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1. Introduction

The IUCN Red List Categories and Criteria were first published in 1994 following six years

of research and broad consultation (IUCN 1994). The 1994 IUCN Categories and Criteria were
developed to improve objectivity and transparency in assessing the atimsestatus of
species, and therefore to improve consistency and understanding among users. The 1994
categories and criteria were applied to a large number of species in compiling the 1996 Red
List of Threatened Animals. The assessment of many speciglsefd996 Red List drew
attention to certain areas of difficulty, which led IUCN to initiate a review of the 1994
categories and criteria, which was undertaken during 1998 to 1999. This review was completed
and the IUCN Red List Categories and Criteriagia 3.1) are now published (IUCN 2001,
2012b).

This document provides guidelines to the application of version 3.1 of the categories and
criteria, and in so doing addresses many of the issues raised in the process of reviewing the
1994 categories and criteria. This document explains how the critexiddghe applied to
determine whether a taxon belongs in a category of threat, and gives examples from different
taxonomic groups to illustrate the application of the criteria. These guidelines also provide
detailed explanations of the definitions of thenpéerms used in the criteria. The guidelines
should be used in conjunction with the official IUCN Red List Categories and Criteria booklet
(IUCN 2001, 2012b).

We expect to review and update these guidelines periodically, and input from all users of the
IUCN Red List Categories and Criteria are welcome. We especially welcome IUCN Specialist
Groups and Red List Authorities to submit examples that are illusti@titteese guidelines.

We expect that the changes to these guidelines will be mostly additions of detail and not
changes in substance. In addition, we do not expect the IUCN Red List Criteria to be revised
in the near future, because a stable system is sege® allow comparisons over time.

2. An Outline of the Red List Categories and Criteria

2.1 Taxonomic level and scope of the categorization process
2.1.1 Taxonomic scale of categorization

The criteria may be applied to any taxonomic unit at or below the species level. In these
gui del i ne daxordt haen dt ebrtnessx a®® ar e used to repres
levels, including forms that are not yet fully described, and excluding humans. There is
sufficient range among the different criteria to enable appropriate listing of taxa from the
complete tamnomic spectrum, with the exception of mimaanisms. In presenting the

results of applying criteria, the taxonomic unit used (spesigisspecies, etc.) should be
specified. It should be noted that taxa below the rank of variety (e.g., forma, morph, cultivar),

are NOT included on the IUCN Red List, with the exception of assessments of subpopulations.

An assessment of the full speciesaguired before assessments of taxa below the species

level (subspecies, variety or subpopulation) can be included on the IUCN Red List.

Subpopulationstf a subpopulation assessed under the criteria is not isolated (i.e., if it may be
exchanging individuals with other subpopulations), its assessments must follow the regional
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guidelines (IUCN 2003, 2012a). In addition, it must be a biological subpopulation (i.e., not
defined by political or national boundaries). Although the regional guidelines can in principle
be applied at any geographical scale, application within very syealjraphical areas is
strongly discouraged. The smaller the subpopulation as a proportion of the global population
of the species, the more often the subpopulation will exchange individuals with other
subpopulations. Therefore, the assessment of extincisk based on the criteria would
become more unreliable (IUCN 2003, 2012a). See@ésmgraphical scale of categorization
below.

Newly described specieshe inclusion of newly described species on the IUCN Red List is
addressed on a cabg-case basis. The designated IUCN Red List Authority and/or IUCN
Global Species Programme staff (including staff from partner institutions working on Global
Species Assssment projects) will consult with relevant experts to ascertain how widely
accepted these are.

Undescribed specie$he listing of undescribed species on the IUCN Red List is discouraged,
but in exceptional circumstances these may be included. There must be a clear conservation
benefit to justify the inclusion of such listings, or in the case of projects to com@ssags
a taxonomic group, undescribed species that are listed as Least Concern (LC) or Data Deficient
(DD) may only be included if there is clear evidence that work is underway to describe the
species concerned and that the new spewsiisbe widely accepted. The new species
description should be published within four years of an undescribed species being included on
the IUCN Red List; if it is not published or is not in press after that time, the assessment will
be removed. For an uescribed species to be included on the IUCN Red List the following
conditions must be met:
There must be general agreement that the undescribed form is a clearly circumscribed
species
There must be a clear indication that work is underway to describe the species (e.g., a
draft manuscript in preparation or a paper with the new description already submitted
for publication)
Clear distribution information must be provided
Listing the undescribed species will potentially aid in its conservation
Specimen reference numbers (voucher collection details) must be provided to enable
the species to be traced without confusion
The museum, herbarium or other institution holding the collection/s and the individual/s
responsible for the proposal must be identified
Undescribed species sometimes have a local common narse, tifis should be
provided, but if not, a recognizable common name should be coined, so that it can be
used to clearly indicate the identity of this taxon without any implication about scientific
validity.

Undescribed species are presented on the IUCN Red List by using the generic name and the
abbreviation sp. or sp. nov., sometimes followed by a provisional name in inverted commas
(e.g.,Philautuss p . nov. "Kal patta'). Voucher <coll ec
number and institution where housed) must be provided so that they can be cited under the
Taxonomic Notes section of the speciesd acc
arise where there are valid reasons for voucher colleditails to be withheld. If this is

clearly indicated and justified by the assessor(s) concerned, the voucher information will be



Red List Guidelines 7

suppressed from the public version of the species account. However, in such cases the voucher
information must still be supplied for the assessment to be accepted, and this information will
be held in confidence.

Undescribed species assessed as Least Concern (LC) or Data Deficient (DD) are not included
on the IUCN Red List as there is little conservation benefit to such listings.

Undescribed infraspecific taxa are not included on the IUCNLRed

In summary, assessments of the following taxa may be included on the [IUCN Red List
Species
Subspecies
Varieties (only for plants)
Subpopulations (provided certain conditions as described above are met)
Undescribed species (provided certain conditions as described above are met, and they
are not listed as LC or DD)

Assessments of the following taxa may NOT be included on the IUCN Red List
Taxa assessed locally, nationally or regionally unless they are global or subpopulation
asses s meSabpapulaticb e & b fo sextjon ZAlrPd
Hybrids (except for apomictic plant hybrids, which are treated as 'species’)
Infraspecific ranks such as formas, morphs, subvarieties, varieties of subspecies,
cultivars, etc.
Domesticated taxa (in the case where a taxon comprises both domesticated and wild
individuals, only the wild population may be assessed and included; feral animals
derived from a domesticated source should not be included)
Taxa known to have gone Extinct before 1500 CE
Undescribed species assessed as Data Deficient or Least Concern (except in the case of
complete global assessments for a taxonomic group, see above)
Undescribed infraspecific taxa
Assessments of higher taxa (i.e., above the species level).

2.1.2 Geographical scale of categorization

The IUCN criteria are designed for global taxon assessments. However, many people are
interested in applying them to subsets of global data, especially at regional, national or local
levels. To do this it is important to refer to guidelines prepared bjuGél SSC Regional
Applications Working Group (e.g., Gardenfatsal. 2001; IUCN 2003, 2012a; Millest al

2007). When applied at national or regional levels it must be recognized that a global category
may not be the same as a national or regional cgtdgr a particular taxon. For example,

taxa classified as Least Concern globally might be Critically Endangered within a particular
region where numbers are very small or declining, perhaps only because they are at the
margins of their global range. Cargely, taxa classified as Vulnerable on the basis of their
global declines in numbers or range might, within a particular region where their populations
are stable, not even nearly meet the criteria for Vulnerable, i.e. be Least Concern. Although
this appears illogical, it is a result of the structure of the criteria. When such a situation occurs,
interactions among suimnits should be carefully considered when planning conservation
actions.
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Although the criteria (along with regional guidelines; IUCN 2012a) may be applied at any
geographical scale, application within very restricted geographical areas is strongly
discouraged (IUCN 2012a). In a small region, a wilgging taxon will frequentlgxchange
individuals with neighbouring regions, leading to unreliable assessments (IUCN 2012a).

It is also important to note that in any regional or national applications of the criteria, an
assessment of taxa endemic to that region or naiibhe a global assessment; in these cases

great care must be taken to check that a global assessment has not already been undertaken by
an IUCN SSC Red List Authority (RLA), and that the final categorization is agreed with the
relevant RLA; see the regial guidelines for more details (IUCN 2003, 2012a).

2.1.3 Introduced taxa and subpopulations

In addition to wild subpopulations (ssection 2.1.%inside the natural range of a taxon, the
categorization process should also be applied to wild subpopulations resulting from
introductions outside the natural range, if all of the following conditions are met:

(a) The known or likely intent of the introduction was to reduce the extinction risk of the taxon
being introduced. In cases where the intent is unclear, the assessors should weigh the
available evidence to determine the most likely intent.

(b) The introduced subpopulation is geographically close to the natural range of the taxon.
What is considered to be geographically close enough should be determined by the
assessor, considering factors such as the area of the natural range, the néuwere of
landscape separating the natural and the introduced range, and whether the taxon could
have dispersed to the introduced range without the effects of human impacts such as habitat
loss and fragmentation. For example, an introduced subpopulation imiaecd distant
from the natural range would not qualify. On the other hand, most introduced
subpopulations within the same ecoregion as the natural range would qualify.

(c) The introduced subpopulation has produced viable offspring (i.e., offspring that have
reached maturity or are likely to do so).

(d) At least five years have passed since the introduction.

In cases where such introduced subpopulations are included in the assessment, assessors must
state and justify their inclusion in the assessment supporting documentation.

In some cases, taxa have successfully expanded their natural ranges into urbafudyasemi
areas, e.g., primates, foxes and some birds. In these instances urban areas should be considered
as part of the natural range, as the taxa have not been introduced

In addition to taxa within their natural range and subpopulations resulting from introductions
outside the taxonds natur al range that conf
"benign introductions”), the criteria should also be applied tessiifaining translocated or

rei ntroduced subpopul ations (within the taxon
of such translocations or-ietroductions. In such cases, the listing should indicate whether all

or part of the assessed populatias been introduced. Also, in such cases, conditions (a) and

(b) above are not relevant, but conditions (c) and (d) must be met.
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2.1.4 Managed subpopulations

The IUCN Red List assessment should only be applied to wild populations. There is a
continuum of management intensities, from captive populations in zoos, aquaria and botanical
gardens to populations not benefiting from any conservation measure. Clegulivec
populations are not considered "wild" and would be excluded from a Red List assessment (i.e.,
data from such populations are not considered in determining the species' status, except for
EW). On the other hand, subpopulations of many species asndkag on conservation
measures (such as protected areas) that are largely directed at mitigating human impacts. Such
subpopulations are generally considered "wild", and the data from such subpopulations are
used in Red List assessments. In between thesesubpopulations that are managed at
moderate levels of intensity (Redfaetlal.2011). For these subpopulations, the definition of
"wild" may be based on the intensity of management, and the expected viability of the
subpopulation without the managerhen

Subpopulations dependent on direct intervention are not considered wild, if they would go
extinct within 10 years without #Aintensiveo
A providing most of the food needs of most individuals in the subpopulation;
A regularly supplementing the population from captive stock to prevent imminent extinction;
A breeding manipulations, such as crésstering and dowabrooding (i.e., removing extra

chicks from large broods and giving to foster parents); or
A providing ongoing intensive veterinary care to most individuals.

Managed subpopulations are considered wild if the management is for eactirigrthe

effects of human threats, such as:

A protected areas;

A antipoaching patrols;

A providing artificial shelters (e.g., nest boxes for birds, roosting sites for bats):

A providing preventative treatments against diseaslereaks;

A preventing natural vegetation succession to maintain the species' habitat;

A translocating individuals between existing subpopulations (alssestien 2.1.3

A control measures against Rpative competitors or predators, including the establishment
of exclusion fences, such as those used to keep out invasive predators;

A control measures against native competitors or predators if such species have increased
because of human activities (e.g., removing cowbird which have increased because of
habitat fragmentation); or

A occasionally supplementing the population from captive stock to increase genetic
variability.

This delineation of "wild" from "not wild" roughly corresponds to the difference between
"lightly managed species" and "intensively managed species" as defined by Retdfbrd
(2011).

2.2 Nature of the categories

There are nine clearly defined categories into which every taxon in the world (excluding
micro-organisms) can be classifieBigure 2.). Complete definitions of the categories are
given in Box 2.1. The first two categoriedHigure 2.1are relatively sefexplanatory.Extinct
means that there is no reasonable doubt that the last individual haBxdiedt in the Wild
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means that the taxon is extinct in its natural habitat (see Introduced taxa above). The following
three categorie€ritically Endangered, EndangeredandVulnerable, are assigned to taxa

on the basis of quantitative criteria that are designed to reflect varying degrees of threat of
extinction; taxa in any of these three cate
These criteria will be discussed furtlethe next section. The categdtgar Threatenedis

applied to taxa that do not qualify #weatened now, but may be close to qualifying as
threatened, and to taxa that do not currently meet the criteria for a threatened category, but are
likely to do so if ongoing conservation actions abate or cease.

The categoryLeast Concernis applied to taxa that do not qualify (and are not close to
gualifying) as threatened or Near Threatened. It is important to emphasize that "least concern”
simply means that, in terms of extinction risk, these species are of lesser concern than species
in other threat categories. It does not imply that these species are of no conservation concern.

@
— R |
Threatened categories
|
Adequate data | | Endangered (EN) | E;‘:”CHO”
'L Vulnerable (vu) |
Evaluated [ = -
Near Threatened (NT)
All species . least Concern (LC) e
—>

Data Deficient (DD)

Not Evaluated (NE)

Figure 2.1. Structure of the IUCN Red List Categories



Red List Guidelines 11

Box 2.1.The IUCN Red List Categories

EXTINCT (EX)

A taxon is Extinct when there is no reasonable doubt that the last individual has died. A taxon is presum
when exhaustivesurveys in known and/or expected habitat, at appropriate times (diurnal, seasonal,
throughout its historic range have failed to record an individual. Surveys should be over a time frame a
to the taxonds |ife cycles and |ife form.

EXTINCT IN THE WILD (EW)

A taxon is Extinct in the Wild when it is known only to survive in cultivation, in captivity or as a natulf
population (or populations) well outside the past range. A taxon is presumed Extinct in the Wild when e
surveys in known and/or expedthabitat, at appropriate times (diurnal, seasonal, annual), throughout its
range have failed to record an individual. Surveys should be over a time frame appropriate to the tg
cycle and life form.

CRITICALLY ENDANGERED (CR)

A taxon is Critically Endangered when the best available evidence indicates that it meets any of the cr
E for Critically Endangered, and it is therefore considered to be facing an extremely high risk of extincti
wild.

ENDANGERED (EN)
A taxon is Endangered when the best available evidence indicates that it meets any of the criteria A
Endangered, and it is therefore considered to be facing a very high risk of extinction in the wild.

VULNERABLE (VU)
A taxon is Vulnerable when the best available evidence indicates that it meets any of the criteria A
Vulnerable, and it is therefore considered to be facing a high risk of extinction in the wild.

NEAR THREATENED (NT)
A taxon is Near Threatened when it has beealuated against the criteria but does not qualify for Criti
Endangered, Endangered or Vulnerable now, but is close to qualifying for or is likely to qualify for a th
category in the near future.

LEAST CONCERN (LC)
A taxon is LeastConcern when it has been evaluated against the criteria and does not qualify for
Endangered, Endangered, Vulnerable or Near Threatened. Widespread and abundant taxa are often
this category.

DATA DEFICIENT (DD)

ed Extinct
annual),
propriate

alized
haustive
historic
xon's life

teria A to
bn in the

\ to E for

to E for

cally
eatened

ritically
included in

A taxon is Data Deficient when there is inadequate information to make a direct, or indirect, assessment of its

risk of extinction based on its distribution and/or population status. A taxon in this category may be wel
and its biology well knownhut appropriate data on abundance and/or distribution are lacking. Data Def
therefore not a category of threat. Listing of taxa in this category indicates that more information is req
acknowledges the possibility that future research stibw that threatened classification is appropriate.
important to make positive use of whatever data are available. In many cases great care should be €
choosing between DD and a threatened status. If the range of a taxon is suspectethtively circumscribe
or a considerable period of time has elapsed since the last record of the taxon, threatened status n
justified.

NOT EVALUATED (NE)
A taxon is Not Evaluated when it is has not yet been evaluated against the criteria.

studied,
cient is
lired and

It is
xercised in
d,
ay well be
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The remaining two categories do not reflect the threat status of taxa. The cddadg@ry
Deficient highlights taxa for which sufficient information is lacking to make a sound status
assessment. The inclination to assess taxa as Data Deficient may be very strong; it should be
emphasized that assessors must use all data available in full when makimy lasiRe
assessment. Precise information on scarce taxa is usually lacking, and although the criteria are
highly quantitative and defined, one can use projastiassumptions and inferences (as long

as they are explicitly stated and clearly justified) to place a taxon in the appropriate category.
Since Data Deficient is not a category of threat, taxa placed in this category may not be so
obviously targets foranservation action, although their needs might be very great. Assessors
should use whatever information is available and relevant to make assessments and place taxa
into the Data Deficient category only when there is really no alternative. Guidance éndhand
uncertainty is especially relevant in the case of poorly known taxasésien 3.2 The
categoryNot Evaluated applies to taxa that have not yet been evaluated against the Red List
Criteria.

The tefltmsfiedd i s not )dhedfsinat esed inithis ddclwnentiowing 0 0 1

to ambiguity as to whether this includes Least Concern species or not, given that species
assessed as Least Concern are included on the [IUCN Red List. To refer to species that have
assessments on the IUCN Red List,theepa s e fHassessed for the |1 UC]
To refer to species that are Extinct in the Wild, threatened and Near Threatened (i.e., EW, CR,
EN, VU, NT), the phraseidaspeohesrob ehgvaeed

2.2.1 Transfer between categories
The following rules govern the movement of taxa between categories:

A. A taxon may be moved from a category of higher threat to a category of lower threat if and
when none of the criteria of the higher category has been met for five years or more (i.e., if
the taxon has qualified for a lower threat category for at leasyé&ars, regardless of when
the previous assessment was published). Thus;ykargperiod commences when the data
show that the taxon no longer meets the criteria for the category in which it is currently
listed; this is not necessarily the date of pinevious assessment. If it is not possible to
identify the year in which the taxon qualified for the lower threat category, then the current
assessment year is used as the start of-freabperiod. However, if the taxon is being
moved from EW as a resuif the establishment of a-netroduced population, this period
must be five years or until viable offspring are produced, whichever is the longer.

B. If the original classification is found to have been erroneous, the taxon may be transferred
to the appropriate category or removed from the threatened categories altogether, without
delay. However, in this case, the taxon shouldeevaluated against all the criteria to
clarify its status.

C. Transfer from categories of lower to higher risk should be made without delay.

D. The reason for a transfer between categories must be documented as one of the following:
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Genuine change:

Genuine (recent)The change in category is the result of a genuine status change that has
taken place since the previous assessment. For example, the change is due to an
increase in the rate of decline, a decrease in population or range size or habitat, or
declines in thee for the first time (owing to increasing/new threats) and therefore
new thresholds are met relating to the IUCN Red List Criteria.

Genuine (since first assessmefitis applies to taxa assessed at least ttmees ands
used to assign genuine category changes to the appropriate time period to calculate
the Red List Index. The change in category is the result of a genuine status change
that took place prior to the last assessment, but since the first assessmerittaasd tha
only just been detected owing to new information or new documentation. If this new
information had been available earlier, the new category would have beeredssign
during the previous assessment(s). When this code is used, the appropriate time
period (between previous assessments) in which the status change occurred needs to
be indicated. [See example below]

Nongenuine change:

Criteria revision.The change in category is the result of the revision of the IUCN Red List
Criteria (e.g., 1994 v. 2001 versions). These largely relate to criteria A2, A3, A4, D2
and the removal of the 'Conservation Dependent’ category.

New informationThe change in category is the result of better knowledge about the taxon,
e.g. owing to new or newly synthesized information about the status of the taxon (e.g.,
better estimates for population size, range size or rate of decline).

TaxonomyThe new category is different from the previous owing to a taxonomic change
adopted during the period since the previous assessment. Such changes include:
newly split(e.g., the taxon is newly elevated to species lewelyly lumpedthe
taxon is recognized following lumping of two previously recognized taxa)nand
longer valid/recognizedeither the taxon is no longer valid e.g. because it is now
considered to be a hybrid or variant, form or subspecies of another species, or the
previously recognized taxon differs from a currently recognized one as a result of a
split or lump).

Mi sinterpretation of the crThe previows caiegokn o wl e
was applied in error because the assessor(s) misunderstood the IUCN Red List
Criteria.

Incorrect data The previous category was applied in error because incorrect data were used
(e.g., the data referred to a different taxon).

Other.The change in category is the result of other reasons not easily covered by the above,

and/ or requires further explanation. E x
to risk and uncertainty (as definedgaction 3.2.B3and changes in this guidelines
document.

No change:When there is no change in category, one of the following must be specified.
Same category and criteritn other words, no change in the listing.
Same category but change in criterir example, a change from EN A2 to EN D.
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Determining the appropriate reason for change often requires careful consideration. Many
category changes result from a combination of improved knowledge and some element of
genuine deterioration or I mpr ovemenlybei n s
assigned if the amount of genuine change (e.g., population size change, decline rate change
range size change, etc.) is sufficient on its own to cross the relevant Red List Category
threshold. Genuine and ngenuine reasons for change should néeercoded at the same

time.

e.g. Species A previously qualified as Endangered (D) with a population estimated toihaivi80als; it

is reassessed as Vulnerable (D1) because its population is now estimated to number 400 individuals; the new
estimate is partly a result of the discovery of a new stable subpopulation numbering 50 individuals, and
partly because the previdusknown subpopulation increased from 150 to 350 individuals. The genuine
increase is sufficient to have taken the total population over the threshold for Vulnerable, so the category
change is coded as Genuine (recent), and Nongenuine (New informatialg) sbbbe coded as the reason

for change in this case.

e.g. Species B previously qualified as Endangered (D) with a population estimated to be 150 individuals; it
is reassessed as Vulnerable (D1) because its population is now estimated to number 400 individuals; the new
estimate is partly a result of the diseoy of a new stable subpopulation numbering 200 individuals, and
partly because the previously known subpopulation increased from 150 to 200 individuals. The genuine
increase in this case is insufficient to have taken the total population over the lthfeshailnerable, (it

t a

should have qualified as Vulnerable in the previous assessment also) so the reason for the category change

is coded as Nongenuine (New information), and not as Genuine (recent) in this case.

In cases where a category change results from a combination of taxonomic splitting and

genuine change, the change should be coded as Taxonomy if the currently recognised taxon

would have qualified for the higher or lower Red List category previoagigrwisejt should
be coded Genuine (recent).

e.g. Species C previously qualified as VU D1 with a total population estimated to number 600 individuals.
It is then split into species D (540 individuals and stable) and species E (now only 40 individuals, having
declined from 60 individuals in the preus assessment). This category change for species E (previously
O6Not Recognizedd but now CR Cl) should be coded
Endangered D in the previous assessment. (Species D would be classified as VU D1)

as

All Genuine (recent) or Genuine (since first assessment) category changes should be supported

with appropriate notes to justify why the change is coded as genuine.

e.g. Mauritius KestrefFalco punctatusvas downlisted from CR in 1988 to EN in 1994; this was coded as

Genuine (recent) with the note: TH9BHPSGEE3pdrsiml®94i ncr eas

as a result of a ban on huntingo.

e.g. Montserrat Orioltcterus oberiwas uplisted from NT in 1994 to CR in 2000; this was coded as Genuine
(recent) with the note: filn the early 1990s, t hi
ranges on the island, but volcanic eruptions in 19997 destroyed twthirdsof remaining habitat. Recent

S

evidence suggests that the decline may now have halted, and the population is estimatédiadc0l00p a i r s 0 .

e.g. Ethiopian Buslerow Zavattariornis stresemanmias uplisted from Vulnerable to Endangered in 2005.

This category change was coded as Genuine (since first assessment), with the genuine change assigned to

the 19942000 peri od, and the note AEncounter rates
declines began in 1989, the cumulative decline would have exceeded 50% over 10 years for the first time
during the period 1992 0 0 0 O .

dec
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2.3 Nature of the criteria

There are five quantitative criteria that are used to determine whether a taxon is threatened or

not, and if threatened, which category of threat it belongs in (Critically Endangered,
Endangered or VulnerableYdble 2.). These criteria are based around the biological
indicators of populations that are threatened with extinction, such as rapid population decline

or very small population size. Most of the criteria also include subcriteria that must be used

to justify moe specifically the listing of a taxon under a particular category. For example, a
taxon | isted as fAVulnerable C2a(ii)o has be
population is fewer than 10,000 mature individuals (criterion C) and the papulisti

undergoing a continuing decline and all its mature individuals are in one subpopulation
(subcriterion a(ii) of criterion C2).

