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Abstract: Conservationists are increasingly interested in determining the threat status of ecological commu-
nities as a Rey part of their planning efforts. Such assessments are difficult because of conceptual challenges
and a lack of generally accepted criteria. We reviewed 12 protocols for assessing the threat status of communi-
ties and identified conceptual and operational issues associated with developing a rigorous, transparent, and
universal set of criteria for assessing communities, analogous to the International Union for Conservation of
Nature (IUCN) Red List standards for species. We examined how each protocol defines a community and its ex-
tinction and bow each applies 3 overarching criteria: decline in geographic distribution, restricted geographic
distribution, and changes to ecological function. The protocols vary widely in threshold values used to assess
declines and distribution size and the time frames used to assess declines, leading to inconsistent assessments
of threat status. Few of the protocols specify a scale for measuring distribution size, although assessment
outcomes are highly sensitive to scale. Protocols that apply different thresholds for species versus communities
tend to require greater declines and more restricted distributions for communities than species to be listed in
equivalent threat categories. Eleven of the protocols include a reduction in ecological function as a criterion,
but almost all assess it qualitatively rather than quantitatively. We argue that criteria should be explicit and
repeatable in their concepts, parameters, and scale, applicable to a broad range of communities, and address
synergies between types of threats. Such criteria should focus on distribution size, declines in distribution,
and changes to Rey ecological functions, with the latter based on workable proxies for assessing the severity,
scope, and immediacy of degradation. Threat categories should be delimited by thresholds that are assessed at
standard scales and are logically consistent with the viability of component species and important ecological
Junctions.

Keywords: classification protocols, conservation status, [UCN, NatureServe, red list, threat categories, threat-
ened species lists

Evaluacion del Estatus de Amenaza de Comunidades Ecologicas

Resumen: Los conservacionistas cada vez estdn mds interesados en determinar el estatus de amenaza de
comunidades ecologicas como parte de sus esfuerzos de planificacion. Tales evaluaciones son dificiles debido
a los retos conceptuales y la carencia de criterios aceptados por la generalidad. Revisamos 12 protocolos para
la evaluacion de estatus de amenaza de comunidades e identificamos aspectos conceptuales y operativos
asociados con el desarrollo de un conjunto de criterios rigurosos, transparentes y universales para evaluar
comunidades, andlogo a los estandares para especies de la Lista Roja de IUCN. Examinamos la definicion
de una comunidad y su extincion en cada protocolo y como aplica tres criterios generales: declinacion en
distribucion geogrdfica; distribucion geogrdfica restringida y cambios en la funcion ecologica. Los protocolos
varian ampliamente en los valores umbral utilizados para evaluar declinaciones y distribucion y en los
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marcos de tiempo usados para evaluar las declinaciones, lo que lleva a evaluaciones inconsistentes del
estatus de amenaza. Pocos protocolos especifican una escala para medir la distribucion, aunque los resultados
de las evaluaciones son altamente sensibles a la escala. Los protocolos que aplican umbrales diferentes para
especies versus comunidades tienden a requerir mayores declinaciones y distribuciones mds restringidas para
comunidades que para especies para enlistarlas en categorias de amenaza equivalentes. Once de los protocolos
incluyen como criterio una reduccion en la funcion ecologica, pero casi todos la evaliian cualitativa y no
cuantitativamente. Proponemos que los criterios deben ser explicitos y repetibles en sus conceptos, parametros
y escala, aplicables a una amplia gama de comunidades y abordar sinergias entre tipos de amenazadas.
Tales criterios deben enfocar la extension de la distribucion, declinaciones en la distribucion y cambios en
JSunciones ecologicas claves, basados en evaluaciones de la severidad, alcance e inmediatez de la degradacion,
Las categorias de amenaza deberian ser delimitadas por umbrales evaluados en escalas estandar y que son
logicamente consistentes con la viabilidad de las especies y de funciones ecologicas importantes.

Palabras Clave: TUCN categorias de amenaza, estatus de conservacion, IUCN, listas de especies amenazadas,

IUCN Lista Roja, NatureServe, protocolos de clasificacion

Introduction

Conservation professionals and institutions are increas-
ingly concerned with the conservation of ecological com-
munities in addition to individual species. In October
2008 the fourth World Conservation Congress passed
a resolution (CGR4.MOT024) to develop a global stan-
dard for assessing the status of ecosystems. Such devel-
opments reflect the realization that an exclusive focus
on species-based approaches is unlikely to conserve all
components of biodiversity (Franklin 1993). The con-
servation of communities protects ecological patterns
and processes, such as species assemblages, interactions
of species with each other and their environment, and
higher-level biotic and abiotic processes, including dis-
turbance regimes and habitat structure (Franklin 1993;
Noss 1996; Cowling & Heijnis 2001). Protecting such
processes can ensure the continued provision of ecosys-
tem services (Balmford et al. 2002). The conservation of
communities is also assumed to act as a coarse filter or
surrogate for species, in particular for species that are un-
known or poorly understood (Jenkins 1976; Noss 1996;
Cowling & Heijnis 2001).

