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INTRODUCTION

The IUCN (International Union for Conservation of
Nature) Red List of Threatened Species™ (henceforth
referred to as the RL) is widely recognised to be the
most authoritative global assessment of the conser-
vation status of species (Lamoreux et al. 2003, Rodri-
gues et al. 2006, Hoffmann et al. 2008, this Theme
Section). The RL has been widely used to inform con-
servation policies and legislation, to inform the design
of protected area networks, to support environmental
monitoring and reporting, and to prioritise areas for
conservation action (Possingham et al. 2002, Miller et
al. 2007, Hoffmann et al. 2008). The RL is used by the
Global Environment Facility (GEF) to allocate financial
resources (Hoffmann et al. 2008) and also informs en-

vironmental assessments such as the Global Forest
Resources Assessment (GFRA) coordinated by the
Food and Agriculture Organization (FAO 2006) and
the Millennium Ecosystem Assessment (Hassan et al.
2005). Although principally designed to evaluate the
extinction risk of individual species throughout their
ranges, increasingly the IUCN criteria are also being
used to develop regional, national and local lists of
threatened species (Miller et al. 2007). In addition,
recent efforts have focused on use of the RL to develop
an indicator (the Red List Index, RLI) suitable for mon-
itoring progress towards the 2010 biodiversity target
(Butchart et al. 2004, 2005, 2007, Baillie et al. 2008), a
global-scale policy commitment (Mace & Baillie 2007).

Given the widespread use of the RL to inform conser-
vation policies and their implementation, there is a need
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to ensure that it incorporates reliable assessments of
a broad range of taxa. However, it is widely recognised
that the taxonomic and geographic coverage of the RL
is uneven and suffers from a number of biases. For
example, whereas all bird species have been assessed
using the RL Categories and Criteria on 4 occasions since
1988, only around 2% of all species described worldwide
from all taxonomic groups have been assessed
(Hoffmann et al. 2008). With respect to plant species, the
situation is little better; Nic Lughadha et al. (2005)
estimated that approximately 3% of all known plant
species have been assessed. Hoffmann et al. (2008)
indicate that only 2 plant groups, namely cycads
(Donaldson 2003) and conifers (Farjon et al. 1993, Farjon
& Page 1999) have been comprehensively assessed to
date. Nic Lughadha et al. (2005) highlight the fact that
most of the plant species currently included in the RL
originate from a single project, the ‘World List of
Threatened Trees’ (Oldfield et al. 1998), which provided
a first RL assessment for around 8000 tree taxa.

Given that a decade has now passed since the publi-
cation of Oldfield et al. (1998), it is timely to consider
the subsequent progress in the Red Listing of tree spe-
cies. The present paper provides a brief overview of
recent assessment activities, then examines the lessons
that have been learned about the RL process, specifi-
cally in relation to this socio-economically and ecolog-
ically important group of plants. Potential future direc-
tions for the Red Listing of tree species are then
explored in the context of strengthening the RL and
the process by which it is produced.

THE IUCN RED LISTING PROCESS

A brief summary of how RL assessments are per-
formed is provided here as background; for further
details, see IUCN (2001). During RL assessments, spe-
cies are assigned to 1 of a series of categories by apply-
ing 5 quantitative criteria, which have undergone a
series of developments in order to increase their objec-
tivity, transparency and repeatability (Mace & Lande
1991, IUCN 2001). Criteria A is based on declining
population size, either in the past, present, or projected
in the future, Criteria B on geographic range size,
together with fragmentation, continuing decline,
and/or extreme fluctuations, Criteria C on small popu-
lation size, with continuing decline, high proportion in
1 subpopulation, and/or extreme fluctuations, Criteria
D on very small or restricted population size, and Cri-
teria E on quantitative analysis of extinction risk (IUCN
2001). Taxa that meet the appropriate threshold for at
least 1 of 5 criteria may be categorised as Critically
Endangered (CR), Endangered (EN), or Vulnerable
(VU); those failing to meet the thresholds may be cate-

gorized as Near Threatened (NT), Least Concern (LC),
or Data Deficient (DD) (IUCN 2001). The results of RL
assessments, after checking by RL authorities, are
made available via an online database (www.redlist.
org) (IUCN 2007).

