
Reviews

Quantification of Extinction Risk: IUCN’s System
for Classifying Threatened Species
GEORGINA M. MACE,∗§§ NIGEL J. COLLAR,† KEVIN J. GASTON,‡
CRAIG HILTON-TAYLOR,§ H. RESIT AKÇAKAYA,∗∗ NIGEL LEADER-WILLIAMS,††
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Abstract: The International Union for Conservation of Nature (IUCN) Red List of Threatened Species was

increasingly used during the 1980s to assess the conservation status of species for policy and planning

purposes. This use stimulated the development of a new set of quantitative criteria for listing species in the

categories of threat: critically endangered, endangered, and vulnerable. These criteria, which were intended

to be applicable to all species except microorganisms, were part of a broader system for classifying threatened

species and were fully implemented by IUCN in 2000. The system and the criteria have been widely used by

conservation practitioners and scientists and now underpin one indicator being used to assess the Convention

on Biological Diversity 2010 biodiversity target. We describe the process and the technical background to the

IUCN Red List system. The criteria refer to fundamental biological processes underlying population decline

and extinction. But given major differences between species, the threatening processes affecting them, and

the paucity of knowledge relating to most species, the IUCN system had to be both broad and flexible to be

applicable to the majority of described species. The system was designed to measure the symptoms of extinction

risk, and uses 5 independent criteria relating to aspects of population loss and decline of range size. A species

is assigned to a threat category if it meets the quantitative threshold for at least one criterion. The criteria and

the accompanying rules and guidelines used by IUCN are intended to increase the consistency, transparency,

and validity of its categorization system, but it necessitates some compromises that affect the applicability of

the system and the species lists that result. In particular, choices were made over the assessment of uncertainty,

poorly known species, depleted species, population decline, restricted ranges, and rarity; all of these affect the

way red lists should be viewed and used. Processes related to priority setting and the development of national

red lists need to take account of some assumptions in the formulation of the criteria.
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Cuantificación del Riesgo de Extinción: Sistema de la UICN para la Clasificación de Especies Amenazadas

Resumen: La Lista Roja de Especies Amenazadas de la UICN (Unión Internacional para la Conservación

de la Naturaleza) fue muy utilizada durante la década de l980 para evaluar el estatus de conservación de
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especies para fines poĺıticos y de planificación. Este uso estimuló el desarrollo de un conjunto nuevo de criterios

cuantitativos para enlistar especies en las categoŕıas de amenaza: en peligro cŕıtico, en peligro y vulnerable.

Estos criterios, que se pretendı́a fueran aplicables a todas las especies excepto microorganismos, eran parte

de un sistema general para clasificar especies amenazadas y fueron implementadas completamente por la

UICN en 2000. El sistema y los criterios han sido ampliamente utilizados por practicantes y cient́ıficos de

la conservación y actualmente apuntalan un indicador utilizado para evaluar el objetivo al 2010 de la

Convención de Diversidad Biológica. Describimos el proceso y el respaldo técnico del sistema de la Lista Roja

de la IUCN. Los criterios se refieren a los procesos biológicos fundamentales que subyacen en la declinación

y extinción de una población. Pero, debido a diferencias mayores entre especies, los procesos de amenaza

que los afectan y la escasez de conocimiento sobre la mayoŕıa de las especies, el sistema de la UICN tenı́a

que ser amplio y flexible para ser aplicable a la mayoŕıa de las especies descritas. El sistema fue diseñado

para medir los śıntomas del riesgo de extinción, y utiliza cinco criterios independientes que relacionan

aspectos de la pérdida poblacional y la declinación del rango de distribución. Una especie es asignada a una

categoŕıa de amenaza si cumple el umbral cuantitativo por lo menos para un criterio. Los criterios, las reglas

acompañantes y las directrices utilizadas por la UICN tienen la intención de incrementar la consistencia,

transparencia y validez de su sistema de clasificación, pero requiere algunos compromisos que afectan la

aplicabilidad del sistema y las listas de especies que resultan. En particular, se hicieron selecciones por encima

de la evaluación de incertidumbre, especies poco conocidas, especies disminuidas, declinación poblacional,

rangos restringidos y rareza; todas estas afectan la forma en que las listas rojas debeŕıan ser vistas y usadas.

Los procesos relacionados con la definición de prioridades y el desarrollo de las listas rojas nacionales

necesitan considerar algunos de los supuestos en la formulación de los criterios.

Palabras Clave: definición de prioridades de conservación, especies amenazadas, Lista Roja UICN, riesgo de
extinción

Introduction

In 1994 a new set of rules was adopted by the Inter-
national Union for Conservation of Nature (IUCN) for
listing species in red lists of threatened species and in
red data books. The IUCN based these rules on Mace and
Lande (1991), incorporating a set of quantitative crite-
ria to be used for classifying species into the categories
of threat. These rules and the criteria have been widely
applied since 1994, there have been periodic reviews
and adjustments made to them, and guidelines have been
developed for their application at global, regional, and na-
tional levels. The system has been stable since 2001 and
increasingly adopted as a standard for the classification
of threatened species. Despite the extensive use of the
new red list criteria and the publicity that the release of
each new IUCN Red List attracts, some common misun-
derstandings are held about the purpose and nature of the
IUCN Red List and the way categorizations arising from it
can and should be used in wider planning and legislative
processes. Consequently, this paper has 3 aims. First, to
present the structure and function of the IUCN system
and outline its philosophical and technical background.
Second, to clarify some widely misunderstood aspects of
the IUCN system, both in terms of its intent and the basis
for the categories and criteria. Third, to further increase
understanding of the IUCN Red List in advance of its use
as one of the measures for the CBD 2010 biodiversity
target.

Development of IUCN Red List Categories

Brief History of the IUCN Red List

Since the 1950s IUCN has compiled lists of species at
risk of extinction. These lists gained wide currency in
the early 1960s through international red data books for
birds and mammals (Fitter & Fitter 1987), which were
used widely in scientific, political, and popular contexts
as a means of highlighting the world’s most threatened
species. The IUCN Red Data Book program became in-
creasingly comprehensive in the 1970s and sought to
include all higher vertebrates and representative groups
of fishes, invertebrates, and plants. Categories were de-
veloped to subdivide extinction risk that reflected the de-
gree of threat and uncertainty and included, for example,
endangered, vulnerable, rare and indeterminate, insuffi-
ciently known, and out of danger. These early attempts
to develop a threat-classification system confounded sev-
eral issues, such as the severity of the threat; likelihood
of extinction; causes of threat, such as overhunting or
habitat loss; and the nature of population vulnerability,
such as a small fragmented population or a single large
one. Furthermore, the definitions of these categories de-
pended on subjective perceptions and thus were vulner-
able to skepticism, uncertainty, and controversy, particu-
larly when commercial interests were at stake or species
conservation issues stimulated strongly held opinions and
emotions.
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As a result the rules for assessing threat status and for
classifying species into the red list categories came into
question in the 1980s. Consistency was initially achieved
by individual compilers who worked with the taxon spe-
cialist groups of IUCN and International Council for Bird
Preservation (ICBP; now BirdLife International) to reach
a consensus on the conservation status of taxa. In 1980
IUCN established the Conservation Monitoring Centre
with a group of compilers who used a common base of in-
formation on environmental circumstances and adopted
a standard approach to status assessments. This initia-
tive began to collapse by the late 1980s (Collar 1996)
even though the need for comprehensive, reliable lists
of globally threatened species was growing. The IUCN
then devolved responsibility for listing species to their
networks of experts, but recognized that reduced consis-
tency in applying its subjective categories of threat was
likely to result. Moreover, from 1986 onwards, the red
data books (apart from those for birds) were gradually
replaced by a simple red list of species that contained no
detailed information, thereby opening a huge gap in the
information base on which to justify the designation of a
species as threatened.

In 1984 a review of the red data categories (Fitter &
Fitter 1987) identified the pressing need for a more ro-
bust, objective, and widely applicable system, and led
to the IUCN Species Survival Commission (SSC) Steer-
ing Committee inviting a group of scientists to prepare a
discussion paper for circulation within IUCN. This stim-
ulated a proposal for the threat categories critical, en-

dangered, and vulnerable and quantitative criteria for
each one (Mace & Lande 1991). Following discussion and
review within IUCN, the categories were incorporated
into a wider set of rules, and the system was adopted in
1994 (IUCN 1994). The new IUCN Categories and Crite-
ria were first applied to birds (Collar et al. 1994) and then
used for the 1996 IUCN Red List of Threatened Animals
(IUCN 1996). The system was reviewed during 1997–
2000 (Mace 2000), and a somewhat modified set of rules
were adopted by IUCN Council in 2000 (IUCN 2001).
There have been no changes since then.

