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Abstract Ecosystem-level conservation is increasingly important at global, national and local levels. Many
jurisdictions have developed and apply their own protocols for assessing the threat status of ecosystems, often
independently, leading to inconsistencies between and within countries which are problematic for cross-
jurisdictional environmental reporting. Australia is a good example of these historic legacies, with different risk
assessment methods applied nationally and in most states.The newly developed criteria for the International Union
for the Conservation of Nature (IUCN) Red List of Ecosystems (RLE) provide a framework to compare and
contrast apparently divergent protocols.We critically reviewed the Australian protocols and compared them with
the IUCN RLE, based on the following components of a risk assessment protocol: (i) categories of threat; (ii)
assessment units; (iii) underlying concepts and definitions; (iv) assessment criteria; (v) uncertainty methods; and
(vi) assessment outcomes. Despite some differences in specific objectives, criteria and their expression, the
protocols were structurally similar, included broadly similar types of criteria, and produced assessment outcomes
that were generally concordant. Alignment with the IUCN RLE would not require extensive changes to existing
protocols, but would improve consistency, rigour and robustness in ecosystem risk assessment across jurisdictions.
To achieve this, we recommend: (i) more quantitative assessments of functional change; (ii) separation of man-
agement and policy considerations from risk assessment; and (iii) cross-referencing of assessment units in different
jurisdictions. We argue that the focus on processes and ecological function, rather than only patterns, is key to
robust risk assessment.
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ecosystems.
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INTRODUCTION

Conservation efforts are increasingly focussed at the
ecosystem level, in addition to individual threatened
species (Rodríguez et al. 2011; Holdaway et al. 2012).
The Convention on Biological Diversity (CBD), with
its associated Aichi Targets, to which the vast majority
countries have committed, is one of many interna-
tional agreements that require reporting on the chang-
ing status of ecosystems (COP10 2010). Others
include the Ramsar Convention onWetlands of Inter-
national Importance,World Heritage Sites listed under
the UNESCOWorld Heritage Convention, and poten-
tially the Intergovernmental Science Policy Platform
on Biodiversity and Ecosystem Services (IPBES).
These reporting frameworks require substantial syn-
thesis of local data on risks to ecosystems.
Historically,many national and regional jurisdictions

have adopted legislative and regulatory frameworks that
require threatened ecosystems to be considered in
approval processes for developments and in targeting
investments for biodiversity conservation (e.g. Council
of the European Communities 1992; Commonwealth
of Australia 1999; Government of South Africa 2004).
The methods for identifying threatened ecosystems
have evolved independently across these jurisdictions
and although these protocols share common elements,
there are several conceptual uncertainties and meth-
odological inconsistencies between them (Nicholson
et al. 2009).To resolve these challenges and promote a
global synthesis for global reporting on ecosystem
status, the International Union for the Conservation of
Nature (IUCN) developed new criteria to support a
Red List of Ecosystems (‘IUCNRLE’, Rodríguez et al.
2011; Keith et al. 2013), analogous to criteria that
support the IUCN Red List of Threatened Species
(IUCN 2001).
In Australia, as in other parts of the world, responsi-

bilities for managing and reporting on biodiversity are
shared among multiple governance structures, from
global to local jurisdictions.There is a need for consist-
ency in assessment and listing processes between
jurisdictions for effective communication, joint envi-
ronmental decision-making, scaling up for reporting,
and to reduce regulatory burden for cross-jurisdictional
development projects. Inconsistencies arise partly for
historical reasons, as different jurisdictions designed
their listing processes over time, and partly because
jurisdictional needs vary and a single generic assess-
ment process may not be appropriate.
The development of Red List criteria for ecosystems

and their global adoption by IUCN (Rodríguez et al.
2011) presents an opportunity for improved con-
sistency at national and lower scales. Australia repre-
sents a good case study because it comprises state
and territory jurisdictions within a federation, with
responsibilities for environmental and land manage-

ment divided among different levels of government,
analogous to other regions such as Europe and the
United States. Risk assessment protocols for ecosys-
tems or ecological communities were developed semi-
independently throughout Australia at state, national
and global scales, representing a hierarchy. For well
over a decade, risk assessments have been linked to
environmental planning laws, policies and regulations
(Keith 2009; Nicholson et al. 2009). A recent enquiry
into federal environment legislation recommended
improved alignment among state and federal listing
processes for species and ecological communities
(Hawke 2009).
We critically reviewed protocols for listing ecosys-

tems in Australia, and compared them with each
other and the IUCN RLE protocols (Table 1). We
developed a framework for this comparison focussing
on threat categories, definitions of assessment units,
criteria for risk assessment, and provisions for dealing
with scale and uncertainty. We illustrated the com-
parisons and evaluated the listing consequences of
differences between protocols with case studies. We
finish by discussing the implications of these differ-
ences for environmental reporting, priority setting,
policy and management, and by identifying opportu-
nities for improved alignment of assessment pro-
cesses across jurisdictions. Our approach and
interpretation of results provide guidance for resolv-
ing similar challenges in other multi-jurisdictional
parts of the world.

RISK ASSESSMENT PROTOCOLS
REVIEWED

We reviewed eight protocols for ecosystem risk assess-
ment (Table 1): the IUCN RLE at the global level,
the Australian national-level Environment Protection
and Biodiversity Conservation Act 1999 (EPBC Act,
Commonwealth of Australia 1999) and six protocols
used in states and territories in Australia. South Aus-
tralia (SA) and the Northern Territory do not cur-
rently have any legislation or listing protocols for
ecological communities, although the IUCN RLE cri-
teria have recently been trialled for state-level assess-
ment in SA (Bonifacio & Pisanu 2012).
Listing protocols comprised a set of decision rules,

where each ecosystem is assessed against multiple cri-
teria and assigned to an ordinal risk category. An eco-
system is assigned the highest threat category across
all criteria assessed, following the IUCN Red List pro-
tocols for both ecosystems and species.We character-
ized the criteria and sub-criteria used in the protocols
using three broad groupings: decline in distribution,
restricted distribution and decline in function. We
compared the interpretation of each group of criteria,
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Table 1. Features of the ecosystem threat assessment protocols reviewed. Threat categories (CR = critically endangered,
EN = endangered, VU = vulnerable, LC = least concern), with non-threatened categories in brackets; and criteria used for
assessment: decline in distribution; restricted distribution; and decline in function. For each criterion, quantitative indicates that
the criterion has quantitative thresholds, semi-quantitative indicates that the criterion combines some quantitative and some
qualitative components, qualitative describes purely qualitative (i.e. descriptive) criteria (seeTable 2 for more detail), while N/A
indicates that the criterion is not used; * indicates conditionality on demonstrated ongoing threat for the criterion to be applied;
note that Queensland considers decline in function only within the Regional Ecosystem framework, not under the Vegetation
Management Act. IUCN the International Union for the Conservation of Nature; RLE, Red List of Ecosystems

Protocol jurisdiction,
abbreviation name
& key references Unit of assessment Definition of endpoint

Threat
categories

Decline in
distribution

Restricted
distribution

Decline in
function

Global: IUCN RLE
IUCN Red list of
Ecosystems (Keith
et al. 2013)

Ecosystem: Complexes of organisms and their
associated physical environment, within an
area (after Tansley 1935). They have four
essential elements: a biotic complex; an
abiotic environment or complex; the
interactions within and between them; and a
physical space in which these operate.