CURRENT STATUS OF TREE SPECIES ON THE
IUCN RED LIST

To provide a summary of the current status of the RL
in relation to tree species, the online RL database
(IUCN 2007) was queried. When accessed on 15 July
2008, the database included 13 059 taxa (including
species, subspecies and varieties) listed under the
Kingdom Plantae, out of a total of 43 470 taxa for all
taxonomic groups combined. This indicates that plant
taxa currently account for 30% of the entire RL (includ-
ing all assessment dates). Of these, 8765 are classified
as trees, with respect to their growth form. Trees there-
fore account for 67% of plant taxa, and 20% of all taxa
included on the RL (including those taxa listed as LC).

Upon examination, 7886 tree taxa were found to
have been listed in 1998, primarily originating from
Oldfield et al. (1998). Since then, additions of trees to
the database have been sporadic (Fig. 1), ranging from
zero in 2005 to 467 in 2004, the latter primarily being
the result of a specific assessment of Ecuador’s ende-
mic plants (Valencia et al. 2000). Another relatively
high number of accessions was recorded in 2003,
largely attributable to the same Ecuadorian assess-
ment (Valencia et al. 2000). More than half (52%) of
the 133 taxa newly listed in 2000 were derived from a
specific global assessment of conifers published the
year before (Farjon & Page 1999). Overall, these results
suggest that recent progress in Red Listing the world’s
tree species has been limited. Only 879 taxa have been
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added to the RL database in the last decade, represent-
ing 11% of the number listed in 1998. Expressed
another way, the taxa listed by Oldfield et al. (1998)
combined with those added as a result of Valencia et
al. (2000) account for 8324 (95%) of the tree taxa cur-
rently included in the database. This apparent lack of
recent progress is examined in greater depth in subse-
quent sections.

The IUCN Criteria and Categories currently used as
a basis for RL assessments are referred to as Ver. 3.1
(IUCN 2001). As a result of the temporal distribution of
accessions to the database, many of the tree taxa that
are included were listed according to previous versions
of the Criteria and Categories (often Ver. 2.3, as used
by Oldfield et al. 1998). In order to evaluate changes in
status over time, as required for example by the RLI, all
taxa should be evaluated with the most recent version
of the criteria. Some attempts to re-assess taxa using
the latest version of the criteria have been made; for
example, updated assessments of 47 conifers were
included in the 2007 version of the database. Despite
such revisions, most conifer taxa, along with most other
tree taxa, are still listed according to earlier versions of
the criteria.

Examination of the distribution of tree taxa among
categories in the 2007 RL indicates that 91 are either
considered to be extinct or extinct in the wild. Some
6227 taxa are considered to be threatened with extinc-
tion (i.e. combining numbers in CR, EN and VU cate-
gories), with more than half of these classified as VU
(Fig. 2). A relatively small proportion (28%) are classi-
fied in the non-threatened categories (LC, DD and NT,

including their antecedents LR/cd and LR/nt), of which
389 are listed as DD (Fig. 2). This result supports the
suggestion made by Nic Lughadha et al. (2005) that
previous assessments have not been systematic, but
have tended to focus on those taxa likely to be threat-
ened with extinction, leading to under-representation
of non-threatened categories such as LC.

