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Introduction

Policy imperatives to assess risks to biodiversity above
the species level are underscored by IUCN’s recent en-
dorsement of new criteria and categories for Red Lists
of Ecosystems (RLE) as a global standard for ecosystem
risk assessment, and the inclusion of the RLE in the 2014
Horizon Scan of environmental issues (Sutherland et al.

2014). The RLE method is based on five quantitative
criteria (Appendix 1) designed to evaluate symptoms of
risk in terrestrial, subterranean, freshwater, and marine
ecosystems (Keith et al. 2013). What are the practical
challenges in applying such a tool in environmental pol-
icy and management for biodiversity conservation, and
how can they be met?

In this perspective, our central purpose is to review the
major challenges in developing, interpreting and apply-
ing the RLE method and consider trade-offs inherent in
the design of solutions. To support our discussion, we
first elucidate the motivations and goals for Red Listing
ecosystems and later identify current and potential ap-
plications of the risk assessment products. Overall, we
suggest that the IUCN Red List of Ecosystems should be
judged by whether: it achieves conservation ends and
improves environmental management; its limitations are
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development across diverse disciplines (Levins 1966). For
example, Red List criteria for both species and ecosystems
sacrifice some precision (hence consistency) to achieve
generality across species with different life histories, and
ecosystems with different governing processes. The trade-
offs and appropriate balance will depend on the goals and
scope of risk assessment. When the scope is broad, as
is the case with Red Lists, emphasis inevitably falls on
generality with some trade-offs on other desired qual-
ities. The issue is not whether imprecision and incon-
sistency exist (Boitani et al. 2014), but whether im-
proving precision is worth the trade-offs in generality,
realism, and simplicity. Hobday
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Table 1
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Table 2 Sources of uncertainty in species and ecosystem classifications. Tools such as interval arithmetic, fuzzy arithmetic (Akçakaya et al. 2000) and

indices of genuine change (Butchart et al. 2004) help to deal with these in Red List assessments of both species and ecosystems

Source of uncertainty Species Ecosystems

Legacies of species and

ecosystem concepts

that have evolved over

time

Species classifications in current use include taxa whose

names and circumscriptions are the cumulative legacy

of several hundred years of classification and

description. Hence they are based on a mix of

contrasting species concepts including pre-Darwinian

morphological, biological (gene flow barriers),

evolutionary, phenetic morphometric, and

phylomolecular concepts.

Although numerous variations on the ecosystem concept

have been proposed, many retain the four elements in

Tansley’s original concept, albeit with different relative

weightings depending on the application. The exposure

of a global RLE to legacy effects will depend on how its

adopted concept of an ecosystem evolves over time.

Alphataxonomic boundary

delineations are

subjective and vary

between experts and

lineages

There is no widely applied means of standardizing or

calibrating levels of genetic variability within and

between species. Degrees of splitting and lumping vary

subjectively between lineages, despite nomenclatural

rules and peer review. This directly determines which

elements are eligible or ineligible for Red Listing.

Similar difficulties apply in constructing a classification to

represent consistent levels of dissimilarity between

ecosystem types. This would be analytically possible if

a globally representative set of samples existed. In the

absence of such data, calibration will require subjective

judgements.

Numbers of described

units are rapidly

increasing, while large

numbers of units remain

undescribed

Reinterpretation, new analyses, and discoveries are

rapidly increasing the number of described taxa at the

rate of approximately 10,000 per year (May 2004). The
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Figure 1 Example of a diagrammatic process model for a woodland ecosystem illustrating transitions between alternative states driven by different

threatening processes. Collapsed states may be reached via multiple trajectories. Suitable diagnostic variables for assessing Red List criteria C and D are

those that measure progression along these trajectories (from Tozer et al. 2014).

criterion E (Appendix 1; Keith et al. 2013; Burns et al.
2014). For many ecosystem types, however, there may be
insufficient data on which to build models with adequate
realism. Criteria C and D (Appendix 1) enable use of diag-
nostic variables that can be related directly to ecosystem
degradation. Risk assessment protocols that incorporate
both quantitative models and diagnostic variables provide
the generality (hence flexibility) and simplicity needed to
handle varying data quality and diverse symptoms of risk
(IUCN 2001; Hobday et al. 2011; Keith et al. 2013). The
trade-offs for realism and precision will depend on how
well the diagnostic variables quantify degradation.