The International Union for Conservation of Nature
(IUCN) Red List criteria (2001, 2008) provide a broadly
accepted and widely used set of criteria with which to
assess the threat status of species. Species are assigned
to different categories of threat based on quantitative
criteria that reflect varying risks of extinction (Mace et
al. 2008). Currently, there is no comparable, widely ac-
cepted assessment protocol for communities. There are a
number of reasons for developing an analogous protocol
for ecological communities: to assess the risk that a given
community will be lost, to provide a relative ranking of
threat level of communities to assist conservation priority
setting, and to act as a proxy for assessing the extinction
risk of unknown or poorly understood species. A consis-
tent protocol would also allow changes in the status of
communities to be monitored through time.
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Several protocols for assessing the threat status of com-
munities have been proposed by researchers (e.g., Paal
1998; Benson 2006; Rodriguez et al. 2007), governments
at national and regional levels (e.g., Blab et al. 1995;
New South Wales Government 1995; Commonwealth
of Australia 1999), and nongovernmental organizations
(NGOs); the latter includes NatureServe’s conservation
status ranking system (Faber-Langendoen et al. 2007; Mas-
ter et al. 2007), probably the most widely used protocol.

We reviewed current thinking on and available proto-
cols for the assessment of the threat status of ecological
communities and identified key conceptual and opera-
tional issues associated with developing a red-list style
protocol for communities. We primarily addressed pro-
tocols that assess terrestrial communities because this is
the focus of much of the current literature. A review
of methods for defining or delineating communities, al-
though useful, is beyond the scope of this paper.

We reviewed 12 assessment protocols that include
quantitative criteria (Table 1) and examined how each
of the protocols defines a community and community
extinction. We then focused on the 3 groups of crite-
ria for assessing threat status that we considered most
important and that emerged most frequently from the
literature: decline in geographic distribution, restricted
geographic distribution, and changes or disruption to
ecological function. We reviewed how these criteria are
represented in each of the protocols and the thresholds
applied to designate threat categories. We conclude with
recommendations to facilitate the development of a set
of criteria for ecological communities analogous to the
IUCN Red List criteria for species.

Review of Assessment Protocols

We searched the scientific and gray literature for proto-
cols proposed, applied, or in current use for assessing
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the threat status of communities. We excluded proto-
cols that rely wholly on qualitative listing criteria (e.g.,
Council of the European Communities 1992; Blab et al.
1995) and methods used for broad-scale priority setting
(e.g., Ricketts et al. 1999; Hoekstra et al. 2005). Most of
the protocols we reviewed have a rule-set structure sim-
ilar to that of the IUCN protocol for species (Table 1),
whereby a community is assessed against each criterion
individually and assigned to the highest threat category
for which any criterion is met (IUCN 2001). Two of the
protocols we reviewed apply similar criteria and thresh-
olds (where applicable) to both species and communi-
ties: NatureServe’s system of conservation status assess-
ment, and the New South Wales Threatened Species
Conservation (NSW TSC) Act, which uses the IUCN Red
List species criteria to list species and communities (NSW
Scientific Committee 2009).

Defining Ecological Communities and Their Extinction

Ecological communities are assemblages of species that
occur together in time and space (Begon et al. 2000).
Ecosystems are functional systems formed by communi-
ties and their environments, with associated transfers and
cycles of energy and matter (Whittaker 1975; Franklin et
al. 2002; Begon et al. 2006). Some definitions empha-
size the interactions between species within a commu-
nity (e.g., Whittaker 1975), but we focused on the co-
occurrence of species and their area of co-occurrence
to define an ecological community (Keith 2009). Like
species, communities may be classified hierarchically,
such that many fine-scale assemblages may be nested
within a smaller number of broadly defined units (Gauch
& Whittaker 1981). Variation in community properties
such as composition, structure, and processes is widely
recognized as being continuous (Gleason 1926; Austin
1985). For this and other reasons, the properties that
distinguish different communities from one another and
the boundaries that delineate their distributions are in-
herently more uncertain than is the case for species, for
which a formal hierarchical international system of tax-
onomy and nomenclature exists (e.g., International Code
of Botanical Nomenclature).

The protocols use a variety of definitions (Table 1) for
communities and ecosystems, which we treat similarly
and refer to generally as communities. These definitions
tend to be generalized (Keith 2009), which allows for
flexibility and pragmatism in defining communities for
the purposes of conservation planning and government
legislation. This reflects the scarcity of comprehensive
classification systems at a scale appropriate for listing in
most countries or regions, despite progress in developing
frameworks for classification (e.g., Grossman et al. 1998;
Mucina et al. 2000; Leathwick et al. 2003; Thackway et
al. 2007). Indeed, Noss et al. (1995) find the generality of
their own definition (Table 1) “useful because it allows as-
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sessment of loss or degradation of structural, functional,
or compositional aspects of ecosystems . . . at any level of
the classification hierarchy and at any spatial scale.” The
lack of specificity with respect to community structure
and composition has, however, important implications
when evaluating the degradation, the loss of associated
structure, species, and processes, and ultimately the ex-
tinction of a community.

Inconsistency in the classification and scale of ecologi-
cal communities may lead to distortions in the outcomes
of assessment, with more communities assessed as being
at risk in those areas from which more detailed infor-
mation is available. Detailed and quantitative vegetation
classification of large regions (e.g., Rodwell et al. 2002;
Jennings et al. 2004), in combination with accurate map
data, therefore provides a basis for comprehensive and
consistent assessments. The classifications and maps of
ecological communities that generate the most robust
and informative generalizations about species distribu-
tions are those based on quantitative sampling and analy-
sis of the biota (e.g., Rodwell et al. 2002) and systematic
integration of compositional data with spatial data (e.g.,
Keith & Bedward 1999). The more comprehensive and
more evenly stratified the sampling, the more robust and
more representative of ecological patterns the resulting
classifications and maps will be.

