the most frequent
threats to Threatened and Near Threatened species worldwide, affecting 72% and 62% of species,
respectively (Maxwell et al. 2016). However, regional and country-level analyses using the IUCNCMP (or similar classification schemes (e.g. Balmford et al. 2009)) indicate variation between
regions in terms of the dominant threats to species persistence. For example, in Australia, invasive
species, agriculture, and altered fire regimes are the most common listed threats to species (Kearney
et al. 2019), while in China, logging, agriculture and species harvesting are the most prevalent
(Yiming & Wilcove 2005).

Describing and ranking threats using classifications such as the IUCN-CMP scheme highlights the
dominant threats to threatened species but does not directly inform the broader conservation
management and policy responses required to abate threats and improve species persistence and
recovery. To inform responses, threat classification schemes must be translated to define and
quantify the importance of reciprocal conservation response goals. Most imperilled species do not
rely on the management of a single threat but rather suffer from ‘threat syndromes’ where multiple
3
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threats interact (Maxwell et al. 2016; Geary et al. 2019). Hence, a threat abatement framework is
important for identifying management responses that can address multiple threats simultaneously.

Many threatening processes affect species via similar mechanisms and as a consequence, the
reciprocal management responses may share a common conservation goal. For instance, human
activities listed under the IUCN-CMP threat classification scheme such as urban development,
transport infrastructure and agriculture cause species endangerment through the removal,
fragmentation, and degradation of habitat and therefore require a conservation response that ensures
the extent and quality of threatened species habitat is retained and restored where necessary (Foin et
al. 1998). Depending on the region and circumstances, this will require different landscape and site
based actions, ranging from improved strategic planning, legislation and enforcement to halt landclearing, land-stewardship incentives and, in cases where regulation is unable to reduce habitat
destruction or degradation effectively, protected area establishment (Rands et al. 2010; Evans 2016)
but the common goal of these actions is halting habitat destruction, degradation and/or
fragmentation.

To assess the mixture of responses required to abate threats, we developed a threat abatement
framework that groups IUCN-CMP threat categories based on the shared conservation goal of the
actions needed to ameliorate their impacts. We apply this framework to Australia’s threatened
species, to quantify the importance of the different conservation responses needed to redress
Australia’s extinction crisis. The Australian continent’s threatened species have experienced
devastating impacts of multiple threats, including widespread and ongoing land clearing (Bradshaw
2012, Ward et al. 2019); invasive species and disease (Woinarski et al. 2015; Scheele et al. 2019)
and altered fire regimes (Bradstock et al. 2012). Australia, despite being regarded as one of only 17
megadiverse nations (Mittermeier et al. 1997), holds one of the world’s worst contemporary
extinction records and continues to grapple with how to effectively respond to ongoing threatening
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processes (McDonald et al. 2015). Our framework is aimed to assist in overcoming this shortfall in
Australia and can be extended to biodiversity conservation elsewhere.

2. Methods

2.1 Species data
We focused on Australian listed threatened species and subspecies (hereafter, threatened taxa),
which are those assessed as being at risk of extinction (Vulnerable, Endangered or Critically
Endangered) under the national environmental legislation, the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act). As of October 2020, 1797 taxa were listed in one
of these three categories of extinction risk. In this analysis, we focus on 1532 terrestrial and
freshwater taxa listed as threatened in the EPBC Act for which threat data are currently available.

Threat data on listed threatened taxa in Australia are available through the Australian Government’s
Species Profile and Threats (SPRAT) database (Commonwealth of Australia 2015). We
acknowledge that the data we use is limited by incomplete knowledge of biodiversity (Hortal et al.
2015) and threats to species persistence. However, the SPRAT database is the only comprehensive
threat database for EPBC Act listed threatened taxa and is compiled from numerous sources
including species listing advices, species recovery plans, published literature and individual experts
(Commonwealth of Australia 2015). These data have been used in a number of studies assessing the
threats and pressures affecting Australian taxa (e.g. Evans et al. 2011; Kearney et al. 2018). The
data used in this analysis were derived from the latest complete database available (2016 release).