Four options for assessing the severity of functional de-
cline were evaluated during RLE consultation workshops:
unstructured qualitative ranking; aggregated indices of
health/condition; one or a few prescribed generic ecosys-
tem variables; and assessor-defined ecosystem-specific

variables. Many existing protocols rank the severity of
functional decline using unstructured qualitative meth-
ods (Nicholson et al. 2009). This is the least consistent,
transparent and repeatable option because assessments
cannot be effectively calibrated. Aggregated indices or
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Figure 2 Generalized schematic representing a state and transition model of ecosystem dynamics (adapted from Folke et al. 2004). States A–G are

defined by two state variables represented on the X and Y axes. The vertical axis (Z) represents potential for change. The RLE framework requires explicit

description of state variables that represent defining features of the system (characteristic native biota and ecological processes) (Table 1 in Keith et al.

2013). The two broken lines represent alternative interpretations of ecosystem collapse. For the inner line, transitions between states A, B, and C (e.g.,



Design of red list criteria for ecosystems D. A. Keith et al.

by data availability than a prescriptive one-size-fits-all
approach which requires the same variables to be quanti-
fied across all ecosystem types. Finally, ecosystem-specific
approaches promote critical examination of the evidence
in diagnosing causes of decline, the pathways of collapse,
the most sensitive means of measuring decline along
those pathways and setting an explicit threshold for un-
acceptable loss of characteristic native biota (Figures 1
and 2).

Further improvements in consistency should be possi-
ble by narrowing the range of ecological variables deemed
appropriate for assessing particular types of ecosystem
degradation, based on accumulating empirical experi-
ence. This will be increasingly possible as the RLE criteria
are applied to many contrasting ecosystems by a diverse
community of expert assessors. Imposing a prescriptive
approach too early would stifle the exploration and evi-
dence gathering essential to further development. In the
meantime, published assessments provide guidance, and
an IUCN peer-review process for global assessments will
encourage consistency and promote rigor across assess-
ments (IUCN 2014a; Rodriguez et al. 2015).

Delimiting ordinal categories of risk

The RLE criteria use numerical decision thresholds to as-
sign ecosystem types to ordinal categories of risk (Ap-
pendix 1; Keith et al.
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RLEs can support adaptive management strategies
(Williams 2011), for example by informing sustainable al-
locations of water resources to environmental flows and
agricultural production, or the zonation and quotas in
fisheries management areas (Green et al. 2014). While
the status of ecosystem types is the primary output of as-
sessments, this is founded on an evidence-based diagnosis
of threats and derivation of ecosystem-specific diagnostic
variables that should be suitable for monitoring responses
to alternative management actions.

RLEs may also inform the sustainable management and
delivery of ecosystem services. The relationship between
the RLE (for which the primary goal is to assess risks
to ecosystem-level biodiversity) and ecosystem services is
complex because the latter depend on both ecosystems
and social environments (Costanza et al. 2014). To en-
hance clarity of purpose and simplicity of the RLE proto-
col, the RLE criteria focus on the loss of characteristic na-
tive biota (genes, populations, species, assemblages, and
functional groups) and disruption to ecological processes
that sustain it. Additional tools may thus be required to
evaluate risks to ecosystem stocks, functions and services,
especially if novel ecosystems deliver new or improved
services relative to their collapsed predecessors.

Nonetheless, there are cases where the RLE assess-
ments can provide important information about ecolog-
ical changes that have major consequences for ecosys-
tem services (Micklin 2006). The same causal factors that
drive loss of biodiversity may also result in decline of
ecosystem stocks, functions, and services (Cardinale et al.
2012). For example, Burns
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