The IUCN Red List assigns species to classes repre-
senting different levels of extinction risk IUCN 2001;
Mace et al. 2008). Efforts to develop a similar assessment
protocol for communities are hindered because commu-
nity extinction is far more difficult to define than species
extinction. Although communities that have been oblit-
erated by development are readily seen as destroyed, it
is much more difficult to determine when a community
has become so modified or degraded that it no longer ex-
ists. Community degradation has at least 3 interconnected
components: change in species composition, change in
structure (e.g., the multilayered structure characteristic
of many old-growth forests and coral reefs), and dis-
ruption of ecological processes, including disturbance
regimes, propagule dispersal, and species interactions
(Franklin et al. 2002). Determining threshold values for
these components poses some difficult challenges for
conservation biologists. How many and which species or
how much structure can a site lose before the ecological
community is considered extinct? The answers to such
questions are likely to vary from community to commu-
nity for ecological reasons. Without some standardization
of assessment aided by specific criteria, however, they are
also likely to vary from person to person, given the inher-
ent subjectivity and uncertainty in defining community
extinction.

The difficulty in determining when a community is
extinct is acknowledged in most of the protocols we re-
viewed. Such determinations inevitably rely heavily on
the judgment of experts (Environmental Protection and
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Biodiversity Conservation [EPBC] Act). Not surprisingly,
the definitions of extinction used in the protocols are
vague (Table 1) and, by themselves, offer limited guid-
ance on categorizing a community’s risk of extinction in
a given time frame. Consequently, most of the protocols
rely on symptoms as proxies for extinction risk, which
we review later.

The definition of a community and its extinction are 2
of the many sources of uncertainty that pervade the as-
sessment of communities. Other sources of uncertainty
include delineating where one community ends and an-
other begins (spatially, temporally, and in terms of degra-
dation), mapping errors, and a poor understanding of
the key processes that affect viability. The growing lit-
erature on dealing with uncertainty in listing threatened
species (e.g., Akcakaya et al. 2000; Regan et al. 2002;
IUCN 2008) provides a useful starting point for address-
ing uncertainty in community assessment (Keith 2009).
Of the protocols we reviewed, only the EPBC Act, the
NSW TSC Act, and NatureServe mention explicitly how
to deal with uncertainty in assessing community status,
whereas some others include a data-deficient category
for communities that have insufficient information for as-
sessment (Austrian Red List; Rodriguez et al. 2007; Raunio
et al. 2008).

Criteria of Reviewed Assessment Protocols

Ten of the 12 protocols explicitly incorporate all 3
major assessment criteria: decline in distribution, re-
stricted distribution, and changes to ecological function
(Table 2). Noss et al. (1995) include community degra-
dation and destruction within a single “decline” crite-
rion. This confounds the concept of a reduction in spa-
tial distribution with that of a decline in the structural,
functional, and compositional features of a community,
which are treated separately in other protocols. There
is considerable variation in how the 3 major criteria are
expressed and in the thresholds, conditions, and the im-
plicit temporal and spatial scales applied.

Decline in Geographic Distribution

All the protocols we reviewed include decline in geo-
graphical distribution as a key criterion, and all except
one (Paal 1998) have quantitative thresholds (Table 2,
Fig. 1). Most specify rates of decline in spatial parameters,
such as area of occupancy or number of occurrences, for
estimating the magnitude of decline. The protocols differ
in the time frame over which the decline is measured,
the thresholds for percent decline (Fig. 1), and whether
evidence of a continuing or future threat is required as a
condition for meeting the criterion (Fig. 1; Table 2).

The use of different time frames across the protocols
for assessing decline rendered the comparisons difficult.

Table 2. Criteria and subcriteria used in the assessment protocols reviewed (full names of protocols in Table 1).*
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Figure 1. Thresholds for the percent decline in
distribution used to determine the threat status of
communities in 10 of the 12 protocols reviewed and
listed in Table 1 (abbreviations defined therein).
NatureServe thresholds are not included because
NatureServe assesses community status against the
thresholds within a point-and-rule system (*, protocols
require demonstrated ongoing threat to qualify under
this criterion; ", quantitative thresholds are defined
Jor only some threat categories).

Most protocols include long-term and short-term decline
(including recent past, current, and predicted future rates
of decline) as separate subcriteria (Table 2). In most pro-
tocols, different threat categories have different thresh-
olds for percent decline over common time frames, al-
though some require those declines to be assessed over
different time frames (e.g., Benson 2006; Western Aus-
tralian List of Threatened Ecological Communities [WA
TEC)). The time frame for considering long-term declines
can be anchored to historical events, such as the in-
dustrial revolution or European colonization (e.g., EPBC
Act, Austrian Red List, NatureServe; Noss et al. 1995; Ro-
driguez et al. 2007), a shifting time frame (e.g., last 30
years, Rodriguez et al. 2007; last 50 years, Raunio et al.
2008), or a biologically relevant time frame appropriate
to the life cycle and habitat characteristics of component
species (NSW TSC Act).