The five criteria are:

A. Population size reduction (past, present and/or projected)

B. Geographic range size, and fragmentation, few locations, decline or fluctuations

C. Small and declining population size and fragmentation, fluctuations, or few
subpopulations

D. Very small population or very restricted distribution

E. Quantitative analysis of extinction risk (e.g., Population Viability Analysis)

To list a particular taxon in any of the categories of threat, only one of the criteria, A, B, C, D,

or E needs to be met. However, a taxon should be assessed against as many criteria as available
data permit, and the listing should be annotated by ay writeria as are applicable for a
specific category of threat. For exampBjtically Endangered: A2cd; Blab(iv,v); C2a(i).

Only the criteria for the highest category of threat that the taxon qualifies for should be listed.
For example, if a taxon gliées for criteria A, B, and C in the Vulnerable and Endangered
category and only criterion A in the Critically Endangered category, then only the criterion A
met in the Critically Endangered category should be listed (the highest category of threat).
Assessors are encouraged to document criteria under which a species meets lower threat
categories, because such information is critical to recovery planning.

Although the criteria for each of the categories of threat are based on quantitative thresholds,
the system remains relatively flexible to ensure that taxa for which thereryslittle
information can also be assessed. This has been achieved by incorporating inference, suspicion
and projection into the assessment process. Therefore, the person conducting an assessment is
expected to use the best available information in coatiwn with inference, suspicion and
projection to test a taxon against the criteria. However, if inference, suspicion and projection
are used, the assumptions made must be documented. If there is any reasonable concern that a
taxon is threatened with eéxcttion in the near future, it should qualify for the criteria of one

of the categories of threat.



Table 2.1. Summary of the five criteria (A-E) used to evaluate if a taxon belongs in a threatened category (Critically
Endangered, Endangered or Vulnerable).

A. Population size reduction. Population reduction (measured over the longer of 10 years or 3 generations) based on any of Al to A4

[GiticallyEndangered|  Endangered Vulnerable
= 90%

Al = 700G = 50%

A2 A3 & A4 = B0% = 50% = 30%

A1 Population reduction observed, estimated, inferred, or suspected in _"'-I {a) direct observation fexcept A3]
the past where the causes of the reduction are clearly reversible AND (b) an index of abundance
understood AMD have ceased. appropriate to the taxon

A2 Population reduction observed, estimated, inferred, or suspected in the i) a decline in area of occupancy
past where the causes of reduction may not have ceased OR may not be '-_ based (AODOQ), extent of occurrence
understood OR may not be reversible. N, ansuf;?:z (ECD) and/or habitat quality

A3 Population reduction projected, inferred or suspected to be met in the / following:  \d) actual or potential levels of
future {up to a maximum of 100 years) [(a) cannot be used for A3]. I ’ exploitation

A4 An cbserved, estimated, inferred, projected or suspected population {e) effects of introduced taxa,
reduction where the time period must include both the past and the future hybridization, pathogens,
{uptoa max. of 100 years in future), and where the causes of reduction may | pollutants, competitors or
not have ceased OR may not be understoed OR may not be reversible. 7 parasites.

B. Geographic range in the form of either B1 (extent of occurrence) AND/OR B2 (area of occupancy)

DERMEMMRE  coiwored  Vuneral

B1. Extent of occurmrence (EQQ) < 100 km® < 5,000 km* < 20,000 km?
B2. Area of occupancy (ADO) < 10km? < 500 km? < 2,000 km?
AMND at least 2 of the following 3 conditions:

(@) Severely fragmented OR Mumber of locations =1 =5 =10

(b} Continuing decline observed, estimated, inferred or projected in anl]; of: (i) extent of occurrence; (ii) area of cccupancy; (fii) area,
extent and/or guality of habitat; (iv) number of locaticns or subpopulations; (v) number of mature individuals

(c) Extreme fluctuations in any of: (i} extent of occurrence; (i) area of occupancy; (iil) number of lecations or subpopulations; (iv) number
of mature individuals

C. Small population size and decline

GitcalyEndangeied]  Endangered Vuinerable
< 250

Number of mature individuals < 2500 < 10,000
AND at least one of C1 or C2

. . 25%in 3 years or 20% in 5 years or 10% in 10 years or
C1. An observed, estimated or projected continuing decline 1 ; e e

of at least {up to a max. of 100 years in future): (whict il 3 (whict S O e

C2. An observed, estimated, projected or inferred continuing
decline AMD at least 1 of the following 3 conditions:

{a) (i) Number of mature individuals in each subpopulation =50 = 250 < 1,000
(i) % of mature individuals in one subpopulation = S0-100% 95-100% 100%
(b) Extreme fluctuations in the number of mature individuals

D. Very small or restricted population

CrtcallyEndangared  Endangersd Vulnerabl
<50 < 250

D. Mumber of mature individuals D1. < 1,000

D2. Only applies to the VU category o3
Restricted area of occupancy or number of locations with :
a plausible future threat that could drive the taxon to CR
or EX in a very short time.

typically:
- ADC < 20 km® or
number of locations = §

E. Quantitative Analysis

[ [Ere———

=250%in 10yearsor3 = 20% in 20 yearsor 5
generations, whichever generations, whichever
is longer (100 years is longer (100 years
max.) max.)

Indicating the probability of extinction in the wild to be: = 10% in 100 years

1 Use of this summary sheet requires full understanding of the IUCN Red List Categories and Criteria and Guidelines for Using the IWCN Red List Categories and Criteria.
Please refer to both documents for explanations of terms and concepts used here.
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Listing under the highest category of threat (instead of, for instance, averaging extinction risk
across the five criteria) ensures a more precautionary approach to making urgent decisions based
on limited information. It also bases the overall risk assesson the factors that are most critical

to species persistence. This approach is akin to emergency room doctors focusing their assessment
of patients on the most severe symptoms, instead of an average, where the positive symptoms
cancel out the negativanes (Colleret al.2016). The five criteria (A) are derived from a wide

review aimed at detecting risk factors across the broad range of organisms and the diverse life
histories they exhibit. The criteria are aimed at detecting symptoms of endangerment rather than
causes Consequently, the criteria are applicable to any threatening process that results in
symptoms such as past and future population decline, small population sizes, and small geographic
distributions. A taxon may be classified as threateeven if a threatening process cannot be
identified. Regardless of the nature of threats, assessments must follow [IUCN (2001, 2012b) and
these guidelines to ensure valid application of the criteria. However, different threats, especially
new threats opoorly understood processes such as global climate change may require further
guidance in the application of definitions and criteBaction 12provides guidance specific to
different threats.

Some studies suggest that when taxa are evaluated under all five criteria, there is a tendency for
them to be listed under criteria A to D rather than under E. There are several possible reasons for
this. First, a reliable assessment under criterionriergdly requires more data and analysis, and

in practice the process may often be incomplete. Second, even if each criterion on average
corresponds to an identical risk of extinction, the probability that a specific species meets at least
one of four crieria will be higher than the probability that it meets one criterion. Third, the
thresholds in criteria A to D may be more precautionary. This would be justified because they are
based on partial information and are often used inglada situations, wéreas criterion E can

(and should) incorporate all factors that influence population dynamics. hpatataituations,

where data permit only one ortwo of criterigdDA t o be assessed, it woul
taxa that should be listed (Keighal. 2000); in other words, the listing errors will be wider under

A-D, so their thresholds should be more precautionary. Even so, it should be noted that while
some studies suggest that criteriddAare more precautionary than criterion E (e.g., Gardenfors
2000), other studies indicate that criteridDAmay not be very precautionary, particularly when

data are limited (e.g., Keitt al. 2004).

2.3.1 The quantitative thresholds

The quantitative values presented in the criteria associated with threatened categories were
developed through wide consultation, and they are set at what are judged to be appropriate levels
(i.e., levels that generate informative threat categories smgaprthi@ range of extinction
probabilities; see below). Broad consistency between them was sought. The process and the
technical background to the IUCN Red List system, and the fundamental biological processes
underlying population decline and extinction ttra criteria are based on, are described by Mace

et al (2008).

The quantitative values establish the thresholds between the Red List Categories CR and EN, EN
and VU, and VU and NT. One misconception about the criteria has been that these thresholds are
arbitrary. There is subjectivity in the establishment of bounslameong the categories of risk,

and no theoretical reason why they should not be subjective (@blé¢r2016). In fact, they have

to be subjective, because they divide extinction risk, a continuous metric, into categorical blocks.
Thus, their numericatalues can only be based on practical, not theoretical, considerations.
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Two types of practical considerations are relevant. The first is the usefulness or conservation
relevance of the resulting list of species in different threat categories. The continuum could have
been divided differently, resulting in very few speciegsa targe majority of species, in one of the

threat categories. In terms of informing conservation, this would not have been very useful. The
current proportions of species in the three threatened categories show that the current boundaries
are reasonasl both for fully assessed groups and for groups for which a random subset of species
has been assessed, the proportion of taxa in each category is neither negligible nor overwhelming,
meeting the Red Listds goal omoriskdGCokereta2616)an i nf

The second type of practical consideration involves limitations due to data availability and quality.
For instance, the highest threshold for criterion A is set at 90% because if it were set any closer to
100% reduction, the taxon may go extinct beforait be classified as CR. The lowest threshold

is set at 30%; it was increased from 20% in the previous version of the criteria (ver. 2.3; IUCN
1994) better to differentiate fluctuations from reductions. The remaining thresholds are then
distributed moreor-less evenly between 30% and 90%. Similar considerations apply to the time
horizon of criterion A, which needs to be long enough to allow actual declines to be detected and
declines to be distinguished from fluctuations. The time horizon also needshorbenough to

allow reliable estimation, and to represent substantial extinction risk at a given overall decline. In
terms of the spatial metrics, the thresholds balance the need for precision and the reality of the
coarseness of spatial data for masit For instance, the thresholds of area of occupancy (AOO)
could have been set lower, but that would have required a more precise metric (a grid size smaller
than the 2 x 2 km grid recommended; seetion 4.1) which is impractical for many taxa.

An important attribute of the numerical thresholds in the criteria is that there is a single set of
thresholds that applies to all taxa, allowing comparability across taxa. Of course, different taxa
have different characteristics, and this variabilitacsounted for by using bespoke definitions,

i.e., parameter definitions that incorporate life history characteristics of the taxon (such as the
definition of the number of mature individuals). These definitions take into account the life history
of the speies; in addition, the criteria incorporate life history by scaling population responses to
threatening processes with generation length to accommodate variation in population turnover
(although, for practicality, the time horizon for future declinesnistéd to 100 years, regardless

of generation length). Failure to consider correctly the definitions causes the majority of mistakes
and misconceptions regarding the use of these standardized metrics. As a result, much of these
guidelines (e.g., all o$ection 4 is devoted to definitions of terms and parameters used in the
criteria.

Another important attribute of the numerical thresholds in the criteria is that they are exclusively
tied to the definitions of the corresponding variables. In other words, comparing a measured value
against a threshold requires that the value is meassrddfined in IUCN (2001, 2012b) and in
these guidelines. A common type of mistake is applying these thresholds to values of variables
that are not calculated according to the definitions given here. For example, applying criterion A
thresholds of reductioto declines over periods other than three generations/10 years (e.g., Shoo
et al.2005) would result in risk estimates that are not consistent with the Red List Categories (for
other examples, see Akcakagtal 2006). Even when there are good reasons for measuring
reduction over a different period (ssection 4.5.), the measured value must be scaled to the
correct period before it can be compared to the criterion A thresholds. Similarly, applying the
AOO thresholds to areas measured at high resolution (e.g., Catdals@011), or applying the

extent of occurrence (EOO) thresholds to areas calculated according to the definition of AOO
(e.g., Ocampdrefiuelat al.2016) would result in threat categories that are not comparable to the
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Red List Categories, and hence invalid application of the criteria. Consequently, the areas
computed must be measured according to the definitions of AOO and EOO (or they must be scaled
up or down as appropriate) before they can be compared to the tseshtilese variables. For
further information, seeections 4.10.8and4.10.7

2.4 Conservation priorities and actions

Thecategory of threat is not necessarily sufficient to determine priorities for conservation action.
The category of threat simply provides an assessment of the extinction risk under current
circumstances, whereas a system for assessing priorities for adtiorclude numerous other

factors concerning conservation action such as costs, logistics, chances of success, and other
biological characteristics (Mace and Lande 1991). The Red List should therefore not be interpreted
as a means of priority setting @N 2001, 2012b). The difference between measuring threats and
assessing conservation priorities needs to be appreciated. However, assessment of taxa using Red
List Criteria represents a critical first step in setting priorities for conservation action.

Many taxa assessed under the IUCN Red List Criteria will already be subject to some level of
conservation action. The criteria for the threatened categories are to be applied to a taxon whatever
the level of conservation action affecting it, and any caagi®n measures must be included with

the assessment documentation. It is important to emphasize here that a taxon may require
conservation action even if it is not listed as threatened, and that effectively conserved threatened
taxa may, as their statusproves over time, cease to qualify for listing.

2.5 Documentation

All assessments should be documented. Threatened classifications should state the criteria and
subcriteria that are met. For example, for a taxon listed as Endangered A2cd, the criterion A2
indicates that the taxon has declined by 50% or more in th&Qagears or three generations
(whichever is longer) and the subcriteria indicate that the decline in mature individuals has been
caused by a decline in EOO, AOO, and/or the quality of habitat, as well as exploitation. Clearly
listing the subcriteria prodes the reasoning for placing a taxon in a specific category, and if
necessary, the reasoning can bexamined. No assessment at a threatened category or NT can
be accepted for the IUCN Red List as valid unless at least one criterion and any qualifying
subcriteria are given. If more than one criterion or subcriterion is met for the highest threat
category, then each should be listed. Criteria meeting lower categories of threat should also be
documented in the assessment Rationale. Heaaduation ilicates that the documented criterion

is no longer met, this should not result in automatic reassignment to a lower category of threat
(downlisting). Instead, the taxon should bevaluated against all the criteria to clarify its status.

The factors rgponsible for qualifying the taxon against the criteria, especially where inference,
suspicion and projection are used, should be documented. All data used in a listing must be either
referenced to a publication that is available in the public domagiserbe made available. Full
documentation requirements are given in Annex 3 of the IUCN Red List Categories and Criteria
(Version 3.1) (IUCN 2012b) and ibocumentation Standards and Consistency Checks for [UCN
Red List Assessments and Species Accounwtich is available for download at
https://www.iucnredlist.org/resources/supportinfprmatiorrguidelines.
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3. Data Quality

3.1 Data availability, inference, suspicion, and projection

The IUCN Red List Criteria are intended to be applied to taxa at a global scale. However, it is
very rare for detailed and relevant data to be available across the entire range of a taxon. For this
reason, the Red List Criteria are designed to incorpdfred use of inference, suspicion, and
projection, to allow taxa to be assessed in the absence of complete data. Although the criteria are
guantitative in nature, the absence of higfality data should not deter attempts at applying the
criteria. In addion to the quality and completeness of the data (or lack of), there may be
uncertainty in the dataset itself, which needs to be considered in a Red List assessment. Data
uncertainty is discussed separatelgaation 3.2

The IUCN criteria use the tern@bservedEstimatedProjected Inferred, andSuspectetb refer

to the nature of the evidence (including aspects of data quality) for specific criteria. The relative
order of data quality is Observed > Estimated (past) = Projected (future) > Inferred > Suspected.
Some criteria have specific minimum data gqyakquirements (Table 3.1). For example, criterion

A allows inferred or suspected reduction, whereas criterion C1 allows only estimated declines and
criterion C2 speciés observed, projected, or inferred declines.

Table 3.1. Minimum data quality requirements for criteria A-E. If the data qualifier for the listed parameter
is of lower quality than that specified ("Min. Quality") then the specified criterion is considered not to have
been met, even if the numerical value meets the threshold for that criterion.

Criterio  Parameter Min.

n Quality

A Population reduction suspected

B Area of occupancy (AOO) estimated

B Extent ofoccurrence (EOQO) estimated

Blb, Continuing decline in EOO; AOOQ; area, extent and/or quality o inferred

B2b habitat; number of locations or subpopulations; number of mat
individuals

C,D Number of mature individuals estimated

C1 Estimated continuing decline estimated

C2 Continuing decline in number of mature individuals inferred

C2a(i) Size of largest subpopulation estimated

E Extinction probability estimated

Observed, Estimated, and Projected are similar in terrtieeofuse in the criteria, and therefore

in terms of their effects on a taxon's Red List category; the differences among them are important
for documentation purposes only. The consequential differences are between this group
(Observed/Estimated/Projecteah)d Inferred, and between Inferred and Suspected because these

latter categories of evidence are not permissible for assessing some criteria (Table 3.1).

These terms are defined as follows:

Observed:information that is directly based on welbcumented observations. Examples of
observed information:

Population size based on a census of all known mature individuals of the taxon.
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Population reduction derived from a census of all known mature individuals that took place
three generations ago, and a current census of all known mature individuals.

Continuing decline in the area, extent or quality of habitat derived from a survey of all
known habitat, or from aerial photography of all known habitat.

Continuing decline in the number of mature individuals derived from multiple censuses of
all known mature individuals.

Estimated:information that is based on calculations that may include statistical assumptions about
sampling, or biological assumptions about the relationship between an observed variable
(e.g., an index of abundance) and the variable of interest (e.g., numbeud mdividuals).

For example, transect counts of singing males of a bird species may be used with assumptions
about the overall proportions of mature males these represent and about sex ratios to estimate
the number of mature individuals. The assumgtiosed should be stated and justified in the
documentation. Estimation may also involve interpolation in time to calculate the variable of
interest for a particular time step (e.g., ayEar reduction based on observations or
estimations of populationz@ 5 and 15 years ago). For examples, see discussion under
criterion A.

Additional examples of estimated information:

Number of mature individuals calculated from a sample (cf. complete census) of (i) counts
or density estimates carried out at sample areas across the taxon's range; (ii) an estimate
of the proportion of mature individuals in the population derived fromodeaphic
information for the taxon; and (iii) the total area occupied by the taxon, derived from
surveys sampling across its range.

Population reduction or a continuing decline in the number of mature individuals derived
from the estimated numbers of mature individuals at two or more time points, with or
without extrapolation (segection 4.5.1

Population reduction or a continuing decline in the number of mature individuals derived
from Catch Per Unit Effort data or trade estimates, with a known relationship to the
species6 population size (e.g., ©O.hat CPUE
Continuing decline in the area or extent of habitat derived from reseoiged land cover

data or field surveys.

EOO or AOO calculations that include ‘inferred sites of occurrence’, i.e., sites that are
inferred from presence of known appropriate habitat, information about habitat
requirements and dispersal capability of the taxon, rates and the effects of habitat
destruction and other relevant factors (seetion 4.10.) Because the definition of EOO

and AOO allow for 'inferred sites of occurrence’, EOO and AOO based on such sites are
considered to meet the criterion B data quality requirement for Estimated. However,
inferred sites of occurrence should only be usealimutate the upper bound of the size of
area, such that incorporating inferred sites results in a range of plausible values of EOO
and AOO, which may lead to a range of plausible Red List Categoriese(sem 4.9.

Projected:s ame as fAesti mated?o, but the variabl e o
future, or in space. Projected variables require a discussion of the method of extrapolation
(e.g., justification of the statistical assumptions or the population rosdel) as well as the
extrapolation of current or potential threats into the future, including their rates of change.

Examples of projected information:



Red List Guidelines 22

Population reduction derived from census data extrapolated into the future, either from the
present (criterion A3), or from past and present (criterion A4), using statistical methods or
population models (sexections 4.5.4nd4.5.2.

EOO or AOO calculations that are based on occurrences that include spatially projected
sites of occurrence, i.e., sites that are based on a habitat modedsee 4.10.)

Continuing decline in the area or extent of habitat predicted by a statistical modelof land
cover change that is based on an analysis of pasttaret changes derived from remote
sensed land cover data.

Inferred: information that is in the same general type of units but not a direct measure of the
vari abl e of I nterest (refer to definition
measured in the same general type of units). Examples include populatiofore(izt)
inferred from a change in catch statistics, continuing decline in number of mature individuals

Projected) and Inferred is that Inferred values rely on more assumptions than estimated
values. For example, inferring reduction from catch statistics not only requires statistical
assumptions (e.g., random samg) and biological assumptions (about the relationship of
the harvested section of the population to the total population), but also assumptions about
trends in effort, efficiency, and spatial and temporal distribution of the harvest in relation to
the pgulation. When information replaces these additional assumptions, allowing calculation
of the reduction based on data on trends in effort, efficiency, and distributions, the reduction
can be considered Estimated. Inference may also involve extrapolatiogsanved or
estimated quantity from known subpopulations to calculate the same quantity for other
subpopulations. Whether there are enough data to make such an inference will depend on
how large the known subpopulations are as a proportion of the wbpldation, and the
applicability of the threats and trends observed in the known subpopulations to the rest of the
taxon. The method of extrapolating to unknown subpopulations depends on the criteria and
on the type of data available for the known subjpefpans. Further guidelines are given
under specific criteria (e.g., seection 4.5or extrapolating population reduction for criterion

A assessments).

Additional examples of inferred information:

Number of mature individuals calculated by combining all of the following information:

(i) density estimates based ocounts of individuals carried out at sample areas (not in all
subpopulations), or from a closelglated species with similar ecology and under similar
threats, where they can be plausibly assumed to have similar densities; (ii) an estimate of
the proporton of mature individuals in the population derived from demographic
information for a closelyelated taxon, which can be plausibly assumed to have similar
population structure; and (iii) the total area occupied by the taxon, derived from remote
sensed dat

Population reduction or a continuing decline in the number of mature individuals derived
from numbers of mature individuals at multiple time points inferred from the types of
information listed in the above point, with or without extrapolation $ee¢ion 4.5.1

Population reduction or a continuing decline in the number of mature individuals derived
from trends in catch or trade statistics, with plausible assumptions about change (or lack
of change) in effort and efficiency.

Continuing decline in AOO or EOO based on lamader changes derived from remote
sensed data, or based on evidence of decline in habitat quality.
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Continuing decline in area, extent and/or quality of habitat based oitdsed changes
derived from remotsensed data, or qualitative accounts of habitat loss or degradation.
Continuing decline in the number of mature individuals (for criteria B and C2, but not C1)
based on continuing decline in habitat of a species that is known to be a habitat specialist.

Suspectedinformation that is based on variables in different types of units, for example, %
population reduction based on decline in habitat quality (A2c) or on incidence of a disease
(A2e), or on circumstantial evidence. For example, qualitative informatioraloitahloss
can be used tnfer that there is a qualitative (continuing) decline in area of occupancy,
whereas evidence of the amount of habitat loss can be usesitect population reduction
at a particular rate. In general, a suspectedilatipn reduction can be based on any factor
related to population abundance or distribution, including the effects of (or dependence on)
other taxa, so long as the relevance of these factors can be reasonably supported.

Additional examples of information that could be usesuspect reduction:

Population reduction in the number of mature individuals based on information on trends
in harvest, habitat quality, and sightings (e.g., from a structured elicitation of information
from multiple experts familiar with the taxon).

Population reduction in the number of mature individuals based orctared changes
derived from remotsensed data.

Population reduction in the number of mature individuals based on a report of large
numbers of individuals being hunted, poached or traded, where it is suspected that the level
of exploitation will impact the population size, but there is no quantitatiderece to
support this.

3.2 Uncertainty

The data used to evaluate taxa against the criteria are often obtained with considerable uncertainty.
Uncertainty in the data should not be confus
range or a lack of data for certain parameters. Thoblpm is dealt with irsection 3.1(Data
availability, inference, suspicion and projection). Data uncertainty can arise from any one or all

of the following three factors: natural variability, vagueness in the terms and definitions used in
the criteria (semantic uncertainty), and measurgreeor (Akcakayaet al. 2000). The way in

which uncertainty is handled can have a major influence on the results of an evaluation. Details
of methods recommended for handling uncertainty are given below.

3.2.1 Types of uncertainty

Natural wvariability results from the fact t h;
they live change over time and space. The effect of this variation on the criteria is limited, because
each parameter refers to a specific time or spatiale. However, natural variability can be
problematic, e.g. there is spatial variation in-agmaturity for marine turtles, and a single
estimate for these taxa needs to be calculated to best represent the naturally occurring range of
values. Semantiacertainty arises from vagueness in the definition of terms in the criteria or lack

of consistency in different assessorsoéo usage
the terms used in the criteria exact, in some cases this is not possible the loss of generality.

These guidelines aim to reduce semantic uncertainty by explaining the terms in detail and for
different contexts; and we encourage assessors to highlight remaining areas of semantic
uncertainty. Measurement error is often Mugest source of uncertainty; it arises from the lack

of precise information about the quantities used in the criteria. This may be due to inaccuracies in
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estimating values or a lack of knowledge. Measurement error may be reduced or eliminated by
acquiring additional data (Burgmaet al. 1999, Akcakayaet al 2000). Another source of
measurement error is Oestimation error6, i . €
estimating a quantity (e.g., natural mortality) based on a weak estimation method. This source of
measurement error is not necessaeglyuced by acquiring additional data.