2.2 Threat abatement framework
This framework builds upon the IUCN-CMP Threat classification scheme, which was originally
defined in Salafsky et al. (2008) and has since been used in numerous regional and global
conservation analyses (e.g. Maxwell et al. 2016; Kearney et al. 2019). This classification is used in
IUCN Red List species’ assessments (IUCN 2016) to describe the proximate activities or processes
5
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that have, are, or may impact the persistence of species of which all but geological events are linked
to human activities (IUCN-CMP 2018).

We coupled each IUCN-CMP threat category with the broad conservation response needed, based
on the shared conservation goal of overcoming each threat. We identified six key conservation
responses needed to overcome the ten IUCN-CMP threat categories relevant to Australian
threatened taxa (Table 1). We do not aim to be prescriptive about the specific actions or costs of
responding to each threat at the site and landscape scale, as these will be diverse, dependant on local
knowledge and social, economic, and political factors, and are likely to vary across space and time.

The conservation response that aims to retain and/or restore the habitat quality and extent (which
we label ‘Retain and restore habitat’) is needed to ameliorate the impacts of eight IUCN-CMP
Threat categories: 1. Residential & commercial development, 2. Agriculture & aquaculture, 3.
Energy production & mining, 4. Transportation & service corridors, 5.3 Logging & wood
harvesting, 6. Human intrusion & disturbance, 7.2 Dams & water management/use and 7.3 Other
ecosystem modifications. This response covers both retention and restoration of habitat to
acknowledge that for many species, historic habitat destruction has left them with inadequate
habitat within which to recover (Foin et al. 1998) and to shift in response to a changing climate
(Maxwell et al. 2019). To achieve the effective retention and restoration of habitat, a mixture of site
and non-site actions are needed. These efforts include halting the clearing of species’ habitat via
mechanisms such as land-clearing legislation, strategic planning that includes the protection and
restoration of sensitive and key areas and improved public and private sector operations
complemented by public education and awareness campaigns.

Effective management of species overexploitation (labelled ‘Prevent species overexploitation’)
aims to mitigate the impacts of three IUCN-CMP Threat categories: 5.1 Hunting terrestrial
animals, 5.2 Gathering terrestrial plants, 5.4 Fishing & harvesting aquatic species. Actions to
6
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ameliorate these threats include effective and enforced legislation to ensure sustainable species
harvesting, enforcement to prevent illegal harvest, protected area establishment and management,
and the development of harvest alternatives (Hutton and Leader-Williams 2003). Education and
awareness programs would also be valuable actions to prevent species overexploitation.

The conservation response of reinstating or managing appropriate fire regimes (‘Manage fire’) has
the goal of mitigating the impacts of IUCN-CMP Threat category 7.1 Fire & fire suppression. This
includes on-ground management supported by policy (Government of South Australia 2014) and
strategic planning to ameliorate its impacts (Legge et al. 2011; Russell-Smith et al. 2015). We
recognize that treating fire and fire suppression as a threat requiring a separate response is a
particularly Australian perspective. In some regions of the world, particularly tropical rainforests,
fire is often used to pave the way for agriculture (Bowman et al. 2011) and in these circumstances
should be treated as habitat destruction and therefore would be included in the response ‘retain and
restore habitat’.

Effectively managing invasive species, diseases and pathogens (‘Manage invasive species’) aims
to address the impacts of IUCN-CMP Threat category 8. Invasive & other problematic species and
diseases. These efforts include on-ground management supported by legislation (Tollington et al.
2017), biosecurity policy and practice (Shine et al. 2005), strategic planning (Braysher 2017), and
education and awareness programs. In circumstances where an invasive species is not readily
managed, additional efforts that enable threatened species to persist, such as translocation or
predator-free exclusion fencing (Hayward et al. 2014) will be a critical component of the response
to manage invasive species.