The thresholds for long-term decline in distribution
vary widely between each of the protocols (Fig. 1). Most
do not require evidence of ongoing threat for a commu-
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nity to be assigned to a category (Table 2, Fig. 1). The
NSW TSC Act, following IUCN (2001), specifies 2 differ-
ent thresholds for decline in distribution: higher thresh-
olds of decline are applied when the threats are under-
stood, reversible, and have ceased (Fig. 1). In contrast,
under WA TEC and Rodriguez et al. (2007), assessment
based on past decline in distribution is contingent on
demonstrable ongoing threat of further decline.

Restricted Geographic Distribution

Seven of the protocols include restricted distribution as a
quantitative measure of the threat status of a community
(Table 2). Unlike decline, which relies on an estimate
of past distribution, this criterion is based solely on the
current distribution, whether the community is restricted
naturally or because of anthropogenic loss.

Most of the protocols specify the spatial parameters
that must be used to estimate the current geographical
distribution (Table 2). Extent of occurrence (EOO) is the
area contained within the shortest continuous imaginary
boundary that can be drawn to encompass all the known
or inferred occurrences, including areas that are unsuit-
able or unoccupied (e.g., cleared), and is typically mea-
sured with a minimum convex polygon or an alpha hull
(IUCN 2008). The second parameter, area of occupancy
(AOO), is the area within the EOO occupied by the com-
munity; thus, it excludes areas that are unsuitable or un-
occupied (IUCN 2008). Number of occurrences (NOO),
a third measure of distribution, is applied in 4 community
assessment protocols (Table 2), although the definition
of an occurrence varies considerably. NOO may be corre-
lated with fragmentation (a highly fragmented landscape
contains many small occurrences), potentially rendering
it a poor indicator of community viability when used as a
measure of distribution size. Consequently, some proto-
cols include fragmentation as a criterion (Table 2).

Seven of the protocols measure AOO, 3 of which also
assess EOO (Fig. 2, Table 2). The threshold values associ-
ated with AOO and EOO vary greatly between protocols.
These differences are greater for the lower threat cate-
gories than for the higher ones (Fig. 2). In 4 protocols,
the criterion relating to distribution size is conditional on
evidence of ongoing decline or threat (Table 2, Fig. 2);
the others do not impose this requirement. Communities
with restricted distributions may be intrinsically at risk
from stochastic events, such as storms, fires, or floods,
and threats such as development or invasive species, irre-
spective of whether there is evidence of recent decline.
Such communities may not be listed under protocols in
which assessment of distribution size is conditional on
ongoing threats, depending on how these threats are in-
terpreted. A more prudent approach may be to omit any
requirements for ongoing threat for the distribution size
criteria, especially at the higher threat categories.
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Figure 2. Thresholds for the subcriteria applied in the
assessment protocols reviewed (Table 1; abbreviations
defined therein) for restricted distribution: (a) area of
occupancy and (b) extent of occurrence. NatureServe
thresholds are not included because NatureServe
assesses community status against the thresholds
within a point-and-rule system (*, protocols require
ongoing threat to qualify under this criterion; ",
communities qualify under restricted distribution
only if also meeting specified decline thresholds; **,
Rodriguez et al. [2007] do not specify strict area of
occupancy thresholds but rather that the entire
geograpbical distribution be composed of 1 [CR],

3 [EN], 10 [VU], or fewer fragments of <10 km?).

INFLUENCE OF SPATIAL SCALE ON ESTIMATES OF DISTRIBUTION SIZE

Two components of scale are critical to defining, measur-
ing, and assessing the threat status of a community: the-
matic scale, representing the hierarchical level at which
communities are classified, and the spatial scale at which
each community is mapped. Communities defined at
coarse thematic and spatial scales generally have more
extensive distributions and appear less threatened than
communities defined at finer scales (Kirkpatrick 1998),
whereas communities defined at fine spatial and thematic
scales provide a more precise and comprehensive repre-
sentation of biodiversity (Pressey & Logan 1994).

AOO and similar measures of geographic distribu-
tion are highly sensitive to the scale of estimation—the
coarser the spatial scale, the larger the estimated area
occupied—with significant implications for assessment
against fixed thresholds (Keith et al. 2000; Hartley &
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Figure 3. Impact of use of different grid-cell sizes to
estimate the area of occupancy for 5 ecological
communities listed as threatened in New South Wales
(NSW), Australia (Supporting Information; Tozer et al.
20006) and thresholds used to assign threat category
under the NSW Threatened Species Conservation (TSC)
Act and the Environmental Protection and
Biodiversity Conservation (EPBC) Act. Protocols bhave
the same thresholds for critically endangered (CR) but
different thresholds for endangered (EN) and
vulnerable (VU).

Kunin 2003; IUCN 2008). Analyses in the on-line ap-
pendix (see Supporting Information) show the influence
of spatial scale on assessment outcomes for 183 ecolog-
ical communities in southeastern NSW, Australia (Tozer
et al. 20006), that were originally mapped on a 25-m grid.
By calculating the AOO of each community in increas-
ingly large grid cells and allocating the community to the
appropriate threat category on the basis of thresholds for
restricted distribution, we demonstrated that the scale of
assessment has a marked effect on the assigned threat
status (Fig. 3).