3.2.2 Representing uncertainty

Uncertainty may be represented by specifying a best estimate and a range of plausible values for
a particular quantity. The best estimate can itself be a range, but in any case the best estimate
should always be included in the range of plausible vallies plausible range may be established

using various methods, for example based on confidence or probability intervals, the opinion of a
single expert, or the consensus view of a group of experts. The method used should be stated and
justified in the assasnent documentation.

3.2.3 Dispute tolerance and risk tolerance

When interpreting and using uncertain data, attitudes toward risk and uncertainty are important.
First, assessors need to consider whether they will include the full range of plausible values in
assessments, or whether they will exclude extreme valuascibasideration (known as dispute
tolerance). Perceived uncertainty in the data is reduced when an assessor has a high dispute
tolerance, and thus excludes extreme values from the assessment. On the one hand, it may
sometimes be desirable to exclude the#esre values if these are unrealistic (e.g., the result of
opinions that reflect biases rather than underlying data uncertainty). On the other hand, it is
important that assessments accurately represent the range of uncertainty. We recommend that
dispute dlerance (representing attitude towards uncertainty) is set to a low value, in most cases as
low as 0.0 (including the whole range of possible outcomes).

Second, assessors need to consider whether they have a precautionary or evidentiary attitude to
risk (known as risk tolerance). A precautionary attitude (i.e., low risk tolerance) will classify a
taxon as threatened unless it is highly likely that it is thoeatened, whereas an evidentiary
attitude will classify a taxon as threatened only when there is strong evidence to support a
threatened classification. A method developed for incorporating attitudes towards risk and
uncertainty (Akcakayat al.2000)has been implemented in SIS as well as in RAMAS Red List
(Akcakaya and Root 2007). Because these systems are used by a variety of institutions (e.g., for
national assessments), it is not appropriate to set the values for attitude settings to specific
consants. This is because the attitude settings are subjective, and reflect the assessors' values.
However, for global listings in the IUCN Red List, it is appropriate to use a single risk tolerance
value for all assessments, so that assessments are coregstasttaxa. In particular, for the

IUCN Red List, the risk tolerance value should not depend on factors such as ecological,
evolutionary, economic, societal importance of the species; its chances of recovery; cost of
measures to save it, etc. (suchdastcan be used in prioritization of conservation actions, but not

for redtisting). This institutional setting for the IUCN Red List should reflect the reasons for this
use (determination of global threat status), the overall objective of maintainingtenog of the

| UCN Red List, and | UCN"'s values. I UCN (2001
wide variation in the results of assessments, the range of possible outcomes should be specified.
A single category must be chosen and the basis éotl¢lision should be documented; it should

be both precautionary and credible" and assessors "should resist an evidentiary attitude and adopt
a precautionary but realistic attitude to uncertainty when applying the criteria". A precautionary
but realistic #itude would require a slightly lower than mdlue for the risk tolerance parameter,
perhaps a value in the range from 0.40 to 0.49.
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3.2.4 Dealing with uncertainty

It is recommended that assessors should adopt a precautionary but realistic attitude, and to resist
an evidentiary attitude to uncertainty when applying the criteria (i.e., have low risk tolerance).
This may be achieved by using plausible lower and uppends, rather than only the best
estimates, in determining the quantities used in the criteria. In cases where a statistical method is
used to estimate a quantity, a 90% confidence interval or 90% credible interval may be used to set
the plausible rangefo v al ues. I't is recommended that d&édwo
because this may lead to unrealistically precautionary listings. All attitudes should be explicitly
documented. In situations where the spread of plausible values (after exctxtieme or

unlikely values) qualifies a taxon for two or more categories of threat, the precautionary approach
would recommend that the taxon be listed under the higher (more threatened) category.

In some rare cases, uncertainties may result in twecoogsecutive plausible threat categories.
This may happen, for example, when extent of occurrence (EOQO) or area of occupancy (AOO) is
smaller than the EN threshold and one subcriterion is definitiaely but it is uncertain whether

a second subcriterion is also met. Depending on this, the category can be either EN or NT. In
such cases, the category could be specified as the rangélENthe documentation (giving the
reasons why), and the assessutst choose the most plausible of the categories, of which VU
could be one. This choice depends on the level of precautiosdsten 3.2.8and should be
justified.

Specific guidelines for dealing with uncertainty in assessing taxa with widely distributed or
multiple subpopulations against criterion A are givers@gtion 4.5 This section offers clear
guidance on using uncertain estimates, accounting for uncertainty about the pattern of population
decline and using data with different abundance units.

3.2.5 Documenting uncertainty and interpreting listings

The | evel of uncertainty associated with a p
listing itself, potentially complicating and deluing interpretation of listings. When a plausible

range for each quantity is used to evaluate the criterfange of categories may be obtained,
reflecting the uncertainties in the data. However, only a single category, based on a specific
attitude to uncertainty, will be listed along with the relevant criteria on the IUCN Red List. It is
important to note tt the range of possible categories should also be indicated, along with the
assessorso6 attitudes to uncertainty, i n the
inclusion of information on uncertainty in the documentation, allows users of the Rexttess

to important information that will assist in the interpretation of listings, and inform debates over
particular issues or listings.

3.2.6 Uncertainty and the application of the categories Data Deficient and Near Threatened

The level of uncertainty in the data used for assessments may or may not affect the application of
the categories Data Deficient and Near Threatened. Guidance on the application of these
categories is given igection 10

4. Definitions of Terms Used in the Criteria and their Calculation

The terms used in the IUCN Red List Categories and Criteria must be clearly understood to ensure
that taxa are correctly assessed. The following terms are definediGNeRed List Categories
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and Criteria (version 3.19n pages 1idl3 (IUCN 2001, 2012b). These definitions are reproduced
here, with additional guidelines to assist in their interpretation and calculation.

4.1 Population and population size (criteria A, C and D)

AThe term O6popul ationd is used in a specific
common biological usage. Population is here defined as the total number of individuals of the
taxon. For functional reasons, primarily owing to differertoetsveen life forms, population size

is measured as numbersroture individuals only. In the case of taxa obligately dependent on
other taxa for all or part of their life cycles, biologically appropriate values for the host taxon
should be weleadl?n) (I UCN 2

The definition above means that a "populati@@hsuUCN 2001, 2012b) includes all individuals

(mature and other life stages) that are assigned to the taxon throughout its distribution.
APopul ati ond and APopul ation sizeo0o are, h owe
aspects of the definition of polation size. First, population size is measured only in terms of
mature individuals. Thus, the interpretation of this definition depends critically on an
understanding of the ddeaflismi,t iwhn cdf i dGmagtiureen i:
section 4.3 Second, population size is defined as the total number of mature individuals in all
areas. Even if some of the taxon exists in subpopulations that might be seen as distinct populations

in a general biological sense, for the purposes of the criterimtgh@umber of mature individuals

in all areas (or all subpopulations) is used to measure the "population size" of the taxon.

4.2 Subpopulations (criteria B and C)

ASubpopul ations are defined as geographicall
between which there is little demographic or genetic exchange (typically one successful migrant
i ndividual or gamete per year or |l ess). o (I U

The significance of subpopulations in the criteria relates to the additional risks faced by taxa where
the population is either subdivided into many small spatial units or where most individuals are
concentrated into one such uni@perational methods for determining the number of
subpopulations may vary according to the taxon; in the case of tree species, for example, a
subpopulation can be defined as a spatially distinct segment of the population that experiences
insignificant or eproductively unsuccessful migration (of seed or pollen) from other
subpopulations.

Although subpopulations typically have little demographic or genetic exchange, this may or may
not amount to their complete isolation in this regard. In other words, subpopulations need not be
completely isolated. Even highly mobile species may have mpleilsubpopulations, as high
mobility is not always a guarantee of genetic or demographic connectivity. For example, even if
a species migrates thousands of kilometres annually, if it has very high fidelity to both natal and
breeding sites, there could bsnf dispersers among subpopulations within the breeding range,
making it necessary to recognize multiple subpopulations.

4.3 Mature individuals (criteria A, B, C and D)

AThe number of mature individuals is the num
be capable of reproduction. When estimating this quantity the following points should be borne
in mind:
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Mature individuals that will never produce new recruits should not be counted (e.g., densities
are too low for fertilization).

In the case of populations with biased adult or breeding sex ratios, it is appropriate to use lower
estimates for the number of mature individuals, which take this into account.

Where the population size fluctuates, use a loggtimate. In most cases this will be much

less than the mean.

Reproducing units within a clone should be counted as individuals, except where such units are
unable to survive alone (e.g., corals).

In the case of taxa that naturally lose all ®ubset of mature breeding individuals at some
point in their life cycle, the estimate should be made at the appropriate time, when mature
individuals are available for breeding.

Reintroduced individuals must have produced viable offspring before they are counted as
mature individuals. o (lUCN 2001, 2012b)

4.3.1 Notes on defining mature individuals

This definition of mature individuals differs slightly from that given in version 2.3 of the Red List
Categories and Criteria (IUCN 1994). Some groups have found the more recent definition of
mature individuals to be less conservative and less precid@dea a potential dowifisting of

some taxa (e.g., obligate-operative breeders), even though their extinction risk has not changed.

It must be stressed that the intention of the definition of mature individuals is to allow the estimate
of the number bmature individuals to take account of all the factors that may make a taxon more
vulnerable than might otherwise be expected. The list of points given with the definition is not
exhaustive and should not r es tdividuald, previded theys e s s C
are estimating the number of individuals known, estimated or inferred to be capable of
reproduction. "Reproduction” means production of offspring (not just mating or displaying other
reproductive behaviour). The ability of an ass® to estimate or infer which individuals are
capable of reproduction is paramount and highly contingent on the particular features of the taxon
or group. Juveniles, senescent individuals, suppressed individuals and individuals in
subpopulations whose wdgities are too low for fertilization to occur will never produce new
recruits, and therefore should not be counted as mature individuals. On the other hand, in many
taxa there is a pool of neeproductive (e.g., suppressed) individuals that will quitidgome
reproductive if a mature individual dies. These individuals can be considered to be capable of
reproduction. For example, in social bees and ants there is often just one or a few actually
reproducing females ("queens") at a time, but new such quaere promoted from larvae under
development or from reproductively suppressed workers, if a functional queen were to die. A
possible template for the number of Oomature i
gueens * 10 (an expression tbe number of potential queens that could realistically be produced)

* 2 (the male counterpart). In general, the judgement will be best made by assessors with insight
into the speciesd6 biology.

These considerations also apply to cases of populations with biased adult or breeding sex ratios.
In such cases, it is appropriate to use lower estimates for the number of mature individuals, which
take this into account. An appropriate lower estimatédeipend on whether individuals of the
limiting sex are biologically capable of reproduction. For example, if there are 100 males and 500
females capable of reproduction, then the number of mature individuals would be < 600, perhaps
as small as 200 (=100*& mating is strictly monogamous). However, if these are the number of
actual breeders in some years and there are 400 other males capable of reproduction (but that did
not breed in the year the data were collected), then there would be 1,000 matigtaarsi
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Note that effective population sizBld] cannot be used as an estimate of the number of mature
individuals. One reason is that reproductively suppressed individuals do not contribute to the
calculation ofNe, but, as explained above, they may be counted as mature individuals.

In the case of taxa obligately dependent on other taxa for all or part of their life cycles, biologically
appropriate values of mature individuals for the host taxon might be used. This number may be
much less than the total number of mature individuate@host taxon, because generally other
factors restrict the dependant taxon from utilizing all host individuals.

The number of mature individuals can be estimated using the eqddati&t p, whered is an
estimate of population densitd,is an estimate of area, apds an estimate of the proportion of
individuals that are mature. However, this approach often leads to gross overestimates of number
of mature individuals if the parameters are not set appropriately. Therefore, great care should be
taken when using thiormula to ensure that: (a) the area is appropriately selected ianain
estimate of the averagwer the entiré\ (for example, the estimate will be positively biaseA if

is set to EOO andis based on samples from areas of highest density), apdifbyld be selected

based on knowledge of the taxon (or related taxa) rather than being set to a default value (such as
0.5) because the proportion of mature individuals in a population differs markedly among taxa.
Bounds on the estimate of number of matundividuals can be obtained by placing bounds on
each ofd, A, andp. The value from this approaaevill be anestimatef the values fod, A andp

are all estimates, but should be considered to befarenceif one or more of these values are
based on inference (e.g., if the value fas based on data for individuals from a subset of the
area the taxon is found in rather than a random set of individuals across the area). Estitnates of
(population density) should incorporate the imperfect detection of individuals, ideally using an
estimate of the probability of detection.

4.3.2 Clonal colonial organisms

Clonal colonial organisms include most corals, algae, bryophytes, fungi and some vascular plants.
As opposed to a unitary organism, such as a vertebrate, an insect and many vascular plants, the
growth and development of a clonal (modular) colonial orgaissan iterative process in which
Amodul es0 are added step by step to the exis
organism never ends and it has no final shape, size or age. A modular organism (the genet) can
sometimes exist in a form ofiany parts (ramets), which can become more or less isolated from

each otherConsequentl vy, what constitutes a OOmatu
organism is not always clear. Still, it is in
since Omature individual 6 i s useetdof threalseand cr i t
demographic stochasticity to a smal/l popul at

organisms, it is important to identify entities that are companalmlemographic stochasticity and
extinction proneness to a population of discrete individuals of animals. For some taxa (e.g., reef
forming corals), it may also help to consider what entity typically lives, is injured, and dies as a
unit.

As a general rule, the ramet, i.e., the smallest entity capable of both independent survival and
(sexual or asexual) reproduction should be <c
within a clone should be counted as individuals, except whete wits are unable to survive

alone (IUCN 2012b). For instance, in those cases where the organism appears-in well
distinguishable units, each such unit would be counted as one mature individual. Examples may
be a bryophyte tuft (e.g., @flota) or a discete cushion (e.gBrachytheciuny a lichen thallus
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(e.g.,Pseudocyphellaripor foliose patch (e.gRarmelig, or a coral discrete entity (e.g., a brain
coralDiploria or sun corallubastrea.

If the delimitation of ramets is not obvious, but the species lives in or on a discrete and relatively
small substrate unit limited by a certain resource, e.g. a piece of cow dung, a leaf or a dead tree
branch, each unit colonized by the species shoulcbhated as a single mature individual. In

many other cases, like refefrming corals, cliffgrowing lichens and groungrowing fungi, the

organism grows in large, more or less continuous entities that could be divided into smaller pieces
without obviouslyharming the organism. In principle, the smallest such entity (ramet) that an
organism could be divided into without causing its death or preventing reproduction, should be
counted as one mature individual. Obviously, what such an entity would be is offtenomvn.
Therefore, in such cases, it may be necessar
individual s6. Examples of possible interpret:

For diffuse, wholly visible organisms in continuous habitats (e.gfoeefing corals, algal

mats) assessors may assume an average area occupied by a mature individual and estimate
the number of mature individuals from the area covered by the taxorar@aeovered by

the taxon should be estimated at a scale (grid size; e.§).thanhis as close as practicable to

the area assumed to be occupied by a single mature individual. (However, note that AOO
must still be estimated using the 2x2 km grids.)

For diffuse organisms, not wholly visible, in continuous habitats (e.g., subterranean mycelial
fungi) assessors may assume that each recorded presence separated by a minimum distance
represents an assumed number of individuals. For example, each visgdéffuiting body

may be assumed to represent ten mature individuals, so long as they are separated by at least
10 metres. This kind of assumption is necessary because the size or area of a fungal mycelium
is rarely known.

For diffuse organisms that occur in discrete habitat patches (e.g., fungi living more or less
concealed in dead wood), each patch (trunk or log colonized by the species) doodd

better information existé be counted asi10 mature individuals, depending on the size of
the tree.

In any case, it is recommended that authors of Red List assessments specify the way they have
used O6mature individual 6.

4.3.3 Fishes

In many taxa of marine fish, reproductive potential is commatdgely related to body size.

Since exploitation usually reduces the mean age and size of individuals, assessing declines in
numbers of mature individuals may undstimate the severity of the decline. When evaluating
population decline, this factor sHdwbe kept in mind. One possible method is to estimate decline

in the biomass of mature individuals rather than the number of such individuals when applying
criterion A, where biomass is 6éan index of al

4.3.4 Sexchanging organisms

Many marine taxa have the capacity to change sex as they grow. In such taxa, the sex ratio may
be highly biased towards the smaller sex. The criteria acknowledge that the number of mature
individuals can take biased sex ratios into account, by usingex kstimate for the number of
mature individuals. For seshanging organisms it is also appropriate to consider changes in sex
ratio as an indicator of population perturbation, which may be of additional conservation concern
because the larger sex (alredelys numerous) is often subject to higher harvest mortality. In these
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cases, the number of mature individuals may be estimated by doubling the average number of
individuals of the larger (or less humerous) sex.

4.3.5 Trees

Individual trees that flower without producing viable seeds do not qualify as mature individuals.
For exampleBaillonella toxispermdirst flowers at 5070 years and does not fruit until roughly

20 years later. Converselyequoiadendrogiganteunmay produce seed at less than 20 years of

age and continue to do so for 3,000 years. However, not all trees between these ages may be
mature individuals if the population includes some reproductively suppressed individuals. If little

is known about age dtuiting, mature individuals should be counted as those of a typical
reproductive size; e.g. estimates for canopy taxa should excludeasapy individuals.
Vegetative clones, apomictic taxa and deitilizing taxa may qualify as mature individuals, so

long as they produce viable offspring and their survival is independent of other clones.

Where it is impossible to calculate the number of mature individuals, but information is available
on the total population size, it may be possible to infer the number of mature individuals from the
total population size.

4.4 Generation (criteria A, C1 and E)

AGeneration |l ength is the average age of par
in the population). Generation length therefore reflects the turnover rate of breeding individuals

in a population. Generation length is greater than thefyst breeding and less than the age of

the oldest breeding individual, except in taxa that breed only once. Where generation length varies
under threat, such as the exploitation of fishes, the more natural, idisppidance, generation
lengthshodl be used. o6 (I UCN 2001, 2012hb)

In general, timébased 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. The current definition
of generation length has been widely misunderstood, amnd #re difficulties when dealing with

very longlived taxa, with taxa having agelated variation in fecundity and mortality, with
variation in generation length under harvesting, with environmental changes and variation
between the sexes. Some of thiéedént acceptable methods for estimating generation length are
included here.

It is also appropriate to extrapolate information such as a generation length from closely related
well-known taxa and to apply it to lesdarown and potentially threatened taxa (e.g., Birdl.
2020).

Formally, there are several definitions of generation length, including the one given above; mean
age at which a cohort of newborns produce offspring; age at which 50% total reproductive output
is achieved; mean age of parents in a population at the sigldistribution; and time required

for the population to increase by the replacement rate. All of these definitions of generation length
require ageand sexspecific information on survival and fecundity, and are best calculated from

a life table (e.g.pption 1 below). Depending on the taxon concerned, other methods may provide

a good approximation (e.g., options 2 and 3). Care should be taken to avoid estimates that may
bias the generation length estimate in a-pgectautionary way, usually by undegimating it.
Generation length may be estimated in a number of ways:
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1. The average age of parents in the population, based equlagon

G = lexmx /lemx

where the summations are from agje(to the last age of reproduction;is (proportional

to) the fecundity at agex; and Ix is survivorship up to agex
(i.e.,Ix=S- S -+ ScawhereSis annual survival rate, amg=1 bydefinition). This formula

is implemented in an associated spreadsheet file (see below). To use this formula, follow
the instructions in the file, noting the exact definitions of the parameters required.

2. 1/adult mortality + age of first reproduction. This approximation is useful if annual
mortality after the age of first reproduction is well known, and if mortality and fecundity
do not change with age after the age of first reproduction (i.e., theressnescence).

Many species exhibit senescence, with mortality increasing and fecundity decreasing with
age; for these species, this formula will overestimate generation length (in such cases, use
the spreadsheet mentioned above). For age of first reprmduase the age at which
individuals first produce offspring in the wild (which may be later than when they are
biologically capable of reproducing), averaged over all reproducing individuals. If first
reproduction (production of offspring) typically oegsuby 12 months, use 0, not 1; if it
occurs between 12 and 24 months, use 1, etc. (See below for further discussion on
definition of "age").

3. Age of first reproduction +Z * (length of the reproductive period) ], whers a number
between 0 and Iz is usually <0.5, depending on survivorship and the relative fecundity
of young vs. old individuals in the population. For example, for mammals, two studies
estimatedz= 0.29 andz=0.284 (Pacificiet al. 2013, Keithet al. 2015). For age of first
reproduction, see (2) above. This approximation is useful when ages of first and last
reproduction are the only available data, but finding the correct valumay be tricky.

In general, for a given length of reproductive period,lower for higher mortality during
reproductive years and it is higher for relative fecundity skewed towards older age classes.
To see how generation length is affected by deviation from these assumptions, you can use
the spreadsheet mentioned aboveteNbat the length of the reproductive period depends

on longevity in the wild, which is not a walefined demographic parameter because its
estimate often depends very sensitively on sample size.

4. Generation length (as well as age of first reproduction for (2) and (3) above) should be
calculated over all reproducing individuals. If the estimate of generation length differs
between males and females it should be calculated as a weighted averagbe with
weighting equal to the relative frequency of reproducing individuals of the two sexes.
However, if the two sexes are impacted differentially by some threat, this should be taken
into account and prdisturbance generation length should be used fdr fates before
calculating the weighted average (see below for further discussion ahsprébance
generation length).

5. For patrtially clonal taxa, generation length should be averaged over asexually and sexually
reproducing individuals in the population, weighted according to their relative frequency.

6. For plants with seed banks, use juvenile period + either thdifeatif seeds in the seed
bank or the median time to germination, whichever is known more precisely. Seed bank
half-lives commonly range between <1 and 10 years. If using the spreadshsetHor
species, enter seed bank as one or several separate age classes, depending on the mean
residence time in the seed bank.
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The formula given in option 1 is implemented in the workbook (spreadsheet)
file  Generation Length Workbook.xls which is available
https://www.iucnredlist.org/resources/generatiemgth-calculator This
workbook is also useful for exploring the effects of various assumptions in
options 2 and 3 on the calculated generation length.

The correct use of the methods described above requires that "age" is defined in a specific way.
The definition affects, for instance, the age of first reproduction for equations in (2) and (3) above,
as well as fecundityH) as a function of age for the equation in (1) and in the spreadsheet. For
purposes of these methods, an individual is-ye@rs old until its first birthday. For species with

a distinct reproductive season (e.g., many species in temperate reg({O)s3$, the number of
offspring produced per individual in the reproductive season that is after the one in which the
individual was born, regardless of how age is reckoned. In general (including other types of life
histories, such as species with no specdr a much longer, "reproductive seasof(f) is the
number of offspring produced per individual in its first 12 months. If an alternate definition is
used, the formulae need to be modified to reflect the definition. For example, if age is defined
such that age of first reproduction is 1 (not 2evben the first reproduction occurs by 12 months,
then the formula in (2) should be "1/adult mortality + age of first reproduttidn(see Birdet

al. 2020 for an example of the application of this formulation).

Options 2 and 3 are still appropriate if the interbirth interval is more than one year; a more precise
calculation can be made in this case by using the spreadsheet (see above), and for each age class
averaging fecundity over all individuals (or femalesjhat age class (regardless of whether they
actually reproduced at that age). The turnover rate mentioned in the definition is not directly
related to the interbirth interval; it reflects the average time it takes one group of reproducing
individuals to ke replaced by its progeny.

It is not necessary to calculate an average or typical generation length if some subpopulations of
the taxon differ in terms of generation length. Instead, use each subpopulation's generation length
to calculate the reduction over the appropriate numbeyeogrations, and then calculate the
overall population reduction (for criterion A) or overall estimated continuing decline (for criterion
C1) using a weighted average of the reductions calculated for each subpopulation, where the
weight is the size of theubpopulation three generations ago (see detailed explanation and
examples irsection 4.5.3

The reason IUCN (2001, 2012b) requires using-tpsturbance” generation length #xploited
populations is to avoid a shifting baseline effect. This would arise because using current, shorter
generation length (under disturbance, such as harvest) may result in a lower threat category
(because a shorter period is used to calculate thection), which may lead to further harvest.
Thus, using generation length under harvest would represent a case of shifting baseline based on
a change caused by human impacts. Harvest mortality shifts the age structure and the survival
rates, and in someases (e.g., some terrestrial mammals) harvest of older individuals allows
younger individuals, whose reproduction had been suppressed by the older individuals, to
reproduce. In addition, in many cases, the reduction in generation length is a demographic
response (rather than a genetic response) resulting from overexploitation; this may result in
reduced behedging (riskspreading) capacity and a lower, more variable population growth rate,
which then increases the probability of extinction. Even in cabesanhe response has a genetic
basis, it represents an artificial selection that would still lead to the shifting baseline described
above.


http://cmsdocs.s3.amazonaws.com/keydocuments/Generation_Length_Workbook.xls
https://www.iucnredlist.org/resources/generation-length-calculator
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4.5 Reduction (criterion A)

AA reduction is a decline in the number of m
under the criterion over the time period (years) specified, although the decline need not be
continuing. A reduction should not be interpreted as part ofctuition unless there is good
evidence for this. The downward phase of a f
(IUCN 2001, 2012b)

In the subsections below, various approaches to calculating population reduction are discussed,
including statistical methodst.6.1) and population modelst5.2. Main issues involved in
calculating population reduction using statistical methods include the patterns of decline, and the
methods of extrapolation based on these patterns. Finally, methods for combining information
from multiple regions or subpopulatis to calculate the reduction for the taxon are discussed
(4.5.3. The methods discussed in these sections also apply to calculating estimated continuing
decline 4.6), except that the time period for calculating estimated continuing decline depends on
the category (e.g., for CR, the longer of 1 generation or 3 years).