The numbers of tree taxa included in the database
also differ between regions. The region most repre-
sented is South and Southeast Asia, with 2511 taxa
assessed, followed in descending order by South
America, sub-Saharan Africa and Oceania, each with
>1000 taxa included in the database (Fig. 3). The
regions least well represented are North Africa and
North Asia. It should be noted that these figures pro-
vide an indication of relative assessment effort, rather
than providing an accurate impression of the relative
number of threatened tree species in different regions.
The 2007 RL database also provides some information
on threats, which have been included for some tree
taxa, but not all. The available data indicate that the
vast majority of trees is considered to be threatened
primarily by human-induced habitat loss or degrada-
tion (Fig. 4). For more than half of these, agriculture is
considered to be the main cause of habitat loss or
degradation (IUCN 2007). Substantial numbers of tree
taxa are also threatened by invasive alien species, har-
vesting, intrinsic factors and human disturbance (>200
taxa in each case; Fig. 3). Two threats, namely ‘acci-
dental mortality’ (such as bycatch) and ‘persecution’
(such as pest control), have not yet been recorded for
trees in the RL database.
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RECENT ACTIVITIES RELATING TO TREE RED
LISTING

In 2003, the IUCN/SSC Global Tree Specialist Group
(GTSG) was established. The aims of the GTSG are to
promote and implement global Red Listing for trees,
and to act in an advisory capacity to the Global Trees
Campaign, a joint initiative of Fauna and Flora Inter-
national (FFI) and Botanic Gardens Conservation
International (BGCI), which focuses on campaigning
and practical action in support of tree conservation.
The GTSG is currently comprised of >70 members,
who in common with other specialist groups, under-
take RL assessment activities primarily on a voluntary
basis. Since 2003, the GTSG has undertaken a series of
10 assessments of different groups of trees (Table 1).
These assessments varied in terms of taxonomic and
geographic scope and with respect to the methods
employed, enabling a comparative evaluation of the
relative strengths and weaknesses of the different
approaches adopted. This evaluation is presented in
the following section.

The GTSG is complemented by the Conifer Special-
ist Group (CSG), which coordinates RL activities
specifically focusing on conifers. Since the publication
of the ‘Action Plan’ for Conifers in 1999 (Farjon & Page
1999), amendments to the database have included
periodic reassessments of a limited number of taxa as
new data have become available. A project to re-assess
the DD taxa was started in 2005, using the latest crite-
ria (Ver. 3.1), resulting in a published report (Farjon et
al. 2006). For the first time, herbarium and GIS data

were used to support these assessments. In addition,
some new taxa were assessed, most notably the new
genus and species Xanthocyparis vietnamensis Farjon
& Hiep, recently described from North Vietnam (Far-
jon et al. 2004). Current plans include an effort to re-
assess all conifers using the latest RL criteria and cate-
gories, to support their use in the RLI, an initiative for
which funding is currently being sought.

LESSONS LEARNED FROM RECENT
ASSESSMENTS

GTSG RL assessments focusing on specific taxo-
nomic groups have aimed to provide a global assess-
ment of individual families (Magnoliaceae) or genera
(Acer and Quercus). In each case, the objective of
these assessments was to systematically apply the RL
criteria to all of the taxa within each family or genus.
This approach to systematically assessing taxonomic
groups is recommended by Nic Lughadha et al. (2005),
but has not previously been adopted for tree species,
apart from conifers. Results of these assessments high-
light a number of important issues. First, such assess-
ments represent a significant task simply in terms of
the number of taxa involved, values ranging from
179 taxa in the case of Acer to >500 in the case of
Quercus. Second, these systematic assessments have
highlighted the poor state of knowledge of the current
conservation status of many tree species. Despite sig-
nificant efforts to identify relevant sources of informa-
tion and expertise, substantial proportions (14 to 60%)
of taxa were not evaluated because of the lack of suffi-
cient information to provide any kind of assessment,
even for applying the category DD.