Communities are typically mapped as grids (rasters)
or polygons, both of which are representations of distri-
bution with explicit or implicit scales of resolution and
uncertainty (Keith 2009). Comparisons of AOO estimates
against fixed thresholds are sensitive to the spatial scale
of measurement, irrespective of whether the estimates
are derived from grids or polygons. The use of grids to
scale estimates of AOO has been advocated in species
assessment (Hartley & Kunin 2003; IUCN 2008) because
their geometrical properties ensure a consistent means
of standardization that can be applied to different map
scales and types. The spatial scale of polygons can be
quantified (e.g., by the size distribution of polygons or
the segment lengths of polygons; IUCN 2008), but reso-
lution may vary across a map in ways that are more dif-
ficult to test and define than grids. The development of
robust and consistent criteria and valid standardization
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methods for assessing distributions of communities
against fixed thresholds requires a more thorough inves-
tigation of the impact of scale on assessment outcomes.
The research must include a range of communities clas-
sified at different thematic and spatial resolutions on the
basis of different mapping techniques (i.e., grids and
polygons).

Although assessments are prone to significant biases
if the distribution sizes of communities are assessed at
different spatial scales (Fig. 3; Supporting Information),
few of the protocols address this problem by specifying
a scale for measuring area. NatureServe recommends 2-
km grid cells for measuring AOO for species, after [IUCN
(2008), but “for ecological communities estimates of ab-
solute area are preferred for area of occupancy, given the
greater accuracy in mapping stands” (Master et al. 2007).
The issues of implicit scale and uncertainty in the use of
raw polygon data to estimate “absolute area” and the im-
plications of comparing the estimates with fixed thresh-
olds are not discussed. Assessments under the NSW TSC
Act also follow the IUCN (2008) guidelines for measur-
ing area. Some of the other protocols recommend a range
of mapping scales considered appropriate for estimating
distributions (e.g., EPBC Act; Benson 2006), but fail to
give explicit guidance about the standard resolution nec-
essary to avoid scale-related bias when using such maps
to estimate AOO.

Changes to Ecological Function

All the protocols explicitly or implicitly address a reduc-
tion in ecological function across the extent of the com-
munity (Table 2), with the exception of Walker et al.
(2006). Changes to ecological function, including compo-
sition, structure, and processes, are difficult to quantify in
ways that are sufficiently general to apply to a broad range
of communities. Consequently, most of the protocols
we reviewed use qualitative criteria, with the exception
of some protocols that include quantitative thresholds
for changes in species composition and fragmentation
(Table 2). The EPBC Act, NatureServe, Noss et al. (1995),
and Benson (2006) quantify thresholds for the pro-
portion of the distribution that is degraded, but the
nature and level of degradation that must be consid-
ered in such a calculation either remain qualitative or
undefined.

Changes to species composition are generally treated
qualitatively (Table 2). Most protocols consider the loss of
indigenous species and the degree of invasion by exotic
species key factors. The EPBC Act and Benson (20006) also
include as a quantitative criterion the population viability
of key native species that “are likely to play a major role in
community processes . . . [and] . . . whose removal has the
potential to precipitate change in community structure
or function sufficient to lead to the community’s eventual
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extinction” (e.g., keystone species or dominant species
that provide structure or much of the biomass of the com-
munity). Paal (1998) contends that “if the communities
of a particular type are habitats for rare or endangered
animals, that type must be accepted as threatened.” This
approach may create difficulties when threatened species
are sparsely distributed across a wide range of commu-
nities, which may not be otherwise threatened, or when
unthreatened communities provide habitat for species
imperiled for other reasons (e.g., overharvesting).

Changes in structure can be divided into vertical and
horizontal components (Franklin et al. 2002). Changes
in vertical distribution of community biomass or loss
of structural elements are considered qualitatively by
some protocols (NSW TSC Act, WATEC, Austrian Red
List; Benson 2006; Raunio et al. 2008). Large changes to
horizontal structure may result in fragmentation, restrict-
ing movement of organisms between habitat patches.
Fragmentation is treated qualitatively in many protocols
(Table 2) and quantitatively by the EPBC Act, the NSW
TSC Act, and Rodriguez et al. (2007). Most protocols as-
sess the current spatial configuration of patches (e.g.,
proportion of patches below a given area) rather than
the fragmentation process (e.g., decline in median patch
size) and therefore fail to account for the variation be-
tween communities in the “natural” spatial dispersion
of patches. Quantitative measures of fragmentation in-
clude typical patch size (e.g., EPBC Act, NSW TSC Act;
Table 3), distances between patches, and the propor-
tion of patches under a given size, or combinations of
the number, size, and isolation of patches (Rodriguez
et al. 2007). Like AOO, these parameters are sensitive
to the resolution of the spatial data from which they
are estimated; yet no explicit guidance is provided on
appropriate scales for estimating the fragmentation pa-
rameters or on how to relate these to natural spatial
patterns.

Criteria relating to changes to processes are descrip-
tive and include species interactions such as pollination
or predation (NSW TSC Act; Rodriguez et al. 2007) and
abiotic processes such as degradation of soils, changes in
nutrient levels or flows (NSW TSC Act, WA TEC, Queens-
land Vegetation Management [QVM] Act; Benson 2006;
Raunio et al. 2008), and changes in fire and flood regimes
(EPBC Act, NSW TSC Act, WA TEC; Noss et al. 1995;
Benson 2006; Raunio et al. 2008).