The IUCN-CMP Threat category 9. Pollution requires a response that removes or reduces the
impacts of pollution (‘Manage pollution’). Proactive actions include policy and legislation along
with compliance and enforcement as well as private sector standards and codes (de Vries and
7
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Hanley 2016) and public awareness programs. Reactive actions will also need to include on-ground
efforts to restore natural areas post-pollution impacts (Philp et al. 2005).

Finally, the goal of a response to IUCN-CMP Threat category 11. Climate change and severe
weather is to mitigate and reduce the impacts of anthropogenic climate change on threatened
species (labelled ‘Mitigate climate change’). This includes actions around effective and enforced
legislation, public awareness programs and industry policy and standards to limit net greenhouse
gas emissions and increase natural CO2 sequestration (Miles & Kapos 2008). These will need to be
complemented with on-ground actions to build species resilience and adaptation potential, such as
retaining and restoring species’ habitat to ensure species can move as their suitable climate
envelope shifts and changes (Maxwell et al. 2019) and translocations to establish new populations
for species for which current populations will be severely compromised by changing climate. Fire
management is also a vital component of climate change adaptation and mitigation, at least in
Australia (Bradstock et al. 2012).

Taxa with already small and genetically compromised populations that are affected by processes
such as inbreeding, genetic drift and Allee effects, will require direct intervention to ameliorate
these processes (e.g. captive insurance populations, genetic rescue; Caughley 1994). These efforts
may need to occur additional to or irrespective of other threat management actions (Caughley
1994). As these threats are not dealt with by the IUCN Threats Classification scheme or the SPRAT
database, they are not considered in this analysis. However, such actions are critical to the
persistence of a number of Australian threatened taxa (e.g. orange-bellied parrot (Neophema
chrysogaster); Garnett et al. 2010; mountain pygmy possum (Burramys parvus); Woinarski et al.
2014), and their inclusion in broadscale conservation planning exercises is vital.

2.3 Analyses
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We collated the response or combination of responses that must be undertaken for the effective
conservation of each Australian threatened taxon. Specifically, we quantified how many threatened
taxa would benefit from achieving the goals of each individual response and how many would
benefit from each combination of responses. We also present these results for each taxonomic
group.

3. Results
3.1 Threatening processes and management responses
Australian threatened taxa collectively require all six conservation responses, but three dominate,
with 86% (n=1323) of taxa listed as benefiting from actions to retain and restore habitat, 82%
(n=1257) requiring invasive species management, and 66% (n=1008) needing effective fire
management (Fig. 1). Currently, 35% (n=533) of taxa require efforts to mitigate and build resilience
to climate change, 18% (n=273) need amelioration of pollution impacts, and 17% (n=257) require
protection from overexploitation (Fig. 1).

3.2 Across taxonomic groups
The proportion of species dependent upon each conservation response varied considerably across
taxonomic groups (Table 2). The response with the greatest variation among dependent taxa was
pollution management, with between 7% (mammals) and 65% (fish) of taxa listed as requiring, or at
least benefitting from, this response. The conservation response aimed at retaining and restoring
habitat showed the least variation, with between 84% (reptiles) and 100% (frogs) requiring these
actions (Table 2). Similarly, between 78% (invertebrates) and 100% (frogs) of species within each
taxonomic group need the management of invasive species. There was moderate variation between
taxonomic groups for the management of overexploitation (3–44%), fire management (15–69%)
and climate change mitigation and resilience (29–56%; Table 2).

3.3 Multiple conservation responses
9
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The vast majority of threatened taxa (89%) have many listed threats and hence are likely to require
multiple conservation responses (Fig. 2), with two-thirds of taxa included in this study needing
three or more conservation response goals to be achieved in order to address their threats (Fig 2). Of
the 11% of taxa (n=171) requiring a single conservation response, 69 taxa (5%) require the
retention and restoration of habitat, 53 (3%) require invasive species management and 27 (2%)
require fire management (Table 2; final column).