Collapse: transition beyond a bounded
threshold in one or more variables that
define the identity of the ecosystem.
Collapse is thus a transformation of identity,
loss of defining features and replacement by
a novel ecosystem. It occurs when all
occurrences lose defining biotic or abiotic
features, and characteristic native biota are
no longer sustained.

Collapsed,
CR, EN,
VU, (near
threatened,
LC, data
deficient,
not
evaluated)

Quantitative Quantitative* Quantitative

Commonwealth of
Australia: EPBC
Act
Environmental
Protection and
Biodiversity Act 1999
(Commonwealth of
Australia 1999, 2000;
TSSC 2004, 2010b,
2013b)

Ecological Community: the extent in nature
in the Australian jurisdiction of an
assemblage of native species that: (i) inhabits
a particular area in nature; and (ii) meets
the additional criteria specified in the
regulations (if any) made for the purposes of
this definition.

Extinction: Extinction (or collapse) of an
ecological community includes situations
where remaining occurrences are so
functionally degraded that they cannot be
restored (e.g. to a benchmark state).
Remnants can be threatened with
‘functional’ extinction through on-going
modifications that, whilst they may not lead
to total destruction of all elements of the
community, are disrupting ecological
processes that are critical to maintain and
recover the community. Functional
degradation may be indicated by loss of
functional biotic components of the
ecological community or a breakdown of
abiotic processes (e.g. nutrient cycling), such
that characteristic native biota are no longer
sustained within the ecological community’s
range of natural variability. That is, when
re-establishment of biotic and abiotic
processes, species composition and
community structure is unlikely within the
foreseeable future, even with positive human
intervention.

CR, EN,VU Quantitative Quantitative* Semi-
quantitative

New South Wales
(NSW)
New SouthWales
Threatened Species
Conservation Act
1995 (New South
Wales Government
1995, 2010; NSW
Scientific Committee
2012)

Ecological community: an assemblage of
species occupying a particular area. This
definition closely follows modern scientific
texts and embodies three requirements: (i)
the constituents of a community must be
species; (ii) the species need to be brought
together into an assemblage; and (iii) the
assemblage of species must occupy a
particular area.

Extinction: not formally defined. CR, EN,VU Quantitative Quantitative* Qualitative

Victoria (Vic)
Native Vegetation
Framework under
Planning and
Environment Act
(DNRE 2002)

Ecological vegetation classes (EVC): a type
of native vegetation classification that is
described through a combination of its
floristic, life form and ecological
characteristics, and through an inferred
fidelity to particular environmental
attributes. Each EVC includes a collection
of floristic communities (i.e. a lower level in
the classification that is based solely on
groups of the same species) that occur
across a biogeographic range, and although
differing in species, have similar habitat and
ecological processes operating.

Extinction: probably no longer present in the
bioregion.

Presumed
extinct,
EN,VU,
depleted,
rare, (LC)

Quantitative Quantitative Quantitative

Western Australia
(WA)
Western Australian
List of Definitions,
Categories and
Criteria for
Threatened and
Priority Ecological
Communities (DEC
2010)

Ecological community: a naturally occurring
biological assemblage that occurs in a
particular type of habitat.

Presumed totally destroyed: an ecological
community that has been adequately
searched for but for which no representative
occurrences have been located. The
community has been found to be totally
destroyed or so extensively modified
throughout its range that no occurrence of it
is likely to recover its species composition
and/or structure in the foreseeable future.

Presumed
totally
destroyed,
CR, EN,
VU

Quantitative* Quantitative* Quantitative*

CONSISTENT ECOSYSTEM RED LISTS 3

© 2014 The Authors doi:10.1111/aec.12148
Austral Ecology © 2014 Ecological Society of Australia



variables used to assess ecosystems, and the quantita-
tive thresholds used to allocate ecosystems to
threat categories across the six assessment protocols
(Table 1).

Categories of threat

The threat categories for most Australian protocols
mirrored the IUCN categories of critically endangered
(CR), endangered (EN) and vulnerable (VU) (Table
1).The exceptions were Victoria, where the three cat-
egories were labelled EN, vulnerable and depleted,
Queensland andTasmania, which had only two threat-
ened categories, and the Australian Capital Territory
(ACT), with a single threatened category, EN (Table
1). In these four protocols, we interpreted the highest
category, labelled ‘endangered’, as equivalent to CR in
all other protocols based on their thresholds (see
below). Hence, we interpreted the category labelled
‘vulnerable’ inVictoria andTasmania and ‘of concern’
in Queensland as equivalent to EN in all other proto-
cols, and ‘depleted’ in Victoria as equivalent to VU.
This highlighted potential for linguistic confusion
because categories labelled ‘endangered’ and ‘vulner-

able’ in Queensland, ACT,Victoria andTasmania were
not equivalent to those with the same labels in other
protocols. Some protocols included categories such as
Near Threatened or Rare, which were less threatened
than VU (Table 1).
IUCN RLE, Victoria and Queensland included a

‘Least Concern’ non-threatened category (Table 1).
Additional categories were defined for ecosystems with
insufficient data for assessment (‘Data Deficient’ in
IUCN RLE and ‘Insufficiently Known’ in ACT), and
for ecosystems not yet assessed (‘Not Evaluated’ in
IUCN). Under most protocols, unlisted ecosystems
included those that have been assessed as not threat-
ened, ecosystems for which assessment has been
attempted but insufficient data existed, and those for
which no assessment has been attempted.

ASSESSMENT UNITS

Defining units of assessment

All the protocols reviewed used a common scien-
tific definition of their assessment units as assemblages
of species within a particular area, environment or

Table 1. Continued

Protocol jurisdiction,
abbreviation name
& key references Unit of assessment Definition of endpoint

Threat
categories

Decline in
distribution

Restricted
distribution

Decline in
function

Tasmania (Tas)
Schedule 3A of the
Nature Conservation
Act 2002
(Government of
Tasmania 2002;
Harris & Kitchener
2005; DPIWE 2007)

Ecological vegetation community: the
entity used in the vegetation mapping
classification and characterized by floristic
and structural features that are more or less
consistent across its range. It may be
abbreviated to vegetation community or
community. Equivalent to TASVEG
mapping units.

No formal definition. EN,VU,
rare;
grouped
under a
single
formal
‘threatened’
category in
legislation.

Quantitative Quantitative N/A

Tasmania (Tas)
Schedule 3A of the
Nature Conservation
Act 2002
(Government of
Tasmania 2002;
Harris & Kitchener
2005; DPIWE 2007)

Ecological vegetation community: the
entity used in the vegetation mapping
classification and characterized by floristic
and structural features that are more or less
consistent across its range. It may be
abbreviated to vegetation community or
community. Equivalent to TASVEG
mapping units.

No formal definition. EN,VU,
rare;
grouped
under a
single
formal
‘threatened’
category in
legislation.

Quantitative Quantitative N/A

Queensland (Qld)
Queensland Vegetation
Management Act
1999 and Regional
Ecosystem framework
(Queensland
Government 1999;
Neldner et al. 2012;
Queensland
Herbarium 2013)

Regional ecosystem: a vegetation community
in a bioregion that is consistently associated
with a particular combination of geology,
landform and soil. Listings are based on a
list of ecosystems in the VMA 1999
regulations and the Regional Ecosystem
Description Database (REDD) (Queensland
Herbarium 2013).