Another factor assessed in some protocols is the ca-
pacity for restoration or recovery, with or without active
intervention (Table 2). Rodriguez et al. (2007) argue that
factors such as recoverability and degree of legal protec-
tion are important for priority setting, but are not directly
relevant to risk, and as such should not be included in
the assessment criteria. Similar thinking underpins the
exclusion of such concepts from the ITUCN assessment
protocol for species (Mace et al. 2008).
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Table 3. Examples of proxy parameters for assessing declines in ecological function in 2 ecological communities from New South Wales (NSW)
listed as endangered under the NSW Threatened Species Conservation (TSC) Act.*

Process Parameter

Coolibab-black box woodland®

Cumberland plain woodland®

Fragmentation number of patches

median size of patches

Change in community
structure

proportion of
distribution affected
by change in structure

increased by 70% during 1998-2004

declined by 17% to 60 ha during
1998-2004

tree poisoning and ring barking over at density of old-growth trees declined
least 25% of the portion of
distribution for which this form of

increased to 1857 during 1998-2007
declined by 57% to 1.3 ha during
1998-2007

to approximately 1/200 ha since
settlement in sampled area

degradation was mapped

Change in species
composition

number of presumed -
extirpations

number of species
declining

proportional change in -
compositional
resemblance

proportional biomass,
abundance, or cover
of invasive species

Biological invasion

rate of increase in
biomass, abundance,

or cover
Change in disturbance change in

regimes affecting intensity/magnitude of

species life histories, disturbance 34-61%

resource cycling, etc.

29 vertebrate species listed as
threatened occur within the
community

introduced herb, Phyla canescens,
occupies 25-35% of ground cover
where present

introduced herb, Phyla canescens,
invaded 8000 ha during 1996-2005

>30% of mammal fauna extirpated
since settlement

28 vertebrate, 1 invertebrate, and 7
plant species listed as threatened
occur within the community

introduced shrub, Olea africana,
covers 10% of the community’s
distribution at densities detectable
in air photos and detected in 43%
of sampled sites

introduced shrub, Olea africana,
expanded across approximately
1000 ha of woodland since 1970s

magnitude of floods with a recurrence -
interval of 2 years reduced by

median annual flow reduced by 44% -
since water regulation

change in frequency of
disturbance

flood frequency reduced by 30% in
sampled catchment during
1988-2000

fire-return interval increased to
>4-12 years over most of the
distribution

flood duration reduced by 30% in -
sampled catchment during

1988-2000

“Data extracted from bttp.//www.environment.nsw.gov.au/committee/ListOfScientificCommitteeDeterminations.btm.

bA flood-prone semiarid floodplain community.

A fire-prone temperate grassy woodland community of coastal lowlands west of Sydney.

Discussion

Framework for Assessing Threat Status of Communities

The IUCN Red List protocol aims to capture different as-
pects of threat using multiple criteria designed to accom-
modate a wide range of species life histories. Similarly,
any community assessment protocol must accommodate
different threatening processes and be applicable to com-
munities with a wide range of distributional, structural,
and functional characteristics. Under the IUCN protocol,
species are assessed against multiple criteria and assigned
an overall threat category equal to the criterion with the
highest threat category. The criteria may combine multi-
ple measures of risk, such as AOO and decline, to repre-
sent synergies between different sources of threat. This
structure allows decisions to be made when data on other
criteria are scarce or uncertain and does not require as-
sumptions about interactions between criteria. For the

same reasons and to maintain consistency with the [IUCN
Red List, such a decision structure can be readily adapted
to assess community status, as is done in most of the pro-
tocols we reviewed. Decline in distribution and restricted
distribution, measured by AOO and EOO, provide a sound
starting point for assessing community status; these data
can sometimes be estimated through remote sensing, his-
torical records, or spatial modeling methods.

Given the extent to which natural disturbance regimes
have been disrupted and species have been transported
across the globe, the degradation (as opposed to outright
conversion or destruction) of communities is a very real
threat to biodiversity, although it remains difficult to in-
corporate quantitatively in assessment protocols. One so-
lution is to develop a series of subcriteria that has a sound
basis in ecological theory for specific types of degrada-
tion that can be incorporated into a framework for assess-
ing change to ecological function. Because every type of
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degradation or disruption to function for each commu-
nity cannot be listed as a subcriterion with quantitative
thresholds, these subcriteria are incomplete proxies of
function and composition and remain, to some extent,
reliant on expert judgment (e.g., listings under the NSW
TSC Act; Table 3).

A useful starting framework for assessing changes to
ecological function is NatureServe’s method of charac-
terizing direct threats to species and communities, which
is based on severity (degree of degradation), immediacy
(time frame), and scope (spatial extent). It demonstrates
how semiquantitative and qualitative criteria can be set
in a rigorous and transparent structure. For example, rule
sets could identify communities as critically endangered
if the decline in function is of high severity and scope or
as endangered if the decline in function is of high sever-
ity and at least moderate scope or of moderate severity
and high scope. To reduce linguistic uncertainties, terms
such as high and moderate must be explicitly defined
(Akcakaya et al. 2000; Regan et al. 2002) by quantitative
thresholds, wherever possible (e.g., high scope could be
defined as >70% of the distribution; NatureServe). Setting
quantitative thresholds for severity is more complex, but
may be feasible. For example, several quantitative param-
eters already exist for fragmentation (NSW TSC Act list-
ings [Table 3], EPPC Act; Rodriguez et al. 2007). The de-
velopment of criteria and thresholds relating to changes
in structure, composition, and processes can draw on the
extensive research into classifying threats to biodiversity
(e.g., Salafsky et al. 2008) and assessing condition (e.g.,
McCarthy et al. 2004; Gibbons & Freudenberger 20006;
Rouget et al. 2000).