This issue is compounded by a third problem: the
uncertain taxonomic status of many tree taxa. Assess-
ment of the Magnoliaceae, for example, was assisted
by the availability of a relatively recent taxonomic
checklist of the family (Frodin & Govaerts 1996).
Checklists or monographs are not available for many
tree families and genera, and, as a result, the taxo-
nomic status of many taxa is uncertain. Even in the
case of the Magnoliaceae, since the publication of the
checklist in 1996 several new species have been
described, and taxonomic revisions have been pro-
posed (Cicuzza et al. 2007). The lack of a stable and
well defined taxonomy represents a major obstacle to
the accurate RL assessments for many groups of tree
taxa, and was a major contributory factor to the partic-
ularly high number of NE taxa recorded in the Quercus
assessment (Oldfield & Eastwood 2007).

Rather than assess specific taxonomic groups, 7 as-
sessments focused on groups of trees defined on the ba-
sis of geographical or ecological characteristics. Areas
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such as Central Asia and the Caucasus were targeted
as they were under-represented in the previous global
assessment (Oldfield et al. 1998), whereas Mexican
cloud forest was targeted as this is considered to be a
forest type of particular conservation importance that is
under severe threat from human activities (Newton
2007), including climate change (Golicher et al. 2008).
Assessments with this type of focus pose a particular
challenge, as information will typically be required on
taxa with a very broad range of taxonomic affinities.
Global Red Listing requires that the assessment be per-
formed across the entire distribution range of the taxon,
and therefore the geographical assessments performed
here typically focused on those species endemic to the
area under consideration. Assessments in Ethiopia and
Eritrea, for example, benefited greatly from prior efforts
to list the endemic plant taxa of the region (Vivero et
al. 2005). In the case where an assessment spanned
several countries, such as in Central Asia and the Cau-
casus, consultation with different national experts in re-
gional workshops repeatedly highlighted how perspec-
tives of a taxon can differ from place to place, with
respect to conservation status, taxonomic identity and
the threats to which it is exposed.

In addition to differing in scope, assessments also
varied with respect to the methods adopted. Several
different sources of information can potentially inform
a RL assessment of a tree taxon: herbarium data, which
can be used to create distribution maps; the scientific
literature, including taxonomic studies or the results of
field surveys or ecological investigations; and expert
knowledge, often elicited during a national or regional
workshop. The assessments typically drew upon all 3
of these information sources, although to different
degrees. For example, the assessments of the Magnoli-
aceae and Mesoamerican dry forest depended more
strongly on distribution mapping based on analysis of
herbarium data, whereas the assessments in Cuba,
Central Asia and the Caucasus depended more
strongly on expert knowledge elicited through work-
shops.

Each of these methods has its strengths and weak-
nesses. Recent trends in the RL have focused on the
importance of documented quantitative evidence in
making species assessments, rather than the subjec-
tive knowledge of experts (IUCN 2001). However, in
practice, quantitative data on the status of many tree
species are lacking, and therefore dependence on
expert judgement is likely to continue in the foresee-
able future. Herbarium data suffer from the problem of
incomplete coverage and often reflect historic distri-
bution patterns rather than current status. Information
in the scientific literature is often fragmentary or
incomplete, often providing information on selected
populations, but rarely describing current abundance

across the whole distributional range of the taxon.
Because of the different advantages and disadvan-
tages of these information sources, it may often be
desirable to use them in combination.

The choice of assessment method might affect the
results obtained. Inspection of the frequency distribu-
tion of the categories (Table 1) highlights some striking
differences between the assessments. For example, the
proportion of taxa that were categorized as threatened
(i.e. CR, EN, or VU) varied markedly between assess-
ments, with values ranging from 8 to 90%, with an
overall mean (±SE) of 42 ± 8.5%. Strong dependence
on either expert knowledge or mapping methods did
not significantly affect the proportion of taxa in any of
the categories, or the overall percentage of taxa listed
as threatened (Kruskal-Wallis tests, p > 0.05 in each
case). However, assessments of taxonomic groups
tended to classify a higher proportion of taxa as NE
than those assessments with a geographic focus
(Mann-Whitney U-test, p = 0.033). This supports the
suggestion that assessments of taxonomic groups tend
to be more systematic and consequently include a
broader range of taxa (Nic Lughadha et al. 2005).