A small proportion (2%; n=26) threatened taxa across Australia need the achievement of every
conservation response goal considered in our framework, to address all of their corresponding
threats. The dominant three responses required showed the highest amount of pairwise overlap
amongst affected species: over 70% of taxa (n=1105) included in this analysis require (among other
management actions) the combination of actions to retain and restore habitat and manage invasive
species; 58% (n= 893) require the combination of fire management and retain and restore habitat;
and 56% (n=858) require the combination of fire management and invasive species management
(Fig. 3).

4. Discussion
Our threat abatement framework links threatening processes to broad conservation responses,
revealing the relative importance of achieving each response goal for averting species’ extinctions.
Our framework shifts the emphasis from what is causing biodiversity decline (problem focused) to
what needs to be done to reverse this decline (solution focused) – a key tenet of global conservation
agreements such as the Convention on Biological Diversity’s (CBD) Strategic Plan for Biodiversity
2011-2020 (CBD 2011). In applying this framework to Australia’s listed threatened species, we find
that 86% are subject to multiple threats that amount to habitat destruction and degradation,
including logging, mining, urbanisation and agriculture, for which the key conservation response is
habitat retention and restoration. The two additional priority responses highlighted in this study are
the management of invasive species and fire regimes (benefitting 82% and 66% of species,
10
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respectively). Furthermore, we find that only one in ten species require a single conservation
response: almost all require multiple responses to address their listed threats. The breadth and extent
of responses required emphasises the importance of a comprehensive national policy agenda for
mitigating threats, including integration between local land management, regional, state and
national efforts, if Australia is to reverse its extinction crisis.

Our analysis builds on previous studies showing that abating the extinction crisis in Australia
requires overcoming its past and current vegetation clearing rates (Burgman et al. 2007; Evans
2016), susceptibility to invasive species as a large island nation (Woinarski et al. 2015; Kearney et
al. 2019), and myriad shifts in fire regimes (Evans et al. 2011; Bradstock et al. 2012) caused by
many factors, including habitat fragmentation, urbanisation (Gill and Williams 1996), and the loss
of traditional Indigenous fire management practices in many areas (Bliege Bird & Nimmo 2018).
By focussing on the necessary responses, rather than the underlying threats, our analysis reveals just
how crucial retention and restoration of habitat is for ensuring the persistence of Australia’s
threatened species. As nations such as Australia increase the area within formal protected areas
(Maxwell et al. 2020), there is less support for new protected area establishment in the areas needed
for long-term biodiversity outcomes (Lindenmayer et al. 2018; Visconti et al. 2019), hence these
actions must be innovative, diverse and numerous. Many species exist on land that is unlikely to
ever be designated as a protected area (Watson et al. 2011; Maron et al. 2018). Conservation
covenants and effective land stewardship (Burns et al. 2016), other forms of private protected areas
(Fitzsimons 2015), effective land-clearing legislation (Evans 2016), and improved industry (e.g.
agriculture, mining, urban development) practice complemented by strategic planning (Bekessy et
al. 2012) are vital to retain threatened species’ habitat on the remaining 80% of land currently not in
the protected area estate (Commonwealth of Australia 2017). In Australia the majority of threatened
species have distributions that overlap with Indigenous tenures (Renwick et al. 2017; O’Bryan et al.
2020), and enhanced support for conservation management in these areas will benefit biodiversity
and provide social returns on investment (SVA 2016). In addition, 30% of threatened taxa overlap
11
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with urban areas (Ives et al. 2016), with 39 species occurring only in urban areas (Soanes & Lentini
2019), places where traditional protected areas are generally less feasible. These urban and other
highly modified landscapes now support novel ecosystems that are becoming increasingly
important for supporting some threatened species’ habitats (Maclagan et al. 2018).