Setting Thresholds for Decline, Distribution, and Function

We found great discrepancies in the thresholds for re-
stricted distribution and decline in distribution in the
protocols. These differences have major implications for
the outcome of assessments (Fig. 4): far fewer commu-
nities would be eligible for listing as endangered under
the EPBC Act than under the NSW TSC Act because those
protocols adopt different thresholds for delimiting threat
categories. Few of the protocols justify their selection
of thresholds other than by referring to nonlinear pat-
terns of species loss with reduction in habitat area (e.g.,
EPBC Act, Walker et al. 2005; Benson 2006; Rodriguez
et al. 2007), such as species-area relationships (Rosen-
zweig 1995) and extinction thresholds associated with
fragmentation (e.g., Andrén 1994; Fahrig 2002). Although
the thresholds may reflect different best estimates for
proxies of extinction risk, the underlying reasons for the
variation in thresholds may be related to differences in
implicit spatial scales or sociopolitical considerations that
limit the acceptable number of communities to be listed.

Protocols that apply different thresholds and criteria
for species versus communities (EPBC Act, WA TEC, and
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Figure 4. The percent decline in distribution plotted
against current distribution size (area of occupancy)
Jor communities from soutbeast New South Wales
(NSW) (Tozer et al. 20006) (light gray, thresholds for
endangered applied by the NSW Threatened Species
Conservation (NSWISC) Act; dark gray, thresholds for
endangered under the Environmental Protection and
Biodiversity Conservation (EPBC) Act; circled points, 5
communities shown in Fig. 3).

QVM Act) tend to require greater declines and more re-
stricted distributions for communities than species to
be listed in equivalent threat categories. Although the
threshold values specified in the EPBC Act differ greatly
from their thresholds for species, the threat categories
are intended to approximate the same risk of extinction;
for example, an endangered species or community has
an extinction risk of at least 20% in the near future (Com-
monwealth of Australia 2000a).

These findings raise the questions: how should thresh-
olds for decline and distribution of communities be de-
fined? And should they be lower, the same, or higher than
those for species to represent similar levels of extinction
risk? The answers depend on the intended role of eco-
logical communities in conservation planning and can be
addressed on the basis of the key reasons for assessing
the threat status of communities: to assess the risk that
communities and associated functions will be lost, to pro-
vide a relative ranking of threat level of communities for
priority setting, and to act as a proxy for assessing the ex-
tinction risk of unknown or poorly understood species.

Species-based criteria are unlikely to provide an ade-
quate assessment of the natural processes and functions
that conservationists hope to protect by protecting eco-
logical communities. Some of these functions, such as
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fire and other disturbance regimes, require larger ar-
eas to maintain community viability and integrity than
is required to maintain viable populations of individual
species (Baker 1992); others, such as microbial break-
down of leaf litter, occur at micro scales (Begon et al.
2006). To develop appropriate thresholds for these com-
ponents of community viability, the size distribution of
key biotic and abiotic processes across a wide range of
different community types must be examined, and the
impacts of decline on these processes need to be ana-
lyzed carefully. To be consistent with the philosophy and
goals of the TUCN Red List criteria, the threat categories
for communities should reflect relative extinction risk on
the basis of ecological theory and the best scientific un-
derstanding. An alternative approach is to devise a sim-
ple rank order on the basis of arbitrary thresholds. For
example, one could rank communities on the basis of
metrics such as AOO or EOO and arbitrarily classify the
5% with the smallest values as critically endangered, the
next 10% as endangered, and the next 15% as vulnera-
ble. Such a method presupposes knowledge of how such
metrics are distributed across communities, and more
importantly, it skirts the important goal of creating an as-
sessment protocol that reflects the best understanding of
extinction risk, notwithstanding the difficulties in defin-
ing community extinction.

Ecological communities are sometimes used as surro-
gates (coarse filters) for undescribed or poorly known
species (Franklin 1993; Noss 1996). If one assumes those
poorly known species have habitat requirements at the
same scale at which the community is defined, then lower
thresholds for communities result in a failure to list and
protect them at the same level as better-known species. In
addition, communities usually exhibit greater spatial vari-
ability than individual species because their composition
varies from place to place; therefore, they require larger
areas than species to represent their full diversity. This
suggests that area thresholds for communities should be
at least as large as those for species.

These considerations do not obviate the need to con-
sider species thresholds when developing analogous cri-
teria and thresholds for communities; rather, they em-
phasize that threats to communities and species may
have different underlying causes. Above all, we advocate
extensive research as the basis of the development of
appropriate thresholds, with the goal of creating an as-
sessment scheme that reflects our best understanding of
the extinction risk of communities.