Many of the calculations discussed in the sections below are implemented in the
workbook (spreadsheet) fiferiterionA Workbook.xls , which is available at
https://www.iucnredlist.org/resources/criterian Make sure to check all the tabs
in the file.

4.5.1 Calculating population reduction using statistical methods

Statistical models can be used to extrapolate population trends so that a reduction of three
generations can be calculated. The model to be fitted should be based on the pattern of decline
(which may be exponential, linear, accelerated, or a more comgtkexrp, which may be inferred

from the type of threat. The assumed pattern of decline can make an important difference.
Assessors should indicate the basis on which they have decided the form of the decline function.
The best information about the proe&sshat contribute to changes in population size should be
used to decide what form of decline function to apply over the -tfgmeration period.
Specifically, if a model is fitted, the assumptions of the model must be justified by characteristics
of life history, habitat biology, pattern of exploitation or other threatening processes, etc. For
example:

(1) If a taxon is threatened by exploitation, and the hunting mortality (proportion of
individuals taken) does not change as the population size declines, then the population is
likely to be declining exponentially, and this model should be fitted.

(2) A linear model is appropriate when the number of individuals removed from the
population on an annual basis (rather than their proportion to the total population) remains
the same as the population changes. For example, if a taxon is threatened vaitihosabit
and a similar sized area of habitat is lost every year, this could lead to a linear decline in
the number of individuals.

(3) A model with an accelerating decline rate is appropriate if the threat processes have
increased in severity over time and these are affecting the population in an increasingly
severe manner.

(4) No model need be fitted in cases where there are only two estimates of population size (at
the start and end of the time period specified in the critérilje reduction can be
calculated from these two points.


http://cmsdocs.s3.amazonaws.com/keydocuments/CriterionA_Workbook.xls
https://www.iucnredlist.org/resources/criterion-a
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The population data from which a reduction can be calculated are likely to be variable, and it may
not be obvious how a reduction should best be calculated. Depending on the shape of the data, a
linear or exponential model may be fitted (seetion 4.5.%, and the start and end points of the
fitted line used to calculate the reduction. Fitting a model in this way helps to eliminate some of
the variability in the data that may be attributable to natural fluctuations, which should not be
included. Fitting a time series longer than three generations or 10 years (as applicable) may give
a more representative estimate of the lergn population redttion, especially if populations
fluctuate widely, or oscillate with periods longer than the generation time (FRbrakzt2012).
However, regardless of the length of the time series fitted, the reduction should be calculated for
the most recent three generations or 10 years, as applicable (Akedkalya021).Figure 4.1

shows an example where the thgameration period is from 1920 to 2000, but data are available
from 1900. The relationship between the number of mature individuals and time is based on all
the data (dashed line) but the reduction is calculated over }@20s0 2000.
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Figure 4.1. Example of using data for more than three generations (1900 to 2000) to estimate a reduction
over the period 1920 to 2000.

Here, we briefly discuss various assumptions, and where they might be applicable. Consider a
species with a 2§ear generatiotime andsuppose population size was estimated as 20,000 in
1961 and 14,000 in 1981 (these are shown as square markers in the graphs below). To calculate
past reduction, we need to extrapolate back in time to 1941 and forward to 2001.

The simplest assumptions are those that involve no change in early or late years. For example, if
it is assumed that decline did not start until the early 1960s, the reduction can be based on the
initial population of 20,000. If it can be assumed thatigwine stopped before 1981, then 14,000

can be used as the current population sizgufe 4.2% resulting in a 30% reduction (1
(14,000/20,000)). However, it is necessary to make an assumption about the pattern of decline if
some decline is suspected to have occurred outside this period. The documentation should include
a rationale for the assumedttern of decline.

Exponential decline

Exponential decline can be assumed in cases where the proportional rate of decline of the
population is believed to be constant. For example, an exponential decline can be assumed if the
taxon is threatened by exploitation, and the hunting mortality @otiop of individuals taken)
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does not change as the population size declines. For the case where there are estimates of
population size, the reduction is calculated using the equations:

Reduction = 1 (Observed Changgsenerations /Observed Period)

where AObserved Changeo is the ratio of the
thiscaseN(1981)N( 1961) ), and fAObserved Periodo is t
last observation years. For exampleFigure 4.2hthe Observed Change is 14,000/20,000 and
the Observed Period is 20 years. Thus, thgeg reduction is 65.7% [£{14,000/20,000§%2).

The annual rate of change is calculated as:

Annual Change = (Observed Charitjgjjserved Period)

For this case, the annual rate of change is 0.9823, which suggests about 1.8% annual rate of
decline. The population size three generations ago can be estimated as 28,571
[=20,000/0.9823"20], and the current population as 9,800 [=14,000*0.9823420}d 4.20.

The worksheet HAEXpPONenNnt CraelionAl Warkbaookdsomemtionedt h e s
above can be used to calculate reductions.
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Figure 4.2. Examples of calculating past population reduction, for an assessment made in 2001 of a
species with a generation length of 20 years. Population size was estimated as 20,000 in 1961 and 14,000
in 1981; extrapolations were made because past reduction is to be calculated over the last three
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generations, from 1941 to 2001. Calculations assume: (a) no change from 1941 to 1961 and from 1981 to
2001, (b) exponential change between 1941 and 2001, (c) linear decline between 1941 and 2001, and (d)
accelerated decline from 1941 to 2001.

Linear decline

In some cases, the number of individuals removed from the population (rather than their
proportion to the total population) may remain constant. For example, if a species is threatened
with habitat loss, and a similar sized area of habitat is lost eeany this could lead to a linear
decline in the number of individuals. Note that this means that the rate of decline is increasing
every year, because the same amount of habitat is lost out of a decreasing amount of remaining
habitat. So, we cannot calculate a single rate of decline (as a percentage or proportion of
population size), as we did in the exponential case. Instead, we can calculate annual reduction in
units of the number of individuals:

Annual Reduction in N= (First N Second N)/(Observed Period)

where "First N" is the population size observed at the start of the observed period, and "Second
N" is the population size observed at the end. For the example, the annual reduction is 300
individuals((20,00014,000)/20). Now, we need to calculate the population sizes at the start and
end of the 3yeneration period. To do this, we first calculate:

Abundancel = First N + (Annual Reduction * Periodl)
Abundance2 = larger of zero or: Seconid (fAnnual Reduction * Period2)

where Abundancel is the calculated population size at the start ofggreesation period and
Abundance? is the calculated population size at the end ofdbedtation period. Abundancel

and Abundance?2 are calculated from the calculated annual reducti@iure numbers, the two
population sizes and the number of years between when the population sizes were obtained.
Period1 is the difference in the number of years between the start efjimefation period and

the year for which the first populaticgize observation is available (1941 and 1961 for the
example) and Period2 is the difference in the number of years between the endgdrikresBion

period and the year for which the second population size observation is available (1981 and 2001
for the example). Finally, we calculate theg&neration proportional (percentage) reduction as
follows:

Reduction = (AbundancélAbundance?2) / Abundancel

For the example, the annual reduction is 300 individuals per year so the number of individuals in
1941 and 2001 would be 26,000 [20,000+(300*20)] and 8,000 [14(B00*20)] respectively

(triangle markers ifrigure 4.2¢, giving a 3generation reduction about 69.2%. In this case,

the rate of decline is only 23% for th& deneration, but increases to 43% for tffeg@neration.

The wor ksheet #@ALi ne arCritdriemAl Worklsook.xls mentiohee absve r e a d
can be used to calculate reductions.

Accelerated decline

Although a linear decline in the number of individuals means that the rate of decline is increasing,
this increase can be even faster, leading to an accelerated decline in the number of individuals.
This may happen when the exploitation level increasass,ekample when the number of
individuals killed is larger every year because of increasing human population, or improving
harvest efficiency.
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To extrapolate under an assumption of accelerated decline, it is necessary to know or guess how
the rate of decline has changed. For instance, in the above example, the obsmwerhtlon

decline (from 1961 to 1981) is 30%. One assumption might béhihaate of decline doubled in

each generation, from 15% in th& generation to 30% in the"and 60% in the '3 This
assumption would lead to population size estimates of 23,529 for 1941 (20;0008)) and

5,600 for 2001 (14,000*{D.6)), giving a3-generation past reduction of about 762%g(re 4.29l.

Of course, different assumptions about how the rates of decline may have changed in the past will
give different results.

The same approach can be used to make the calculation based on an assumnigtelerating
decline.

Complex patterns of decline

It is possible to assume different patterns of decline for different periods. For example, decline
can be assumed to be zero until the first observation, and then exponential. This would give a
population of 20,000 for 1941 and 9,800 for 2001, givingraggeneration past reduction of
about 51%.

The examples irFigure 4.2were based on two values for the number of individuals. When
multiple estimates of population size are available the data need to be smoothed, using for example
regressionKigure 4.). When applying regression, it is important to check that the fitted line goes
through the data well. For examplgure 4.3shows a case where a linear model is not an
adequate fit to the data. In this case a past reduction could be calculated as the ratio of the average
population size for the last 8 years (10,329) to that for the years before overexploitation occurred
(19,8%). The reduction would be 48%i(10,329/19,885)).
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Figure 4.3. An example of calculating past reduction for a population that is initially stable but then subject
to overexploitation followed by recovery. Reduction is based on the average population sizes of the last
few years and the years before overexploitation occurred.

Calculating reductions by the ratio of the average population size at the start @fe¢herdtion
period to the average population size at the end of -then8ration period is appropriate when
there is evidence for change in trend (e.g., due to chamgleeatening processes). In contrast,
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regression (linear or exponential) should be used to calculate reductions if there is no such
evidence or the population size estimates are very imprecise.

Finally, when there is no basis for deciding among various patterns of decline, the rate of decline
can be specified as an uncertain number, based on the declines predicted by the different patterns.
For example, in the set of four example&igure 4.2above, the rate of decline can be expressed

as the interval 669%69%, if both exponential and linear patterns of decline are considered
plausible, or as the interval 30%6%, if all four possibilities discussed are considered plausible.

4.5.2 Calculating population reduction using population models

Past and future population reduction can be calculated using population models, provided that: (i)
the model meets the requirements outlinegdation Y("Guidelines for Applying Criterion E"),

(i) the effects of future levels of threat are included in the population model, represented as
changes in model parameters, and (iii) the model outputs are not inconsistent with expected
changes in any estimated inferred current or recent rates of decline. When using a population
model to project a reduction under criterion A3, the median or mean of the projections for a range
of plausible scenarios should be used to calculate a best estimate of the magthigeogected
reduction. Assessments may be based on the best estimate, lower or upper bound but, for reasons
of transparency, assessors must justify the rationale for their choice if a value other than the best
estimate is used. The projected variapititay be used to quantify uncertainty. For example, upper
and lower quartiles of the projected magnitude of the future reduction (i.e., reductions with 25%
and 75% probability) may be considered to represent a plausible range of projected reduction, and
used to incorporate uncertainty in the assessment, as described in s8@iand 4.5.3 The

bounds on the plausible range should incorporate uncertainty about the model used for projection,
as well as measurement error; or a justification of the model structure, and why it is the most
appropriate in the face of model uncertainty, shoulgrbgided.

4.5.3 Taxa with widely distributed or multiple subpopulations

This section addresses the issues related to the presentation and use of information from
subpopulations (or from parts of the range) of a widely distributed taxon, in assessing the taxon
against criterion A. For such taxa, it is recommended that thialleadlata on past reduction be
presented in a table that lists all known subpopulations (or parts of the range), and gives at least
two of the following three values for each subpopulation:

1. the estimated population size at a point in time close to three generatibnsrabthe year
of this estimate;

2. the most recent estimated population size and its year; and
3. estimated, suspected or inferred reduction (in %) over the last three generations.

If there are estimates of abundance for years otia@r those reported in (1) or (2), these should

also be reported in separate columns of the same table. Any qualitative information about past
trends for each subpopulation should be summarized in a separate column, as well as quantities
calculated basedn the presented data (see examples below). Population sizes and reductions
should be estimated separately for each subpopulation using the methods described above, taking
into account that different subpopulations may exhibit different patterns of decline

! The criteria are defined in terms of the maximum of 10 years or three generations. However, for clarity of
presentation, reference is only made in this section



Red List Guidelines 39

There are three important requirements:

(a) The values should be based on estimates or indices of the number of mature individuals.
If the values are based on indices, a note should be included that explains how the index
values are expected telate to the number of mature individuals, and what assumptions
are necessary for this relationship to hold.

(b) The subpopulations should be roverlapping. This does not mean that there is no or
infrequent dispersal among subpopulations. The point of this requirement is to avoid
doublecounting as much as possible.

(c) Together, the subpopulations should include all of the taxon. If this is not possible, a
Aisubpopul aRemaindérshould meudie an estimate of the total number of
mature individuals not included in the listed subpopulations. This estimate, like others, can
be uncertain (see below).

If these requirements cannot be met, the taxon cannot be assessed under criterion A.

In this section, we refer to subpopulations, but the discussion applies to any type- of non
overl apping subunits of the taxon, such as p
Estimating overall reductigrwe discuss the basic methods of using the data table outlined above

for assessing a taxon under criterion A. In many cases, there will be uncertainty, because the
population sizes are not known precisely, are in different units for different subpopsilati@re

available only from one or¥esubpopulations. These cases will be discussed later, in a subsection

on Dealing with uncertainty.

4.5.4 Estimating overall reduction

To assess a taxon against criterion A, it is necessary to estimate the overall reduction over three
generations or 10 years. All available data should be used to calculate a reduction as an average
over all subpopulations, weighted by the estimated dizaah subpopulation at the beginning of

the period. Inferences regarding reductions should not be based on information for any single
subpopulation (whether it is the fastest declining, most stable, largest or srallest)

The recommended methods for estimating reduction are explained below by a series of examples.
All examples are for calculating past reduction for a taxon with a generation length of 20 years,
assessed in 2001 (i .e., f dlrandt'three generationaag@' ise s
1941). All examples of this section are based on data with the same units for all subpopulations;
the issue of different units is discussed in the next subseCiealifg with uncertainty

The worksheet AMul ti pl eCritedognAl Warkbook.xiss(raentiomed t h e s
at the start afection 4.5can be used to calculate reductions using data from multiple populations.

Example 1: Estimates are available for past (three generations ago) and current population sizes.

Subpopulation Past Present

Pacific Ocean

10,000 (1941)

5,000 (2001)

Atlantic Ocean

8,000 (1941)

9,000 (2001)

Indian Ocean

12,000 (1941)

2,000 (2001)

Overall

30,000 (1941)

16,000 (2001)

Howeve Dealing with undertainty

bel ow

for

a discussion

of exceptior
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In this (simplest) case, all past population sizes are added up (30,000) and all present population
sizes are added up (16,000), giving an overall reduction of 4g8304.6)/30]. Note that the
changes in individual subpopulations are 50% reduction, 12.5% increase and 83.3% reduction.
An average of these numbers, weighted by the initial population sizes, gives the same answer [(
0.5*10+0.125*80.833*12)/30].

Example 2: Estimates are available for various past population sizes.

Subpopulation Past Present Notes
Pacific Ocean 10,000 (1930s) | 7,000 most of the decline in the last 20 yr
(1995)
Atlantic Ocean 8,000 (1975) believed to have been stable
Indian Ocean 10,000 (1961) 4,000
(1981)
I n this case, the Apasto and fApresento popul
subpopulations. Thus, it is necessary to calculate reduction for each subpopulation in the same
time period. Foexamplej t i s necessary to project the poryg

1930s) to 1941 (three generations ago) as well as from the most recent census (in 1995) to the
present.

These calculations depend on the pattern of declinesgsg®mn 4.5.). Any information about

past trends can be valwuable in making such p
instance, given that most of the decline in the "Pacific Ocean" subpopulation has occurred in recent
years, the estimate in the 1930s &8 assumed to also represent the population in 1941 (three
generations ago). However, in this case, it is necessary to make a projection from the most recent
estimate (in 1995) to 2001. If the estimated decline from 10,000 to 7,000 occurred in 20 years,
then assuming a constant rate of decline during this period, annual rate of decline can be calculated
as 1.77% [4(7,000/10,000¥?%], giving a projected reduction of about 10.1% in the six years

from the last census (in 1995) to 2001, and a projected 2001 population of 6,290
(=7,000%(7,000/10,008%2%). This means a thregeneration reduction of 37% (10,000 to 6,290).

When there is no evidence that the rate of decline is changing, exponential decline can be assumed.
For example, for the fl n-gearaaductOr fom 691 tc 19&lpso p u |
60% per generation; corresponding to 4.48% per y€a0448=¢,000/10,000§?°-1]. Thus,
threegeneration decline can be estimated as 93:6%36=(4,000/10,006f/2°L1].

The AAtl antic Oceano subpopulation has been s
the threeestimates, the weighted average of reduction for the taxon is estimated as-63% [(
0.37*10+0*80.936*25)/43]. Note that it is incorrect to calculate a simple (unweighted) average

of the 3generation reduction amounts of the different subpopulations. Asanedtabove,
reductions of the different subpopulations must be weighted by their initial population sizes (i.e.,

for A1 and A2, the population size 3 generations ago).

When such calculations are used in estimating the overall reduction, the calculated reductions and
calculated subpopulation sizes should be given in different columns of the table than those that
are used for the data (see completed table below).



Red List Guidelines 41

Subpop. | Past Present Notes Population | Current Estimated 3
3 gen. ago| population | generation
(calc*.) (calc*.) reduction

Pacific 10,000 | 7,000 Most of the decling 10,000 6,290 37.1%

Ocean (1930s) | (1995) in the last 20yr

Atlantic | 8,000 Believed to haveg 8,000 8,000 0%

Ocean (1975) been stable

Indian 10,000 | 4,000 25,000 1,600 93.6%

Ocean (1961) | (1981)

Overall 43,000 15,890 63.0%

*calc: calculated based on information in the previous columns

Example 3: Estimates are available for various past population sizes for some subpopulations
only.

Subpopulation Past Present Reduction Notes

Pacific Ocean unknown 5,000 (1990) | 50% suspected reduction over 3 generatio
Atlantic Ocean 8,000 (1955) | 9,000 (1998)

Indian Ocean unknown 2,000 (1980) | 70% inferred reduction over 3 generations

In this case, for some regions, there ismiormation about the past subpopulation size, but there

is a suspected or inferred reduction. In this case, such suspected or inferred values must be
averaged, weighted by the population size three generations ago. Since this number is not known,
it mustbe projected using the present estimates and the inferred or suspected reduction amount,
using the methods discussed under Example 2. Assuming exponential decline or growth, the table
is completed as follows.

Subpop. | Past Present Reduction Population 3| Current 3-generation change
gen. ago| population
(calc.) (calc.)
Pacific ? 5,000 50% 8,807 4,403 50% suspected
Ocean (1990) (suspected) reduction
Atlantic | 8,000 9,000 7,699 9,074 17.9% estimated
Ocean (1955) | (1998) increase
Indian ? 2,000 70% 4,374 1,317 70% inferred reduction
Ocean (1980) (inferred)
Overall 20,880 14,789 29.2% reduction

aAnnual proportional population change is 0.9885 {8(3)*6%], which is a 1.15% decrease per year. Population
change from 1941 until the censusli@90 is 0.5678 [=0.9885%1%41). Thus, population size in 1941 is 8,807
(5,000/0.5678). Population change from the census in 1990 to 2001 is 0.8807 [<6P988%. Thus, population

size in 2001 is 4,403 (5,000*0.8807).

bPopulation change from 1955 to 1998 is 1.125 (=9,000/8,000; 12.5% increase). Thus, annual change is 1.00274, or
0.27% increase per year [=1.145%195]  Pgpulation size in 1941 is 7,699 [=8,000/1.00%7#94Y]. Population

size in 2001 is 9,074 [=9,000%1.0024704+1998)

¢ Annual population change is 0.9801 [={T7)*6%]. Population change from 1941 until the census in 1980 is 0.4572
[=0.980119801941) - Thys, population size in 1941 is 4,374 (2,000/0.4572). Population change from the census in
1980 to 2001 is 0.6561 [=0.988P*1%8%. Thus, population size in 2001 is 1,312 (2,000*0.6561).

Example 4: Multiple estimates are available for various past population sizes.

Subpopulation Past1 Past2 Past3 Present

Pacific Ocean 10,000 (1935) 10,200(1956) 8,000 (1977) | 5,000 (1994)
Atlantic Ocean 8,000 (1955) 9,000 (1998)
Indian Ocean 13,000 (1946) 9,000 (1953) 5,000 (1965) | 3,500 (1980)
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I n this case, as in example 2, the fApasto an
sameyear for all subpopulations. However, there are estimates for additional years, which provide
information for making projections. For example, for the "Pacific Ocean" subpopulation, the
annual rate of change has changed from a 0.09% increase in theriost (1935 to 1956) to a

1.15% decrease in the second and a 2.73% decrease in the third period, suggesting an accelerated
decline. One option is to assume that the final rate of decline will apply from 1994 to 2001 as well.
Another option is to perform monlinear regression. For example, ¥ #egree polynomial
regression on the natural logarithms of the four population estimates predicts population size as
exp(-1328+1.378-0.0003524), wheret is year from 1935 to 2001. This equation gives a 1941
population of 10,389 and a 2001 population of 3,942, which correspond to a 62% reduction. The
"Indian Ocean" subpopulation shows a different pattern; the annual rate of decline decelerates
from 5.12% n the first period to 4.78% in the second and 2.35% irhiné period. The same
regression method predicts population sizeexg2881-2.887%+0.000725%), giving a 1941
subpopulation of 18,481 and a 2001 subpopulation of 3,538, which correspond to a 80.9% decline
(thus, the regression has predicted a slight increase from 1980 to 2001). The completed table is
below.

Subpop. | Pastl Past2 | Past3 | Present Population 3| Current Estimated 3
(closest to| gen. ago| population | generation change
2001) (1941; calc.)| (2001; calc.)

Pacific 10,000 | 10,200 | 8,000 | 5,000 10,389 3,942 62.1% reduction

Ocean (1935) | (1956) | (1977) | (1994)

Atlantic | 8,000 9,000 7,699 9,074 17.9% increase

Ocean (1955) (1998)

Indian 13,000 | 9,000 | 5,000 | 3,500 18,481 3,538 80.9% reduction

Ocean (1946) | (1953) | (1965) | (1980)

Overall 36,569 16,554 54.7% reduction

4.5.5 Dealing with uncertainty

In many cases, data from some or even most of the subpopulations (or regions) will be unavailable
or uncertain. Even for taxa with very uncertain data, we recommend that the available data be
organized in the same way as described alf#se&tion 4.5. Hiscusses how to calculate population
sizes for the present and three generations ago.

Using uncertain estimates

Uncertain values can be entered as plausible and realistic ranges (intervals). In specifying
uncertainty, it is important to separate natural (temporal or spatial) variability from uncertainty
due to lack of information. Because criterion A refers to @ipeeriod, temporal variability
should not contribute to uncertainty. In other words, the uncertainty you specify should not include
yearto-year variation. Criterion A refers to the overall reduction of the taxon, so spatial variability
should not cotribute to uncertainty. For example, if the reduction in different subpopulations
ranges from 10% to 80%, this range ([10,80]%) should not be used to represent uncertainty.
Instead, the estimated reduction in different subpopulations should be averagestrised
above.

This leaves uncertainty due to lack of information, which can be specified by entering each
estimate as an interval, as in the following table.
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Subpopulation Past Present

Pacific Ocean 8,000- 10,000 (1941) 4,000- 6,000 (2001)
Atlantic Ocean 7,000- 8,000 (1941) 8,000- 10,000(2001)
Indian Ocean 10,000- 15,000 (1941) 1,500- 2,500 (2001)

In this case, a simple approach is to calculate the minimum and maximum estimates for the
reduction in each subpopulation using the lower and upper estimBtesexample, for the
APaci fic Oceano subpopul ati on, the mini mum r
8,000 to 6,000 (25%) and the maximum reduction can be estimated as 60% (from 10,000 to 4,000).

| f fAbesto esti mat es iofh gzes ae alsotavaitable] they caa Beeusetl top 0 p
estimate the best estimate for reduction. Otherwise, the best estimate for reduction can be
estimated as 44% (9,000 to 5,000), using the midpoints of the intervals for the past and the present
population szes.

If similar uncertainty exists for all subpopulations (as in this example), a simple approach is to
add all lower and all upper bounds of estimates. In this case, the total population size would be
25,000 33,000 in the past and 13,50®,500 in the presenritlsing the same approach as outlined
above, the best estimate of reduction can be calculated as 45% (29,000 to 16,000), with plausible
range of reductions from 26% (from 25,000 to 18,500) to 59% (from 33,000 to 13,500).