None. EN, ‘of
concern’,
(LC)

Quantitative Quantitative* Semi-
quantitative

Australian Capital
Territory (ACT)
Nature Conservation
Act 1980 (Flora and
Fauna Committee
2008; ACT 2012)

Ecological community: a group of
ecologically related species with shared
habitat characteristics that (i) may inhabit a
particular place; (ii) may vary in
composition within ecological limits; and
(iii) meet such additional criteria as may be
prescribed.

Presumed extinct: a community that has
been destroyed totally since European
settlement or one that has been so
extensively modified that it is unlikely to
recover its species composition and structure
or re-establish its ecosystem processes in the
foreseeable future.

EN
(presumed
extinct,
ecological
communities
at lower
risk, rare,
insufficiently
known)

Quantitative Quantitative* Qualitative
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habitat (Table 1). There were semantic variations in
terminology (e.g. ecosystem, ecological community
or vegetation types). Some protocols focused on
floristic communities (e.g. Victoria, Queensland, Tas-
mania), reflecting the terrestrial scope of policies or
laws that they support.A few protocols referred explic-
itly to processes and interactions in the definition of
assessment units (IUCN RLE and Victoria), implicit
in other definitions. Given the similarity of definitions,
we considered units of assessment as broadly equiva-
lent and refer to them as ecosystems.
In common with other protocols, assessment units

under the EPBC Act protocol are first defined on the
basis of their characteristic assemblage of species, asso-
ciated interactions and the physical environments
occupied by the assemblage. Secondly, unlike other
protocols, a customized set of condition classes is then
defined in consultation with experts using thresholds
for variables such as patch size, species richness, struc-
tural features, ratio of native to exotic cover, etc. The
purpose of this second step is to exclude from parts of
the regulatory process some occurrences of ecosystems
that meet the description of the assemblage, interac-
tions and environment, if their condition falls below
threshold values that define poor condition (TSSC
2010b). At present, this step to provide guidance on
appropriate actions for conservation after ecosystems
are listed is not clearly separated from the risk assess-
ment process (prerequisite to listing); condition classes
are included within descriptions of the assessment
units (e.g. TSSC 2013a) and embedded indirectly in
some of the assessment criteria (see below).

Classification of assessment units

Although assessment units shared conceptually similar
definitions across jurisdictions, their classification
frameworks differed. Victoria, Tasmania and Queens-
land have prescriptive classifications of assessment
units (described respectively in DNRE 2002; Harris &
Kitchener 2005; Queensland Herbarium 2013), per-
mitting a comprehensive assessment throughout their
jurisdictional domains. In contrast, listings in New
South Wales (NSW), Western Australia (WA) and
under the EPBC Act are not prescriptive.This reflects
legislative requirements for public participation in the
listing process, whereby the public may nominate an
ecosystem for listing, as long as it conforms to the
definition under the relevant legislation (e.g. in NSW,
Preston & Adam 2004). It also arose from a require-
ment to assess any biotic assemblage, not just those
defined by vegetation types (e.g. English & Blyth
1999). Although the lack of a classification framework
makes a comprehensive and consistent assessment of
the jurisdiction more difficult, it allows ecosystems to
be assessed at a range of thematic scales and irrespec-

tive of whether they are recognized within vegetation
classification frameworks. For example, threatened
assemblages of birds, lichens and fungi are listed in
NSW (NSW Scientific Committee 1998, 2001), while
thrombolite microbial assemblages and aquatic root
mat invertebrate assemblages are listed nationally and
in WA (e.g. ESSS 2000; TSSC 2010a). A flexible
approach to assessment units also ensures uncon-
strained public participation in an important stage of
environmental regulatory processes.

Scale of assessment units

Although assessment units were defined similarly
across protocols, the thematic scale (i.e. level of clas-
sification) varied, depending on the context of the
assessment (Nicholson et al. 2009). Larger jurisdic-
tions may be expected to assess fewer, more broadly
defined ecosystems than smaller ones. This reflects
contrasting needs for risk assessments at global,
regional, national and local scales. A global scale
assessment of ecosystem status in the Americas, for
example, aims to produce a broad overview of the
status of biodiversity across two continents based on a
classification of approximately 450 ‘macrogroups’
(Rodríguez et al. 2012; Keith et al. 2013). At this the-
matic level, several hundred assessment units may be
expected for a similar global-scale assessment across
Australia. In contrast, local assessments are required to
inform site-scale management and planning decisions
(e.g. development approvals, restoration projects) that
require a much finer resolution of risk assessment.
Thus, at state level, inVictoria there are approximately
255 ecological vegetation classes (EVCs, DNRE
2002), and in Queensland over 1350 regional ecosys-
tems (Queensland Herbarium 2013). If this thematic
scale and diversity were implemented across the entire
continent, a national classification in Australia may
include over 4000 assessment units.
The number of assessable units over extensive domains

may be limited by resourcing practicalities.Consequently,
EPBCAct assessments and others such as NSW adopt a
flexible approach (Keith 2009; Nicholson et al. 2009),
listing fine scale units where appropriate (e.g.ESSS 2000)
and amalgamating broad units where sub-units share
similar biota, threats and status (e.g. TSSC 2006). Given
the trade-offs for thematic scale, a hierarchical classifica-
tion of ecosystem units would help to cross-reference
broadly defined units, useful for global assessment with
finer-scale units required for local applications. This
would also help guide supervised remote sensing analyses
to support detection of change. Although national classi-
fication systems exist inAustralia (e.g.NationalVegetation
Information System (NVIS), ESCAVI 2003), they
require further development before they can support an
effective synthesis.
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RISK ASSESSMENT

The endpoint of decline: collapse/extinction

Risk assessment of ecosystems requires a defined
endpoint of ecosystem decline analogous to species
extinction (Nicholson et al. 2009; Keith et al. 2013).
An explicitly defined endpoint of ecosystem decline
is needed to interpret each of the assessment criteria
to estimate how far a declining ecosystem has
advanced towards collapse. Although most Australian
protocols had a term for this endpoint (Table 1), its
definition was lacking, incomplete or vague, with
little grounding in ecological theory (Table 1). The
EPBC Act had the most extensive discussion of the
concept of extinction. The concept was more explic-
itly developed in the IUCN RLE, which also defined
major sources of uncertainty (Keith et al. 2013).

Criteria for assessing decline in distribution

All protocols included decline in distribution as a risk
assessment criterion with quantitative thresholds,
except the ACT (Table 1, Fig. 1). The interpretation
and application of this criterion was similar across
protocols. All protocols, except NSW, assessed
declines in distribution since European settlement,
consistent with the IUCN RLE historic timeframe
(since 1750). NSW assessed declines over biologi-
cally relevant timeframes, appropriate to the life cycle
and habitat characteristics of component species,
typically three generation lengths or 10 years, which-
ever is the longer, similar to the IUCN species cri-
teria (IUCN 2013). In most forests, woodlands and
many shrub-dominated communities, three genera-
tions of the dominant species extended to European
settlement (NSW Scientific Committee 2012),
making timeframes for assessing decline similar

