Assessing and managing risks to ecosystem biodiversity
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Abstract Ecosystem conservation is important for biodiversity and for human well-being. Understanding the
relative risks to ecosystems is fundamental to well-informed ecosystem management. The IUCN Red List of
Ecosystems protocol provides an adaptable framework for risk assessment across terrestrial, subterranean, fresh-
water and marine ecosystems. | review a series of detailed case studies, published in this special edition of Austral
Ecology, that apply the Red List of Ecosystems criteria to a broad range of ecosystem types. These studies show
that detailed risk assessments are especially valuable as forerunners to strategic ecosystem management. Key
components of Red List assessments that contribute to development of management strategies include critical
diagnosis of trends and their causes, identification of dependencies that influence ecosystem responses to envi-
ronmental change and selection of ecosystem-specific diagnostic variables that can be useful monitoring tools for
evaluating the performance of management. Ecosystem Red List assessments are crucial to regulatory processes
under environmental legislation in Australia and other countries. The IUCN Red List of Ecosystem criteria will
help improve the scientific rigour of statutory listings and could also provide a unifying framework for the suite
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deteriorating through time. Quantifying the influence
of different factors or processes on overall risks can
help to identify causal factors that conservation



2009, 2015) and the IUCN Red List protocol
has practical limits to the scales of units to which
it can be applied (Keith etal. 2013, 2015). The
applications in this special issue provide some
insight into the versatility of the protocol across the-
matic scales (see below). Ecosystem types are, of
course, artificial compartmentalizations of continu-
ous variation in nature. Despite the somewhat
arbitrary character of boundaries between spatially
adjoining or thematically related ecosystem types,
they are nonetheless enduringly useful tools for
analyzing, managing and communicating about bio-
diversity, landscapes and seascapes (Keith 2009). In
Tansley’s (1935) words, ‘. . . for the purposes of study,
so that the series of isolates we make become the actual
objects of our study, whether the isolate be a solar system,
a planet, a climatic region, a plant or animal community,
an individual organism, an organic molecule or an atom.
Actually the systems we isolate mentally are not only
included as parts of larger ones, but they also overlap,
interlock and interact with one another. The isolation is
partly artificial, but is the only possible way in which we
can proceed . . . it is (these) systems ... which .. . are
the basic units of nature .. ..

The second important concept for application of the
Red List of Ecosystem criteria is that of ‘ecosystem
collapse’ (Keith et al. 2013). In essence, this describes
a state transformation in which defining features
(compositional, structural, functional) of an ecosystem
type are lost, and the system is entirely replaced by a
novel one with different defining features (Hobbs et al.
2006). In some cases, these transitions involve stark
contrasts between initial and novel systems, for
example from native woody vegetation to pasture
grasslands, urban systems or cropfields (see in this
issue English & Keith 2015; Tozer et al. 2015). In
other cases, collapse may involve transitions between
less contrasting systems, such as from one kind of
forest to another (see in this issue Auld & Leishman
2015; Burns et al



less reliant on comprehensive typologies than system-
atic conservation planning for entire landscapes or
seascapes.

Strategic ecosystem management

The diverse contributions to this special issue of
Austral Ecology demonstrate the support and direction
that Red List assessments of individual ecosystems can
provide to strategic ecosystem management (Table 1).
A rigorous risk assessment based on Red List of Eco-
systems criteria compels a detailed diagnostic analysis
of threats and dependencies. This provides a powerful
basis for developing ecosystem management objec-
tives, strategies and actions targeted where they can
reduce risks most effectively. To support their diagno-
ses, all of the assessments in this volume present
diagrammatic process models. These are potent diag-
nostic tools and integral to adaptive management
(Williams 2011).

Table 1 provides a synopsis of management strate-
gies to deal with threatening processes diagnosed in
each of the case studies. In several peri-urban eco-
systems, the major management challenges emerging
from risk assessment are to address the legacy effects
of fragmentation through control of invasive species
with improved technologies and enhanced implemen-
tation effort (English & Keith 2015; Tozer et al.
2015), or through restoration and connection of
ecosystem fragments to improve habitat suitability
for ecosystem engineers (Metcalfe & Lawson 2015;
Murray et al. 2015). Several assessments identified
management of disturbance regimes as crucial, either
to maintain defining structural features and depend-
ent biota (Burns etal. 2015), or to mitigate the
impact of other threatening processes (Barrett &
Yates 2015). The imperative for climate change
mitigation emerged from several risk assessments,
although the mechanisms underpinning risks and the
scenario planning required for climate change adap-
tation vary greatly between the contrasting systems
under threat (Auld & Leishman 2015; Clark et al.
2015; Wardle et al. 2015; Williams et al. 2015). Even
in systems that are not currently under appreciable
risks, a Red List assessment points to manage-
ment strategies that should ensure continuing Least
Concern status, for example, by excluding large-scale
water extraction and floodplain development from
the Lake Eyre Basin to ensure continued variability
of water flows to its connected wetlands (Pisanu et al.
2015).