An alternative method is to useoeobabilistic (Monte Carlo) approach. If the uncertainty of past
and present population sizes are given as probability distributions, and the correlation between
these distributions are known, then the probability distribution for the reduction carhlateal

by randomly selecting a pair of past and present population sizes (using the given distributions),
calculating the reduction based on this pair, and repeating this with hundreds (or thousands) of
randomly selected pairs.

Using data with different units

The examples discussed above assumed that the population data were in the same units (number
of mature individuals). In some cases, data from different populations may be in different units
(such as CPUE or other indices). In such cases, it is recomdiada separate table be prepared

for each data type. If the past and current population sizes are in the same units for any
subpopulation, they can be used to calculate (perhaps with extrapolation as discussed above) the
reduction for that subpopulatio Such a calculation assumes that the index is linearly related to

the number of mature individuals. The assessment should discuss the validity of this assumption,
and make the necessary transformation (of the index to one that linearly relatesutmblee of

mature individuals) before reduction is calculated (also see requirement (a) at the start of this
section).

It is also important that an effort be made to combine the tables by converting all units to a
common one. This is because inscessary to know the relative sizes of the subpopulations to
combine the reduction estimates, unless the subpopulations are known to be similar sizes or have
declined by similar percentages. If the percent reduction is similar (within one or two pegcentag
points) for different subpopulations, their relative sizes will not play an important role, and a
simple (arithmetic) average can be used instead of a weighted average. If population sizes were
known to be similar three generations ago (e.g., the sshalldpopulation was not any smaller

than, say, 90% of the largest), again a simple average can be used.

3 This is the method used in RAMAS Red List to calculate reduction based on abundances, when you click the
ACal cul ated button in the Value editor window for pas!
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If population sizes and reduction amounts differ among subpopulations, then reductions (in
percent) based on different units can be combined only if the relative sizes of the subpopulations
can be estimated. However, this need not be a very precise tialfcuRanges (intervals) can be

used to calculate uncertain results. For example, suppose that the estimates of reduction in two
subpopulations are 60% and 80%, and that precise estimates of relative population sizes are not
available (because these redoctestimates are based on different indices). In this case, crude
estimates of relative sizes can be used. If the relative size of the first subpopulation is estimated
to be between 0.40 and 0.70 of the total population, then the overall reductionczdoubsed

as follows. The high estimate would be (60%*0.4)+ (80%*0.6), or 72%. The low estimate would
be (60%*0.7)+(80%*0.3), or 66%. Thus, the overall reduction can be expressed as the interval
66% 72%.

Using data from a few subpopulations

In some cases, reliable data exist from only one or few subpopulations. In such cases, the available
data can be used under the following conditions.

1. If the subpopulation for which a reduction estimate is available was by far the largest
subpopulation three generations ago, then this estimate can be used for the whole taxon. This
process can also be formalized using the methods outlined above afglexsuppose that the
largest subpopulation has declined by 60%, and that it had represented 90 to 99% of the mature
individuals in the taxon three generations ago. If there is no information on the rest of the
subpopulations (representingjlD% of matue individuals), these subpopulations can be assumed

to have declined by 0 to 100% (although, of course, this range does not include all the possibilities,
as it excludes the possibility that the other subpopulations have increased). With these
assumptionsthe low estimate would be 54% (if the rest of the subpopulations had 10% of the
individuals, and declined by 0%), and the high estimate would be 64% (if the rest of the
subpopulations had 10% of tivedividuals anddeclined by 100%). Thus, the overall uvetion

can be expressed as the interval 58486, which includes the estimate (60%) based on the largest
subpopulation, but also incorporates the uncertainty due to lack of knowledge from other
subpopulations.

2. If it can be assumed that all (or all the large) subpopulations are declining at the same rate, then
the reduction estimated for a subset of the subpopulations can be used for the whole taxon. In this
case, it is important to document any evidenceitititates that the rates are the same, and discuss
and rule out various factors that may lead to different rates of reduction in different
subpopulations.

4.5.6 Fluctuations vs. reduction

The downward phase of a fluctuation will not normally count as a reducsmtidn 4.% or a
continuing decline dection 4.§ therefore, an observed decline or reduction should not be
considered a fluctuation unless there is evidence for this. When fluctuations occur at periods
shorter than the assessment period (e.g., annual fluctuations owvgear3yeneration period),

the methods described mection 4.5.1can minimize the increase in the uncertainty of the
cal cul at ed detal202h)e ( AkDakaya

However, fluctuations with periods similar to or longer than the assessment period may be difficult
to distinguish from declines. In such cases, knowing the causes of the population changes (e.g.,
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climatic fluctuations such as EI Nifteouthern Oscillation or successional responses to
disturbance regimes such as fires or floods) would help attribute the change to a fluctuation. If
such verified causal information is not available, these-termgp poplation changes should not

be assumed to be part of a fluctuation; they should instead be interpreted as directional changes
(population increases or declines).

In rare cases, population changes that occur as a result of cessation of human activities can be
considered fluctuations. If a population had previously increased because of a human activity not
related to conservation, and that activity has recentlyggthor stopped, resulting in a decline in

the population, that decline can be considered as part of a fluctuation, if there is evidence that the
population is returning to a pimpact level. For example, owvéishing and discarding of fish at

sea have aftcially led to higher population sizes for some species (Wilhetlal.2016). As more
sustainable fishing practices are adopted, these populations may decline to previous levels.
Because the decline is reversing a previous huraased increase that was not related to
conservation, the decline can be considered as paftuitaation.

4.6 Continuing decline (criteria B and C)

AA continuing decline is a recent, current (
irregular or sporadic) which is liable to contirwdess remedial measures are taken. Fluctuations

will not normally count as continuing declines, but an observed decline should not be considered
as a fluctuation unless there is evidence f ol

Continuing declines are used in two different ways in the criteria. Continuing declines at any rate
can be used to qualify taxa under criteria B or C2. This is because taxa under consideration for
criteria B and C are already characterized by restrictegesaor small population siZéstimated
continuing declindunder criterion C1) has quantitative thresholds, and requires a quantitative
estimate, which can be calculated using the same methods as for population reduciigii(see

4.5). The concept of continuing decline at any rate is not applicable under criterion C1 (or under
criterion A).

Under criteria B1b, B2b, and C2, continuing declines can be observed, estimated, inferred or
projected. Although not explicitly mentioned in criteria B or C2, estimated continuing declines
are permissible. Under criterion C1, continuing declines can lbalypbserved, estimated or
projected. A continuing decline under criteria B or C can be projected, thus, it does not have to
have started yet. However, such projected declines must be justified and there must be high degree
of certainty that they will takplace (i.e., merely 'plausible’ future declines are not allowed).

Rates of continuing decline over long generation times (in the same way as reductions) may be
estimated from data over shorter time frames. For example, evaluating a taxon under criterion C1
for the Vulnerable category requires estimating a continuingngefdr three generations or 10
years, whichever is longer (up to a maximum of 100 years). When extrapolating data from shorter
time frames, assumptions about the rate of decline remaining constant, increasing or decreasing,
relative to the observed intavmust be justified with reference to threatening processes, life
history or other relevant factors.

Note that a continuing decline is not possible without a population reduction (which, however,
may not be large enough to meet any thresholds under criterion A), but a reduction is possible
without a continuing decl i nrderion A ithere eannotdadau ct i ©
continuing decline. However, continuing declines need not be continuous; they can be sporadic,
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occurring at unpredictable intervals, but they must be likely to continue into the future. Relatively
rare events can be considered to contribute to a continuing decline if they happened at least once
within the last three generations or 10 years (whieh&vlonger), and it is likely that they may
happen again in the next three generations or 10 years (whichever is longer), and the population
is not expected to recover between the events.

A potentially confusing aspect of the criterdi
Cl is conceptually very similar to Amoving wi
are (i) criterion A4 is always evaluated for three geinmmna/10 years, whereas criterion C1 is
evaluated for one, two or three generations, depending on the category, (ii) the thresholds are
lower under criterion C1 (e.qg., for VU, 10% under criterion C1 and 30% under criterion A4), (iii)
criterion C1 also reqres small population size, and (iv) under criterion C1, the decline must be
observed, estimated or projected, whereas under criterion A4, the reduction can be observed,
estimated, inferred, projected or suspected.

If habitat is declining (in area or quality) but abundance is not, this may be because (i) there is a
delay in the population's response to lower carrying capacity, perhaps because the population is
below the carrying capacity for other reasons (such a$i, (i) habitat is declining in areas

not currently occupied by the taxon, or (iii) habitat is not correctly identified. In the case of (i),
the population will eventually be impacted; in the case of (ii) the loss of recolonization options
may eventally impact the population. In both cases, criteria B1b(iii) or B2b(iii) may be invoked
even if the population is not undergoing a continuing decline. Incorrect habitat identification (case
iii) can be resolved using a more precise definition of "habit&hén determining continuing
decline in area, extent and/or quality of habitat (criteria B1b(iii) and B2b(iii)), assessors should
define "habitat" in the strict sense, i.e., as the area, characterized by its abiotic and biotic
properties, that is habitablyy a particular species. In particular, they should avoid using generic
classifications such as "forest" that indicate a biotope, a vegetation type, oraVandype,

rather than a speciaspecific identification of habitat. In addition, they shodlocument the
location of declines in relation to the species' range, and if possible, quantify the proportion of the
range affected, the magnitude or rate of the decline, and how the species is responding to the
decline.

Note that continuing decline is different from "current population trend", which is a required field
in [IUCN Red List assessments, but not used when applying the criteria. There is not a simple
correspondence between these two terms. The current poputegiod may be stable or
increasing, with a continuing decline projected in the future. If the current population trend is
declining, then there is continuing decline, but only if the trend is liable to continue into the future
and it is not the declininghase of a fluctuation.

4.7 Extreme fluctuations (criteria B and C2)

AExtreme fluctuations can be said to occur
distribution area varies widely, rapidly and frequently, typically with a variation greater than one
order of magnitude (i .e., aO0k 20b2b)ol d i ncrease

Extreme fluctuations are included in criteria B and C in recognition of the positive relationship
between extinction risk and variance in the rate of population growth (Burgimain1993).
Populations that undergo extreme fluctuations are likely to have highly variable growth rates, and
are therefore likely to be exposed to higher extinction risks than populations with lower levels of
variability.
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Population fluctuations may vary in magnitude and frequefayute 4.4 . For the O&e
fluctuationsd subcriterion to be invo-foldd, po

(i.e., an order of magnitude difference between population minima and maxima). Fluctuations
may occur over any time span, depending o threderlying causes. Shetgrm fluctuations that

occur over seasonal or annual cycles will generally be easier to detect than those that occur over
longer time spans, such as those driven by rare events or climatic cycles such as El Nifio.
Fluctuations mg occur regularly or sporadically (i.e., with variable intervals between successive
population minima or successive population maxima).

The effect of extreme fluctuations on the extinction risk will depend on both the degree of isolation
and the degree of synchrony of the fluctuations between subpopulations.

If there is regular or occasional dispersal (of even a small number of individuals, seeds, spores,
etc.) between all (or nearly all) of the subpopulations, then the degree of fluctuations should be
measured over the entire population. In this case, thaitron would be met only when the
overall degree of fluctuation (in the total population size) is larger than one order of magnitude.
If the fluctuations of different subpopulations are independent and asynchronous, they would
cancel each other to soragtent when fluctuations of the total population size are considered.

If, on the other hand, the subpopulations are totally isolated, the degree of synchrony between the
populations is not as important and it is sufficient that a majority of subpopulations each show
extreme fluctuation to meet the subcriterion. In this cdisaost of the subpopulations show
fluctuations of an order of magnitude, then the criterion would be met (regardless of the degree of
the fluctuations in total population size).

Between these two extremes, if dispersal is only between some of the subpopulations, then the
total population size over these connected subpopulations should be considered when assessing
fluctuations; each set of connected subpopulations should be cexdssdparately.

Population fluctuations may be difficult to distinguish from directional population changes, such
as continuing declines, reductions or increabégure 4.4shows examples where fluctuations
occur independent of, and in combination with, directional changes. A reduction should not be
interpreted as part of a fluctuation unless there is good evidence for this. Fluctuations must be
inferred only where there ir®asonable certainty that a population change will be followed by a
change in the reverse direction within a generation or two. In contrast, directional changes will
not necessarily be followed by a change in the reverse direction.

There are two main ways that extreme fluctuations may be diagnosed: (i) by interpreting
population trajectories based on an index of abundance appropriate for the taxon; and (ii) by using
life history characteristics or habitat biology of the taxon.

i) Population trajectories must show a recurring pattern of increases and dedfeases (
4.4). Normally, several successive increases and decreases would need to be observed to
demonstrate the reversible nature of population changes, unless an interpretation of the
data was supported by an understanding of the underlying cause of the flu¢aesion
Successive maxima or minima may be separated by intervals of relatively stable
population size.
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i) Some organisms have life histories prone to boom/bust dynamics. Examples include fish
that live in intermittent streams, granivorous small mammals of arid climates, and plants
that respond to stan@placing disturbances. In these cases there is dependerae
particular resource that fluctuates in availability, or a response to a disturbance regime that
involves predictable episodes of mortality and recruitment. An understanding of such
relationships for any given taxon may be gained from studies ofdanadly similar taxa,
and inference of extreme fluctuations need not require direct observation of successive
increases and decreases.

In all cases, assessors must be reasonably certain that fluctuations in the number of mature
individuals represent changes in the total population, rather than simply a flux of individuals
between different life stages. For example, in some freshwatetabvates of intermittent water
bodies, the number of mature individuals increases after inundation which stimulates emergence
from larval stages. Mature individuals reproduce while conditions remain suitable, but die out as
the water body dries, leavinghind immature life stages (e.g., eggs) until the next inundation
occurs. Similarly, fires may stimulate mass recruitment from large persistent seed banks when
there were few mature individuals before the event. As in the previous example, mature plants
may die out during the interval between fires, leaving a store of immature individuals (seeds) until
they are stimulated to germinate by the next fire. Such cases do not fall within the definition of
extreme fluctuations unless the dormant life stages drauskble by a single event or cannot
persist without mature individuals. Plant taxa that were killed by fire and had an exhaustible
canopystored seed bank (serotinous obligate seeders), for example, would therefore be prone to
extreme fluctuations becarighe decline in the number of mature individuals represents a decline

in the total number.
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Figure 4.4. Fluctuations without directional change in population size (al d),
population reductions or declines without fluctuations (e, f), population reductions in
combination with fluctuations (g-i).

4.8 Severely fragmented (criterion B)

AThe pPpbeaseely fragmentedd refers to the sitd:!
taxon results from the fact that most of its individuals are found in small and relatively isolated
subpopulations (in certain circumstances this may be inferredHadtat information). These

smal | subpopul ations may go extinct, with a
2012b)

In the IUCN Red List Criteria, the term 'severely fragmented' refers to fragmentation of the
population, which often results from, but is different to, habitat fragmentation. The two attributes
of subpopulations of a severely fragmented taxon mentiongdeirabove quote (small and
isolated) must be assessed by considering tagenific characteristics. However, as stated in the
definition (and discussed below), for criterion B, population fragmentation can be inferred from
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habitat fragmentation. When making this inference, spegesific information (such as
dispersal distances and home range sizes) should be used, as discussed below, whenever available;
and "habitat” should be defined in the strict sense, i.e., as thechegacterized by its abiotic and

biotic properties, that is habitable by the species being assessed. In particular, habitat should not
be defined in the generic sense (e.g., as a biotope, a vegetation type, ecavéartgpe).

Fragmentation must be assessed at a scale that is appropriate to biological isolation in the taxon
under consideration. In general, taxa with highly mobile adult life stages or with a large production
of small mobile diaspores are considered more widalgaitsed, and hence not so vulnerable to
isolation through fragmentation of their habitats. Thus, the same degree of habitat fragmentation
may not lead to the same degree of population fragmentation for species with different levels of
mobility. Taxa thaproduce only small numbers of diaspores (or none at all), or only large ones,
are less efficient at long distance dispersal and therefore more easily isolated. If natural habitats
have been fragmented (e.g., old growth forests and rich fens), this naadas direct evidence

for fragmentation for taxa with poor dispersal ability.

Similarly, fragmentation must be assessed at a scale that is appropriate to population densities of
the taxon under consideration. All else being equal, the same level of habitat fragmentation will
more likely lead to severe fragmentation for a speciels wiver population densities, because

each habitat fragment will be more likely to have a small number of individuals.

The following criterion can be used to decide whether there is severe fragmentation in cases where
data are available on (i) the distribution of area of occupancy (i.e., detailed maps of occupied
habitat), (i) some aspect of the dispersal ability of éixen (e.g., average dispersal distance), and

(iif) average population density in occupied habitat (e.g., information on territory size, home range
size, etc.), then: A taxon can be considered to be severely fragmented if most (>50%) of its total
area of @cupancy is in habitat patches that are (1) smaller than would be required to support a
viable population, and (2) separated from other habitat patches by a large distance relative to
dispersal kernel of the species (see below).

Criterion B is often used in the absence of any information on population size, density or structure.
Therefore, for (1), the area for a viable population (or, the interpretation of "small” in the definition

of severely fragmented) should be based on radtary and generic estimates of population
density, and on the ecology of the taxon. For example, for many vertebrates, subpopulations of
fewer than 100 individuals may be considered too small to be viable. For (2), the degree of
isolation of patches shitd be based on dispersal distance of the taxon. For example,
subpopulations that are isolated by distances several times greater than therii)rayerage
dispersal distance of the taxon may be considered isolated. On the other hand, separation of
subpopulations by nohabitat areas (e.g., islands in an archipelago) does not necessarily mean
isolation, if the taxon can disperse between the subpopulations.

Note that the existence (or even a large number) of small and isolated patches is not sufficient to
consider the taxon severely fragmented. For meeting this criterion, more than half of the
individuals (or, more than half of the occupied habitat area) baus small and isolated patches.

On the other hand, a taxon with a single subpopulation can also be severely fragmented, if that
subpopulation is too small to be viable (because a single population is by definition isolated).
Similarly, a taxon with twsubpopulations can be severely fragmented if they are isolated from
each other, and both are too small to be viable.
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For many taxa, the information on population density and dispersal distance can be based on other
similar taxa. Biologically informed values can be set by the assessors for large taxonomic groups
(families or even orders) or for other groupings of taxgetaon their biology. For example in
bryophytes, information on the effects of isolation of subpopulations is often lacking. For
bryophytes, it is recommended that in most circumstances, a minimum distance greater than 50
km between subpopulations of gawithout spore dispersal can indicate severe fragmentation, and

a distance of between 100 km and 1,000 km for taxa with spores (Hallingo@cR000).

The definition of severe fragmentation is based on the distribution of subpopulations. This is often
confused with the concept of "location" (Stion 4.1}, but is independent of it. A taxon may

be severely fragmented, yet all the isolated subpopulations may be threatened by the same major
factor (single location), or each subpopulation may be threatened by a different factor (many
locations). Also, severagmentation does not require an ongoing threat; small and isolated
subpopulations of a severely fragmented taxon can go extinct due to natural, stochastic
(demographic and environmental) processes.

4.9 Extent of occurrence (criteria A and B)

Extent of occurrence is defined as "the area contained within the shortest continuous imaginary
boundary which can be drawn to encompass all the known, inferred or projected sites of present
occurrence of a taxon, excluding cases of vagrancy" (IUCN 200212.

Extent of occurrence (EOO) is a parameter that measures the spatial spread of the areas currently
occupied by the taxon. The intent behind this parameter is to measure the degree to which risks
from threatening factors are spread spatially across theGaxongeogr aphi c al di s
theoretical basis for using EOO as a measure of risk spreading is the observation that many
environmental variables and processes are spatially correlated, meaning that locations that are
close to each other experience meimilar (more correlated) conditions over time than locations

that are far away from each other. These processes include both human threats (such as diseases,
invasive species, oil spills, narative predators, habitat loss to development, etc.) andahat
processes (fluctuations in environmental variables such as droughts, heat waves, cold snaps,
hurricanes and other weather events, as well as other disturbance events such as fires, floods, and
volcanism). Higher correlation leads to higher overalinekion risk, so that, all other things

being equal, a set of populations spread in a small area have higher extinction risk overall than a
set of populations spread over a larger area.

EOO is not intended to be an estimate of the amount of occupied or potential habitat, or a general
measure of the taxonds range. Ot her , mor e
appropriate for other purposes, such as for planning conservetionsa Valid use of the criteria
requires that EOO is estimated in a way that is consistent with the thresholds set therein.

In thinking about the differences between EOO and AOO (area of occupancy; discsesticim

4.10, it may be helpful to compare species that have similar values for one of these spatial metrics
and different values for the other. All else being equal, larger EOOs usually result in a higher
degree of risk spreading (and hence a lower overall risktofotion for the taxon) than smaller
EOOs, depending on the relevant threats to the taxa. For example, a taxon with occurrences
distributed over a large area is highly unlikely to be adversely affected across its entire range by
a single fire because tlspatial scale of a single occurrence of this threat is narrower than the
spatial distribution of the taxon. Conversely, a narrowly distributed endemic taxon, with the same
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AOO as the taxon above, may be severely affected by a fire across its entire EOO because the
spatial scale of the threat is larger than, or as large as, the EOO of the taxon.

In the case of migratory species, EOO should be based on the minimum of the breeding or non
breeding (wintering) areas, but not both, because such species are dependent on both areas, and
the bulk of the population is found in only one of these areasy/dirae.

If EOO is less than AOO, EOO should be changed to make it equal to AOO to ensure consistency
with the definition of AOO as an area within EQO.

"Extent of occurrence can often be measured by a minimum convex polygon (the smallest polygon
in which no internal angle exceeds 180 degre
(IUCN 2001, 2012b). The IUCN Red List Categories and Criteri@ $tett EOO may exclude

Adi scontinuities ofr di sjunctions within the
assessments of criterion B1, exclusion of areas forming discontinuities or disjunctions from
estimates of EOO is strongly discouraged. Exoluss are not recommended for criterion B1,
because disjunctions and outlying occurrences accurately reflect the extent to which a large range
size reduces the chance that the entire population of the taxon will be affected by a single
threatening proces3.he risks are spread by the existence of outlying or disjunct occurrences
irrespective of whether the EOO encompasses significant areas of unsuitable habitat.
Inappropriate exclusions of discontinuities or disjunctions within the overall distribution of a
taxon will underestimate EOO for the purpose of assessing criterion B and consequently will
underestimate the degree to which risk is spread spatially for the taxon.

When there are such discontinuities or disjunctions in a species distribution, the minimum convex
polygon (also called the convex hull) yields a boundary with a very coarse level of resolution on
its outer surface, resulting in a substantial overestimfatieeorange, particularly for irregularly
shaped ranges (Osteb al. 1999). The consequences of this bias vary, depending on whether the
estimate of EOO is to be used for assessing the spatial thresholds in criterion B or whether it is to
be used for eghating or inferring reductions (criterion A) or continuing declines (criteria B and

C). The use of convex hulls is unlikely to bias the assessment of EOO thresholds under criterion
B, because disjunctions and outlying occurrences often do contribute gpatial spread of risk

(see above). This is also true for "doughnut distributions” (e.g. aquatic species confined to the
margins of a lake) and elongated distributions (e.g., coastal species). In the case of species with
linear elongated distributionsyinimum convex polygon may lead to an overestimate of extinction
risk. Nevertheless, given the paucity of practical methods applicable to all spatial distributions,
and the need to estimate EOO consistently across taxa, minimum convex polygon remains a
pragmatic measure of the spatial spread of risk.

However, the bias associated with estimates based on convex hulls, and their sensitivity to
sampling effort, makes them less suitable as a method for comparing two or more temporal
estimates of EOO for assessing reductions or continuing declines. Ifoatieedetected at one

time and not another, this could result in erroneous inferences about reductions or increases.

Therefore, a  m<hull lacgeneralizatioh of a sonvexhall) isrecommended for
assessing reductions of continuing declindsOO because it substantially reduces the biases that
may result from the spati al arr anghalhpeovides of h:

a more repeatable description of the external
discet e patches when it s phullsteastmatedf ardaiartdéehdin e g i
area also converges on the correct value as sample size increases, unless other errors are large.
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This does not necessarily hold for convex hulls. Kernel estimators may be used for the same
purpose but their application is more complex.

To estimate ah-hull, the first step is to make a Delauney triangulation of the mapped points of
occurrence Kigure 4.5. The triangulation is created by drawing lines joining the points,
constrained so that no lines intersect between points. The outer surface of the Delauney
triangulation is identical to the convex hull.