Purpose of Red Listing

Red lists were intended to raise awareness and to help
direct conservation actions for species (Fitter & Fitter
1987). The IUCN (1996) states that the goals of its red list
are to (1) provide a global index of the state of degenera-
tion of biodiversity and (2) identify and document those
species most in need of conservation attention if global
extinction rates are to be reduced. To meet these goals,
the classification system must be objective and transpar-
ent. It also needs to be applicable to a variety of species
and habitats; standardized to yield consistent results in-
dependent of the assessor or the species being assessed;
accessible to allow a variety of species experts to use it;

scientifically defensible; and reasonably rigorous (i.e., it
should be hard to classify species inappropriately).

Criteria Development 1991–1995

Mace and Lande’s (1991) proposal outlined some funda-
mental objectives for a new system and the background
rationale for 3 categories reflecting increasing levels of
risk over decreasing timescales. The categories were de-
fined precisely in terms of extinction risk, but a set of
criteria was developed on the basis of population sizes,
population fragmentation, and observed or projected de-
clines in abundance that equated approximately to that
level of risk.

This proposal was intended for review and develop-
ment, but was immediately applied to various taxa, partic-
ularly through workshops organized by the Captive (now
Conservation) Breeding Specialist Group of the IUCN SSC
(Seal et al. 1994), and several bird and plant groups (Os-
borne 1995; Green 1996; McGowan & Gillman 1997).
A proposal was also made to extend the new system for
listing species in the Appendices to the Convention on In-
ternational Trade in Endangered Species (CITES). Conse-
quently, the SSC decided that further work was needed to
test and validate Mace and Lande’s (1991) proposals and
to broaden their applicability. During 1992 comments
were sought from various experts, and 2 workshops were
held in November 1992 to review the proposals and their
development. At the end of the workshops, 4 sets of draft
criteria for threatened status had been prepared, appro-
priate to the major taxonomic groupings of invertebrates,
vertebrates, plants, and fishes. A small drafting group was
appointed by SSC to continue the process (Mace et al.
1992).

Reviewing the taxonomically based criteria revealed
some interesting differences and parallels. In terms of
differences, the working groups on vertebrates tended
to focus on population size and structure, whereas work-
ing groups on plants emphasized geographic distribution
area and life-history attributes and invertebrate biologists
focused on population fluctuations and habitat fragmen-
tation. There was much overlap between alternative sets
of criteria. All working groups considered some form of
continuing population decline an indicator of threatened
status. Furthermore, there was evidence that some crite-
ria developed with one taxonomic group in mind could
be relevant to another, depending on their life histories
and the threats each faced. Criteria developed for verte-
brates, for example, could sometimes be more appropri-
ate than those developed for plants, particularly in the
case of species such as trees or cycads that are relatively
long-lived and individually identifiable.

Therefore, the alternative criteria were merged into a
single set to be applied to all species. Biologically, this re-
flects the different ways in which extinction risk may be
expressed. Taxa with similar life forms and life histories
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may express extinction risk by just 1 or 2 of these, but be-
cause there are exceptions it is judicious to allow species
to be evaluated against all criteria. Thus, long-lived trees
that can be identified individually may share extinction
risk traits with large vertebrates, whereas small, spawn-
ing fishes may have extinction-risk traits in common
with annual or biannual plants. The decision to adopt
a single set of criteria for all species does not imply
that all species are directly comparable in terms of the
evidence for being at elevated extinction risk. Instead,
the multiple criteria can be regarded as a series of al-
ternative sets of symptoms, any of which might be ap-
propriate regardless of the taxonomic affiliation of the
species.

The first version of the criteria was reviewed by work-
shop participants in February 1993, and after some fur-
ther revisions, the proposal (now called version 2.0) was
published (Mace et al. 1992 [publication is dated 1992,
but it was printed and distributed in mid-1993]) and cir-
culated to all 7000 SSC members with a request for com-
ments. A number of taxon specialist groups also under-
took a more formal test of the criteria, providing results
compared with other methods and commenting on ease-
of-use and applicability. By the end of August 1993, over
70 sets of comments and responses had been received,
including trial results from application of the draft crite-
ria to over 500 species from many taxonomic groups,
including bryophytes, orchids, cacti, cycads, conifers,
molluscs, damselflies, dragonflies, butterflies, freshwater
fishes, turtles, crocodiles, waterfowl, African primates,
equids, sheep, and goats. During September and October
1993, the drafting group and others met to review these
comments.

A revision of the criteria was prepared toward the
end of 1993 (version 2.1) (IUCN 1993). This was cir-
culated to all IUCN members and was presented at the
IUCN General Assembly in January 1994. Feedback from
IUCN members and from elsewhere continued through-
out early 1994, and more revisions were made for a final
version (version 2.2: Mace & Stuart 1994). This version
was very close, although not identical, to that finally ac-
cepted by IUCN in 1994 and was used for the preparation
of Birds to Watch 2 (Collar et al. 1994). The version ac-
cepted by IUCN Council (version 2.3) was published as
a booklet (IUCN 1994 [publication is dated 1994, but it
was printed and distributed in March 1995]) and includes
the formal descriptions of categories, criteria, rules, and
definitions.

The 1996 IUCN Red List of Threatened Animals was
derived from the new criteria. Over 15,000 species were
assessed, of which 5,205 were classified as threatened.
At that time there were well-developed processes for as-
sessing birds (BirdLife International) and mammals (an
IUCN-led comprehensive review). Nevertheless, the as-
sessment of other animal and plant groups was patchy
and unsystematic.

At the same time, IUCN was working to assess the
applicability of the new criteria to a diverse set of other
taxa, including lower plants, trees, and marine fishes. The
work on marine fishes was begun at a specialist workshop
at which over 100 species were assessed (Hudson & Mace
1996) for the 1996 IUCN Red List (IUCN 1996). They in-
cluded some common fisheries species such as Atlantic
cod (Gadus morhua), southern bluefin tuna (Thunnus

maccoyi), and Atlantic halibut (Hippoglossus hippoglos-

sus), which were listed as threatened because of their re-
cent marked population declines. These listings proved
highly controversial (Matsuda et al. 1997). Discussions
on the role of the red list and the nature of the criteria
at the first World Conservation Congress culminated in a
resolution calling on IUCN to complete its review of the
general effectiveness of the criteria and to pay particular
attention to “(1) marine species, particularly fish, taking
into account the dynamic nature of marine ecosystems,
(2) species under management programmes, and (3) the
time periods over which declines are measured.” The
IUCN was asked to complete the review by the time of
the subsequent World Conservation Congress (2000).

Review of the IUCN Criteria 1996–1999

A scoping workshop with about 40 participants, repre-
senting different interests and specializations, identified
the major issues for the review: (1) range areas of species
and the spatial scale of area-based measures, (2) assess-
ment of marine species, (3) regional and national listing,
(4) use of population declines for threat assessment, and
(5) more specific topics such as measuring uncertainty,
definitions of key terms, and the presentation of rules
(see http://www.iucn.org/themes/ssc/redlists/techdocs.
htm). Between 1998 and 1999, topic-based workshops
were held in 6 countries to consider these issues and
derive consensus recommendations. Each workshop in-
cluded representatives from the scoping workshop to en-
sure continuity and to ensure participation of specialists
with regional, topical, or technical expertise. Consensus
was reached on all issues at a final workshop held in
July 1999, and a set of changes were made to the criteria
(Mace 2000). The new criteria (now called version 3.1)
were formally adopted by IUCN’s Council in February
2000, published (IUCN 2001), and first applied in the
2002 IUCN Red List (IUCN 2002).

Wider Application 2000–2004

Following publication of the 2000 IUCN Red List, several
related processes were initiated. One of these centered
on regional listing. The main IUCN Red List system is
primarily designed for application at the global level to
entire species, subspecies, or other taxonomic units be-
low the level of species. Nevertheless, since red lists were
first published, there has been demand for a system that
can be applied within countries or other defined areas.
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The criteria as drafted could not be applied directly to
subsets of species’ ranges because the critical thresholds
would then be applied to areas limited by political bound-
aries that do not necessarily relate to viability of a species
(Gärdenfors 1996; Gärdenfors et al. 1999). The IUCN be-
gan to develop regional guidelines in 1996, and there
has been a continuing process of development, review,
refinement, and further review (Gärdenfors et al. 1999,
2001; Gärdenfors 2001) since their formal adoption in
2003. With increased use of IUCN rules for national red
lists, discussions have now begun on improved 2-way
flows of information between global and national assess-
ments (Miller et al. 2006, 2007).