When an RL assessment of a taxon is made, the crite-
ria that formed the basis of the classification should
also be recorded (IUCN 2001). Pronounced differences
were observed in the citation of different criteria
(Table 2). Most notably, Criteria B1 and B2 were each
cited much more frequently than any others, by at least
a factor of 3. Each of the Criteria A, C, D and E
accounted for ≤10% citations. The B criteria relate to
changes in geographic range, and their popularity may
therefore reflect the widespread use of herbarium data
and distribution maps when performing a RL assess-
ment of tree species. For example, the assessment of
Mesoamerican dry forest species, which depended
almost entirely on herbarium records, exclusively
applied B criteria. It should be noted that Criteria A2
and A4, which were the next most frequently cited,
may also be inferred from a decline in geographic
range either observed in the past (A2), or in both the
past and the future (A4) (IUCN 2001). The low fre-
quency of citations using Criteria C (small population
size and decline) and D (very small or restricted popu-
lation) suggests that relatively few tree species are
very rare and/or that information on population size is
generally lacking. Criterion E was cited only once,
reflecting the general lack of quantitative analyses of
tree taxa. Despite this bias in favour of particular crite-
ria, there was no evidence that this had any influence
on overall results. The number of criteria used in the
assessment was not significantly associated with the
proportion of taxa in any of the categories or the over-
all percentage of taxa listed as threatened (Kruskal-
Wallis test, p > 0.05 in each case).
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FUTURE ASSESSMENTS: OPPORTUNITIES AND
CONSTRAINTS

Given the increasing use of the RL in both the devel-
opment and implementation of conservation policies,
as well as in environmental assessments, there is an
urgent need to strengthen the amount and quality of
information available, particularly for poorly docu-
mented groups such as plants. A variety of different
initiatives that could contribute to this process are
briefly considered here, specifically in relation to tree
species. An international policy commitment for such
assessments is provided by the ‘Global Strategy for
Plant Conservation’ of the Convention on Biological
Diversity, Target 2 of which calls for a ‘preliminary
assessment of the conservation status of all known
plant species at national, regional and international
levels’ by 2010 (www.cbd.int/gspc/strategy.shtml). As
noted above, the GTSG has taken a leading role in
coordinating global RL assessments for specific groups
of trees, with the CSG performing the same role for
conifers. There is a need for further assessments of this
type: many tree species have yet to be assessed. A
number of assessments are at an early stage of devel-
opment, including those for the genera Rhododendron
and Diospyros (ebonies). However, the successful
implementation of such assessments depends critically
on the availability of financial resources and upon the
availability of volunteers with the appropriate skills
and knowledge who are willing to engage in the Red
Listing process. As resources are limiting, there is a
need to prioritise future assessment efforts. Recent
activities have progressed in a somewhat ad hoc or
opportunistic fashion, but the development of a more
strategic approach to tree Red Listing would require
provision of appropriate long-term funding.

Ideally, RL assessments should be based on a thor-
ough, systematic field survey to provide accurate evi-
dence of the current status of remaining populations
throughout the geographic range of the taxon. In prac-
tice, this is rarely possible, and therefore assessments
are likely to continue to depend on use of herbarium
data and expert knowledge, as well as available sur-
vey data. In this context, greater use could be made of
data collected in National Forest Inventories, as used
for the RL assessment of Aquilaria spp. in Indonesia
(Soehartono & Newton 2000). Other initiatives that can
contribute to strengthening the RL include the many
national and regional RL assessments that are in
progress, such as that provided by Valencia et al.
(2000) for Ecuador.