Figure 4.5. lllustration of "-hull. The lines show the Delauney triangulation (the
intersection points of the |lines are the taxonds
the areas of darker triangles is EOO based on the h-hull. The two lighter coloured

triangles that are part of the convex hull are excluded from the " -hull.

he second step is to measure the lengths of all of the lines, and calculate the average line length.
he third step is to delete al/l l ines that a
This product of U aedenhe avé@dageohineul ¢ygt
U can be chosen with a required | ewdHefinerf r es
the resolution of the hull. Experience has s
some spdes (however, the value to use for specific cases of assessing reductions in EOO should
be based on a compromise between minimizing the potential bias associated with incomplete
sampling of outlying occurrences and minimizing the departure from a conexthis process

results in the deletion of lines joining points that are relatively distant, and may subdivide the total
range into more than one polygon. The final step is to calculate the extent of occurrence by
summing the areas of all remaining tigées. When this exercise is repeated to estimate EOO

from a second temporal sample of points (and hence assess change in EOQO), the same
discontinuity distance between points should be used as a threshold for deleting lines (rather than

t he s ame). Vhis will mduee biasldue to variation in sampling effort between the two
surveys and the bias due to changing average line length with more or fewer occurrences.

T
T
(

Extent of occurrence and area of occupancy are measures of the current distribution, i.e. they
should not include areas where the species no longer exists. On the other hand, these measures
should not only include the actually known sites, but also irdesreprojected sites (seection

4.10.7. For instance, sites can be inferred from presence of known appropriate habitat, but where
the species has not yet been searched for. In doing so, it will be important to judge to what extent
the taxon has been looked for. Incorporating inferred sigedtsein a range of plausible values,

which may give a range of plausible Red List Categories (see se8tionis Data availability,

inference and projectigrand3.2 on Uncertainty).
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4.10Area of occupancy (criteria A, B and D)

Area of occupancy (AOO) is a scaled metric that represents the area of suitable habitat currently
occupied by the taxon. Area of occupancy is included in the criteria for two main reasons. The
first role of AOO is as aeithmateab2018), whereby taxatha &6 i n
occur within many patches or | arge patches a
risks from spatially explicit threats. In such cases, there is only a small risk that the threat will
affect all occupied atches within a specified time frame. In contrast, taxa that occur within few
small patches are exposed to elevated extinction risks because there is a greater chance that one
or few threats will affect all or most of the distribution within a given tinaenke. Thus, AOO is
inversely related to extinction risk. Species at high risk because of their small AOO are often
habitat specialists. Secondly, there is generally a positive correlation between AOO and
population size. The veracity of this relationshop dny one species depends on spatial variation

in its population density (Gaston 1996). Nonetheless, AOO can be a useful metric for identifying
species at risk of extinction because of small population sizes when no data are available to
estimate populadin size and structure (Keith 1998).

As with EOOQ, in the case of migratory species, AOO should be based on the minimum of the
breeding or no#breeding (wintering) areas, but not both, because such species are dependent on
both areas, and the bulk of the population is found in only one @& #reas at any time.

To ensure valid use of the criteria and maintain consistency of Red List assessments across taxa
it is essential to scale estimates of AOO using 2 km grid cells Estimates of AOO are highly
sensitive to the spatial scale at which AOO is measuredie 4.6below, Hartley and Kunin

2003, Nicholsoret al. 2009). Thus, it is possible to arrive at very different estimates of AOO from
the same distribution data if they were calculated at different scaled.(<k&iProblems of

scal® aFigure 4.6below). The resolution (grid size) that maximizes the correlation between
AOO and extinction risk is determined more by the spatial scale of threats than by the spatial scale
at which AOO is estimated or shape of the taxon's distribution (Ke&h2018). The thresholds

of AOO that delineate different categories of threat in criteria B2 and D2 are designed to assess
threats that affect areas in the order of 20000 kn?, and therefore assume that AOO is estimated

at a particular spatial scale. These Guidelines require that AOO is scaled using 2 x 2 km grid cells
(i.e., with area of 4 ki) to ensure that estimates of AOO are commensurate with the implicit scale
of the thresholds. Use of the smallest available scale (finest grain) to esti@@t¢sdmetimes
erroneously called "actual area" or "actual AOO") is not permitted, even though mapping a
species' distribution at the finest scale may be desirable for purposes other than calculating AOO.
It should be noted that the scaling estimates of A@® standard spatial grain in criteria B2 and

D2, and scaling of rates of population decline by generation length in criterion A, are both essential
procedures to promote consistency in Red List assessments. The scale requirement only applies
to calculaion of AOO because of its role as a measure of insurance effects on extinction risk,
rather than a precise measure of occupied habitat area @eth2018). Habitat maps with

higher resolutions can be used for other aspects of a Red List assessment, such as calculating
reduction in habitat quality as a basis of population reduction for criterion A2(c) or estimating
continuing decline in habitat arearB2(b), as well as for conservation planning.

Recognizing the role of AOO and the importance of valid scaling, IUCN (2001, 2012b) includes
the following text: AArea of occupancy 1 s def
4.9 above), which is occupied by a taxon, excluding caseagoémcy. The measure reflects the

fact that a taxon will not usually occur throughout the area of its extent of occurrence, which may
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contain unsuitable or unoccupied habitats. In some cases, (e.g., irreplaceable colonial nesting sites,
crucial feeding sites for migratory taxa) the area of occupancy is the smallest area essential at any
stage to the survival of existing populations ¢dveon. The size of the area of occupancy will be

a function of the scale at which it is measured, and should be at a scale appropriate to relevant
biological aspects of the taxon, the nature of threats and the available data (see below). To avoid
inconsisencies and bias in assessments caused by estimating area of occupancy at different scales,
it may be necessary to standardize estimates by applying ececadetion factor. It is difficult to

give strict guidance on how standardization should be doreubedifferent types of taxa have
differentscalear ea r el ati onshi ps. o

4.10.1 Problems of scale

Red List assessments based on the area of occupancy (AOO) may be complicated by problems of
spatial scale. Estimating the quantity of occupied habitat for taxa with markedly different body
sizes, mobility and home ranges intuitively requires differentiapscales of measurement.
Nevertheless, many of the major threats that impact those same taxa operate at common landscape
and seascape scales. For this reason, the Red List Criteria specify fixed range size thresholds to
identify taxa at different levelsf extinction risk. The use of fixed range size thresholds is also
important for pragmatic reasons to maintain the parsimony of the Red List Criteria. Use of
different thresholds for different groups of taxa would greatly amplify the complexity of the
criteria and guidelines, as well as the risks of inconsistent applications.

The need to scale estimates of AOO consistently follows logically from the adoption of fixed
AOO thresholds in the Red List criteria and the sensitivity of AOO estimates to measurement
scal e. AThe finer the scal e aatre wdpped, the amhller di s
t he area will be that they are found to occuyg
exceed the thresholds specified in the criteria. Mapping at finer spatial scales reveals more areas
in which the taxon is unoerded. Conversely, coarseale mapping reveals fewer unoccupied

areas, resulting in range estimates that are more likely to exceed the thresholds for the threatened
categories. The choice of scale at which AOO is estimated may thus, itself, influeagtctme

of Red List assessments and could be a sour c¢

The following sections first describe a simple method of estimating AOO, then specify the
appropriate reference scale, and finally we describe a method of standardization (or scaling) for
cases where the available data are not at the reference scale.

4.10.2 Methods for estimating AOO

There are several ways of estimating AOO, but for the purpose of these guidelines we assume
estimates have been obtained by counting the number of occupied cells in a uniform grid that
covers the entire range of a taxon (see Figure 2 in IUCN 2001, 2@h2bien tallying the total

area of all occupied cells:

AOO = no. occupied cells x area of an individual cell (equation 4.1)

The O6scalebé6 of AOO estimates can then be reprt
(or alternatively the length of a cell, but here we use area). There are other ways of representing
AOOQ, for example, by mapping and calculating the arepobtfgons that contain all occupied

habitat. The scale of such estimates may be represented by the area of the smallest mapped
polygon (or the length of the shortest polygon segment), but these alternatives are not
recommended because it is more difficolt different assessors to produce consistent estimates
using such approaches.



Red List Guidelines 56

If different grid locations (starting points of the grid) result in different AOO estimates, the
minimum estimate should be used.

4.10.3 The appropriate scale

In all cases, 4 k(2 x 2 km) cells are recommended as the reference scale for estimating AOO
to assess criteria B2 and D2. If an estimate was made at a different scale, especially if data at
different scales were used in assessing species in the same taxonomic granay tiasult in
inconsistencies and bias (Keith al. 2018). Scales of 3.2 x 3.2 km grid size or coarser (larger)

are inappropriate because they do not allow any taxa to be listed as Critically Endangered (where
the threshold AOO underitgrion B is 10 knd). Scales finer (smaller) than 2 x 2 km grid size

tend to list more taxa at higher threat categories than the definitions of these categories imply.
Assessors should avoid using estimates of AOO at other scales. The scale for AOO should not be
based on EO (or other measures of range area), because AOO and EOO measure different factors
affecting extinction risk (see below).

If AOO can be calculated directly at the reference scale of £Kkenx 2 km) cells, you can skip
sections 4.10.4 and 4.10.5. If AOO cannot be calculated at the reference scale (e.g., because it
has already been calculated at another scale and original maps are not available), then the
methods described in the followirigvo sections may be helpful.

4.10.4 Scalearea relationships

The biases caused by use of range estimates made at different scales may be reduced by
standardizing estimates to a reference scale that is appropriate to the thresholds in the criteria.
This and the following section discuss the sealkea relationshiphit forms the background for

these standardization methods, and describe such a method with examples. The method of
standardization depends on how AOO is estimated. In the following discussion, we assume that
AOO was estimated using the grid method sumzedrabove.

The standardization or correction method we will discuss below relies on the relationship of scale
to area, in other words, how the estimated AOO changes as the scale or resolution changes.
Estimates of AOO may be calculated at different scales by stariihgnapped locations at the

finest spatial resolution available, and successively doubling the dimensions of grid cells. The
relationship between the area occupied and the scale at which it was estimated may be represented
on a graph known as an afaam curve (e.g.Figure 4.9. The slopes of these curves may vary
between theoretical bounds, depending on the extent of grid saturation. A theoretical maximum
slope = 1 is achieved when there is only one occupieestinke grid cell in the landscape (fully
unsaturated distributionA theoretical minimum slope = 0 is achieved when all-&oale grid

cells are occupied (fully saturated distribution).
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Figure 4.6. lllustration of scale-dependence when calculating area of occupancy. At a fine scale (map on
right) AOO = 10 x 1 = 10 units? (based on Equation 4.1). At a coarse scale (map on left) AOO =3 x 16 =
48 units2. AOO may be calculated at various scales by successively doubling grid dimensions from
estimates at the finest available scale (see Table). These may be displayed on an area-area curve (above).

4.10.5 Scale correction factors

Estimates of AOO may be standardized by applying a -scatection factor. Scalarea
relationships (e.gfigure. 4.6 provide important guidance for such standardization. It is not
possible to give a single scaterrection factor that is suitable for all cases because different taxa
have different scalarea relationships. Furthermore, a suitable correction factor needs to take into
account the reference scale (i.e., 2 x 2 km gad)ghat is appropriate to the area of occupancy
thresholds in criterion B2. The example below shows how estimates of AOO made at fine and
coarse scales may be scaled up and down, respectively, to the reference scale to obtain an estimate
that may be asseed against the AOO thresholds in criterion B2.

Example: Scaling Up

Assume that estimates of AOO are available at 1 x 1 km grid resolution shbignrie 4.§right)

and that it is necessary to obtain an estimate at the reference scale represented kgnagéick 2

This may be done cartographically by simply doubling the original grid dimensions, counting the
number of occupied cells and applying equatidn When the reference scale is not a geometric
multiple of the scale of the original estimate, it is necessary to calculate aareaeeurve, as
shown inFigure 4.6 and interpolate an estimate of AOO at the reference scale. This can be done
mathematically by calculating a scale correction factor (C) from the slope of tharaseeurve

as follows (in all equations below, "log" means logarithm to base 10):

C = log(AOQ/AOOy) / log(Ag/Ag1) (equation 4.2)
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where AOQ is the estimated area occupied from grids of areg &gize close to, but smaller
than the reference scale, and AO®the estimated area occupied from grids of areq dgize
close to, but larger than the reference scale. An estimate ok ACQie reference scale, Agnay
thus be calculated by rearranging equation 2 as follows:

AOOR — Aool*loc*log(AgR/Agl), or AOOR = Aooz*loc*log(AgR/AgZ) (equation 4_3)

In the example shown ifigure 4.6 estimates of AOO from 1 x 1 km and 4 x 4 km grids may be
used to verify the estimate AOO at the reference scale of 2 x 2 km as follows:

C =10g(48/10) / log(16/1) = 0.566, and using equation 4.3 with this value of C, the AOO
estimate at the larger scale (A@&@8), and the grid sizes at the larger and reference scales
(Agr=4; Ax=16), the AOO estimate at the reference scale is calculated as:

AOQOQ = 48 * 1§-560109418)= 22 kn?

Note that this estimate differs slightly from the true value obtained from grid counting and
equation 1 (24 kd) because the slope of the agraa curve is not exactly constant between the
measurement scales of 1 x 1 km and 4 x 4 km.

Example: Scaling Down

Scaling down estimates of AOO is more difficult than scaling up because there is no quantitative
information about grid occupancy at scales finer than the reference scale. Scaling therefore
requires extrapolation, rather than interpolation of the-areacurve. Kunin (1998) and He and
Gaston (2000) suggest mathematical methods for this. A simple approach is to apply equation 4.3
using an approximated value of C.

An approximation of C may be derived by calculating it at coarser scales, as suggested by Kunin
(1998). For example, to estimate AOO at 2 x 2 km when the finest resolution of available data is
at 4 x 4 km, we could calculate C from estimates at 4 x 4 kh8an8 km as follows.

C =1log(64/48) / log(64/16) = 0.208

However, this approach assumes that the slope of th@sra&urve is constant, which is unlikely
to hold for many taxa across a moderate range of scales. In this case, AOO at 2 x 2 km is
overestimated because C was underestimated.

AOO = 48 * 1§-208"109410)= 36 knif,

While mathematical extrapolation may give some guidance in estimating C, there may be
gualitative information about the dispersal ability, habitat specificity and landscape patterns that
could also provide guidance. Table 4.1 gives some guidance on heenvfélotors may influence

the values of C within the range of scales between 2 x 2 km and 10 x 10 km grid sizes.

Table 4.1. Characteristics of organisms and their habitat that influence the slope of
the scale-area relationship, and hence the scale-correction factor, C, within the range
of spatial scales represented by 2 x 2 km and 10 x 10 km grid cells.

Biological Influence on C
characteristic small (approaching 0)| large (approaching 1
Dispersal ability Wide localized or sessile
Habitat specificity Broad Narrow
Habitat availability Extensive Limited
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For example, if the organism under consideration was araitging animal without specialized
habitat requirements in an extensive and relatively uniform landscape (e.g., a species of camel in
desert), its distribution at fine scale would be relativelyrséed and the value of C would be
close to zero. In contrast, organisms that are either sessile or wide ranging but have specialized
habitat requirements that only exist in small patches within the landscape (e.g., migratory sea birds
that only breed onertain types of cliffs on certain types of islands) would have very unsaturated
distributions represented by values of C close to one. Qualitative biological knowledge about
organisms and mathematical relationships derived from ceaede data may tistboth be useful

for estimating a value of C that may be applied in equation 4.3 to estimate AOO at the reference
scale. Uncertainty in the value of C can be represented through the use of interval or fuzzy
arithmetic to propagate uncertainty through tegeasment as describedattion 3.2

Finally, it is important to note that if unscaled estimates of AOO at scales larger than the reference
value are used directly to assess a taxon against thresholds in criterion B, then the assessment is
assuming that the distribution is fully saturatethatreference scale (i.e., assumes C = 0). In other
words, the occupied coarseale grids are assumed to contain no unsuitable or unoccupied habitat
that could be detected in grids of the reference size<jgeee 4.7.

Present
Absent

Observed 10km cell

e

Cc=032 CcC=05 C =0.66 c=1
Examples of assumed distributions within the same 100km? area, at the reference scale of
2x2km, with different C values

Figure 4.7. Demonstration of the consequences of different assumed C values. The available map is at
10 x 10 km resolution, so a presence observed at this scale corresponds to 25 cells at the reference scale
of 2 x 2 km. Assuming C =0 (i.e., using the unscaled estimate directly as AOO) assumes that all of these
25 cells are occupied. At the other extreme, a value of C = 1 assumes that only one 2 x 2 km cell is
occupied.

4.10.6 "Linear" habitat

There is a concern that grids do not have much ecological meaning for taxa living in "linear"
habitat such as in rivers or along coastlines. Although this concern is valid, for the purpose of
assessing taxa against criterion B, it is important to haveaaurament system that is consistent

with the thresholds, and that leads to comparable listings. If AOO estimates were based on
estimates of length x breadth of habitat, there may be very few taxa that exceed the VU threshold
for criterion B2 (especially wan the habitats concerned are streams or beaches a few metres
wide). In addition, there is the problem of defining what a "linear" habitat is, and measuring the
length of a jagged line. Thus, we recommend that the methods described above for estimating
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AOO should be used for taxa in all types of habitat distribution, including taxa with linear ranges
living in rivers or along coastlines.

4.10.7 AOO and EOO based on habitat maps and models

Both AOO and EOO may be estimated based on 0c¢
occurrenceséo (lUCN 2001). I n this case, 0 k
taxon; o6inferredo6 refers to ridtos, dispersal capibilityn f or n
rates and effects of habitat destruction and other relevant factors, based on known sites, to deduce
a very high likelihood of presence at other
on the basis of halait maps or models, subject to the three conditions outlined below.

Habitat maps show the distribution of potential habitat for a species. They may be derived from
interpretation of remote imagery and/or analyses of spatial environmental data using simple
combinations of GIS data layers such as{eoder and elevation (Bokset al. 2019), or by more

formal statistical habitat models (e.g., generalized linear and additive models, decision trees,
Bayesian models, regression trees, etc.). These habitat models are also referred to as ecological
niche models, species distrilt models, bioclimatic models and habitat suitability models.
Habitat maps can provide a basis for estimating AOO and EOO and, if maps are available for
different points in time, rates of change can be estimated. They cannot be used directly to estimate
at axonds AOO or EOO because they often map a
(i.e., they also map areas of potential habitat that may presently be unoccupied). However, they
may be a useful means of estimating AOO or EOO indirectly, providedhree following
conditions are met.

1) Maps must be justified as accurate representations of the habitat requirements of the species
and validated by a means that is independent of the data used to construct them.

i) The mapped area pbtentialhabitat must be interpreted to produce an estimate of the area
of occupiedhabitat.

iii) For AOO, the estimated area of occupied habitat derived from the map must be scaled to the
reference scale (section 4.10 For EOO, the occupied habitat areas must be used to
estimate the area of the minimum convex polygon gsegon 4.9.

Habitat maps can vary widely in quality and accuracy (condition i). A map may not be an accurate
representation of habitat if key variables are omitted from the underlying model. For example, a
map would oveestimate the habitat of a forestpendent moahe species if it identified all

forest areas as potential habitat, irrespective of altitude. The spatial resolution of habitat resources
also affects how well maps can represent habitat. For example, specialized nest sites for birds,
such as a particulaonfiguration of undergrowth or trees with hollows of a particular size, do not
lend themselves to mapping or modelling at coarse scales. Any application of habitat maps to Red
List assessments should therefore be subject to an appraisal of mappinghimitahich should

lead to an understanding of whether the maps-es@mate or undegstimate the area of potential
habitat. A critical evaluation of condition (i) should include both biological and statistical
considerations. For example, the selecbépredictor variables should be based on knowledge

of the biology of the species and not simply fitted statistically from a pool of candidate variables
that are conveniently available. Statistically, appropriate methods of model evaluation should be
employed (e.g., cross validation). Sgection 12.1.12

Habitat maps may accurately reflect the potential habitat, but only a fraction of potential habitat
may be occupied (condition ii). Conversely,
occurrences may underestimate the area of occupied habitat $8n@&€&23; segection 4.10.8
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Low habitat occupancy may result because other factors are limgingh as availability of prey,
impacts of predators, competitors or disturbance, dispersal limitations, etc. In such cases, the area
of mapped habitat could be substantially larger th@®©ror EOO, and will therefore need to be
adjusted (using an estimate of the proportion of habitat occupied) to produce a valid estimate. This
may be done by random sampling of suitable habitat grid cells, which would require multiple
iterations to obtain stable mean value of AOO. To determine what portions of predicted potential
habitat should be identified as O6projected?d
assessors should consider which sites are very likely to be occupied based on:dpnedhicie
suitability values; ecologically relevant characteristics of the locality; the taxon's dispersal
capability; potential dispersal barriers; physiological and behavioural characteristics of the taxon;
proximity to confirmed records; survey integsithe effect of predators, competitors or pathogens

in reducing the occupied fraction of available habitat; and other relevant factors.

Habitat maps are produced at a resolution determined by the input data layers (satellite images,
digital elevation models, climate surfaces, etc.). Often these will be at finer scales than those
required to estimate AOO (condition iii), and consequentyirsg up will be requiredseesection

4.10.9. In other words, the area of potential habitat (also called area of habitat, AOH, or extent of
suitable habitat, ESH) measured at a finer scale (higher resolution) than 2 x 2 km grid cells, even
after correction for occupancy (due to a taxon not occuliraf the suitable habitat identified),
cannot be used directly to compare against AOO thresholds, and certainly not against EOO
thresholds. For AOO the area needs to be measured at the referen(=esatéon 4.10.5 and

for EOO the area must be used to calculate the minimum convex polygon that includes all the
identified habitat areas (seection 4.9.

In those cases where AOO is less than the area of potential habitat, the population may be
declining within the habitat, but the habitat may show no indication of change. Hence this method
could be both inaccurate and rprecautionary for estimating redigns in population change.

However, if a decline in mapped habitat area is observed (and the map is a reasonable
representation of potential habitatondition i), then the population is likely to be declining at
least at that rate. This is a robust generalisation because evesstloé unoccupied habitat can
reduce population viability. Thus, if estimates of AOO are not available, then the observed decline
in mapped habitat area can be used to invoke "continuing decline" in criterion B, and the rate of
such decline can be usedaabasis for calculating a lower bound for population reduction under
criterion A. Observed decline in mapped area can be used to invoke "continuing decline" in
criterion C2 if the relationship between habitat area and the number of mature individuals was
known (and positive).

4.10.8 Effect of sampling effort and detectability on estimates of AOO

Estimates of AOO may be sensitive to sampling effort, as may estimates of EOO, the number of
locations and the number of subpopulations. Inevitably, a taxon may not have been detected
everywhere that it occurs, either because it has cryptic life formd;|steal detectable life stages,

is hard to identify (and few capable experts available), or because it occurs in inaccessible or
poorly surveyed regions. For conspicuous taxa occurring in-saetpled areas, it may be
reasonable to assume that most o@nwoes have been detected and AOO may be estimated by
tallying the area of 2 x 2 km grid cells in which observation records are located using Equation
4.1. For other taxa that may have many unrecorded occurrences, however, this assumption and the
resultingtally will underestimate AOO.
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Underestimation of AOO will affect the outcome of Red List assessments under criterion B2, e.g.

if the estimated AOQ is less than, or close to, 2,00 &me lower threshold of the VU category.

In such cases, assessors may not be able to justify the assumption that AOO is estimated accurately
from a simple intersection of current records with a standard 2 x 2 km grid, and an alternative
assumption must bmade in support of a more accurate estimate.

Assessors should follogection 3.20 deal with uncertainty in estimates of AOO for potentially
threatened taxa that have poorly sampled distributions. A plausible lower bound of AOO would
be no smaller than that based on an intersection of current records with a 2 x 2 km grid, but could
be larger. A plausible upper bound of AOO would be no larger than that based on an intersection
of potential habitat (given that it is well known) with a 2 x 2 km grid, but will usually be smaller
because the taxon may not occupy all of its suitable haldth of these bounds must be
considered (e.g., by entering a range of values in SIS); assuming that AOO is equal to either the
lower or the upper bound is not consistent with the idea of a precautionary but realistic attitude to
uncertainty. Habitat ma@d models may inform plausible estimates of AOO based on guidance
in section 4.10.7especially if issues of detectability and prevalence are taken into account
(Anderson 2023).

An important step in the approach outlinedsiction 4.10.4s to estimate the proportion of
potential habitat that is occupied at the time of the Red List assessment. This should be based on
explicit assumptions referring to information on survey effort and success, and ecological factors
such as predation, competition, disease, etc. that maydaoupancy within potential habitat.
Assessors should describe this information and explain how it supports their estimate of the
proportion of potential habitat that is occupied by the taxon.

Finally, where the plausible upper and lower bounds of AOO span the full range of categories
from Least Concern to Critically Endangered, the species should be assigned to the Data Deficient
category gection 3.2, unless other criteria apply.