A second outcome from the 2000 IUCN Red List was
the formation of a Red List Partnership whereby organi-
zations with an interest in and commitment to red listing
agreed to work with IUCN. In late 2000, IUCN, Conser-
vation International, BirdLife International, and Nature-
Serve agreed to form a Red List Partnership. Now active,
the partnership was responsible for the production of
the first Global Species Assessment in 2004 (Baillie et al.
2004) and for a series of large-scale species assessments
(e.g., Global Amphibian Assessment, Stuart et al. 2004;
IUCN et al. 2006). During this period there have also
been a number of reviews and assessments of the role
and effectiveness of the IUCN Red List Criteria, which
have helped further define their uses and misuses (Poss-
ingham et al. 2002; Harcourt & Parks 2003; Lamoreux et
al. 2003; O’Grady et al. 2004; Regan et al. 2005; Akçakaya
et al. 2006; de Grammont & Cuaron 2006; Rodrigues et al.
2006).

Technical Background to the Criteria

Extinction Theory

The IUCN Red List categories are intended to reflect the
likelihood of a species going extinct under prevailing cir-
cumstances. Extinction occurs when the mortality (and
emigration) rate is greater than the birth (and immigra-
tion) rate for a sufficiently long time that the population
size reaches zero. All other things being equal, the proba-
bility of extinction is greater when the population size is
small, when the decline rate is high (death rates are much
greater than birth rates), and when fluctuations in popu-
lation size are large in relation to the population growth
rate (increasing the likelihood that the population size
reaches zero). Very small populations are susceptible to
demographic stochasticity, whereby random variations
in birth and death rates can lead to extinction even when
the average population growth rate is positive (Richter-
Dyn & Goel 1972; Goodman 1987). In addition, small
populations can suffer disproportionately from genetic
effects, such as accumulation of recessive deleterious al-
leles under inbreeding (Soulé 1980), loss of quantitative

characters that allow adaptation, accumulation of mildly
deleterious mutations (Hedrick 1992; Frankham 1995a),
and various other behavioral, social, and demographic
factors collectively known as Allee effects (Courchamp
et al. 1999). In contrast, larger populations are vulnera-
ble when extrinsic threats or processes are driving de-
clines or significant fluctuations from which the popula-
tions cannot recover. This distinction was characterized
by Caughley (1994) as the small population paradigm
and the declining population paradigm; concepts that
provided a critical line of thinking in formulating the
extinction-risk criteria and particularly in reinforcing the
importance of reflecting both types of population vulner-
ability.

From basic theory it is possible to draw broad gen-
eralizations about the relationships among population
size, population growth rates, fluctuations in population
growth rates, and extinction times (Lande 1993) (Fig. 1).
Deterministic exponential declines are always serious,
with population size having little effect on extinction risk.
Demographic stochasticity is unlikely to be important for
any population that has more than about 100 individuals,
but random environmental variation or catastrophes are
important for populations of all sizes and become more
significant as the variation becomes large in relation to
the population growth rate. Accumulation of deleterious
recessive alleles poses a genetic risk; thus, to safeguard
genetic variability over hundreds of years, it is recom-
mended that minimum effective population sizes of at
least 50 be maintained. Because the genetically effective
population size is frequently <10% of the actual number
of individuals in a population (Frankham 1995b), this sug-
gests an absolute minimum population of 500 individuals

Figure 1. Comparison of the relationship between

extinction time and population size under

demographic stochasticity (solid line), deterministic

decline at r = − 0.05 (heavy solid line), and

environmental variation in which environmental

variance = 0.05 and r = 0.04 (dashed line), r = 0.05
(dashed and dotted line), and r = 0.06 (dotted line).
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is necessary to avoid deleterious inbreeding. Even larger
populations are needed to preserve quantitative trait vari-
ation: to maintain high levels (>90%) over thousands of
years requires minimum effective population sizes of at
least 5000 and to prevent the accumulation of mildly dele-
terious mutations over tens of thousands of years requires
minimum effective population sizes of around 10,000–
100,000 (Lynch & Blanchard 1998; Lynch & Lande 1998;
Frankham 1999). Because of difficulties in estimating key
parameter values, these critical population sizes are best
interpreted as guides to the relative importance of differ-
ent characteristics rather than real thresholds for man-
agement (Lande 1998).

Application of this theory to real-world situations is
complicated by variation in threats over time and space
and by significant differences between species. The IUCN
Red List categories are intended to reflect the likelihood
of a particular species going extinct under prevailing cir-
cumstances; the likelihood of extinction then depends
on the threatening processes involved and the character-
istics of the species.

Threatening Processes and Species Differences

The major processes now driving species extinction are
of anthropogenic origin and result from habitat loss and
alteration, overexploitation, biotic exchange, introduced
species, pollution, climate change, and the interactions
between these (Diamond 1984; Sala et al. 2000; Millen-
nium Ecosystem Assessment 2005; Thuiller 2007). Un-
derstanding the impacts of threat processes is critical
to assessing extinction probabilities because they may
change nonlinearly with increasing human population
growth and development, and their future trajectories
and impacts vary with time and place.

Differences in life history, ecology, and behavior
among species have significant influences on extinction
risk. Extinction-prone species have particular character-
istics, such that local extinction tends to be higher for
species with restricted ranges, that occupy a small num-
ber of sites, or that have low abundances, high temporal
population variability, and poor dispersal (Purvis et al.
2000; Fisher & Owens 2004). Although of great signifi-
cance, simple measures of population size or geographic
range may have low predictive power. For example, a
simple population count would fail to reflect the differ-
ence between a species with no recruitment in which
all individuals are aging adults and that might therefore
be destined for imminent extinction compared with a
population of the same size with continuing recruitment
and a balanced age structure. A small range area might
have very different consequences for a species in which
all individuals occur in one location than for a species
that occupies a network of sites that provides a resilient
metapopulation structure. Therefore, although the quan-
titative criteria are defined according to general theory,

measures used to assess a particular species against the
criteria are adjusted to account for a species’ biological
characteristics.

The adjustments are made through the use of cus-
tomized definitions for biological variables used in the
criteria (IUCN 2001, 2006). For example, the popula-
tion size measures are defined very specifically, adjust-
ing the observed value to reflect the number of ma-
ture individuals after accounting for the effects of age,
sex, breeding structure, and the degree of population-
size fluctuation. This will approximate to a measure of
the genetic or demographic effective population size
(Frankham 1995b). Equivalently, time-based measures in
the criteria are scaled for the different rates at which
taxa survive and reproduce, and generation length is
used to provide this scaling. In the criteria, timescales
are set to generations when they relate to biological
processes. Other key measures that are specifically de-
signed to provide this standardization across very differ-
ent species concern subpopulation, location, population
decline, range area, and fragmentation, all of which are
also specifically defined (IUCN 2001).

The interaction between threatening processes and
biological traits is also important. For example, the
stability of fluctuating populations is reduced by exploita-
tion (Beddington & May 1977). Persecution and intro-
duced predators increase the extinction risk in large-
bodied birds, whereas habitat loss increases extinction
risk for small-bodied habitat specialists (Owens & Bennett
2000). Primates with low ecological flexibility are espe-
cially vulnerable to forestry (Isaac & Cowlishaw 2004);
land-bridge island reptiles are more likely to go extinct if
they have low abundance and high habitat specialization
(Foufopoulos & Ives 1999); and extinction of carnivores
within reserves is higher for those with large home ranges
(Woodroffe & Ginsberg 1998). In addition, previous ex-
posure to a particular threat will render a community
more resilient, simply because the susceptible compo-
nents will have already been lost (“extinction filters”;
Balmford 1996).

There is therefore a complicated set of interacting fac-
tors determining extinction risk that are impossible to
simplify. Furthermore, the driving processes often dom-
inate extinction risks (Simberloff 1986; Harcourt 1995),
so it is more relevant to base the assessment of risk on
symptoms rather than theoretically derived thresholds.
Consequently, detection of symptoms is the basis for the
criteria, not causes or consequences, and the system uses
the symptoms to classify species into threat categories.
This may best be seen as analogous to initial decisions in
a hospital emergency department. In both situations, the
first priority is to distinguish the cases that need urgent
attention. Diagnosis of the nature of the problem and
the design of a restorative cure can follow and are best
done by appropriate specialists (Mace & Hudson 1999).
After accounting for biological differences, species with
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the same symptoms (e.g., the same effective rate of de-
cline, population size, range area) are listed at the same
threat level, regardless of the amount of information avail-
able. This is appropriate because uncertainty or lack of
knowledge about drivers or causes of decline should not
cause that species to be listed in a lower category of
threat.

The IUCN Red List Categories and Criteria

The IUCN criteria are intended for species and subunits
of species. Here we used species to simplify the text, but
in all cases the unit for assessment could be a subspecies.
A species can be classified into one, and only one, of the
categories. The branching points in Fig. 2 denote 3 differ-
ent classification systems. The first dichotomy is between
the category not evaluated and all the other categories.
Not evaluated is for species for which no classification
has been undertaken. Its use reduces confusion over the
status of species in assessed groups that are not included
in threat categories, which might otherwise be either not
threatened or not evaluated.