Issues of Scale

Identifying appropriate thematic and spatial scales is a
serious challenge when defining and assessing communi-
ties. The spatial scale at which a community is described
and mapped is not necessarily the same scale at which
its distribution size should be estimated for assessment

271

against quantitative thresholds. The scale of description
must be biologically relevant and reflect how a commu-
nity is classified and mapped; in contrast, the assessment
needs to be based on a consistent spatial resolution to
allow equitable comparisons of all communities against
the fixed thresholds. Consistency of assessment scale may
appear to be a trivial point, but it has large effects on as-
sessment outcomes, which are highly sensitive to scale
(Fig. 3; Supporting Information; Keith et al. 2000; Hartley
& Kunin 2003; IUCN 2008). A valid comparison of area
estimates with fixed thresholds is contingent on trans-
formation of the estimates to a standard spatial scale to
ensure consistency in assessing relative extinction risk,
as recommended by IUCN (2008). Such scaling processes
are lacking in the protocols we reviewed, except Nature-
Serve and the TSC Act.

The thematic scale or hierarchical level of commu-
nity classification also influences the outcome of assess-
ment. Narrowly defined, relatively homogeneous assem-
blages may meet thresholds more easily than coarsely
defined heterogeneous assemblages (Kirkpatrick 1998),
even when spatial scales are held constant. Although clas-
sification scales may be quantified with measures of com-
positional dissimilarity (Whittaker 1978), these measures
are specific to particular sets of sample data and are un-
likely to provide a useful general tool for standardizing
a thematic scale of assessment. In the absence of such
tools, assessors need to be aware that particular proto-
cols have an implicit range of thematic scales of commu-
nity classification, and that the degree of imperilment of
communities defined at finer and coarser scales may be
over- and underestimated, respectively.

What is the best way to assess the threat status of com-
munities that have been delineated under different the-
matic and spatial scales? One approach is to use flexible
or qualitative thresholds. One of the key drivers behind
the formalization and quantification of the IUCN criteria,
however, was the desire to ensure repeatability, trans-
parency, and consistency across all species (Akcakaya
etal. 2000; IUCN 2008; Mace et al. 2008). Setting different
thresholds for different types of communities, or those
classified or mapped with alternative methods, would
create intractable problems (such as the number of sets
of thresholds and communities and data sets to which
they should apply), particularly for a global set of as-
sessment criteria. Thus, a better approach may be to al-
low some flexibility in the thematic and spatial scales at
which communities are defined while ensuring a consis-
tent spatial scale for the assessment of their threat status.
A limited amount of flexibility in assessing communities
across multiple levels of a classification hierarchy allows
a parsimonious approach: the broadest possible commu-
nities that meet the criteria at a defined spatial scale can
be listed, rather than listing many fine-scale communities
that occur within the broader one and have similar levels
of threat (Fig. 5, Keith 2009). A parsimonious approach
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Figure 5. A bypotbetical classification of ecological
assemblages showing 3 alternative approaches for
dealing with thematic scale in assessment of threat
status (Keith 2009). At a fixed fine scale of assessment
there are 13 communities, of which 8 are threatened
due to bigh rates of decline (black squares). At a fixed
coarse scale there are 5 broader communities (I-V):
communities II and IV are threatened because all the
[iner-scale assemblages within them are declining at a
rate exceeding the specified threshold (contain only
black squares);, community V is not threatened
(contains only assemblage 13); and status of
communities I and Il is uncertain because

they contain mixtures of threatened and
nonthreatened communities. Under a flexible scale of
assessment communities A, B, C, and D are threatened
(contain only black squares), remaining assemblages
are not threatened. Communities A and C are
identical to fine communities 1 and 9, respectively;
communities B and D are identical to broad
communities Il and 1V, respectively.

has advantages in producing fewer, broader communi-
ties that may be easier to identify than large numbers of
subtly different assemblages. A smaller number of com-
munities is also simpler to manage in terms of conserva-
tion planning and regulation systems. Nevertheless, too
much flexibility may result in communities so broad that
they never meet assessment thresholds or, conversely, so
narrow that they always qualify for threatened status. It is
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therefore important that assessment protocols be explicit
about their scales of definition and assessment.

Conclusion

In areas where communities have been listed there has
been a surprising acceptance of the process and its inher-
ent uncertainties (e.g., in NSW, Preston & Adam 2004a,
2004b; Keith 2009). This suggests it is possible to move
beyond the uncertainties and theoretical debates and de-
velop rigorous, consistent, and transparent criteria for
assessing the status of communities. There may be no
way to fully resolve some of the most vexing issues—in
particular, the fundamental question of what constitutes
community extinction—but it should be possible to make
enough progress to produce a set of criteria comparable
in scope, utility, and rigor to the IUCN Red List criteria.
The characteristics of such a protocol should include:
(1) definitions of key terms and parameters that are ex-
plicit yet carry sufficient generality to enable flexible and
wide application of the protocol, (2) numerical thresh-
olds that delimit different categories of threat, with a fo-
cus on decline in distribution, current area of the distribu-
tion, and decline in ecological function of a community,
(3) threshold levels that are logically consistent with vi-
ability of component species and ecological functions
at landscape scales, (4) criteria that incorporate more
than one parameter to address synergies between differ-
ent types of threats, (5) methods of area estimation that
minimize bias due to differences in spatial and thematic
scales, and (6) workable and effective proxies for assess-
ing the severity, scope, and immediacy of declines in the
ecological functions of communities.
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