Nic Lughadha et al. (2005) evaluated the use of
herbarium data for producing RL assessments in some
detail, noting that use of GIS can greatly facilitate such
assessments, as demonstrated in East Africa by Willis
et al. (2003). As noted by Nic Lughadha et al. (2005),
evaluations using herbarium data are largely based on
Criterion B, relating to geographic range, with the
effect of overlooking species that might qualify as
threatened under other criteria. An assessment based
only on herbarium data cannot therefore be consid-
ered a complete RL assessment, but could be of value
in producing a preliminary analysis. One advantage is
that the process can potentially be automated, greatly
increasing the rate of assessment. The primary limiting
factor is the rate of conversion of relevant specimen
label data into electronic records suitable for GIS
analysis (Nic Lughadha et al. 2005).

Another approach is the use of the ‘RapidList’
method to provide preliminary assessments, by
generalising the RL Categories and Criteria. Using this
approach, species are classified into 3 groups, namely
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Assessment focus Red List criterion
A1 A2 A3 A4 B1 B2 C1 C2 D

Acer spp. (maples) 1 22 1 0 11 10 1 3 7
Quercus spp. (oaks) 4 12 0 0 17 17 0 1 19
Caucasus regiona 0 3 0 0 21 11 0 0 0
Ethiopia and Eritreaa 0 24 0 0 65 77 0 0 0
Magnoliaceae (magnolias) 0 3 0 3 83 30 4 8 8
Guatemalaa 0 4 0 0 8 20 0 2 0
Cuba 2 2 1 7 39 96 1 12 17
Dry forest of Mesoamerica 0 0 0 0 40 2 0 0 0
Central Asia 0 3 0 0 12 40 1 0 1
Mexican cloud forest 7 18 17 98 71 53 2 10 4

Total (% of total citations) 13 (1%) 91 (9%) 19 (2%) 108 (10%) 367 (35%) 356 (34%) 9 (1%) 36 (3%) 56 (5%)
aAssessment focused only on species endemic to the respective areas

Table 2. Frequencies of criteria cited in Red List assessments of tree species. Note that Criterion E was cited in only 1 case for
all assessments. Note also that multiple criteria may be cited for a single taxon; in such instances, each citation was considered
individually. Percentage values in the bottom row, therefore, refer to the percentage of total citations (1055), not of total number

of taxa assessed
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‘likely threatened’, ‘likely not threatened’ and ‘likely
data deficient’, based on much less data than would be
needed for a full assessment. The approach employs a
data collection methodology to ensure that users do not
input more information than is necessary to obtain a
result, and makes preliminary assessments as rapid
as possible. It also ensures that essential information
is captured in a standard way that can be used
later when full assessments are performed. An online
data entry system is currently available (http://iucnsis.
org/RapidList/org.iucn.rapidlist.RapidList/RapidList.
html), although it has not yet been extensively used for
tree species.

Another initiative currently being implemented is
the Sampled RL Index (SRLI) (Butchart et al. 2005).
The aim is to use the RL as an indicator for monitoring
the status of global biodiversity through use of the RLI,
which measures trends in extinction risk based on
repeated RL assessments for sets of species and
enables trends in overall extinction risk to be tracked
for groups of species (Butchart et al. 2004, 2005, 2007).
Changes in the index reflect changes in the RL cate-
gory between assessments. However, the RLI can only
be applied to a taxonomic group if the majority of spe-
cies in that group have been assessed. Stratified ran-
dom sampling methods have therefore been devel-
oped to produce a RLI for a representative group of
taxa, referred to as the SRLI (Butchart et al. 2005, Bail-
lie et al. 2008). For plants, 1500 species of monocots
and pteridophytes have been selected and are cur-
rently being assessed, and there are plans to assess
other plant groups in the near future (Baillie et al.
2008). The extent to which groups of tree species will
be targeted in the SRLI assessments is unclear,
although there is an intention to include conifers
(Baillie et al. 2008).