The second dichotomy in Fig. 2 is between species
for which a threat category has been determined and
those for which the information to make any such as-
sessment is lacking (data deficient [DD]). Data deficient
is not a category of threat because the information avail-
able about the species is too limited to distinguish among
threatened and nonthreatened categories (IUCN 2001).
Nevertheless, the precautionary recommendation is that
DD species should be afforded the same degree of protec-
tion as threatened species, at least until more information
is forthcoming. It is tempting to think DD means little is
known about a species, but this is not necessarily the
case. Instead, DD may reflect how little is known about

Figure 2. Schematic representation of the IUCN Red

List scheme.

processes affecting the species. For example, a species
whose biology is very well known from detailed studies
at a single location could be classified as DD if the global
range or threatening processes are unknown. Conversely,
a species restricted to and dependent on one location or
habitat type that is under threat could be assessed as at
risk even if almost nothing is known about the biology of
the species.

The third dichotomy in Fig. 2 reflects the main purpose
of the system: the determination of threat level. There are
2 categories for extinct species: extinct (EX) and extinct
in the wild (EW), but the definition of extinction is the
same for both. Unlike some definitions of extinct, which
reflect the time since individuals of the species were last
seen, the red list assessment of extinct is strongly influ-
enced by whether surveys have taken place at appropri-
ate times and places. Therefore, it is possible for species
to be categorized as EX (or EW) very soon after living
individuals have last been observed, but only if there is
good evidence that they cannot still persist. Nevertheless,
the intention is generally to be extremely precautionary
about categorizing taxa as EX or EW. An erroneous ex-
tinction classification can have several unfortunate con-
sequences. It can bring the list into disrepute, but more
seriously, it can lead to the “Romeo error,” whereby a
species is believed to be extinct so conservation fund-
ing, habitat protection, and even surveys cease before it
is really too late (Collar 1998). Inevitably, the EX or EW
classification is therefore very conservative and likely to
underestimate the number of recent species extinctions.
A system to flag critically endangered species that are
probably extinct has been proposed as a means to ad-
dress this problem (Butchart et al. 2006a), and although
not formally a part of the IUCN Red List system, it is now
included in the documentation requirements.

There are 3 categories representing threat level:
critically endangered, endangered, and vulnerable. The
categories are defined qualitatively by decreasing proba-
bilities of extinction over increasing timescales and ex-
plicitly by 5 criteria (A through E). The categories are
nested so that any species that qualifies as endangered
must also qualify as vulnerable, and any that qualifies as
critically endangered must also qualify as endangered and
vulnerable.

To qualify for listing in any of the threat categories, a
species needs to meet any 1 of the 5 criteria A through
E at that level. Not meeting other criteria has no bear-
ing on an assessment. Criterion E is an extinction risk
probability that results from undertaking some kind of
quantitative analysis to estimate extinction risk. This cri-
terion is equivalent to the definition of extinction risk
in each category used in the Mace and Lande (1991) cri-
teria. The decision to move this from a definition for a
category of threat to 1 of 5 criteria was made because
of the difficulties in showing that the criteria equated to
the extinction-risk probabilities. It was also recognized
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that the quantitative assessment of extinction risk could
be nonprecautionary, especially if assessors use inappro-
priate PVA analyses that do not incorporate all relevant
risk factors to make an assessment (Akçakaya & Burgman
1995; Beissinger & Westphal 1998; Coulson et al. 2001).
The criteria for assignment to a threatened category are
discussed further later.

The category least concern is used for species that
do not meet any of the criteria in the vulnerable cate-
gory. Nevertheless, some species that qualify as of least
concern may not have been assessed against all the cri-
teria because of a lack of relevant information. Such
species could be listed as either least concern or DD.
Often this depends on the judgment an assessor makes
about the relevance of the assessed versus unassessed
criteria.

The category near threatened is intended for species
that only just fail to qualify as threatened. It is defined as
a taxon that “has been evaluated against the criteria but
does not qualify for Critically Endangered, Endangered or
Vulnerable now, but is close to qualifying for or is likely
to qualify for a threatened category in the near future.”
The guidelines (IUCN 2006) do not specify criteria for
near threatened, but suggest it is defined by how close a
species is to meeting thresholds for the vulnerable crite-
ria. Therefore, estimates of population size or habitat loss
should be close to the vulnerable thresholds, especially
if there is a high degree of uncertainty, or they should
meet some of the subcriteria.

Figure 3. Different kinds of population decline used in criterion A. Each graph shows population size declining

over time (black solid line) and the decline rate measured as number lost over the previous 10 years as a

percentage of the starting number (gray solid line). The points in time marked −t and +t are the past and future

points (dotted vertical lines), respectively, where assessment is made compared with the present (solid vertical

line): (a) a constant number of individuals are lost in each time period; (b) a constant proportion are lost in each

time period; (c) a declining proportion are lost in each time period; (d) an increasing number of individuals are

lost in each time period.

Criteria for Critically Endangered, Endangered,
and Vulnerable

CRITERION A: HIGH DECLINE RATE

For criterion A, an estimate of current population size
is compared with an estimate from the past or a projec-
tion for the future, and the change over the specified
time period t is compared with threshold values for crit-
ically endangered, endangered, and vulnerable (Fig. 3).
Population size is adjusted with the measure of “mature
individuals” (IUCN 2001), which is specifically defined
to reflect the size of the actual or potential breeding pop-
ulation. Because mature individuals of different species
have very different average life spans (from hours to mil-
lennia), the period over which declines are measured is
expressed in generation lengths. Generation length acts
as a surrogate for turnover rates within populations. Long-
lived species are at greater risk from increased annual
adult mortality rates (measured as percentage of loss per
year) than short-lived species because breeding adults
experience this mortality over more years. Conversely, a
long-lived species declining at the same rate as a short-
lived one (measured as percentage of change per gener-
ation) shows smaller reductions over time (measured in
years). The time window over which declines are mea-
sured is set to a minimum of 10 years because measuring
changes over shorter time periods is difficult and does
not reflect timescales for human interventions. The max-
imum projection into the future is 100 years, regardless of
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generation time, because of the uncertainties in predict-
ing population sizes a long way into the future as might
be necessary for long-generation species.

The decline, measured as percentage of loss, can be
estimated for the past (criterion A1 and A2), future (cri-
terion A3), or a combination of the past and future (crite-
rion A4). Because of difficulties in estimating population
sizes in most natural populations, the criteria allow the
assessor to use various kinds of direct and indirect evi-
dence to estimate the decline rate, and the evidence is
made explicit in the subcriteria. Criteria A1 and A2 list-
ings may be derived from direct observation (population
counts of some kind), which is obviously not feasible for
future projections. For any of the criteria A1 through A4,
declines may be determined on the basis of indices of
abundance such as sightings or catch per unit effort. As-
sessment of rates of change in threatening processes may
also be used for criterion A listings, on the basis of loss
of habitat, levels of direct or indirect exploitation, and
the effects of introduced taxa, hybridization, pathogens,
pollutants, competitors, or parasites. Nevertheless, asses-
sors need to use such indirect evidence cautiously. It is
important to distinguish the decline in population size,
with which we are concerned, from the underlying pro-
cess. Harvesting, for example, is counteracted to some
extent by density-dependent processes, such that the
rate of decline is not linearly proportional to the num-
ber removed (Clark 1990). Similarly, a measured decline
in habitat area cannot be straightforwardly translated to a
decline in population size, especially if it involves losses
of edges or lower-quality habitat (Lomolino & Channell
1995; Rodriguez 2002; Akçakaya et al. 2006).

Careful analysis of expected decline trajectories is
needed because the shape of the decline-rate curve de-
pends on the threat process involved (Fig. 3). Figure 3a
shows a population declining by a constant amount each
year such that the decline rate increases as the population
becomes smaller. This might occur in a situation where
interspecific competition, predation, or overexploitation
leads to population reduction, but the reduction in pop-
ulation number is constant, perhaps related to the size
of the predator or competitor population or the number
of harvesting households. Here, past decline rates allow
the species to qualify as vulnerable (decline >30%), but
declines projected to continue on the same basis yield
an endangered (>50%) categorization. If declines persist,
this population will soon qualify for critically endangered
(>80% decline) before going extinct.

Figure 3d shows the same process, but the depletion
in population numbers is increasing over time. This situ-
ation is not unlikely, especially under habitat fragmenta-
tion and for species that provide consumer goods of high
economic or social value where the value increases as the
product becomes rarer or consumer tastes increase de-
mand. Increased decline rates of smaller populations may
be expected where inverse density dependence (known

as Allee effects or depensation) is operating (Myers et al.
1995; Courchamp et al. 1999; Courchamp et al. 2006).
In this situation, the decline rate increases even more
quickly with time; thus, in a very short time, the species
moves from nonthreatened through the categories vul-
nerable, endangered, and critically endangered until it
goes extinct. In such cases, as portrayed in Figs. 3a & 3d,
it may be appropriate to derive a higher threat category
by forward projection with criterion A3, rather than on
the basis of current rates.