Fig. 1. Decline thresholds used for decline in distribution across protocols; two thresholds apply under the International Union
for the Conservation of Nature (IUCN) Red List of Ecosystems (RLE) (historic decline since 1750, and recent, current or future
declines over 50 years), the EPBC Act (long-term decline, typically since European settlement or ca. 1750 [1826 inWA], and
recent declines over 50 years) and NSW (dependant on whether threat has ceased); a third threshold is included for the EPBC
Act (EPBC Act 1750 old), because communities assessed between 2000 and 2013 used more stringent long-term decline
thresholds; *conditional on ongoing threat; ‘∧’ for Qld, Vic and Tas the endangered (EN) category is grouped with critically
endangered (CR) thresholds in other protocols, ‘of concern’ and vulnerable (VU), respectively, are grouped with EN thresholds,
‘depleted’ in Vic is grouped with VU thresholds, while for Qld andTas there is no category equivalent to VU and forWAVU is
qualitatively defined.
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across protocols. In addition, the EPBC Act assessed
recent declines over shorter time scales of approxi-
mately 50 years, while the IUCN RLE assessed
recent and projected future declines over the same
time scale (50 years). In NSW andWA, the interpre-
tation of thresholds for decline was conditional on
continuing threats. Either more stringent thresholds
(i.e. requiring greater levels of decline for similar
threat categories) were applied (NSW) or the crite-
rion was inapplicable (WA) if threats were under-
stood and ceased.
The decline thresholds for allocating ecosystems to

threat categories were generally similar (Fig. 1), and
showed less variation than previous comparisons of
global protocols (Nicholson et al. 2009). The thresh-
olds for Queensland andTasmania were more stringent
than those of the IUCN RLE. EPBC Act thresholds
were aligned with the IUCN RLE thresholds in 2013
(TSSC 2013b), although communities assessed
between 2000 and 2013 usedmore stringent long-term
decline thresholds only (TSSC 2010b), shown in
Figure 1 as EPBC Act 1750 old, in addition to updated
long-term and short-term thresholds, respectively
EPBC Act 1750 and EPBC Act 50y. The reasons for
different threshold values were unclear, except where
they aligned with IUCN thresholds for species decline
(e.g. NSW), although stringent thresholds may have
been seen as a way of limiting the number of listings.
Estimates of decline in distribution will be sensitive

to how the extant and past distributions are mapped,
and how extant occurrences are delineated spatially
from collapsed occurrences. This is an issue that
clearly affects the entire assessment. With the excep-
tion of IUCN RLE, the lack of any requirement to
specify thresholds of collapse could exacerbate incon-
sistencies in mapping of ecosystems across their range
and/or at different times over which distributional
change was assessed. The assessment of changes in
distribution therefore needs an explicit definition of
local collapse at a site or stand level as part of the
description of the ecosystem under assessment. In
Queensland, this is partly offset by application of
mapping standards that define and map remnant
woody vegetation consistently based on thresholds of
relative cover, height and species composition of the
canopy layer (Neldner et al. 2012).

Criteria for assessing restricted distribution

All of the protocols included a criterion assessing risks
related to restricted distribution. All used quantitative
area thresholds, except WA, which assessed distribu-
tions qualitatively (Table 1).This reflected widespread
recognition that many processes that threaten the per-
sistence of ecosystems are spatially explicit. For most
protocols, listing under restricted distribution was

conditional on qualitative evidence of ongoing threat
(Table 1 and Fig. 2).This distinguished between eco-
systems that were naturally restricted but stable, and
those at risk of collapse due to the impacts of threats
on their restricted distribution. In Tasmania rarity
thresholds alone were used as one of the criteria to
determine eligibility for threatened status, irrespective
of declines or threats. In Queensland and Victoria
restricted distribution was used only as a conditional
sub-criterion when assessing decline in distribution.
Four main metrics were used to measure restricted

distribution. All protocols exceptWA included area of
occupancy (AOO, range or simply area), the area occu-
pied by the ecosystem (Fig. 2a). IUCN RLE,
the EPBCAct,NSW andVictoria used extent of occur-
rence (EOO), a contiguous area enclosing all occur-
rences within a minimum convex polygon, including
areas not occupied by the ecosystem (Fig. 2b). The
number of locations was applied only in the IUCN
RLE, based on a similar metric in the IUCN species
criteria, where a location was defined as a ‘geographi-
cally or ecologically distinct area in which a single
threatening event can rapidly affect the ecosystem’, and
the size of the location depended on the area covered by
themost serious plausible threat, rather than ecosystem
patch size or distribution (Keith et al. 2013). Finally,
the EPBC Act andVictoria used patch size as a metric
of distribution,with ecosystemsmostly in small patches
considered threatened.We discuss this metric further in
the next section in relation to fragmentation, one of the
processes of functional decline.
The thresholds applied for measuring restricted dis-

tribution varied greatly between protocols (Fig. 2).
The reasons for particular threshold values were
undocumented, but may relate to attempts by protocol
designers to control scale effects. AOO is highly
sensitive to the scale (spatial and thematic) of mapping
and measurement (Nicholson et al. 2009). To control
scale-related artefacts, two protocols, IUCN RLE and
NSW, explicitly specified a standard scale at which
AOO should be measured for comparison with the
thresholds.The NSW guidelines recommended 4 km2

grids (following species recommendations in IUCN
2013) while the IUCN RLE measured AOO using
100 km2 grid cells, with commensurately larger thresh-
olds (Fig. 3). For Queensland, Victoria and Tasmania
scaling was controlled implicitly because thresholds
applied to specific classifications and associated maps
with fixed scales across the jurisdictions.

Scale and thresholds

To investigate sensitivities of AOO to spatial scale, we
extended the analysis by Nicholson et al. (2009). We
calculated AOO for 181 ecological communities from
NSW (Tozer et al. 2006), based on grids of varying
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dimensions from 0.125 × 0.125 km to 16 × 16 km,
encompassing the recommended range of scales and
ecosystem maps used by different protocols (e.g.
Neldner et al. 2012; NSW Scientific Committee 2012;
Keith et al. 2013). We then estimated a and b in the
model AOO = a × (grid)b, where b describes how AOO
scales with grid size.
AOO was highly sensitive to scale, with b varying

between 0.32 and 1.75 (median 0.74). IUCN RLE
and NSW produced similar threat status for most
ecosystems analysed because different thresholds for
AOO were scaled using grids of a standard size: only
12% of ecosystems were assigned different threat cat-
egories by these two protocols. In all cases, the dif-

ference was by one threat category (e.g. EN under
one and VU under the other). Five representative
ecosystems shown in Figure 3 had the same threat
category under the two protocols with appropriate
scaling, despite different scaling patterns. In contrast,
the EPBC Act protocol had no recommended scale
of measurement of AOO. Without scaling, estimates
based on fine scale maps could produce a small esti-
mate of AOO and a high category of risk; conversely
estimates based on coarse scale maps could underes-
timate risk.Where distribution data are unavailable at
the standard scale required for comparison against
fixed thresholds, area estimates can be readily scaled
using GIS software.