In addition to expanding the coverage of RL assess-
ments, there is a need for ongoing periodic re-assess-
ment of all the taxa already on the RL database. The
current objective is for all taxa to be re-assessed at
least once every 10 yr. Those taxa that are not
reassessed when the 10 yr deadline is reached are
marked with a flag on the RL database to indicate that
those assessments may no longer be an accurate
reflection of their current conservation status, and that
any supporting information may also be out of date. In
2009, 8041 plants will potentially be tagged as out-of-
date on the RL database. Much of the tree data in the
RL database are now 10 yr old and require re-valida-
tion. The process of re-validating threatened assess-
ments of numerous species could be of value in identi-
fying how the status of species has changed in
response to emerging threats such as climate change
and in response to any conservation actions that have
been undertaken. Re-assessment of tree taxa could

also contribute to the RLI, as planned for conifers.
However, the process of re-assessment represents a
significant task and requires adequate resourcing.

Another issue relates to the documentation that is
now required in support of RL assessments. The mini-
mum information input that is now required includes,
inter alia, a map of geographic distribution, habitat
preferences, major threats, conservation measures
(indicating both current and proposed measures) and
data sources (cited in full) (IUCN 2001, 2008). Al-
though most of the plant assessments have some
degree of supporting documentation, only about 1000
meet the current minimum documentation require-
ments, largely because most of the plant assessments
pre-date the introduction of the documentation
requirement. Currently, none of the plant assessments
on the IUCN RL include a distribution map; although
paper maps have been submitted for approximately
1000 taxa, digitising these represents a substantial task
and has not yet been completed.

This raises the issue of capacity within the IUCN to
manage the RL database and to keep it updated. As
noted by Hoffmann et al. (2008) and Nic Lughadha
et al. (2005), there is a backlog of information awaiting
entry into the RL database. This partly reflects the
need for the relevant RL authorities to certify the data
before they can be entered. Many of the appointed
plant RL authorities do not have the resources or
capacity to perform the evaluation work required. It is
because of these problems that most of the tree RL
assessments presented here (Table 1) have yet to be
entered into the RL database, which consequently
does not reflect all of the recent assessment activities
that have taken place.

CONCLUSIONS

The RL database suggests that little progress has
been made in Red Listing tree species during the last
decade, but, in fact, a number of assessments have suc-
cessfully been completed, and in some cases their re-
sults have been published. In total, these assessments
have evaluated >2500 tree taxa, but only a fraction of
these have so far been added to the RL database. This
suggests that improvements could be made in the RL
process with respect to data management and the cata-
loguing of new assessments as they become available.
However, not all of the recent assessments have been
able to provide the full documentation now required
by the RL process, highlighting the problems of gener-
ating this body of information for large numbers of
poorly known taxa. In this respect, many of the recent
tree RL assessments must be considered preliminary in
nature, as often recognised by the authors involved.
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Results of the assessments indicate that large num-
bers of tree species are threatened with extinction,
with an average of 42% taxa classified as threatened
across the 10 assessments presented here. This com-
pares with a value of 58% for the World List (Oldfield
et al. 1998) and values of 49 and 54% for mammals and
birds, respectively (IUCN 2007). Given the limited cov-
erage of tree RL assessments to date, it is likely that
large numbers of tree species that are threatened with
extinction still await assessment. Completing these
assessments remains a substantial challenge. As rec-
ognised by Nic Lughadha et al. (2005), coverage of
plants in general in the RL is currently poor, so there is
an urgent need to find ways of increasing the rate and
scope of the assessment process. There is a need to
develop strategic priorities for future assessments of
tree species, but results of recent assessments provide
little evidence of systematic differences between
assessments of specific taxonomic groups and those of
tree taxa grouped according to geographical or ecolog-
ical criteria.