The trajectory in Fig. 3c shows a case where the pop-
ulation numbers decline over time, but the decline rate
is decreasing. Given enough time, the population can
stabilize and may even recover. The decline rate pro-
gressively decreases so that the species that originally
qualified as critically endangered moves through the cat-
egories endangered and vulnerable until eventually it is
not threatened. This pattern is expected under a variety
of situations. For example, it could be the outcome of
managed harvesting programs. Here managers may seek
to reduce the population size until it reaches the density
at which productivity is increased or maximized, and the
harvest is then stabilized at a sustainable level, at which
point there should be no further decline in population.
Because the IUCN rules require listing under the cate-
gory of highest threat, such species are listed according
to past, not future, projected rates. Nevertheless, when
there is confidence that the trend is declining, criterion
A1 is used, rather than A2, and its more exclusive thresh-
olds for listing allow the reduced extinction risk to be
reflected (see later).

In Fig. 3b the decline rate is constant and the change
in population size is reducing over time, perhaps as a
function of the interaction between population change
and density-dependent processes, for example, when the
effects of exploitation, predation, or competition are re-
duced with the abundance of the species. The population
in Fig. 3b always qualifies as vulnerable and will never
qualify for any higher threat category under criterion A
until it goes extinct. In practice, a species showing this
pattern qualifies for higher threat categories under crite-
ria B, C, and D once the population size or the geographic
range reaches sufficiently low levels to meet the thresh-
olds in these categories.

Criteria A1 and A2 differ according to whether or not
the causes of decline are reversible, understood, and have
ceased. Criterion A1 can only be used if all these condi-
tions are met (IUCN 2006). If they are, the threshold
decline rate is higher than in A2. Criterion A1 is likely to
be used for species following trajectory 3c, where they
are under good management and should have lower ex-
tinction risks than species with the same current decline
rate but where future decline rates cannot be expected
to be reduced.

The criteria do not specify how information on tempo-
ral changes in population size should be used to calculate
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a past decline rate or project a future one. It may be ap-
propriate to use some statistical method to calculate the
decline rate, such as fitting a least-squares regression line
and estimating the decline rate from the slope of the
line. Nevertheless, it may often be inappropriate and im-
practical to do this. If populations show nonlinear trends
within the 3-generation assessment period, such as when
an increase in population is followed by a decrease, fit-
ting such a regression line could be misleading. Also, for
many species there are no systematic data on population
size, and the assessor may need to make a determination
of trends on the basis of extremely limited information.
Often, the best that can be done is to use the estimated
number at the beginning and end of the 3-generation
census period. The potential problems in this approach
are self-evident, but it is less obvious that even with ap-
parently good information, it may be difficult to make a
robust estimate of population trends. Accurate measure-
ments of changes in population size depend critically on
the quantity and quality of available data (Taylor 1995).
Over limited time spans or with small numbers of sur-
veys, it is possible either to fail to detect a real decline
(Type II error) or to detect a decline when actually there
is none (Type I error). Although statistical techniques
such as power analysis can be used to support assess-
ments (Taylor & Gerrodette 1993), they do not solve the
problem if the situation is both extremely uncertain and
potentially serious (Colyvan et al. 1999). In situations of
uncertainty, the assessor should use the best available in-
formation and combine formal data analysis with expert
judgment (Colyvan et al. 1999), for which methods are
now available (Akçakaya et al. 2000).

CRITERION B: SMALL RANGE AREA AND DECLINE

Criterion B allows a species to qualify as threatened when
its geographical range is very restricted and when other
factors suggest that it is at risk. In some situations, popula-
tion size may not be measurable or relevant to an elevated
extinction risk, for example, when species are restricted
to small areas or to habitat remnants that are themselves
disappearing. Although this criterion was originally de-
veloped for plants, the drafting group considered this
criterion applicable to other species, especially those at
high densities within restricted areas or habitats.

This criterion does not simply use range area as a
surrogate for population size. Although there is a very
broad positive correlation within and across species be-
tween total geographic range size and population num-
bers, there is much variation and the details can alter
according to the spatial scale at which the species is as-
sessed (Gaston 1994a; Gaston et al. 2000; Blackburn et
al. 2006). In some cases, species may qualify under pop-
ulation size and range size criteria, but more often the
2 measures will operate somewhat independently. Many
species that qualify as threatened under criterion B can-

not qualify on the basis of population size. Conversely,
some species (e.g., many marine mammals) cannot qual-
ify under criterion B however close they are to extinction
because the ranging patterns of individuals exceed the
critical thresholds.

The measurement of range area is complicated (Gas-
ton 1991; Gaston 1994a, 1994b, 1994c, 2003; Maurer
1994). The criteria consider 2 quantities, extent of oc-
currence (EOO) and area of occupancy (AOO) (sensu
Gaston 1991). Extent of occurrence is defined as the area
contained within the shortest continuous boundary that
can be drawn to encompass all the known, inferred, or
projected sites of occurrence of a species. This measure
could be strongly influenced by cases of vagrancy and by
marked discontinuities or disjunctions within the over-
all distribution of a species, both of which should be
excluded. What constitutes a discontinuity or disjunc-
tion has deliberately been left vague, but of particular
concern here are extents of occurrence composed of
broad environments that are totally unsuitable for the
species to occupy or often even to disperse into. For ex-
ample, it would be inappropriate to include intervening
areas of ocean when estimating EOO for a forest-dwelling
species occurring at sites on 2 continents. The IUCN
guidelines provide additional details on estimating EOO
(IUCN 2006).

Area of occupancy quantifies the area within the EOO
where the species is found. Species are hardly ever con-
tinuously distributed throughout their EOO. As applied
in the criteria, AOO is the smallest area essential at any
stage to the survival of existing populations of a species
(e.g., colonial nesting sites, feeding sites for migratory
species). The size of the AOO for a species inevitably de-
pends on the spatial scale at which it is measured: the
finer the resolution, the smaller the resultant area (Gas-
ton 1991). There has been much debate over how this
issue can best be resolved (Keith et al. 2000; Hartley &
Kunin 2003).

Although no scale of measurement is specified in the
criteria, the rules state that the scale should be appro-
priate to relevant biological aspects of the species and
should be measured on a grid (or equivalents). The guide-
lines give more specific advice on avoiding problems of
scale when using AOO (IUCN 2006). In general, spatial
scales used for measuring ranges should reflect the move-
ment and dispersal patterns of the species in question,
and exceedingly fine or very coarse resolutions will lead
to inappropriate listings under criterion B.

The measurement of EOO and AOO has been thought
difficult for species with linear ranges (e.g., intertidal,
stream, and riverine species). These range areas tend to
be very small because one dimension (e.g., the width
of the intertidal zone or the river) is so limited. In fact,
species that depend on linear habitats are particularly vul-
nerable because a threat can rapidly affect an entire area
(e.g., a single upstream pollution event may easily affect
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a whole river downstream). On balance, therefore, areas
of linear ranges are thought to provide a fair reflection of
risk.

Unlike population decline rates and population sizes,
there is no strong theoretical framework to associate
given range areas (which may contain hugely different
numbers of individuals) with different levels of risk of ex-
tinction. Therefore, although a range-area-based criterion
was regarded as essential to the listing of many groups
of organisms (for which population data are either not
available or not of foremost importance in determining
extinction risk), the choice of critical thresholds for cri-
terion B has been plagued with difficulties from method-
ological and biological standpoints. The final decisions
were made largely on an iterative basis of trial and er-
ror, and empirical testing by SSC experts using data on
a variety of relevant species. This resulted in the mainte-
nance of a constant ratio of cut-off values for EOO and
AOO (a difference of a factor of 10) in each of the cate-
gories critically endangered, endangered, and vulnerable
and cut-offs, respectively, of 100 km2, 5,000 km2, and
20,000 km2. All these areas, for EOO and AOO, are com-
paratively small, reflecting that for this criterion, risk of
extinction is associated with range area itself.

Unless extremely small (see criterion D), limited range
size is not sufficient on its own for a species to qual-
ify as threatened. Many species have persisted success-
fully for long periods within small global ranges and have
a low risk of extinction (Gaston 1994a; Gaston 2003).
To qualify under criterion B, therefore, a species must
also exhibit at least 2 of 3 other symptoms of risk. To
avoid overlisting, the conditions were made difficult to
meet. There must be some evidence the population is
or is projected to be in continuing decline, severely frag-
mented, limited to a few locations, or subject to extreme
fluctuations. Empirical and theoretical studies suggest
that all these conditions will increase the likelihood of
extinction.