Our analysis shows that for Australia at least, while designated protected areas are necessary (or at
least beneficial) for most threatened species to support their existing populations and prevent further
habitat destruction, threatened species’ recovery require more than expansion of the protected area
estate (Kearney et al. 2018): additional management of threats will also need to occur (e.g.
introduced predators and changed fire regimes: Woinarski et al. 2011; invasive plants: Driscoll et
al. 2014). For example, multiple Australian threatened mammal species are declining within
protected areas across Australia due to insufficient management of fire regimes and introduced
predators (Wayne et al. 2017). Similarly, two of Australia’s most recent vertebrate extinctions, the
Christmas Island pipistrelle (Pipistrellus murrayi) and Christmas Island forest skink (Emoia
nativitatis) occurred within substantial protected areas; where the management of introduced
species and timing of developing captive insurance populations were inadequate (Woinarski et al.
2017).

The small set (1 in 10) of Australian threatened species that are being driven toward extinction due
to a single threatening process offer opportunities for a swift, single conservation response to avert
extinctions. For example, the primary threat to Clarence galaxias (Galaxias johnstoni), a fish
species endemic to Tasmania, is predation by (and competition with) introduced brown trout (Salmo
trutta) and rainbow trout (Oncorhynchus mykiss) (TSS 2006). The effective management of these
introduced species (including translocating the species to trout-free areas) is the sole response
needed to conserve the Clarence galaxias (TSS 2006). Likewise, the habitat of red silky oak
(Alloxylon flammeum), a rainforest tree species endemic to north-east Queensland, has been almost
completely cleared for agriculture (Weston & Crisp 1991). Preventing any further clearing of this
12
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species’ habitat is now critical, as is enhancing existing populations and establishing new ones (i.e.
restoration; TSSC 2008).

Our framework allows for an examination of the degree to which species require multiple actions to
halt and reverse declines. Almost all threatened species in Australia and globally (Maxwell et al.
2016) face multiple threats and therefore require multiple actions. Across countries, the dominant
threats are diverse (e.g. Australia: Kearney et al. 2019; Canada: Venter et al. 2006; China and the
US: Yiming & Wilcove 2005), hence the requisite actions to abate the impact of these threats need
to be similarly diverse, targeted and integrated. In our framework, we avoided focussing on specific
conservation actions, which vary in their feasibility and appropriateness across space and time, and
need to be determined at local scales. Furthermore, this information is highly dependent on the scale
and severity of each threat, data that are currently not available for all threatened species across the
continent. A far more detailed analysis of threats and conservation actions is required to achieve
this. However, in areas where data on the geographic scale and impact severity of threats, and
information on the appropriateness, feasibility, costs and effectiveness of actions are available, this
framework could be used to translate information on threats into actions for rapid identification of
priority threat management responses (Carwardine et al. 2012, 2019).

The threat abatement framework we have outlined here is generic, applicable globally and of use to
governments and conservation planners working at various scales. It provides a high-level
understanding of the diversity and relative importance of achieving key conservation response
goals. This framework quickly quantifies the relative roles of different efforts to minimise harmful
human activity and promote on-ground management, thus helping shape local conservation
strategies. Further efforts are required to translate these high-level responses into specific resourced
actions and to guide management of a diverse suite of actions, ensuring investments maximise onground opportunities to achieve sustained outcomes for threatened species.
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Tables
Table 1
IUCN threat categories

Threat mechanism

1. Residential and commercial
development
2. Agriculture and aquaculture
3. Energy production & mining
4. Transportation and service
corridors
5.3 Logging and wood harvesting
6. Human intrusions and
disturbance
7.2 Dams and water
management/use
7.3 Other ecosystem modifications
5.1 Hunting and collecting
terrestrial animals
5.2 Gathering terrestrial plants
5.4 Fishing and harvesting aquatic
resources
7.1 Fire and fire suppression

- Direct death of individuals, reduction in population size
- Destruction, fragmentation and/or degradation of habitat
- Loss of food and other resources
- Disturbing and harassing individuals
- Exacerbate other threats (e.g. roads and invasive species)

8. Invasive and other problematic
species, genes and diseases
9. Pollution

11. Climate change and severe
weather

Conservation
response
Retain and restore
habitat

Shared conservation goal
Ensure adequate extent of habitat for species, via
retention through halting land clearing and habitat
destruction, and as a last resort, strategically locating
activities to minimise impact on threatened species, and
restoration where inadequate habitat is available for
species recovery.