4.10.9 Complementarity of AOO, EOO and number of locations

It should be understood that AOO, EOO and the number of locations are all spatial metrics that
measure different (though sometimes overlapping) aspects efmiskding or insurance against
spatially explicit threats. Therefore, all three measures sheulstimated and assessed against

the criteria where available data permit. As mentionedséntion 4.9 to understand the
relationships between these spatial metrics, it may be helpful to think of species that have similar
values for one of these metrics and different values for the other. Suppose two species with similar
life histories have the same EOKt different values for AOO, perhaps because one has more
specialized habitat requirements. For example, two species may be distributed across the same
desert (hence EOO is the same), but one is wide ranging throughout (large AOO) while the other
is resticted to oases (small AOQO). The species with the smaller AOO may have a higher risk of
extinction because threats to its restricted habitat (e.g., degradation of oases) are likely to reduce
its habitat more rapidly to an area that cannot support a viapldagiion. The species with the
smaller AOO is also likely to have a smaller population size than the one with a larger AOO, and
hence is likely to have higher extinction risks for that reason.
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4.11 Location (criteria B and D)

AThe term o6l ocationdé defines a geographicall
threatening event can rapidly affect all individuals of the taxon present. The size of the location
depends on the area covered by the threatening event anthchaje part of one or many
subpopulations. Where a taxon is affected by more than one threatening event, location should
be defined by considering the most serious pl

I n the Red List cr it e-based areafianhdoisdédferentofrondthergeneralr s
notions of location and locality. The number of locations, AOO and EOO are metrics that measure
different (though sometimes overlapping) aspects ofgps&ading or insurance against spatially
explicit threats (segection 4.10.p Fewer locations means that larger parts of a species' range are
subject to the same threat, resulting in lesssmieading, more correlated (synchronized) declines
due to threats, and therefore greater extinction risk.

Justification for the number of locations used in Red List assessments should consider all areas
whether they are under threat or not (see below), and, for areas that are under threatcibeild
reference to the most serious plausible threat(s). For example, where the most serious plausible
threat is habitat loss due to development, a location is an area where a single development project
can rapidly eliminate or severely reduce the papoih. The time frame should be short (e.g.,
within a single generation or three years, whichever is longer, but not any longer than is possible
to project the threats and their impacts on the species).

When there are several threats, locations should be based on the one that has the maximum product
of probability and consequence (in terms of percentage reduction in population).

Where the most serious plausible threat is habitat loss that occurs gradually and cumulatively via
many smakscale events, such as clearance of small areas forlsotddir grazing, a location can

be defined by the area over which the population willllmeieated or severely reduced within a
single generation or three years, whichever is longer. Where the most serious plausible threat is
volcanic eruption, hurricane, tsunami, frequent flood or fire, locations may be defined by the
previous or predicted #&ant of lava flows, storm paths, inundation, fire paths, etc. Where the most
serious plausible threat is collection or harvest, then locations may be defined based on the size of
jurisdictions (within which similar regulations apply) or on the level afeas (e.g., ease with

which collectors may reach different areas), as well as on the factors that determine how the levels
of exploitation change (e.g., if collection intensity in two separate areas changes in response to the
same market trends in dematttese may be counted as a single location).

If two or more subpopulations occur within an area that may be threatened by one such event, they
must be counted as a single location. Conversely, if a single subpopulation covers an area larger
than may be affected by any single event, it must be cd@stenore than one location.

Where the most serious plausible threat does
can be used to define and count locations in those areas not affected by the most serious plausible
threat.

If there are two or more serious plausible threats, the number of locations should be based on the
threat that results in the smallest number of locations.
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When parts of the distribution are not affected by any threat, the following options will be
appropriate under different circumstances: (a) number of locations is not used (i.e., the subcriteria
that refer to the number of locations consequently are Nyt especially if the unaffected area is
more than half the taxonbs range; (b) number
number of subpopulations in those areas, especially if there are several subpopulations; (c) the
number of locations ibased on the smallest size of locations in the currently affected areas; (d)

the number of locations is based on the most likely threat that may affect the cunarfitbcted

areas in the future. In any case, the basis of the number of locationsishdoiclmented.

In the absence of any plausible threat for the taxon, the term "location" cannot be used and the
subcriteria that refer to the number of locations will not be met.

4.12 Quantitative analysis (criterion E)

AA quantitative analysis is defined here as
probability of a taxon based on known life history, habitat requirements, threats and any specified
management options. Population viability analysis (PVA)ns such technique. Quantitative
analyses should make full use of all relevant available data. In a situation in which there is limited
information, such data as are available can be used to provide an estimate of extinction risk (for
instance, estimatqthe impact of stochastic events on habitat). In presenting the results of
guantitative analyses, the assumptions (which must be appropriate and defensible), the data used
and the uncertainty in the data or 00§H2bY i t at i

Quantitative analyses are used for assessing taxa under criterion E. Guidelines for applying
criterion E are discussed gection 9 It is important to note that the riddased thresholds of
criterion E should not be used to infer an extinction risk for a taxon assessed as VU, EN and CR
under any of the criteria A to D.

5. Guidelines for Applying Criterion A

The A criterion is designed to highlight taxa that have undergone a significant reduction in the
near past, or are projected to experience a significant reduction in the near future. Methods of
calculating reductions are explainedsgction 4.5

The rationale for criterion A is that, all other things being equal, the probability of extinction is
greater when the decline rate is high (Matal 2008). The obvious mechanism is that if declines

are not stopped, the population will go extinct, regardless of current population size. Even if a
population is not currently declining, prior declines indicate risk of extinction. One reason is that
if a population responded to a threat with a large decline, a similar decline can happen in the future
in response to a similar threat. Further declines do not have to be immediate (criterion A does not
require continuing decline). Another reason is that having declined to densities far below those
at which it existed or evolved with, the species may be vailiheto new threats or other changes

in its environment, even if the population is not currently declininggseigon 5.50r examples).

Criterion A is based only on population reduction. The reason the IUCN criteria (except for E)
consider symptoms of endangerment (such as decline, small population, restricted distribution,
fragmentation, etc.) singly or a few in combination, insteadltofether, is that in the vast
majority of cases reliable data on all of them do not exist for the same species. For example,
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although decline rates can be estimated based on an index of abundance (e.g., CPUE) and are
relatively common, unbiased estimates of population size are rare, esp. for abundant species.
Another reason criterion A considers only reduction is that, whepalattion is declining with a
substantial rate, extinction risk is more sensitive to the rate of decline than to the population size
(Landeet al. 2003). Finally, there are many examples of abundant species that have become
extinct or nearly extinct. Sudpecies could have been identified as threatened only by a criterion
based only on declines (Stanton 2014). So, from both practical and theoretical points of view, it

IS necessary to have a criterion based only on rate of decline, in addition to wm®(c@) that

is based on both population size and rate of decline.

Reductions under criterion A are considered over 10 years or three generations (whichever is
longer, but up to a maximum of 100 years for future reductions). Scaling reductions with
generation length is necessary because species with longer generationdeoger more slowly

from declines, although they may decline just as fast (the rate of population increase is limited by
biological constraints whereas rates of husratuced declines are not). Therefore, the same
annualrate of decline would put a loaglived species at a higher risk of extinction. Scaling with
generation length corrects this disparity.

Reductions for criterion A are calculated over 3 generations, becams2 deneration reductions

can be difficult to distinguish from fluctuations. Although thgeheration requirement makes
calculation of reduction challenging for lofiged species,it is essential for avoiding the
underestimation of the extinction risk of these species. Ideally, reductions would be calculated
from data that span 3 or more generations, but incomplete data or data from shorter time series
can be used to calculate thg@neration reduction (seection 4.5.).

The criterion is split into the criteria A1, A2, A3 and A4.

Criterion Al deals with reductions in the past 10 years or three generations (whichever is
longer) and is applicable to taxa in which the reduction is clearly reversible AND the
causes of the reduction are understood AND have ceased (see discussiorbbskhdn

(and specifying) any of (a) to (e), as discussed above.

Criterion A2 also deals with reductions in the past 10 years or three generations (whichever
is longer) but for taxa where the reduction may not be reversible OR its causes may not
have ceased OR may not be understood, based on (and specifying) artg ¢&Yander

Al.

Criterion A3 deals with population reductions projected, inferred or suspected to be met
in the future 10 years or three generations (whichever is longer, but up to a maximum of
100 years), based on (and specifying) any of (b) to (e) under Al.

Criterion A4 deals with reductions observed, estimated, inferred, projected or suspected
over any 10 year dhreegeneration time period (up to a maximum of 100 years into the
future), where the time period must include both the past and the future, and where the
causes of the reduction may not have ceased OR may not be understood OR the reduction
may not be reersible, based on (and specifying) any of (a) to (e) under Al.

Under criterion A, a specific quantitative threshold indicating the population reduction must be
met to qualify for one of the categories of threat. Under criterion Al, these thresholds are 90%
(CR), 70% (EN) and 50% (VU). Under criteria A2, A3 and A¥se thresholds are 80% (CR),
50% (EN) and 30% (VU). These different rates reflect the understanding that taxa in which the
causes of reduction are clearly reversible AND understood AND ceased are less at risk from
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extinction than those where the causes of reduction may not have ceased OR may not be
understood OR may not be reversible. In order to use Al, three conditions must be met. (1) The
reduction must be reversible. For example, the population size must sotlbw that factors

such as Allee effects make it impossible or unlikely to recover. It is the condition that must be
reversible, not the cause of the deteriorated state. For example, loss of habitat may be irreversible
even if the action that causectloss has ceased. In contrast, a reduction in a foegendent

species caused by logging could be considered reversible if changed management practices are
leading to recovery of this species. (2) The causes of the reduction (the threatening fastors) mu
be identified and their actions must be understood. Thus, it is not sufficient to simply list the
threatening factors; it is also necessary to understand the scale and mechanism of their action (e.g.,
the magnitude and spatial distribution of overiighior the relationship between pollution and

the population reduction). (3) The threatening factors must have ceased (e.g., overfishing has
stopped). Examples of taxa that might qualify under criterion Al are fish species that have
suffered declines undexploitation but where the cause of reduction (e.g.,-exploitation) has

ceased. This criterion may also be applicable to situations where the population is still being
exploited, at lower levels of exploitation that do not cause additional populatiuctions. If

any of the three conditions (reversible and understood and ceased) are not met in a substantial
portion of the taxon's population (10% or more), then A2 should be used instead of Al.

5.1 The basis of reductions

Listing a taxon under criterion A requires specifying whether the reduction is based on (a) direct
observation (Al, A2 and A4 only), (b) an index of abundance appropriate to the taxon, (c) a decline
in area of occupancy, extent of occurrence and/or qualitygbitat, (d) actual or potential levels

of exploitation, and/or (e) the effects of introduced taxa, hybridization, pathogens, pollutants,

competitors or parasites.

The difference between direct observation (a) and index of abundance (b), as well as the value of
distinguishing between them, lies in the assumptions to be met to provide valid estimates of

popul ation size. Whi | e A dtical asumptiand (&.9.,rrandomi o n 0
sampling), indices of abundance require assumptions related to the biology of the species. For
exampl e, for a marine turtle species, use o1

assumes that the proportion of maturdividuals that breeds each year, and the number of visits

to breeding sites per female per year are reasonably constant (or at least vary randomly) among
year s. I f these assumptions are true, t hen
individuals.

Direct observation (a) is the most relevant measure and, all things being equal, should be preferred.
However, other measures may be used if they result in more reliable or more consistent (i.e.,
covering the thregeneration period more comprehensivebt)raates of population size through

time; for example, for species that are difficult to detect, direct counts may entail large sampling
errors and be biased (i.e., systematically under or overestimate the change in population size).
Alternatively, an inde based on easily detectable traces (e.g., tracks, droppings, etc.) or resources
that the taxon depends on exclusively may provide more reliable estimates of population
reduction. Similarly, for a species that is censused very infrequently, or respdratstéd loss

with a time lag, habitat change may be a more comprehensive estimate of reduction than direct
observation (segection 5.8n the relationship between habitat change and population change).
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All applicable bases for reduction should be listed. Even if the reduction is calculated based on
the best available data, for example, from direct observation, if others (such as decline in area of
occupancy) are also observed, estimated, inferred pesigsl, these should also be specified.

The IUCN criteria use the terms "observed"”, "estimated", "projected”, "inferred"”, and "suspected"
to detail the nature of the evidence (including aspects of data quality) used for specific criteria. It
is important to note that, for a given data sourcé ati@wombinations can form the basis for use

of criterion A (Table 5.). Examples below detail the types of data that might be used to calculate
population reduction for criterion A.

Table 5.1. The relationship between the nature of evidence (data qualifiers) and the basis of reduction for
criterion A.

Basis of reduction for criterion A:
a b Cc d e
introduced taxa,
actual or hybridization,
index of AQO, potential pathogens,

Nature of evidence abundance EOO, exploitation pollutants,
(see section 3.1 for direct (e.0. habitat (e.g. landings, competitors,
detailed information) observation CPUE) quality road kill) parasites
observed (all counted - Al, A2, A4 n.a. n.a. n.a. n.a.
census)
estimated (statistical AL, A2, Ad Al A2, A4 n.a. n.a. n.a.
assumptions)
projected (extrapolated A4 A3, Ad n.a. n.a. n.a.
into future)
inferred (estimated from
L ) Al, A2, A3, Al, A2, A3,
indirect evidence on n.a. Ad n.a. A Al, A2, A3, A4
variables of same type)
suspected (estimated
from indirect evidence Al, A2, Al, A2, A3,
on variables of different n.a. n.a. A3, A4 A4 Al A2, A3, Ad
type)

n.a. : not applicable

A population reduction can lmservedf the data used to deduce the decline are from a census
in which a direct count of all known individuals of a population is made. This can be used in
criteria A1 or A2. For criterion A4, where the time frame for assessing reductions spans both the
pastand present, only the portion of a reduction in the past cabderved The portion of the
population trend in the future must be under another qualifier peagected.

A population reduction can bestimatedfrom census data, as above, or from an index of
abundance (e.g., Catch Per Unit Effort, density, number of nesting females; abundance based on
markrecapture data). Indices of abundance rely on statistical assumptions (e.g. about how the
sampling schemariplemented relates to the number of mature individuals) and/or assumptions
related to the biology of the species, i.e. how the index relates to the variable being estimated to
calculate a population reduction (mature individuals).

A population reduction can bgrojectedif it is extrapolated from census data or an index of
abundance, either from the present into the future (criterion A3), or from past and present into the
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future (criterion A4). For example, a decline may be estimated for a population over two
generations, and projected for a further generation into the future (criterion A4).

A population reduction can leferredif it is calculated from indirect evidence of variables of the
same general type. For example, population reduction in number of mature individuals calculated
from a decline in catch data from fisheries, hunting data, or road kill (criterion A2d) cbhkl al
classed amferred Inference may also involve extrapolating an observed or estimated reduction
from a known subpopulation to calculate an inferred reduction for another subpopulation of the
same species. For erple, an observed decline in population size from a forest fragment could
be inferred to be the same for a subpopulation in a similar sized fragment that has not been
censused, but which is perceived to be under the same threats. Inference may alsoftermade
decline in EOO, or based on a reduction in habitat quality or extent. In this case we might expect
the number of mature individuals of a habitat specialist species to have a closer association to the
reduction in habitat extent than a Aloabitat speialist.

A population reduction can Iseispected, based on circumstantial evidence, the relationship can

be made based on a factor related to population abundance or distribution. The relevance of the
factor as a proxy for number of mature individuals must be reasonably supported. Records of
traditional ecological knowledge or anecdotal data may, for example, be used to calculate a
suspected reduction over a given time period, if a population used to be seen regularly, but is now
rarely observed.

5.2 The use of time caps in criterion A

Generation length is used in criterion A as a way of scaling the time frame over which reductions
are measured with the life history of the taxon. Sheed, fastefsreproducing taxa have to suffer

higher annual mortality rates than lelinged, slowerreproducing taxa to meet the same
guantitative threshold (e.g., 80% reduction) over a set time period (e.g., 10 years). To put it another
way, longlived taxa might be unlikely ever to meet quantitative decline thresholds over a fixed
time period, yet coulde facing many years of population decline per recruitment opportunity.
Thethreegener ati on time period is used to scale
history. This important scalar allows criterion A to be applied to a wide ramgesof A minimum

time cap of 10 years is specified because, although some taxa will havgehezation periods

of less than 10 years, 10 years is the shortest time period of relevance to conservation planning
and action. A maximum time cap has beermticed for assessments based on projections into

the future, as it is felt that the distant future cannot be predicted with enough certainty to justify
its use as a way of assessing whether a taxon is threatened. A maximum time cap is not applied
to assesments based on past reductions, as it is felt that fodil@dytaxa, it is important to use

data for three generations, if it is available.

5.3 How to apply criterion A4

Il n order to decide whether a t axw mdoawd kree dluics
must be calculated. It is not possible to determine whether criterion A4 is applicable only by
looking at the qualitative pattern of the decline, or by catauy only past or only future
reductions.

To calcul ate a fimoving windowo reduction, fi.
future projections. Then, calculateg8neration reduction for all time frames that include at least
one past year and at least one future year. The lehgththose time frames (windows) must be
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three generations or 10 years (whichever is longer), but cannot extend more than 100 years into
the future. Finally, find the maximum of these reductions, which is the number to use in criterion
A4. Whether a taxon is listed under criterion A4 or notaefrse, depends on whether it qualifies
under any of the other criteria.

In cases where reliable past data are available only for time periods of less than three generations,
and/or reliable future predictions can only be made for less than three generations into the future,
the 3generation window to use in criterion A4 candst as the time period for which reliable

data and predictions are available.

In general, if a taxon is listed under criteria A2 and A3, it will also be listed under criterion A4.
However, this 1s not al ways the <case, and t|
windowo can exceed that c a lex Uherafores dpecfes should p a s t
always be evaluated against criterion A4 as well as criteria A2 and A3. For a simple example of

t he use of criteria A2, A3-Adaondi nA4t heseesprte
CriterionA_Workbook.xIs mentioned irsection 4.5

5.4 Reduction followed by shortterm stabilization or increase: The 'skt
jump' effect

Some widespread, loAiyed taxa show very large lortgrm declines as well as recent increases,

and their population sizes are well above the thresholds for critical population size and distribution
(under criteria B to D). This pattern has been termed th3jsukmp 6 ef f ect and af
lived taxa that have declined in the past and are now stable or increasing. The question often
asked is whether the long term historical declines or the more recent increases should take
precedence in the assessiehthreat in such taxa. However, the question is misleading; the

IUCN criteria do not allow precedence among the criteria, or emphasizing one criterion over
another. The correct interpretation is to assess the taxon against all the criteria. Tioé point
criterion A is that longerm trends may indicate an underlying cause whereas recent trends may

be temporary.

When applying criterion A to taxa showing these patterns, a few points should be remembered.
() If the reduction is clearly reversible AND the causes of the reduction are understood AND
have ceased, then the higher thresholds of criterion A1l (90% for @R for EN and 50% for

VU) apply, which may lead to a dowisting of the taxon that would reflect the fact that it is
currently stable or increasing. (2) Uncertainty in the data (particularlytemng historical data)

if properly incorporated into the ssssment may affect the outcome of the listinggsegon 3.2

(3) If it is projected, inferred or suspected that populations will decline to the thresholds under
criterion A, the taxon can be listed under criteria A3 or A4.

5.5 Historical reduction followed by long-term stabilization: Severely
depleted populations

Some taxa (particularly marine taxa) show persistence at very low fractions of their unexploited
equilibrium or carrying capacity. The current size of a population relative to historical levels can
be calculated by estimating the reduction from the easlezs for which data are available to the
current year (seeection 4.5for methods for estimating reductions). Such estimates, or other
information, may show that a population is severely depleted relative to its unexploited
equilibrium or carrying capacity. In some cases, taxa may be severely depleted, but show no
detectal® declines, so they may not qualify under criteria A1 or A2 because their declines
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occurred more than three generations ago, and they may be too widespread and abundant to qualify
under any other criteria, reflecting the fact that they do not have a high extinction risk at present.
Nevertheless, they may be more cause for concern leetteysare more susceptible to unforeseen
catastrophic events and marine taxa may be harvested as bycatch in other fisheries. Such taxa are
not currently being assessed as threatened under the criteria A1 and A2, although they may still
qualify under crieria A3, A4, B, C, D or E.

Taxa in this situation may be assessed under criteria A3 or A4 based on projected or suspected
population declines in the future, provided there is sufficient evidence for the threats faced by the
taxon or the likely decline rate of the taxon to warrashslisting. These range from biological

or ecological factors (e.g., depensation or sex ratio effect thresholds especially in species adapted
to high population density), to threat and detection factors (e.g. increased economic value
increasing with raty, technological innovation, or sudden removal of management measures).
Such assessments against criteria A3 or A4 should be undertaken where the status of the species
depends on conservation or management measures that are projected, suspecteddotoinferr
become less effective over three generation lengths. Specific examples from marine taxa include:
Queen Conch Strombus giggsand abalone Haliotis spp.), which have minimum density
requirements for reproduction (e.g., Hoba@dl. 2001, Stoneet d. 2012); GagNlycteroperca
microlepi9, which may experience sperm limitation under heavy female sex ratio skew (Coleman
et al. 1996); Nassau GroupeEpinephelus striatyswhich experienced a sudden collapse due to
hyperstability ompossible depensation (Sadovy and Domeier 2005); Totoaba Crdaltealja
macdonaldj, which underwent intense exploitation after a sudden increase in the value of the
swim bladder (Sadovy and Cheung 2003); and Nassau Grouper in the Bahamas, which underwent
a temporary removal of protection due to an economic downturn (Lam 2009).

The category Near Threatened could also be used if a taxon nearly qualifies as Vulnerable under
criteria A3 or A4. It must be remembered however that the IUCN Red List Criteria are designed

to identify taxa that exhibit symptoms of endangerment, and mpi\sdepletion or conservation

priority. The problem of assessing these taxa is also related to the scaling issues discussed under
the definition of area of occupancsettion 4.1)) which affects the application of criterion B. If

an appropriate taxespecific scaling factor is used, severely depleted marine taxa may qualify as
threatened under criterion B.

5.6 Fisheries
5.6.1 Fisheries management and extinction risk

Taxa that are the targets of fisheries may show a decline in population size due to intentional
management action. Under the Red List Criteria, such taxa could be assigned a threatened status
under criterion A (declining population). Concern has beenesspd that such a listing might

not reflect extinction risk, especially if the decline is a consequence of a management plan
designed to achieve a goal such as the maximisation of sustainable yield from a fishery.

It is important to note that criterion A measures declines over the last three generations, not from
the original, unexploited stock. Thus, a welanaged stock should trigger the IUCN Criterion A
thresholds only during the first three generations afeecimmencement of exploitation. Indeed,

a species that is sustainably fished to achieve, for example, maximum sustainable yield (which
could be at a biomass that is ~90% of the original biomass for a shark through to ~30% of the
original biomass for a hidy productive tuna) should have a current decline rate of zero. In
addition, fisheries that are being managed sustainably would be assessed against the higher
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thresholds of criterion Al (50% over three generations for VU), making it less likely that they will
be classified as threatened.

There should not be a large number of fish stocks for which there would be a 50% reduction in
population size over the most recent three generations due to commencement of regulated
exploitation. This is because there are few stocks that were closertarteeploited state three
generations ago. Rather, most major fisheries started more than three generations aga(Sethi
2010). Even for these few stocks, a reduction of 50% should last only a few years (perhaps up to
one generation) until the poputat approaches the target level and the decline rate decreases. If
declines continued, there would be reason for concern; in this case a new assessment, against all
five criteria, may indicate that the taxon is still threatened.

5.6.2 Technical aspects of using criterion A for fisheries

Percentage reductions in the number of mature individuals can be estimated in a number of ways,
including 6an index of abundance appropriate
per unit effort (CPUE) may be used. This measure shouldéx with caution because changes

in CPUE may underestimate population declines. This may occur, for example, if the population
aggregates even at small sizes so that catches remain high with the same level of effort, even if
the size of the population @eclining. It may also occur if increases in fishing efficiency are not

fully taken into account. It is therefore preferable to assess exploited fish taxa using the results of
fisheryindependent survey techniques.

Assessments of taxa under criterion A1 need to justify that the threat (e.g., overexploitation) has
ceased and the taxon is being managed sustainably. This can be based on the ratio of the average
level of fishing mortality ) to the fishing mortality corresponding to maximum sustainable yield
(MSY), i.e.,F/Fusy < 1, for the greater of one generation or five years. Other methods could be
used to justify the use of criterion Al instead of A2. However, care needs to be taken to consider
the chance that unstainably managed species are incorrectly judged to be sustainable.

5.7 Long-lived taxa

The generation length of some species (e.g., some trees) can exceed 100 years. It is difficult to
estimate population declines from a point in time before which the species populations or even
the species itself may have been recorded. It is importarmphasize the point that the most
significant declines, which are useful to record and which may be possible to reverse, are probably
those that have been caused over the last 100 years.