Commentary on criterion B suggests that it may be
overly inclusive, with the threshold values set so high
that a large number of species are inappropriately listed
as threatened (Keith 1998). In fact, for certain small natu-
ral areas, such as oceanic islands, where the total area un-
der analysis is small, there is little habitat heterogeneity,
and threats are pervasive, all endemic species may justifi-
ably qualify as threatened. Nevertheless, species cannot
be listed as threatened solely on the basis of small range
areas, so the number of such cases is limited. More often
the area under assessment is small because it is a politi-
cally defined subunit within a wider area, in which case
the assessment should include the status of the species
outside the area (IUCN 2003). Similarly, it has been sug-
gested that the different criteria should give similar threat
assessments across species and that the numbers listed in
the categories of threat should be evenly spread (Keith
1998). Nevertheless, we see no reason a priori why either

of these should follow because the criteria are intended
to operate independently of one another and threats are
expected to vary between species and habitats.

CRITERION C: SMALL POPULATION SIZE AND DECLINE

Criterion C focuses on populations that are numerically
small and in continuing decline and is the most straight-
forward of all to place in a theoretical framework. The
choice of threshold sizes for the number of mature in-
dividuals is derived from theoretical values for mini-
mum viable populations (see above) adjusted to reflect
timescales appropriate for the species. The initial con-
dition is that the population must number fewer than
10,000 mature individuals (for vulnerable), 2,500 mature
individuals (for endangered), and 250 individuals (for crit-
ically endangered). The steep ramping down of critical
population sizes reflects what is known from theoretical
studies about the general relationships between popu-
lation size and time to extinction under various kinds
of environmental and demographic stochasticity (Lande
1993, 1998).

A population in continuing decline may immediately
qualify if the population size meets the threshold values
above and the population is declining sufficiently fast (cri-
terion C1). If a decline is known or expected, but is not
measurable or sufficiently severe to meet the C1 thresh-
old, the species may qualify instead under C2. For this
to happen, its population must exist entirely or almost
as a single unit, have relatively small subpopulations, or
experience extreme fluctuations in size. Species cannot
qualify for criterion C simply by meeting the population
size threshold and being in decline. The additional con-
ditions are more difficult to meet in criterion B than in
criterion C because there is direct evidence in C that the
population size is already small, which is not necessar-
ily the case in B. Therefore, although criteria B and C
are comparable, the difference between range areas and
population sizes as entry points to the criteria mean that
the subcriteria and conditions should not be the same in
each (Keith 1998).

CRITERION D: VERY SMALL POPULATION SIZE

Criterion D allows species to be listed as threatened with-
out evidence that there has been, is, or will be a decline of
some sort. It was developed because theoretical models
show that numerically small populations can have rela-
tively high extinction risks solely from internal processes.
The term demographic stochasticity has been used to
describe the process whereby random variation among
individuals in demographic vital rates or random varia-
tion in sex ratio alone can lead to population extinction
(Goodman 1987; Lande 1993), the importance of which is
supported empirically by a number of studies on very re-
stricted populations (Kokko & Ebenhard 1996; Legendre
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et al. 1999). Although demographic stochasticity is gen-
erally unimportant for populations with effective pop-
ulation sizes over about 100 individuals, its deleterious
effects are amplified by life history and behavioral dif-
ferences among species (Sorci et al. 1998; Legendre et
al. 1999). Hence, the threshold numbers used in the cri-
teria are larger. For vulnerable, this means any species
with fewer than 1000 mature individuals can qualify. The
equivalent figures for endangered and critically endan-
gered are 250 and 50. The scaling of these values reflects
the relationship between population size and extinction
time (Fig. 1).

Criterion D has a subcriterion D2 that is present only in
the vulnerable category. Subcriterion D2 allows species
to qualify solely on the basis of a very restricted distri-
bution (i.e., it is the range-area equivalent of D1). Subcri-
terion D2 is conceptually distinct, however, because it
is implicit in its definition that it is not restricted range
alone that should be used to list species under this cat-
egory. Rather, it is evidence that the species is actually
threatened because of its very restricted distribution. The
D2 subcriterion has sometimes been misused, mainly
through applying the numerical thresholds mentioned
in the first part of the definition without reference to
the second part. Summary tables of the criteria, increas-
ingly used by assessors instead of the full text, tend only
to include the numerical guidelines, and this may have
increased the extent of misinterpretation.

Subcriterion D2 does not extend into the higher-risk
categories because the justifications for listing are even
more problematic at higher levels of risk. Although D2
is justified under the precautionary principle at the rela-
tively low levels of risk embraced by vulnerable, this is not
so for endangered and critically endangered. Some users
believe D2 should be extended to allow listings higher
than vulnerable for extremely restricted species (Seddon
1998), whereas others find D2 overly inclusive and are
critical that it apparently fails to recognize that for many
species rarity is a natural state and only certain kinds of
rare species are actually liable to go extinct (de Lange &
Norton 1998). During the criteria review, the conditions
for D2 were tightened to avoid overlisting, but it remains
among the most inconsistently applied elements of the
IUCN criteria.

CRITERION E: UNFAVORABLE QUANTITATIVE ANALYSIS

Criterion E allows the assessor to use any kind of quantita-
tive analysis for assessing the risk of extinction, which is
then compared with the extinction-risk thresholds given
for each of the categories. These quantitative thresholds
are expressed as the probability of extinction within a
given time frame. The time frame is measured in years
or generations as in the formulation of criterion A, with
whichever of the 2 is longer. Justifications for the thresh-
olds are essentially the same as in Mace and Lande (1991),

except that the time frame for critically endangered has
changed from 5 to 10 years, for consistency with the
other criteria, and the future time frame is capped to 100
years as in criterion A.

The term quantitative analysis was chosen carefully
to avoid the impression that this criterion necessarily in-
volves a population viability analysis (PVA). Criterion E
can be used in any case where a robust estimate of extinc-
tion risk can be derived. Often this might be done without
detailed information on population dynamics and is de-
rived from information on the status of the habitat. For
example, consider the situation in which a species is en-
demic to an area and is forest dependent and forestry
rights have been sold to allow the entire area within
which this species lives to be cleared within 20 years.
Such a species would certainly qualify as endangered and
even possibly as critically endangered because there is at
least a 50% chance that the critical habitat areas will be
cleared in the first 10 years. Many similar cases in which
criterion E can be used involve land-use changes and ex-
pected levels of exploitation. It can also be used if there
is a high risk of invasion by a species whose presence
would be disastrous for the resident species.

More commonly, however, a PVA would be involved in
the assessment. The rules dictate that the structure of the
model and the data used in the analysis be made explicit,
and standards have been developed (IUCN 2001, 2006).
There are several potential difficulties with widespread
use of PVA modeling in red list assessments. First, despite
the requirements that the assumptions be made explicit,
it is in practice difficult to list and justify the background
to a PVA analysis without lengthy documentation. Listings
under criterion E would thus require longer justification
than listings under other criteria.

Second, PVA outcomes can be very sensitive to the
levels of some input variables. For example, expected
changes in habitat availability, the incidence and sever-
ity of catastrophes, levels of mortality, and the interac-
tion between population size and inbreeding depression
might each determine the extinction risk category on
their own when set to plausible, although improbable,
values in a PVA model. It will be hard for IUCN to mon-
itor and guarantee standards when accuracy depends on
validating many such sensitive variables (Mangel & Tier
1994; Ludwig 1996, 1999).

Conversely, PVA models may not be precautionary in
the absence of good information if they assume favor-
able values for key parameters (e.g., Armbruster et al.
1999). Although carefully constructed PVAs built on re-
liable data can apparently predict risks of decline accu-
rately (Brook et al. 2000), many practitioners suggest that
PVA is best used as a way of assessing the relative risks
of different processes or the relative benefits of different
management strategies, but not the absolute risk of ex-
tinction (Akçakaya & Burgman 1995; Beissinger & West-
phal 1998). We concur with this view and recommend
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use of criterion E for simple and explicit modeling on
the basis of reliable and sufficient data, rather than on
the basis of outcome of detailed models with uncertain
parameters and a large number of assumptions.

Key Issues and Their Resolution

Throughout the period of drafting, consultation, and re-
drafting of the criteria, several features of the system were
continuously debated and have arisen repeatedly in dis-
cussions since the system was adopted. Below we review
some of these features and explain the nature of the de-
bates and their eventual resolution.

Assessing Threats versus Setting Priorities

There is an important difference between measuring
threats and assessing conservation priorities. The IUCN
system classifies species according to their risk of extinc-
tion and is not on its own sufficient to determine priorities
for conservation. Priorities for conservation actions may
include numerous other factors such as costs, benefits,
logistics, chances of success, and other biological charac-
teristics of species and communities (Mace et al. 2007).
Nevertheless, assessing taxa with the IUCN Red List Cri-
teria is often a critical first step in setting priorities for
conservation action. One important motivation behind
the development of the red list categories was the need
to identify those species at highest risk of extinction, for
which it was urgent to assess their situation, and to de-
sign and implement effective conservation actions. The
IUCN Red List is best used as a means to identify urgent
cases, rather than as a simple priority-setting tool.