Fig. 2. Restricted distribution thresholds for (a) area of occupancy (AOO) and (b) extent of occurrence (EOO); note that AOO
under the International Union for the Conservation of Nature (IUCN) Red List of Ecosystems (RLE) is measured not in km2

but in the number of 10 × 10 km grid cells in which the ecosystem occupies more than 1% of the area; *Conditional on ongoing
threat; ‘∧’ for Qld, Vic and Tas the endangered (EN) category is grouped with critically endangered (CR) thresholds in other
protocols, ‘of concern’ and vulnerable (VU), respectively, are grouped with EN thresholds, ‘depleted’ inVic is grouped withVU
thresholds, while for Qld and Tas there is no category equivalent to VU and ACT only has EN; ‘+’ AOO threshold in Qld and
Vic used as a sub-criterion in conjunction with other thresholds such as % decline;Tas has a separate category, rare, based on
area thresholds, which can be combined with decline threshold-based categories (EN and VU).
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Criteria for assessing decline in
ecological function

Almost all the protocols included criteria addressing
functional decline, although most were qualitative
(Tables 1,2).The EPBC Act, Queensland andVictoria
include semi-quantitative criteria in which assessment
of either the severity or the extent of degradation
required quantitative evaluation, but not both (Table
2). Other protocols involved entirely qualitative assess-
ment of ecosystem degradation, although NSW
included a checklist of ecological processes for
consideration.
Several protocols assessed the severity of functional

decline by considering the likelihood of ecosystem
recovery or restoration within a given timeframe, with
or without intervention (Table 2). This requires
assumptions and judgments about the likely or plau-
sible range of management actions to be implemented
and the resulting ecosystem responses. The use of
recoverability, particularly with intervention, as an
assessment criterion is problematic because it can con-
found risk assessment with management actions.This
is because the likelihood of recoverability is dependent
on management effort, resourcing and approaches, as
well as available technology, which are not symptoms
of risk. Even without intervention, inferences about
recoverability may be conjectural unless the ecosystem

can be shown to recover when threats are removed in
a controlled experimental manner.
Several ecological processes were identified across

Australian protocols as relevant to assessing functional
declines (Table 2).These include fragmentation, inva-
sion of exotic species and declines in functionally
important species. Although most protocols assessed
these processes qualitatively, a few included quantita-
tive criteria, for example to assess the severity of frag-
mentation using landscape geometry indices such as
patch size (e.g. Fragstats, McGarigal et al. 2002),
underpinned by empirical evidence that they can be
useful proxies of fragmentation impacts on biodiver-
sity, including reduced species movement or popula-
tion viability as patches decline in size and become
more isolated (Bender et al. 2003; Lindenmayer &
Fischer 2007).The EPBC Act andVictorian protocols
used ‘indicative’ thresholds for patch size, below which
any ecosystem may be considered threatened; similar
criteria exist in other protocols internationally (Master
et al. 2007; Rodriguez et al. 2007).Thresholds may be
varied to take into account ecosystems with different
spatial processes, however the methods for making
such adjustments were undocumented.
The qualitative basis for assessment of functional

decline or inclusion of quantitative criteria for
dealing with only some of the possible mechanisms
of functional decline created the greatest potential for
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Fig. 3. The effects of scale of assessment (i.e. grid or pixel size) on the estimate of area of occupancy (AOO, km2), used to
assess restricted distribution, for five threatened ecological communities in NSW (dashed and lighter lines); the community
shown in the solid black line (p202, Burragorang Rocky slopes woodland) scales at the median rate with grid size (0.74, median
of 181 ecosystems in NSW (Tozer et al. 2006); the other communities show a range of scaling factors, similar to the minimum,
maximum, 25thand 75th percentiles for b-values observed; the vertical bars show the thresholds for critically endangered (CR)
(black), endangered (EN) (mid-grey) and vulnerable (VU) (pale grey) for NSW and the International Union for the Conser-
vation of Nature (IUCN) Red List of Ecosystems (RLE) at their recommended measurement scales (2 and 10 km grid widths,
respectively); all five communities have the same threat status under NSW or IUCN RLE thresholds at the recommended grid
size.
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Table 2. Protocols reviewed: ways of dealing with decline in function.Tasmania has no function-based criteria and is excluded;
note that Queensland considers decline in function only within the Regional Ecosystem framework, not under the Vegetation
Management Act. IUCN the International Union for the Conservation of Nature; RLE, Red List of Ecosystems

Protocol

Quantified
extent of
decline

Quantified severity
of decline Qualitative criteria

Examples of measures of
decline in function

(abiotic and biotic variables)

IUCN RLE % area affected Abiotic (Environmental
degradation, Criterion C);
and biotic (disruption of
biotic processes &
interactions, Criterion D).

Abiotic: desertification of rangelands,
eutrophication, de-humidification
of cloud forests, changed water
regime or hydroperiod,
salinization, structural
simplification, sea level rise, retreat
of ice masses

Biotic: species richness, species
composition and dominance,
functional diversity, trophic
diversity, spatial flux of organisms,
structural complexity.

EPBC Act Loss of decline of a
functionally important
species (Criterion 3.1,
conditional on qualitative
criterion 3.2).

Rate of continuing decline in
a population of functionally
important species
(Criterion 5a).

Small geographic distribution
measured by patch size
(Criterion 2).

Restoration of structure and
function unlikely within specified
timeframes (Criterion 3.2)

Reduction in integrity across most
of its geographic distribution
[. . .] as indicated by
degradation of the community
or its habitat, or disruption of
important community processes
(Criteria 4 and 5b).

Small distribution coupled with
demonstrable threat (Criterion
2).

Abiotic: desiccation of humid
communities, disruption of fire
regimes, altered hydrology, salinity,
increase in nutrients

Biotic: population decline in
functionally important species
changes, in the identity and
number of component species, the
relative and absolute abundances
of those species, irretrievable loss
of native species, invasion by
non-native species, loss of
recruitment.

NSW Extent and severity of reduction in
biotic and abiotic ecological
function:
(i) Change in community
structure

(ii) Change in species
composition

(iii) Disruption of ecological
processes

(iv) Invasion and establishment
of exotic species

(v) Degradation of habitat
(vi) Fragmentation of habitat

Abiotic: Reduced stream flow in a
riparian system, rubbish dumping,
physical disturbance, increased
nutrients, reduction in median size
of patches, construction of roads
and tracks.

Biotic: Reduction in cover of
structurally dominant species,
reduction in cover of obligate
seeders due to increased fire
frequency, increase in cover or
abundance of exotic species,
reduced recruitment of key
species.

Vic % area
affected
(in conjunction
with % decline
in distribution)

Severity of change in floristic
and/or structural diversity.

Ability to recover naturally in time.
Estimate of degradation can be
based on modelled data.

Abiotic: Change in fire regime,
hydrological processes.

Biotic: grazing/browsing, invasion of
weeds & pest pathogens.

WA Change in abiotic processes and
biotic components, recoverability
(with or without human
intervention).

Abiotic: hydrology, salinity, nutrient
enrichment, pollution,
inappropriate fire regimes.

Biotic: species composition,
community structure, weed
invasion, disease.

Qld % area affected Degradation of abiotic and biotic
components, recoverability.

Abiotic: degradation of soil surface,
salinity, surface compaction, loss of
organic matter, or sheet erosion,
fragmentation, inappropriate fire
regimes.

Biotic: floristic/faunal diversity,
weedinvasion, grazing pressure.

ACT Disruption to abiotic and biotic
community processes.

Abiotic: fire, flooding, altered
hydrology, salinity, nutrient
change.