- Direct death of individuals, reduction in population size
- Associated flow on effects (e.g. loss of prey species and
other species-to-species interactions and associations).

Prevent species
overexploitation

Manage harvesting to levels compatible with threatened
species persistence, halting harvest where necessary.

- Direct death of individuals, reduction in population size
- Destruction and/or degradation of habitat
- Amplification of other threats (e.g. invasive predators)
- Loss of functional processes

Manage fire regimes

Restore and/or maintain ecologically appropriate fire
regimes for species persistence.

- Direct death of individuals, reduction in population size
- Increased competition for resources
- Habitat degradation
- Flow on effects (e.g. loss of species-to-species interactions)
- Direct death of individuals, reduction in population size
- Habitat degradation which when severe is the equivalent
of habitat destruction.

Manage invasive
species

- Direct death of individuals
- Habitat degradation and/or destruction
- Loss of suitable climatic envelope
- Increased severity of other threats (e.g. fire, drought)

Mitigate climate
change

Eradicate, contain or manage established invasive
species and diseases. Prevent new/potential invasive
species and diseases from arriving. Translocate affected
species to invasive-free areas.
Prevent or reduce the impact of various forms of
pollution on threatened species, through changing
industrial products and practices, restoring buffers for
threatened species and habitats.
Limit net GHG emissions and increase natural CO2
sequestration. Ensure resilient areas of habitat and
broader ecosystems that protect this habitat from
climate impacts are safeguarded and managed.

Manage pollution
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Table 1: A summary of each IUCN threat category, the corresponding broad conservation response, shared conservation goal. IUCN threats 10. Geological Events
and 12. Other threats were excluded from this analysis.
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Table 2
Plants

Birds

Mammals

Reptiles

Invertebrates

Fishes

Frogs

All

Total number of taxa in each group

1212

84

74

51

49

34

29

1532

Retain and restore habitat

% of taxon

86%

89%

86%

84%

86%

91%

100%

86%

Prevent direct species
exploitation
Manage fire

% of taxon

16%

27%

11%

14%

31%

44%

3%

17%

% of taxon

69%

67%

61%

43%

69%

15%

41%

66%

Manage invasive species

% of taxon

79%

95%

97%

82%

78%

97%

100%

82%

Manage pollution

% of taxon

16%

19%

7%

18%

24%

65%

45%

18%

Mitigate climate change

% of taxon

32%

56%

38%

29%

45%

56%

45%

35%

The number of
taxa requiring
single response
171
69
(5%)
10
(<1%)
27
(2%)
53
(3%)
0
(0%)
12
(<1%)
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Table 2: The number and percentage of Australian threatened taxa from each taxonomic group (‘taxon’) that would benefit from each broad conservation
response.
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Figures

Figure 1: The number of Australian threatened species (n=1,532) that would benefit from different
conservation responses based on the threats they face.
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Figure 2: The number of Australian threatened species that would benefit from one or combinations
of up to six broad conservation responses.
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Figure 3: The number of Australian threatened taxa that would benefit from each conservation
response (circles) and the number of taxa that would benefit from each pair of conservation responses
(lines connecting circles). The number of species needing each conservation response and
combination of responses are shown inside circles or lines. The size of circles and the thickness of
lines connecting them are scaled to approximate the number of taxa benefited. Note that combinations
of three or more required responses are not depicted.
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