The Red List Categories and Conservation Actions

Many taxa assessed under the IUCN Red List criteria will
already be subject to conservation actions, and the system
is designed so that the criteria are applied to a species
whatever the level of conservation action it is under. A
species may require conservation action even if it is not
listed as threatened, and effectively conserved threatened
taxa may, as their status improves over time, cease to
qualify for listing.

In certain cases, conservation actions alone may be
responsible for preventing a species slipping from un-
threatened into the threatened categories. There is there-
fore the possibility that effective conservation of a threat-
ened species could lead to downlisting and have the unin-
tended consequence of reducing justification for conser-
vation actions, thereby contributing to increased threat.
In earlier versions of the criteria, a subcategory outside
the threatened categories (conservation dependent) was
available to denote such cases (IUCN 1994). Because this
is not a measure of extinction risk status, the relationship
of this category to the overall scheme was unclear, and

the category was removed in version 3.1 (IUCN 2001).
Nevertheless, it is recommended that such cases be listed
in Near Threatened (IUCN 2006) with appropriate docu-
mentation.

Global versus National Listing

The IUCN Red List assesses the status of species at global
level because this is the scale at which extinction occurs.
Although local extinction (or extirpation) is often of great
concern, a species is not extinct while it remains ex-
tant somewhere else. Although the relationship between
subglobal to global extinction is clear, the relationship
of global to regional threatened status is unfortunately
much more complicated (Gärdenfors 1996; Gärdenfors
et al. 2001). Certain species may be assessed to be rela-
tively secure within a country but nevertheless be at risk
globally, whereas other species that are relatively secure
globally may be highly threatened within a particular re-
gion, for example, at the edge of their geographic range.
Although red list assessments make most sense at the
global scale or at least at large spatial scales, effective
conservation actions generally take place nationally and
locally. Indeed, few mechanisms are available to conserve
species above the national level, and global conservation
agreements such as CITES and the Convention on Biolog-
ical Diversity (CBD) recognize national sovereignty and
rely primarily on implementation within countries.

The methods used for national and regional conserva-
tion assessments are therefore of great significance for
species conservation. It is becoming increasingly com-
mon for countries to compile national red lists that iden-
tify species at high risk nationally, and they often base
their lists on the IUCN system (Miller et al. 2006, 2007).
Continuing work is underway to improve the consistency
between the data and assessment methods used nation-
ally and globally, but extinction risk within restricted
political areas is a complex concept because of the inter-
dependence of many species on adjoining political units,
and there will inevitably be variability among countries
in assessment methods and uses of these lists (Rodriguez
et al. 2004; Eaton et al. 2005; Samways 2006; Miller et al.
2007).

Accuracy, Precision, and Extinction Prediction

Increasingly, the conservation status of species features
in disputes that are significant politically and economi-
cally, so the system on which listings are based comes
under close scrutiny and perhaps even legal challenge.
Wider use of data in the IUCN Red List has also affected
funding opportunities for regions, countries, and non-
governmental organizations. Such circumstances make
it essential that IUCN be able to demonstrate scientific
independence and rigor in the listing process. Never-
theless, moving from qualitative to quantitative criteria
has produced the unexpected outcome that listings are
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both more likely to be challenged, and harder to support.
The system is not intended to provide robust predictions
about the fate of individual species; this would require a
species-specific assessment often with improved data and
a carefully designed or selected model. Many misuses of
IUCN Red List classifications derive from the misconcep-
tion that each category corresponds to a specific extinc-
tion risk, and that it indicates protection or conservation
actions must necessarily follow.

The IUCN system is a probabilistic assessment of the
likelihood that a species in a particular threat category
will go extinct within some stated time frame, and it
cannot be used to provide a robust prediction about the
fate of a particular species. Instead the classification is
expected to lead to accurate categorizations of species
in that (in the absence of conservation interventions) a
larger proportion of species listed in higher threat cate-
gories will go extinct over shorter periods. We anticipate
that these proportions and periods correspond roughly
with the values given for each category in criterion E, but
this cannot be proven. In addition, the extinction risk ex-
pressed in criterion E cannot be applied to a species that
qualifies on the basis of any of the other criteria within a
category.

Because the system is probabilistic, it is inevitable that
certain species will be listed as at risk yet do not actually
go extinct. Moreover, the system is precautionary, and in
any risk-averse system, it is inevitable there will be some
overlisting. The act of listing species on a red list should
lead to increased conservation, protection, and conser-
vation success (Butchart et al. 2006b), the list thereby
becomes a self-denying prophecy. The intention is to min-
imize the number of species falsely listed as threatened,
but this cannot be achieved without excluding some that
should be listed. Drawing this line is difficult, but for all
the reasons stated earlier, the number of species listed
should not be used to predict future extinction risks for
a single species or to predict extinction rates for entire
groups.

It has been indicated repeatedly, including herein, that
a threatened categorization does not necessarily indicate
conservation actions are required. Instead listing in one
of the threat categories indicates that attention to the
species is necessary and urgent, and that relevant bodies
and agencies, often with more detailed information at
hand, must soon undertake a diagnosis and design and
implement appropriate conservation actions.

Listings Determined on the Basis of Decline Rates Only
and the Status of Large Populations

On the basis of decline rates only and with no threshold
population sizes, criterion A has the potential to force the
inclusion of some extremely abundant populations onto
lists of threatened species. Criterion A has therefore been
controversial, especially for widespread species with his-

torical declines that are believed to have stabilized (Webb
& Carrillo 2000; Broderick et al. 2006; Godfrey & Godley,
2008) and for fisheries species (Matsuda et al. 1997; Mat-
suda et al. 1998; Mace & Hudson 1999; Musick 1999;
Hutchings 2001). One suggestion is that the accuracy of
criterion A be improved by factoring in resilience (Mu-
sick 1999), but there is little evidence that high fecundity
or resilience influences extinction risk in marine fishes
(Dulvy et al. 2005; Reynolds et al. 2005). In addition,
recent recommendations to improve the assessment of
extinction risk in marine fishes (Hutchings & Reynolds
2004; Cheung et al. 2005; Reynolds et al. 2005) are con-
cordant with, although clearly more detailed than, the
IUCN system.

The justification for criterion A is evident from decline
processes such as those illustrated in Figs. 3a & 3d, where
constant or increasing population decline leads rapidly
to loss of population numbers. Recent examples of this
include the massive decline of vultures in the Indian sub-
continent as a result of inadvertent poisoning and the de-
cline of the Tasmanian devil (Sarcophilus harrisii) due
to disease (Prakash et al. 2003; McCallum 2007). Never-
theless, patterns such as those in 3b and 3c illustrate the
not uncommon cases where decline rates decrease over
time and threatened listings only last until the decline rate
drops below the threshold value. The array of plausible
patterns of decline and the requirement to apply the cri-
teria in a precautionary manner mean that the choice of
threshold values is a difficult balance between levels that
detect species in decline well before they reach critically
low levels and levels that falsely list species nearing the
end of a decline that is slowing and will soon cease. These
thresholds were repeatedly tested and reviewed during
the development of the criteria, and the levels chosen are
the best compromise that could be found.

Undoubtedly criterion A is important, but species listed
in this way can represent a wide array of circumstances.
In the case of species listed only under criterion A, and
especially those at the highest risk, there is real urgency
to assess the causes of the decline and determine what
interventions (if any) are necessary.

Rarity and Stochastic Threats

The most fundamental intended use of the system is to
measure extinction risk and not other factors, such as rar-
ity, ecological role, or economic importance, which are
commonly incorporated into systems that establish con-
servation priority (Munton 1987; de Grammont & Cuaron
2006). Consequently, trends in abundance and range size
are generally more important for listing species than are
single measures of absolute population size or areas of
distribution. Nevertheless, there are various kinds of ex-
tinction processes, ranging from the highly predictable
and deterministic (such as wholesale habitat clearance)
to the unpredictable and stochastic (such as invasions,
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epidemics, or political changes). Populations that are not
declining, but are restricted in size or range may be vul-
nerable to large-scale or unpredictable threats despite
their current stable status.

This situation has led to an ongoing debate that con-
cerns the listing of small and stable versus large but
declining populations. In earlier versions, the category
susceptible was included (Mace et al. 1992). This was
distinct from the other threatened categories, but could
be used to list species that were rare (very limited in
population size or very restricted in area) and were thus
always potentially vulnerable to extinction, even though
there was no apparent trend or threat. The debate over
the susceptible category revolves around the fact that
many species are naturally rare (Gaston 1994b; de Lange
& Norton 1998; Hartley & Kunin 2003) and possess life-
history characters that allow them to persist in this state
(although rarity itself is obviously not an evolved trait:
Kunin & Gaston 1993). Yet these very restricted forms
are undoubtedly more vulnerable than are more abun-
dant and widespread species. A category or criterion
for rare species has the effect of greatly increasing the
number of species listed and inevitably results in the in-
clusion of many that are unlikely to go extinct within
ecological time frames. Nevertheless, without such a cat-
egory or criterion, many species thought to be key to
the overall preservation of biodiversity are listed along-
side the most abundant and widespread forms as of least
concern.