Biotic: pollination, seed dispersal, soil
disturbance by vertebrates which
affect plant germination.
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divergence and inconsistency among the Australian
protocols. The IUCN RLE, in contrast, has a frame-
work for quantifying both the severity and extent of
decline for a wide range of degradation processes
(Keith et al. 2013). It therefore provides a useful
means of harmonization by accommodating ecologi-
cal processes relevant to ecosystem persistence
including those incorporated into the other protocols.
Key elements of the IUCN RLE approach are to: (i)
identify the salient process(es) driving functional
decline; (ii) identify proximal and sensitive variables
that represent the process; (iii) define a threshold
value of the variable that represents ecosystem col-
lapse; and (iv) estimate any trend of the variable
towards the threshold of collapse (relative severity of
degradation) (Keith et al. 2013). The EPBC Act and
the IUCN RLE also included a quantitative estimate
of the risk of collapse as a criterion (Criterion 6 and
E respectively), allowing for interactions among mul-
tiple threats to be evaluated explicitly through eco-
system simulation models.
The utility of the IUCN RLE approach can be illus-

trated with the example of assessing functional decline
caused by fragmentation under Criterion D (disrup-
tion to biotic processes). First, two pre-requisites are
to (i) establish that fragmentation is a key mechanism
of functional decline in the ecosystem under assess-
ment and (ii) understand how it disrupts ecological
processes. Second, this understanding must be applied
to select the most suitable variable for estimating the
severity of fragmentation effects and to define a thresh-
old of collapse.This approach contrasts with using the
same generic measure with fixed thresholds across
all ecosystems. Often, the most suitable, proximal
and sensitive fragmentation variable may represent
biological outcomes of fragmentation processes, such
as species movement, abundance of invasive species or
changes in species composition or abundance, rather
than a measure of landscape geometry. If landscape
geometry is used to assess functional decline, some
metrics may be more reflective of biological responses
than others. In Australian tropical lowland rainforest,
for example, species richness of various taxa in frag-
ments is inversely related to patch isolation, but unre-
lated to patch size (D. Metcalfe, unpubl. data, 2014).
Third, the fragmentation estimates must be stand-

ardized relative to an ecosystem-specific threshold of
collapse (i.e. the level of fragmentation at which the
ecosystem is no longer able to sustain its defining
features), which can be estimated empirically at par-
ticular sites (Keith et al. 2013). The fragmentation
thresholds delineating each threat category are then
scaled mathematically to the collapse threshold. This
allows the assessment to be scaled to accommodate the
biology of the ecosystem. For example, wetland
patches may be connected by a mobile and functional
waterbird fauna, compared with grassland fragments

in which the characteristic mammalian fauna is
regionally extinct and no longer plays its crucial role in
plant dispersal, top-down regulation of woody biomass
and predator-prey dynamics.The two ecosystems have
different risks of collapse, even though their configu-
ration of patch sizes may be similar. Although patch
size thresholds in Australian protocols are ‘indicative’
and may be adjusted case by case, the protocols offer
no guidance on when the default thresholds apply or
how they should be varied in magnitude or direction
for any given assessment, increasing the risk of incon-
sistent interpretations.
Finally, the IUCN RLE focuses on fragmentation-

related change rather than absolute values of indices
for landscape pattern. For example for an assessment
based on patch size, IUCN RLE evaluates how rapidly
the estimated patch size is declining towards the col-
lapse threshold (expressed as a size distribution, per-
centile or some other metric) over the specified
assessment time scales, rather than whether patch size
was smaller than an absolute threshold at the present
time. These important characteristics of the IUCN
RLE provide a useful framework for synthesis of
processes that other protocols intend to address,
and therefore offer an opportunity to produce
more accurate and consistent ecosystem-specific risk
assessments.

UNCERTAINTY

Uncertainty is pervasive in ecosystem risk assessment
(Regan et al. 2003; Nicholson et al. 2009; Keith
et al. 2013). Key sources of uncertainty include: (i)
incomplete knowledge, such as lack of data, poor
understanding of key processes and model uncer-
tainty; (ii) uncertain delineation of ecosystems in maps
and mapping error; (iii) natural variability; and (iv)
linguistic uncertainty due to vagueness (Regan et al.
2002).Two key sources of uncertainty specific to eco-
system risk assessment lie in the definition of an eco-
system, and uncertainty about when an ecosystem may
be considered collapsed (Nicholson et al. 2009; Keith
et al. 2013). Only four of the protocols we reviewed
acknowledged or dealt with these uncertainties (IUCN
RLE, EPBC Act, NSW and ACT).
Two complementary methods for dealing with

uncertainty were represented among the protocols.
The first involved a designated category for data defi-
cient ecosystems. This category is assigned if too few
data exist to support an assessment of any of the cri-
teria (i.e. threatened and non-threatened status are
equally likely outcomes, given the available data). Only
the IUCN RLE, the EPBCAct and ACT incorporated
this feature. None of the other Australian protocols
formally distinguished data deficient ecosystems from
those not evaluated or from those evaluated but failing
to qualify for threatened status.
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The second method estimates the magnitude of
uncertainty in each assessment variable (e.g. with con-
fidence bounds), and propagates this through the
assessment to obtain a plausible range of threat cat-
egories for each ecosystem (Burgman et al. 1999;
Akçakaya et al. 2000).This is especially useful for less
certain variables, such as the historic declines in dis-
tribution and function. The IUCN RLE and NSW
protocols incorporated methods and guidelines for
such implementation, largely derived from methods
used in assessments of Red Listed species (IUCN
2013). The EPBC Act guidelines also identified
bounded best estimates as a means of representing
uncertainty, but provided less detail on how these
should be used in assessments (TSSC 2004).

COMPARISON OF THE OUTCOMES
OF PROTOCOLS

To compare the assessment outcomes based on the
different protocols, we compiled 13 case studies of
ecosystems listed nationally under the EPBC Act
and/or at a state level within Australia (Table 3). For
those not assessed with the IUCN RLE (Keith et al.
2013, we applied the IUCN RLE criteria. We inter-
preted equivalence of categories as described above
(see ‘Categories of threat’; Figs 1, 2).There were only
three discrepancies and four partial discrepancies
(where plausible ranges of threat overlapped) between
threat categories assigned by different protocols
among the 41 assessments of 13 ecosystems, although
different criteria were invoked across protocols.These
discrepancies are likely historical artefacts of the listing
process, where ecosystems were originally listed as EN
under earlier Commonwealth and NSW listing regu-
lations that did not include the CR category. Revised
assessments under the updated EPBC and NSW pro-
tocols may yet produce a CR outcome, in agreement
with IUCN RLE.
These results suggest that closer alignment of

Australian protocols with the IUCN RLE criteria is
unlikely to result in radical change to current listings.
A high level of concordance may be expected, despite
the differences in criteria described above, given
that the overall symptoms of threat addressed by
the criteria and the intent of the protocols were
similar.