As well as providing strategic diagnoses to under-
pin management, an effective application of the
Red List criteria will identify suitable monitoring vari-
ables to evaluate the performance of management
(Lindenmayer & Likens 2010) and may produce tools

such as simulation models that enable scenario analy-
sis to explore the likely effectiveness of alternative
management options (Burns et al. 2015). Exploration
and screening of alternative management options and
performance evaluation through targeted monitoring



Table 1. Threat diagnoses and management strategies emerging from ecosystem Red List assessments

Habitat loss Feral
Ecosystem type and Climate Altered fire Altered water herbivores and Invasive
(source) fragmentation change regimes regimes Invasive plants granivores pathogens Harvesting Pollution
Busselton Land-clearing Limit fire Manage water
Ironstone regulations frequency extraction
Shrublands within
(English & sustainable

Keith 2015)




policy instruments to meet their regulatory responsi-
bilities for land and water management (reviewed
by Nicholson etal. 2015). The semi-independent
development of these regulatory tools across jurisdic-
tions resulted in a range of inconsistencies in listing
criteria, typologies and processes. These inconsisten-
cies partly reflect the development history of scien-
tific assessment methods over time and partly the
differing sociopolitical contexts that prevailed in
respective jurisdictions. More recently, imperatives
for harmonization of listing processes have been rec-
ognized, with the IUCN Red List criteria for ecosys-
tems providing a global standard for more uniform
listing processes across jurisdictions (Nicholson et al.
2015).

A similar situation occurs in other multi-
jurisdictional regions, such as Europe, where the
European Habitat Directive (1972) is juxtaposed
with national Red Lists of habitat types and
ecosystems in countries such as Germany, Finland,
Norway and others (Riecken et al. 2006; Kontula
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for assessment and scaling, and clear delineation
between ecosystem types. A number of typologies
of terrestrial vegetation are currently available for
the Australian continent (e.g. Beadle 1981; Specht
et al. 1995; NLWRA 2001); however, none is ideally
suited to Red List assessment either because the
units do not consistently conform to the required
ecosystem concept (Keith etal. 2013), they lack
appropriate ecological attribution or because they do
not extend to appropriate thematic scales to support
detailed ecosystem risk assessments of national
scope. Nonetheless, there is a very substantial body
of data, including ground observations and spatial
data, that could be synthesized into an ecosystem
typology to support a consistent continental-scale set
of Red List assessments. Classifications of Australian
freshwater (Larmour 2001; WWF/TNC 2013) and
marine (Heap etal. 2005; Lyne & Hayes 2005;
Spalding et al. 2007) ecosystems are less developed
than those for terrestrial systems, but there are
similar opportunities to develop suitable typologies
for Red List assessments.

Second, high to medium resolution spatial data on
ecosystem distribution are required to support the
spatial components of risk assessments. Additionally,
time series of spatial data are required to estimate rates
of ecosystem change. Remote sensing is a key source of
such data, with accumulating archives of satellite
imagery and increasing digital availability of historical
aerial photography providing important resources
for time series analyses of ecosystem distributions
(e.g. Keith et al. 2011), abiotic characteristics (e.g.
Bormann et al. 2012) and biotic characteristics (e.g.
Cunningham etal. 2009). GeoScience Australia
(http://www.ga.gov.au/) and the AusCover facility
within Australia’s Terrestrial Ecosystem Research
Network (http://www.auscover.org.au/) provide access
to a diverse range of spatial data relevant to ecosystem
risk assessment, supplementing data sets of global
scope (Hansen et al. 2013).

Third, the importance of long-term ecological
monitoring data for both risk assessment and
management of ecosystems cannot be understated
(Lindenmayer et al. 2012). There is often a perception
that the coverage of such data is too thin to be repre-
sentative of broad-scale change, but the published case
studies show that a reasonable search effort sometimes
reveals a surprising cache of site-specific time series
data that can provide powerful insights into ecological
responses to environmental change at landscape
scales. For example, a series of long-term ecological
data sets on Australian heathlands were recently
assembled to produce a continent-wide synthesis of
ecosystem change (Keith et al. 2014). When rigorously
designed and focussed on relevant questions that
directly address defining features of ecosystems, these
studies can provide a strong basis for assessing ecosys-
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tem degradation under criteria C, D and E of the Red
List protocol. Initiatives such as Australia’s Long Term
Ecological Research Network (http://www.ltern.org.
au) have begun building valuable repositories for these
types of data.

Finally, as ecosystem declines may be driven
by a wide range of contrasting processes, effective
cross-disciplinary collaborations are imperative to
ensure robust and thorough risk assessments. A
risk assessment may draw on expertise, not only in
plant and animal ecology, but also hydrology, soil
science, climatology, oceanography, mathematical
modelling and other disciplines. A systematic eco-
system risk assessment for any region will also
require broadly based expertise, capacity building,
training, collaboration and intellectual leadership
among the scientific community. Although the
requirements identified above are not unique to an
Australian ecosystem assessment, the broad spectrum
of authors and collaborators contributing to this
special edition of Austral Ecology suggests that
Australian scientists are up to the task. The substance
of their work shows how risk assessments can con-
tribute strategically to better outcomes of ecosystem
management.
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