Opinion on how to deal with these species changed
several times throughout the drafting process. The final
verdict was to allow a rather restrictive subcriterion for
rare species (criterion D2) under vulnerable only (not
in the more threatened categories) and to place it in
one of the existing criteria (criterion D). Nevertheless, as
discussed earlier, D2 is defined vaguely and is perceived
to be applied inconsistently in practice.

Common Criteria for All Species

A difficult issue was how to ensure that all species, de-
spite their wide variation in life history and ecology,
would be assessed equitably. The early decision to focus
on a single set of criteria for all species was a recogni-
tion that life history, rather than taxonomic affiliation,
was the appropriate way to classify species for assess-
ment. This meant that species with different life histories
should enter evaluation with comparable sets of parame-
ter estimates. Rather than have the criteria for the threat-
ened categories become long and complicated, a few pa-
rameters were chosen and carefully defined so that very
different kinds of species could be compared. In particu-
lar, “generation length” is a scalar for all time-dependent
measures, and “mature individuals” is used throughout
the criteria in place of any measure of overall population
size.

The concern is still often expressed that the same cri-
teria cannot be applied to all species. To the contrary,
we believe the approach taken is biologically and opera-
tionally the most reasonable, but we acknowledge its ef-
fective operation depends critically on transforming the
traits and data from different species into comparable and
relevant values to test against the criteria. This should be
achieved by the definition of key terms that form an in-
tegral part of the criteria and by the rules for their use.
These definitions have unfortunately received much less
critical external review than have the numerical thresh-
olds in the criteria, although we believe they are often
more significant.

Uncertainty

The rules for application of the criteria (IUCN 2001) make
it clear that precise data are not required and that the as-
sessor can use expert knowledge along with the best
information available to make estimates about current or
future trends, for which detailed guidance is given (IUCN
2001, 2006). Nevertheless, it is unclear whether this ad-
vice is followed in practice, even though techniques for
dealing with uncertainty in the IUCN classification have
improved over time (Todd & Burgman 1998; Colyvan
et al. 1999; Akçakaya et al. 2000). There is now soft-
ware available to use these new methods (IUCN 2006;
Akçakaya & Root 2007) that we believe is an important
means to standardize and make explicit the way in which
uncertainty has been handled.

The criteria (IUCN 2001; Annex 1) and the guidelines
(IUCN 2006) recommend representing uncertainty by as-
signing species to a range of categories, instead of a single
category. This range of plausible categories (Akçakaya et
al. 2000) is derived by representing each variable used in
an assessment (e.g., decline rate, population size, EOO,
AOO) as a best estimate and a plausible range. Because
the criteria require each species to be assigned to a sin-
gle category, the range of categories representing uncer-
tainty is indicated only in the documentation of the list-
ing. An important point emphasized in the criteria and
the guidelines is that when the variables are uncertain,
the reduction of the uncertainty into a single category
of threat involves attitudes to risk and uncertainty (e.g.,
risk tolerance, ranging from precautionary to evidentiary
[see later]). Thus, even though there will always be sub-
jectivity when dealing with cases with large amounts of
uncertainty, the recommended methods make such atti-
tudes transparent and provide an objective way of trans-
forming data uncertainties into a range of plausible threat
categories.

Data Deficiency and Appropriate Categorization

The DD category is used for species for which there is
insufficient information to determine a threat category. It
is not the amount of information that is important here so
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much as whether or not the available information is rele-
vant. Sometimes species can be reliably classified against
the criteria on the basis of very little information. Clear
evidence of decline, for example, will often be sufficient
even in the absence of any population data, and some-
times habitat maps and some knowledge of the species’
ecology is enough to determine that it cannot meet any
of the threshold values and should therefore be listed
as least concern. Nevertheless, it is still the case that a
relatively large number of evaluated species may best be
coded as DD.

The decision as to the adequacy of information de-
pends on attitudes to risk and uncertainty (Akçakaya et
al. 2000). For example, an extreme precautionary stance
implies a species should be listed as threatened until it
meets none of the criteria. An extremely evidentiary (risk-
prone) approach dictates that all species be assumed se-
cure until evidence suggests they really are at risk. Species
that do not meet any of the criteria are then listed as least
concern. The criteria rules suggest adoption of a position
that tends slightly toward the precautionary standpoint.
Therefore, meeting any one criterion necessarily qualifies
a species as threatened, but not meeting several criteria
may lead to listing as either least concern or DD.

Depleted Species

Because the criteria are designed to detect species at risk
of extinction, they do not identify species that were once
much more numerous. Once a species is at a level above
the threshold values on criteria B and C and the decline
is a historical event, the species drops off the threatened
list. Many species now inhabit only fragments of what
was once their geographical range, and it is regrettable
that it is so easy to forget this (Gaston & Fuller 2007; Gas-
ton & Fuller 2008). The continuous downgrading of our
conservation objectives in line with this shifting baseline
is, of course, undesirable (Balmford 1999), so it is im-
portant to recognize that the criteria do not reflect the
general status of biodiversity within a full historical con-
text. Their focus on measuring risk of extinction means
that continuing to list species that are still numerous and
stable, such as the species depicted in Fig. 4, cannot be
justified. Although many people would like to see some
explicit notation for depleted species, it is important to
keep these 2 issues separate. Another issue concerns the
slow but persistent depletion of common species, which
may often be insufficient to trigger listing until the popu-
lation reaches critically low levels. Nevertheless, the pur-
pose of the IUCN Red List is to identify species at risk of
global extinction, so there is no basis for including these
species during this period of decline.

Conclusions

The development of quantitative criteria for the IUCN
Red List began nearly 20 years ago because of the emerg-

Figure 4. Assessment of depleted species by the

International Union for the Conservation of Nature

(IUCN) criteria. The graph depicts a hypothetical

species that has gone through a period of rapid decline

but has now stabilized at a new, much-reduced level.

The new population size is above 10,000 mature

individuals, which means by the 12th generation the

species does not qualify for listing under IUCN criteria

B or C, although it does qualify under criterion A. The

species qualifies as critically endangered until

generation 10 (decline rate indicated by line a) and

then drops down through the threat categories until

generation 12, at which point the decline rate drops

below the threshold value for vulnerable (decline rate

indicated by line b). Thereafter, the species no longer

qualifies as threatened.

ing need to bring rigor and objectivity into the world’s
only officially recognized list of threatened species. This
process has identified and stimulated debates over emerg-
ing scientific issues and confronted many practical diffi-
culties in applying and interpreting the resulting assess-
ments. The consequences of developing the new criteria
have been far broader and deeper than could have been
anticipated in the 1980s. Apart from its many uses in
species conservation, the IUCN Red List is used in applied
and theoretical conservation research, in legislation, and
for national and international conservation planning and
priority setting. Uptake of the IUCN Red List criteria has
also been extensive at national level; at last count 76
countries were using them.

The IUCN Red List is also now one of the bases for
internationally agreed indicators to monitor the status of
global biodiversity (see www.twentyten.net). The Red
List Index (RLI) has been developed as a method to
track the movement of species through the red list cat-
egories over time and can be used to assess the rate at
which threatened species are moving toward extinction
(Butchart et al. 2004, 2007). Initially developed around
comprehensively assessed groups, such as birds, amphib-
ians, and mammals, the RLI has been extended to mea-
sure the status of a representative set of all species by
stratified sampling within major taxa (Baillie et al. 2008).
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The RLI has been adopted as one of the indicators for the
Convention on Biological Diversity’s 2010 target (Mace
& Baillie 2007).

Given the extent to which the system and species clas-
sifications derived from it are embedded in national and
international biodiversity legislation and monitoring sys-
tems, adjustments to the system and to the criteria could
have a number of unforeseen consequences. Although
the system may be far from perfect, we suggest that it is
sufficient for its purpose and that any further adjustments
requested or made could undermine its many longer-term
benefits, including that of a global index of change in bio-
diversity status.
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Akçakaya, H. R., S. H. M. Butchart, G. M. Mace, S. N. Stuart, and C.
Hilton-Taylor. 2006. Use and misuse of the IUCN Red List criteria in
projecting climate change impacts on biodiversity. Global Change
Biology 12:2037–2043.

Armbruster, P., P. Fernando, and R. Lande. 1999. Time frames for popu-
lation viability analysis of species with long generations: an example
with Asian elephants. Animal Conservation 2:69–73.

Baillie, J. E. M., C. Hilton-Taylor, and S. N. Stuart (editors). 2004. A
global species assessment. IUCN, Gland, Switzerland, and Cam-
bridge, United Kingdom.

Baillie, J. E. M., B. Collen, R. Amin, H. R. A. Akçakaya, S. H. M. Butchart,
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