DISCUSSION

There were strong overarching similarities among
Australian risk assessment protocols for ecosystems.
Key similarities included: the definition of assessment
units; the rule-set structure of the protocols; the cat-
egories of threat; and the main types and underlying

intent of assessment criteria for assessing distribu-
tional decline, restricted size of distribution and func-
tional decline. There were differences in how criteria
were expressed, whether criteria on ecosystem func-
tion were quantitative or qualitative, the quantitative
thresholds for decline and distribution size, and the
scaling of measured spatial variables. Our systematic
comparison based on each component of risk assess-
ment (structure, categories, definitions and support-
ing concepts, criteria, thresholds and outcomes) also
provides a useful framework for identifying opportu-
nities for harmonizing approaches within other
regions such as Europe and the Americas.
In general, the high level of concordance in assess-

ment outcomes suggests that the differences among
Australian protocols were subtle compared with
the overarching similarities. However, the fact that
the same status was triggered by different criteria
across different protocols suggests a compensatory
effect of errors. Testing of a broader sample of eco-
systems may therefore reveal a more conspicuous
effect of differences in listing criteria on assessment
outcomes. Likely sources of any effect include diver-
gence in qualitative assessments of functional
declines and differences in distribution thresholds
and scaling.
Although Hawke (2009) strongly recommended

greater alignment of listing processes across Australian
jurisdictions, little detail was provided on how this
could be achieved. It is important to recognize that
different jurisdictions have different responsibilities
for environmental management, and therefore have
different needs for risk assessment. For example,
local regulatory responsibilities demand assessments
of finer-scale assemblages than is required for global
environmental reporting against Aichi targets. Rather
than seek identical listings across all jurisdictions, the
goals of harmonization should be to achieve consist-
ency of approach and methods in risk assessment and
to ensure transparent cross-reference between listed
units defined at different thematic scales in different
jurisdictions, for example through a hierarchical
classification.
We suggest that significant progress could be

achieved towards harmonization through greater con-
gruence with the international standard established
by the IUCN RLE (Keith et al. 2013). This provides
a strong theoretical synthesis of all elements repre-
sented across the other protocols and overcomes
some significant methodological limitations related to
quantification of change in ecosystem function, defi-
nition of the endpoint of decline and spatial scaling
of distribution data.The IUCN RLE criteria are sup-
ported by a lucid and detailed exposition of under-
lying theory, as well as guidelines and illustrative
examples (Keith et al. 2013). In comparison, sup-
porting documentation of the Australian protocols,
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Table 3. Risk assessment outcomes for a representative sample of ecosystems assessed under global (IUCN RLE), national
(EPBC) and various state listing protocols: threat status (CR = critically endangered, EN = endangered, VU = vulnerable);
over-arching criterion/criteria under which the ecosystem is listed, with protocol specific criterion in parentheses; and major
threats to the ecosystem (all links were accessed on 19 June 2014)

Ecosystem IUCN RLE status EPBC Act status State status Major threats

Coolibah – Black Box
woodland

EN: Decline in function
(abiotic environment,
C1) (Supplementary
material, Keith et al.
2013).

EN: Restricted
distribution (patch
size, 2c); reduction
in integrity (4)
(TSSC 2011).

Qld EN: EPBC unit included 5
Regional ecosystems (11.3.3,
11.3.15, 11.3.16, 11.3.28 and
11.3.37) listed as Of Concern (cf.
EN), mainly due to decline in
distribution (since 1750), but also
decline in function (Queensland
Herbarium 2013).

NSW EN: Reduction in distribution;
decline in function1.

Land clearing,
changed
hydrological
regime,
grazing, weed
invasion.

Blue Gum High Forest CR: Decline in
distribution (since
1750, A3); restricted
distribution (AOO,
B2).

CR: Decline in
distribution (since
1750, 1);
Restricted
distribution (AOO,
2a; patch size, 2c);
decline in function
(4) (TSSC 2005).

NSW CR: Decline in distribution;
Restricted distribution (AOO);
Decline in function2.

Land clearing,
weed invasion.

Cumberland Plain
Woodland

CR: Decline in
distribution (since
1750, A3) (Tozer et al.
2014).

CR: Restricted
distribution (patch
size, 2c); decline in
function (4)
(TSSC 2008a).

NSW CR: Decline in distribution;
Decline in function3.

Land clearing,
weed invasion.

Coastal sandstone
upland swamps4

EN (EN-CR): Decline
in function (abiotic
environment, C2).

EN (Under
consideration for
listing): restricted
distribution (AOO
2b, patch size 2c),
continuing
detrimental change
(5)5.

NSW EN: Projected decline in
distribution, restricted distribution,
projected decline in function6.

Climate change
(moisture)
subsidence due
to longwall
mining, land
clearing.

Semi-evergreen vine
thicket (state
assessment)

EN: Decline in
distribution (since
1750, A3), restricted
distribution (AOO,
B2).

EN: Restricted
distribution (2)7.

NSW EN: Decline in distribution,
restricted distribution8.

Land clearing,
grazing,
changed fire
regimes, weed
invasion.

Acacia loderi shrubland EN: Decline in function
(biotic processes, D3).

NSW EN: Decline in function9. Overgrazing, lack
of regeneration
of key species.

Gnarled Mossy Cloud
Forest, Lord Howe
Island

CR: Restricted
distribution (EOO, B1;
AOO, B2) (Auld and
Leishman 2014)

NSW CR: Restricted distribution,
projected decline in function10.

Anthropogenic
climate change,
predation by
rats of key
species.

Eastern Stirling Range
Montane Heath and
Thicket

CR: restricted
distribution (EOO, B1;
AOO, B2) (Barrett
andYates 2014).

EN: Restricted
distribution (2)11.

WA CR: Restricted distribution (EOO)
and threats (Barrett 2000).

Root rot disease.

Shrublands on
southern Swan
Coastal Plain
ironstones
(Busselton Ironstone
shrublands)

CR: Decline in
distribution (past 50
years, A1; since 1750,
A3), Restricted
distribution (EOO,
B1) (English and
Keith 2014)

EN: Restricted
distribution (2)12.

WA CR: Restricted distribution (EOO)
and ongoing threats (Meissner and
English 2005).

Root rot disease,
hydrological
change, weed
invasion,
altered fire
regimes.

Broad leaf tea-tree
(Melaleuca
viridiflora)
woodlands in high
rainfall coastal north
Queensland

EN: Decline in
distribution (since
1750, A3).

EN: Decline in
distribution (since
1750, 1); decline in
function (4)
(TSSC 2012).

Qld CR-EN: EPBC unit includes 3
Regional Ecosystems (7.3.8, 8.3.2
and 8.5.2) listed as EN (cf. CR in
IUCN RLE and EPBC) and 2 (7.5.4
and 8.5.6) listed as Of Concern (EN),
mainly due to decline in distribution
(since 1750), but also decline in
function and restricted distribution
(Queensland Herbarium 2013).

Land clearing soil
degradation.
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like others implemented elsewhere around the world
(Nicholson et al. 2009), generally failed to articulate
a clear or comprehensive justification for many of
their structural features and sometimes failed to
guide interpretation.
At a policy level, harmonization of local jurisdictions

with the IUCN RLE would position Australia and other
countries to implement their international responsibilities
under the CBD and to report on Aichi targets (COP10
2010) more efficiently and effectively than if encumbered
with different listing processes. Such alignment with an

international protocol is not unprecedented: most Aus-
tralia jurisdictions applycriteria for assessing species threat
that are generally aligned with the IUCN Red List of
Threatened Species (Nicholson et al. 2009; IUCN2013).
The similarity of risk assessment outcomes from different
protocols suggested that greater consistency of listing
procedures could be achievedwithout substantial changes
in listing outcomes across Australian jurisdictions. We
recommend how Australian jurisdictions could more
closely align with the new international standard in
Table 4.

Table 3. Continued

Ecosystem IUCN RLE status EPBC Act status State status Major threats

Box-Gum Grassy
Woodland and
Derived Grassland
Communities

CR: Decline in
distribution (since
1750, A3), Decline in
function (biotic
processes, D3).

CR: Decline in
distribution (since
1750, 1); decline in
function (4)
(TSSC 2006).