5.8 Relationship between loss of habitat and population reduction

Under criterion A, a reduction in population size may be based on a decline in area of occupancy,
extent of occurrence and/or quality of habitat. The assumptions made about the relationship
between habitat loss and population reduction have an imporfant eh the outcome of an
assessment. In particular, the simplest assumption, that the relationship is linear, is not often true
and may lead to oveor undetlisting. For example, a bird species may not be reduced by 50% if
50% of its habitat is lost (peaps because it will colonize new habitats). Or, reduction may happen
mostly in lowerdensity areas, leading to a faster decline in range than in population size.
Conversely, if reductions occur predominantly in khognsity areas, population reductioitl lwe

faster than can be deducted from range contraction (decrease in EOO) (Rodriguez 2002).
Similarly, a coral reef fish may be reduced by more than 50% if 50% of its habitat is lost through
fishing with explosives (perhaps because spawning areas haveléstroyed).
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The sensible use of inference and projection is encouraged when estimating population reductions
from changes in habitat. For example, if a forest species' extent of occurrence has been 70% clear
cut in the last five years it might be justified to sus@eb60% decline in the population over the

past ten years. The species would therefore qualify as Endangered A2c

In all cases, an understanding of the taxon and its relationship to its habitat, and the threats facing
the habitat is central to making the most appropriate assumptions about habitat loss and subsequent
population reduction. All assumptions about this retathip, and the information used should be
included with the assessment documentation.

Available population data may contradict habitat data (e.g., habitat seems to be declining in
quality, but population numbers are stable). This can occur because: (1) one set of data is
uncertain, biased, or dated, or (2) the population has a laggedsespdoss of habitat (likely if
generation time is long). In the first case, the assessors must use their judgement to decide which
data are more certain. If it is decided that the abundance data are adequate to determine trends, the
taxon should be liste under criterion A2. The implications of a possible lagged response in
abundance to loss of habitat should, however, be considered when evaluating the taxon under
criterion A3. For example, if population reduction in the last three generations is 308wbase
abundance data, which are adequate to determine trends, then the species should be listed as VU
A2, even if habitat loss in the same period was 60%. However, if a lagged response in abundance
to loss of habitat is likely (i.e., the impact of habitad at present may lead to a future reduction

in the number of mature individuals), then the population may be expected to decline further in
the future (even if habitat loss has stopped), so an EN A3 or EN A4 listing should be considered
as well, if the 6% loss of habitat is suspected to lead to 50% or more reduction in the number of
mature individuals.

6. Guidelines for Applying Criterion B

Criterion B has been designed to identify populations with restricted distributions that are also
severely fragmented or have few locations, undergoing a form of continuing decline, and/or
exhibiting extreme fluctuations (in the present or near future$. ifhportant to pay particular
attention to criterion B, as it is the most commonly misused criterion. To qualify for criterion B,
the general distributional threshold must first be met for one of the categories of threat, either in
terms of extent of oeorence (EOO) or area of occupancy (AOO). The taxon must then meet at
least TWO of the three options listed for criterion B. The options are (a) severely fragmented or
known to exist in no more than x locations, (b) continuing decline, or (c) extremeatioct

(Table 2.). Therefore, if a taxon has met the distributional requirement for the Endangered
category and option (c) extreme fluctuation, but none of the other options, it would not qualify as
Endangered (or Vulnerable) under criterion B. To qualify, it would adse o meet either (a) or

(b). An example of the proper use of criterion B is Endangered: Blab(v). This means that the
taxon is judged to have an extent of occurrence of less than 5,80thkmopulation is severely
fragmented or known to exist at no more than five locations, and there is a continuing decline in
the number of mature individuals.

Subcriterion (a) requires severe fragmentation and/or limited number of locations. The numbering
in the criteria does not allow distinguishing between these two conditions. We recommend that
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assessors make this distinction by explicitly specifying in their documentation: (1) whether the
taxon is severely fragmented, and (2) the number of locations.

Some of the problems encountered when applying criterion B are dealt with elsewhere in this
document, i.e. definitions of "subpopulationsé&¢tion 4.2, "location” gection 4.1}, "continuing

decline" gection 4.6)"extreme fluctuations"section 4.7, "severely fragmented’séction 4.8,

"extent of occurrence'séction 4.9 and "area of occupancysédction 4.1 The different types

of information used in criterion B need not be based on the same area at the same time of the year.
For example, for a migratory species, AOO can be based on its distribution during the breeding
season (because, e.g., the taxon desugpsmaller area during breeding, and AOO is the "smallest
area essential at any stage to the survival of existing populations of a taxon™), and the locations
can be based on the distribution and threats in thebreeding season (because, e.g., they ar

"the most serious plausible threats" to the taxon).

7. Guidelines for Applying Criterion C

Criterion C has been designed to identify taxa with small populations that are currently declining
or may decline in the near future. For criterion C, the small population threshold must be met as
well as one of the two subcriteria that describe deckoe.example, to qualify for Endangered
under criterion C, the population must be estimated to number less than 2,500 mature individuals,
and to either (1) have an estimated continuing decline in the number of mature individuals of at
least 20% within fiveyears or two generations (whichever is longer, up to a maximum of 100
years) or (2) have a continuing decline in the number of mature individuals and either (a) a
restricted population structure or (b) extreme fluctuations in the number of mature indiyitea

Table 2.1for details).

Few taxa have data on both population size and decline rates at the necessary resolution to apply
subcriterion C1. There is also some overlap between criteria A and C1, the difference being that
criterion C applies only to small populations, the time famer which the decline is measured

is shorter (except for the Vulnerable category) and the decline rate thresholds are lower, because
the populations are already small.

Criterion C2a has two subcriteria (i and ii), focusing on seemingly opposite conditions. These
subcriteria take into account the fact that the distribution of a taxon's total population into either
many subpopulations, or a single (or very few) subpopuiét) could both lead to higher
extinction risk, for different reasons. On the one hand, a taxon that is divided into many
subpopulations may be severely fragmented (as definexkdhon 4.3 with many of the
subpopulations having a small population size and a very high probability of extinction. On the
other hand, a single subpopulation is like putting all eggs in one basket: a single subpopulation
cannot recover from a local extinction bgcolonization, or from a catastrophic decline by the
rescue effect. Which of these is more important depends on subpopulation sizes and other factors.
Criterion C2a covers both of these situations: (i) is for the first case, where even the largest
subp@ulation is quite small, and (ii) is for the second case, where almost all or all individuals are
in the same subpopulation. A species that meets the general conditions for criterion C2a (i.e., has
a small, declining population) is likely to be affectedome of these two conditions if they occur.

It may seem that a species with a single subpopulation (or with almost all individuals in the largest
subpopulation) may not have increased risk of extinction, if it also has a wide range. However,
this would be true only if the different parts of the mfigctuated and declined independently of
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each other. But if this were the case, then these different "parts” would likely not be connected
(otherwise they would be in synchrony), so they should not be considered a single subpopulation.
Thus, in order to apply criterion C2a correctly, it is impottto identify subpopulations correctly
(seesection 4.2

Some of the problems encountered when applying criterion C are dealt with elsewhere in this
document, i.e. definitions of "subpopulationségtion 4.2, "mature individuals” gection 4.3
"continuing decline"gection 4.6)calculation of declineséction 4.} and "extreme fluctuations"
(section 4.7.

8. Guidelines for Applying Criterion D

This criterion identifies very small or restricted populations. A taxon qualifies for criterion D if
the population of mature individuals (se=ction 4.3is smaller than the threshold set for each of
the categories of threat. Under the Vulnerable category there are two options, D1 and D2. A taxon
qualifies for Vulnerable D1 if the population size is estimated to number fewer than 1,000 mature
individuals (defined insection 4.3 Criterion D1 is provided for taxa that may not be declining,
but are characterized by an acute restriction in their number of mature individuals, thereby
rendering them particularly susceptible to stochastic events as well as to threats. A taxas qualifi
for Vulnerable D2 if the area of occupancy is very restricted (typically less thanp@kexists

at typically five or fewer locations, and if there is a plausible natural or anthropogenic threat.
Criterion D2 is provided for taxa that may not be declining, but are characterized by an acute
restriction in their area of occupancy or in theimber of locations thereby rendering them
particularly susceptible to a plausible threat.

The subcriterionD2 under Vulnerable was intended to be used for taxa with very small
distributions. However, the thresholds for area of occupancy and the number of locations, although
given as indicators (i.e., typically less than 20%kon typically five or fewer locations), are
frequently interpreted literally, which is not appropriate. Some people have argued that the
subcriterion is too inclusive and results in massive tiséng, while others argue that it is too
exclusive (e.g.many marine species) and so letmsindetlisting. It must be emphasized that

the restricted area of occupancy under criterion D2 is defined such that the population is prone to
the effects of human activities or stochastic events in an uncertain future, and is thus capable of
becoming @itically Endangered or even Extinct in a very short time period (e.g., within one or
two generationd or within three to five years, if this is longeafter the threatening event
occurs). The numerical thresholds are given more by way of example and ariemded to be
interpreted as strict thresholds.

The focus of subcriterion D2 is not the area or the location count (for which many taxa could
qualify), but the risk that the taxon could suddenly become Critically Endangered or Extinct (i.e.,

if the plausible threat is realized, then the species williwia very short time qualify for listing

in one of these categories under, for example, criterion A or B). So, simply meeting the suggested
(or any other) threshold for AOO or number of locations is not sufficient. It is necessary that this
restriction mées the species capable of becoming CR or EX within a very short time, because of
the effects of human activities or stochastic events. There must be a substantial possibility of these
activities or events actually occurring. Thus, unlikely events (ergptien of an inactive
volcano), norspecific events that were not observed in similar species (e.g., an unspecified
disease epidemic), events unlikely to cause extinction (e.g., because the species has survived many
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hurricanes, or is likely to adapt to global warming, etc.), or events unlikely to take place rapidly
enough to result in a CR or EX listing in a very short time would not qualify for listing under
criterion D2. The stochastic events or human activitiesl&aal to this listing must be specified

in the justification for listing (see example below). If the taxon is highly restricted, and there are
plausible threats that can cause the species to become VU or EN in a short time, then the taxon
should be conseted for listing as NT.

8.1 Taxa known only from the type locality

If a taxon is only known from its type locality and there is no information on its current status or
possible threats, the taxon should be listed as DD. If there are no plausible threats, and the area is
relatively well known, Least Concern is appropriateless criteria A, B or C is melf people

have searched for the taxon, both at the type locality and at a reasonable number of other potential
localities, and no more than 50 mature individuals are estimated, then the taxon would be listed
as CriticallyEndangered D (the surveys must cover an appropriate time interval for the taxon). If
any significant or plausible threats can be identified, then a full assessment will be necessary to
determine the most appropriate classification (e.g., Critically Kyetad under criteria B or C, or
Vulnerable under criterion D2). If, despite searches, the taxon has not been recorded since the
collection of the type specimen, and there are threats in the area, a listing of Critically Endangered
(Possibly Extinct) or Extict may be appropriate (ssection 11for guidance on how to make this
determination).

8.2 Example of applying criterion D

A very rare bird species is described from two female specimens collected in 1851 and an
observation in 1905 on a single island. The species was thought to be extinct in 1970, however,
islanders reported that it may still exist, and in 1972 three birds re@ported by an experienced
bushman. It is thought that this unobtrusive and easily overlooked species may survive in two
separate locations popular with trekkers and bird watchers. Very little is known about this species,
but it is safe to estimate, gim the limited sightings many years ago and the likelihood that bird
watchers would have seen it, that the population contains less than 50 mature individuals.
Therefore this species is listed as Critically Endangered: D.

8.3 Example of applying criterion D2

A bird species is confined to only four predafi@e islands in close proximity, where it is common

and its populations are considered stable. The historical range of this species was reduced as the
result of the introduction of predators such as cats,Rattusspp. and a predatory bird. Birds
attempting to colonize a neighbouring island are killed by cats and the predatory bird. The
accidental introduction of alien species to the predaéa islands could easily cause local
extinction. Thus, the nunal of locations is estimated as four (because it is unlikely that such
introductions would occur on more than one island at any given time), and the species is classified
as VU under criterion D2.

9. Guidelines for Applying Criterion E

To qualify under the E criterion a quantitative analysis such as a Population Viability Analysis
(PVA) mu st be conducted to determine a speci
period. For example, Critically Endangered E, would mean thataton has at least a 50%
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probability of going extinct in the wild in the next 10 years or three generations (whichever is
longer).

9.1 What is extinction?

Extinction is defined as population size reaching zero. Population size, for the purpose of defining
extinction, is the number of all individuals of the taxon (not only mature individuals). In some
cases, extinction can be defined as population size irgpehnumber larger than zero. For
example, if only females are modelled, it is prudent to define extinction as one female (instead of
zero) remaining in the population. More generally, an extinction threshold greater than zero is
justified if factors thawere not incorporated into the analysis due to a lack of information (for
example, Allee effects, sex structure, genetics, or social interactions) make the predictions of the
analysis at low population sizes unreliable.

For criterion E, extinction risk must be calculated for up to three time periods:

10 years or three generations, whichever is longer (up to a maximum of 100 years)
20 years or five generations, whichever is longer (up to a maximum of 100 years)
100 years

For a taxorwith a generation length of 34 years or longer, only one assessment (for 100 years) is
needed. For a taxon with a generation length of 20 to 33 years, two assessments (for three
generations and 100 years) are needed. For a taxon with a generatiotentitan 20 years, all

three assessments are needed.

9.2 Which method can be used?

One of the commonly used techniques of quantitative analysis is population viability analysis
(PVA), which is a collection of methods for evaluating the threats faced by populations of species,
their risks of extinction or decline, and their chances foovery, based on specispecific data

and models. For an introduction to PVA, see Boyce (1992), Burgtah (1993), Morris and

Doak (2003). Types of models used in a PVA will be discussed below.

In some cases, criterion E can be used without a full PVA, using instead a quantitative analysis
that does not necessarily include demographic information. For example, if a species is restricted

to a small area, it may be possible to estimate the prdiyabilthe destruction of its entire
remaining habitat. Such estimations may be based on past weather records, or other information
about trends and locations of past habitat loss. It is important to remember, however, that such
estimates can only be codsred as lower bounds on the risk of extinction as it would have been
estimated using a PVA. This is because a PVA incorporates such stochastic effects on habitat as
well as other factors such as demographic variability, and other threats such axpliogetien.

Whatever the method used, the analysis must be numerical (i.e., a qualitative assessment such as
Ahigh probability of extinctiono i s not suffi

Which method is appropriate depends on the availability of data and the ecology of the taxon. The
model structure should be detailed enough to use all the relevant data, but no more detailed.
Assessments that use all the available and relevant dataoegaehable than those that ignore

part of the relevant information. However, including more detail than can be justified by the
guality of the available data may result in increased uncertainty.
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If the only available data are preserat®sence information from a number of locations, occupancy
models can be used (see Sjog@uive and Hanski 2000, Mackenz¢ al. 2017). If census
information from a number of years is available, then a scalar (unstructuredhesed) dynamic

model can be used (see Dergtigl 1991, Burgmaret al 1993, Morris and Doak 2003). If data

are available for various age classes or stages (e.g., juvenile and adult), then a structured model
can be used (see Akcakaya QQO If detailed data are available at the individual level (for
example, pedigree data), then an individoa$ed (agerbased) model can be used (see Lacy
2000, DeAngelis and Diaz 2019). If data on the spatial distribution are available, a metapopulatio
model or other spatially explicit model should be considered (note that scalar, structured and
individuatbased models can all be spatially structured).

The second important consideration in selecting a model is the ecology of the species. The model
structure and assumptions should be realistic with respect to the ecology of the species. The
documentation should list all the assumptions (even the mosiusbwenes) related to model
structure, parameters and uncertainties. In cases where the available data and the ecology of the
species allow more than one type of model, comparative modelling (e.g., Bra@ik2000,

Kindvall 2000) and other types of wddition (McCarthyet al. 2001) may strengthen the
conclusions.

9.3 Are there sufficient data?

The types of data that can be used in an assessment include spatial distributions of suitable habitat,
local populations or individuals, patterns of occupancy and extinction in habitat patches, presence
absence data, habitat relationships, abundance éssirfram surveys and censuses, vital rate
(fecundity and survival) estimates from censuses and-neadpture studies, as well as temporal
variation and spatial covariation in these parameters. Not all of these types of data are required
for any one model For more information about data needs of particular types of PVA models,
see the references mentioned above.

When there is not sufficient data, or when the available information is too uncertain, it is risky to
make a criterion E assessment with any method, including PVA. In order to decide whether the
available data are sufficient to make a criterion E assedsme suggest the following procedure.

First, select a model structure based on the discussion in the previous section. Then, estimate the
model parameters (see below), incorporating the uncertainties in the data. A simple way to do
thisisto makeaost esti mate for each parameter, as Ww
estimate. The more uncertain a parameter is, the wider the difference will be between the
Aoptimisticd and the Apessi mistico ofermdels,mat es
which should give a range of extinction risk estimates. The range of these estimates indicates
whet her the results are useful (and, hence, \
unc er tsactiom®.ybélow(

Remember that criterion E does not require very specific predictions. Even very uncertain results
may be useful. For example, if the minimum estimate for the risk of extinction in 100 years is
10%, then the taxon is at least Vulnerable, regardless ohdisé pessimistic predictions. The
criteria also allow incorporating uncertainty in the form of a range of categories presented in the
documentation, while a single category should always be specified in the Red List (see Annex 1
of IUCN 2001, 2012b). Sdor example, if the generation length is 10 years, and the extinction
risk is 20 60% in 100 years, 1@80% in 50 years, and 50% in 30 years, the taxon could be
classified as (VUEN) in the documentation, while either has to be chosen for the Red List.
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9.4 Model components and parameters

It is very important that model parameters are estimated without bias. However, it is difficult to
provide detailed guidelines on parameter estimation because the components and parameters of a
model depend on its structure. Thus, although we provide gemeral guidelines and specific
examples in this section, these are not comprehensive.

9.4.1 Density dependence

Density dependence is the relationship between demographic parameters (such as survival,
fecundity, population growth rate, etc.) and the size or density of the local population. The
relationship can be negative (also called compensation), with demappapaimeters decreasing

as density increases, or it may be positive (also called depensation), with demographic parameters
decreasing as density decreases. The former type of density dependence may result, for instance,
from overcrowding and interspeciftompetition, and the latter may result from Allee effects,
social structure, and inbreeding depression. Both types of density dependence have important
effects on extinction risks, so models should address both. In other words, whether the model
includes or excludes these types of density dependence, the choice should be justified.

Compensation is especially important to include in cases where habitat loss is a threat.
Depensation can be incorporated by setting an extinction threshold greater than zero (see above).

Because density dependence affetg@snographic parameters such as survival and fecundity,
estimates of these rates should include description of the population sizes or densities during the
time period when the data for these estimates were obtained.

9.4.2 Temporal variability

Because the criteria are in terms of probabilities, it is essential that all relevant forms of variability
are included in the assessment. Thus, the following types of variability should be considered:
environmental fluctuations (in the form of random rfp@s in one or more model parameters),
demographic stochasticity, expected future trends in the average values of model parameters (e.g.,
as a result of deteriorating habitat), genetic stochasticity, random changes in the sex ratio, and
low-probability, hgh-impact events (disturbances or catastrophes).

In modelling environmental fluctuations, the estimates of the variances of model parameters
should include only temporal variation; variation due to demographic stochasticity, measurement
error, spatial variation, etc. should be subtracted. For exam@ervival rates are based on
census data, binomial variance representing demographic stochasticity can be subtracted from
total observed variance (Akcakaya 2002); if the survival rates are based on-eecaqitkire
analysis, methods described by Gould Alichols (1998) and Whitet al (2002), or in the help

file of Program MARKcan be used to remove demographic/sampling variance.

If catastrophes are included in the model, only data fromcatestrophe years should be used
when estimating the mean and variance of the model variable (such as survival, fecundity, or
carrying capacity) that the catastrophe affects.

When probabilistic results are based on simulations, the number of replications or iterations
determines the precision of these results. In most cases, the randomly sampled model
parameters are statistically representative if the number of replicationtbesl,000 to 10,000
range.


https://sites.warnercnr.colostate.edu/gwhite/program-mark/
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9.4.3 Spatial variability

If different subpopulations of the taxon are spatially separated or have different demographic rates,
these should be incorporated by making the model spatially explicit. Modelling such a taxon with
a singlepopulation model may underestimate the extorctiprobability. When multiple
populations are included in the model, the correlation among the different populations is an
important factor; ignoring it (i.e., assuming all populations to be independent) may underestimate
the extinction probability.

9.5 Incorporating uncertainty

We suggest that all parameters be specified as ranges (or as distributions) that reflect uncertainties
in the data (lack of knowledge or measurement errors). In addition, uncertainties in the structure
of the model can be incorporated by building multipladels (e.g., with different types of density
dependence). There are various methods of propagating such uncertainties in calculations and
simulations (Fersoat al 1998). One of the simplest methods is to build-base and worstase

models (e.g., Akgkaya and Raphael 1998). A beate (or optimistic) model includes a
combination of the lower bounds of parameters that have a negative effect on viability (such as
variation in survival rate), and upper bounds of those that have a positive effecty sivehage
survival rate). A worstase or pessimistic model includes the reverse bounds. The results from
these two models can be used as upper and lower bounds on the estimate of extinction risk, which
in turn can be used to specify a range of threatoaies (see Annex 1 of IUCN 2001, 2012b).

9.6 Documentation requirements

Any Red List assessment that relies on criterion E should include a document that describes the
guantitative methods used, as well as all the data files that were used in the analysis. The document
and accompanying information should include enough detaillow a reviewer to reconstruct

the methods used and the results obtained.

The documentation should include a list of assumptions of the analysis, and provide explanations
and justifications for these assumptions. All data used in estimation should be either referenced to
a publication that is available in the public domain, tseebe included with the listing
documentation. The uncertainties in the data should be documented.

Methods used in estimating model parameters and in incorporating uncertainties should be
described irdetail. Time units used for different model parameters and components should be
consistent; the periods over which parameters are estimated should be specified.

10.Guidelines for Applying the Categories DD, NT and NE

10.1When to use the category Near Threatened

To qualify for the Near Threatened category, the taxon should be close to qualifying for the
Vulnerable category. The estimates of population size or range size should be close to the
Vulnerable thresholds, especially when there is a high degree of umtyertet possibly meet

some of the subcriteria. This may be combined with biological susceptibility and threat.

The category Near Threatened is not specified by its own criteria, but instead by the proximity of
a species to the criteria for the category Vulnerable. One way of determining whether the taxon is
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close to qualifying for Vulnerable is to follow the uncertainty guidance giveedtion 3 If the

range of plausible categories include both LC and VU (or EN), the taxon can be classified as NT,
unless the best estimate is VU (or EN). (If all categories from LC to CR are equally plausible, the
taxon should be classified as DD.)

For taxa listed as Near Threatened on the IUCN Red List, assessors are asked to indicate as part
of the justification, which criteria were nearly met. For example, NT listing would be justified in

the following cases (in each case, any criteria not spatfifimentioned are not met and are not
nearly met):

Based on data uncertainties, LC and VU are equally plausible categories.

Based on data uncertainties, LC, VU, and EN are equally plausible categories (in this case,
both NT and VU can be considered as the listing category).

Population has declined by an estimated?2&% in the last three generations.

The taxon meets the area requirements under criterion B for threatened (EOO <23,000 km
and/or AOO <2,000 kR and is declining, but the population is not severely fragmented,
occurs at many more than 10 locations, and there are no extreme fluctuations.

The taxon meets the area requirements under criterion B for threatened (EOO <26,000 km
and/or AOO <2,000 kR and is severely fragmented, but the population is not declining,
occurs at many more than 10 locations, and there are no extreme fluctuations.

The taxon is declining and occurs at ten locations, but has an EOO of 30,988d(or

an AOO of 3,000 krf) which are uncertain estimates.

The taxon is declining and severely fragmented, but has an EOO of 30,b@adior an

AOO of 3,000 kr, which are uncertain estimates.

The taxon is declining and severely fragmented, but has an EOO of 22,6aadior an

AOO of 2,200 kr4, which are highly certain estimates.

Population has declined by an estimated 10%hm last three generations, and is
continuing to decline, and has about 15,000 mature individuals.

The taxon exists in a single subpopulation of about 15,000 individuals and is declining.
The population has about 1,500 mature individuals.

The best estimate of population size is 2,000 mature individuals, but this estimate is very
uncertain, and as low as 1,000 mature individuals cannot be ruled out.

The taxon exists at three sites, occupying an area of £2tken population is being
harvested but is nateclining; there are no current threats, but there are plausible events
that may cause the species to decline, but these are unlikely to make the species Extinct or
Critically Endangered in a short time.

Population has declined by 40% in the last three generations, but the decline has stopped,
and the causes of the decline have been understood.

The following are examples of species that should not be listed as NT (or any of the categories of
threat), unless other criteria apply:

Based on data uncertainties, LC is the only plausible category.

Population has declined by an estimated 10% in the last three generations, and there are
more than 20,000 mature individuals.

Population has declined by an estimated 30% as part of fluctuations.

The taxon meets the area requirements under criterion B for CR (EOO <1 @@ dkor

AOO <10 kn?), but is not declining, not severely fragmented, there are no extreme
fluctuations, and there are no obvious threats.

The taxon is londived and slow growing, but does not meet any criteria. A
























































































