Qld CR-EN: EPBC unit includes most
or part of 6 Regional Ecosystems
(13.3.1, 13.11.8, 13.12.8, 13.12.9,
11.3.23, 13.3.4) listed as EN (cf. CR
in IUCN RLE and EPBC) and 3
regional ecosystems (12.8.16,
13.11.3 and 13.11.4) listed as Of
Concern (EN), mainly due to decline
in distribution (since 1750), but also
decline in function and restricted
distribution, with a further 3 of Least
Concern (LC) (Queensland
Herbarium 2013).

NSW EN: Decline in distribution,
decline in function13.

Vic: Broader EPBC unit includes three
communities listed locally as EN (cf.
CR in IUCN RLE and EPBC) in
most bioregions (locally in some as
VU, cf. EN in IUCN RLE and
EPBC)14.

Land clearing,
fragmentation,
overgrazing,
exotic species.

Weeping Myall
Woodlands

EN: Decline in
distribution (since
1750, A3).

EN: Decline in
distribution (since
1750, 1); decline in
function (4)
(TSSC 2008b).

Qld EN: Minor component of two
more broadly defined Regional
Ecosystems (11.3.2 and 11.3.28)
listed as Of Concern (EN) due to
decline in distribution (since 1750)
(Queensland Herbarium 2013).

NSW EN: Decline in distribution,
decline in function15.

Land clearing,
fragmentation,
shrub decline,
weed invasion.

Swamps of the
Fleurieu Peninsula16

CR: restricted
distribution (EOO, B1;
AOO, B2).

CR: Decline in
distribution (since
1750, 1); decline in
function (4).

SA CR17: restricted distribution (B1,
B2)

Land clearing,
fragmentation,
wetland
degradation.

1NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=10175
2NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=10094
3NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=10191
4the threat status of the Coastal sandstone upland swamps and Acacia loderi shrubland is uncertain under the IUCN RLE, and therefore a

plausible range of threat categories is shown
5EPBC Act: http://www.environment.gov.au/node/35085
6NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=20261
7EPBC Act: http://www.environment.gov.au/node/14552
8NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=10749
9NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=10017
10NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=20263
11EPBC Act: http://www.environment.gov.au/biodiversity/threatened/communities/east-stirling.html
12EPBC Act: http://www.environment.gov.au/biodiversity/threatened/communities/swan-ironstone.html
13NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=10837
14Vic: http://www.dse.vic.gov.au/conservation-and-environment/ecological-vegetation-class-evc-benchmarks-by-bioregion
15NSW: http://www.environment.nsw.gov.au/threatenedSpeciesApp/profile.aspx?id=20030
16EPBC Act: http://www.environment.gov.au/node/14521
17South Australia is currently trialling the IUCN RLE criteria for listing ecosystems.
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One of the most significant advances in the IUCN
RLE protocol is its methodological framework for
quantitatively and transparently assessing decline in
ecological function for a wide range of degradation
processes. The Australian protocols relied predomi-
nantly on qualitative approaches to assess functional
declines (Table 2). This makes it very difficult to
assess functional decline and degradation consistently
across different ecosystems with different assessors.
The IUCN RLE approach (Table 4) is more trans-
parent, conceptually comprehensive, strikes a balance
between consistency and flexibility, and strongly jus-
tifies assessments of declines in ecosystem function.
Improved assessment of processes and ecological
function, rather than only patterns, is key to robust
risk assessment.
A second important recommendation for harmoni-

zation with the international standard is to avoid con-
flating risk assessment with management and policy
actions and priorities. The separation of these pro-
cesses has been persuasively argued to ensure accurate
environmental reporting (Possingham et al. 2002;
Mace et al. 2008; Rodríguez et al. 2011). NSW pro-
vides the best example of implementing this principal.
Its listing criteria exclude management considerations
and uniquely, as far as we are aware, a scientific com-
mittee has statutory responsibility for risk assessment,
fully independent of environmental regulation and
planning activity. The conflation of risk assessment
with management and policy, which occurs to varying
degrees in other jurisdictions, is unsurprising given
that one of the principal applications of risk assess-
ment is to guide the implementation of statutory
responsibilities for environmental regulation by gov-
ernment agencies. Devices such as condition catego-

ries and recoverability criteria are a means of focussing
regulatory and management priorities on the occur-
rences thought to be most likely to persist and respond
to management (TSSC 2013b).This of course is sen-
sible, but has an opportunity cost if the prioritization
process is not separated from the listing process. In
such cases, listings will reflect management issues to
varying degrees and may obscure underlying changes
in status of biodiversity, reducing the value of threat-
ened ecosystem lists as environmental reporting tools.
Improved transparency and accuracy in environmental
reporting could be achieved by avoiding the use of
condition classes in the definition of ecosystem types
and by excluding listing criteria that address
restorability or recoverability of ecosystem degradation
(Table 4).
Another important recommendation is to align

the equivalent threat categories across the proto-
cols and label themwith the same names.This will resolve
linguistic confusion (Regan et al. 2002) and facilitate clear
and accurate communication across jurisdictions.
Encouragingly, some progress has already been

made towards alignment. The South Australian Gov-
ernment, which previously lacked a risk assessment
process for ecosystems, has adopted the IUCN RLE
as the basis for preparing a listing of threatened eco-
systems within that state (Bonifacio & Pisanu 2012).
The EPBC Threatened Species Scientific Committee
has amended its guidelines so that its thresholds for
assessing decline in distribution are identical to those
in the IUCN RLE.We believe this progress illustrates
how scientists can interact productively with policy
makers to achieve stronger, more effective evidence-
based policy and management outcomes for biodiver-
sity conservation.

Table 4. Recommendations for harmonization of listing protocols with IUCN RLE. CR, critically endangered; EN, endan-
gered; IUCN the International Union for the Conservation of Nature; RLE, Red List of Ecosystems; VU, vulnerable.

1. Adopt the IUCN RLE framework for quantitative assessment of ecosystem degradation (functional decline) that includes:
(a) Identification of key degradation processes and metrics that represent them accurately and sensitively.
(b) Ecosystem-specific thresholds of ecosystem collapse.
(c) Standardization of functional decline relative to the ecosystem-specific threshold of collapse.
(d) Ability to model effects of interactions between multiple threats.

2. Avoid conflating risk assessment with prioritization for policy and management action by:
(a) Separating any use of condition classes and other devices used to guide conservation action from the definition of ecosystem types.
(b) Excluding listing criteria that address restorability or recoverability of ecosystem degradation.

3. Adopt a uniform classification of three threat categories (CR, EN and VU) across all protocols. This requires the following adjustments to align
equivalent threat categories and label them with the same names:

(a) Re-label the EN category in Queensland, Victoria and Tasmania as CR.
(b) Re-label the VU category in Victoria and Tasmania, and the ‘of concern’ category in Queensland as EN.
(c) Re-label the ‘depleted’ category in Victoria as VU.

4. Align quantitative thresholds for assessing distribution decline, restricted distribution and functional decline with those that delineate the different
categories of threat in IUCN RLE.

5. Avoid scaling artifacts by adopting a standard scale and measurement method for assessing ecosystem distributions, preferably in alignment with
IUCN RLE.

6. Deal with uncertainty by:
(a) Identifying Data Deficient ecosystems separate from those that are assessed as Least Concern or not yet evaluated.
(b) Quantifying the precision of estimates and propagating confidence intervals through the assessment process to document the range of plausible

risk assessment outcomes.
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