In an ideal situation, an RL assessment would be per-
formed for taxa where: (1) the taxonomy is stable and
well understood, enabling rapid and accurate identifi-
cation; (2) the entire geographic ranges are known
with precision, both currently and in the past; and (3)
the present and historic abundances are known with
precision, throughout their geographic ranges. In prac-
tice, for the vast majority of tree species, these criteria
are not met, and therefore the RL classification must be
made with partial or uncertain data. The available
information must be located, documented and pieced
together, which is a time-consuming process. Despite
laudable attempts to increase the rigour and objectiv-
ity of the RL process (IUCN 2001), the poor state of
knowledge of the majority of the world’s tree species
means that Red Listing will depend strongly on expert
judgement for the foreseeable future. Resources are
therefore required to bring experts together to ex-
change information. Recent experience with tree Red
Listing workshops has highlighted the value of such a
collaborative approach to the assessment process.
Workshops can also help build capacity to apply the RL
Categories and Criteria.

A striking feature of the recent RL assessments
undertaken for tree species is the relatively high use of
Criteria B1 and B2, both in previous assessments (Old-
field et al. 1998) and those reported here. As noted by
Nic Lughadha et al. (2005), this may result from use of
herbarium data when performing RL assessments. For
many taxa, herbarium data represent the only avail-
able information on which an assessment of conserva-
tion status can be based, and will therefore inevitably
inform RL assessments of plants. The limited reference
to other criteria largely reflects a lack of accurate field

data regarding the distribution and abundance of
threatened tree taxa, a situation that can only be
addressed by a substantial increase in field survey
activities. Current efforts at monitoring global biodi-
versity of plant species, and arguably for other taxo-
nomic groups, should therefore be focused on improv-
ing primary data by undertaking systematic field
surveys of specific populations (Pereira & Cooper
2006). Ultimately, this is the only way of significantly
improving the quality of the RL, and without such
efforts, development of the RLI and SRLI for the major-
ity of tree species, as well as most other plant species,
appears premature.

In the absence of accurate field data, use of remote
sensing and GIS technologies can be of value for pro-
ducing rapid RL assessments, as noted by Nic
Lughadha et al. (2005), but, again, these methods tend
to focus on the use of B criteria. For example, Cicuzza
et al. (2007) compiled distribution maps of Magnoli-
aceae species by referring to published sources,
including regional and monographic floras, national
Red Data Books and online herbarium specimen data-
bases. Such distribution maps now form part of the
documentation required by RL assessments. For spe-
cies where precise locality data were not available,
information on the political units (country, province,
district) and altitude range (minimum and maximum
altitude) were used to define the maximum potential
range. These maps were overlaid on a map of global
forest cover obtained from satellite remote sensing
imagery to provide a measure of the potential area of
occupancy. Data on rates of decline in forest area were
derived from the GFRA (FAO 2006), enabling the B cri-
teria to be applied. This approach could be of value to
other groups of tree species, but again represents a
significant workload, and for this reason the method
has not yet been applied in any of the other tree assess-
ments. As highlighted by Nic Lughadha et al. (2005),
automated GIS-based approaches do not in themselves
produce authoritative conservation status assessments
ready for submission to the IUCN for inclusion in the
Red List, but they could produce useful preliminary
conservation assessments for large numbers of taxa.

Given the poor state of knowledge of most tree spe-
cies, Red Listing generally has to be performed with
uncertain data. As noted in the Red List guidelines
(IUCN 2001), ‘the absence of high-quality data should
not deter attempts at applying the criteria, as methods
involving estimation, inference and projection are
emphasised as being acceptable throughout’. The
development of such methods has attracted some
attention from researchers; for example, Colyvan et al.
(1999) noted that, if uncertainty is ignored, misclassifi-
cations can occur, and therefore there is a need to
incorporate estimates of uncertainties in RL classifica-
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tions. In particular, use of fuzzy set theory has been
proposed as a means of addressing this problem (Todd
& Burgman 1998, Regan & Colyvan 2000, Regan et al.
2000). This approach was employed by Akçakaya et al.
(2000) in their development of the RAMAS® Red List
software program (Akçakaya & Ferson 1999), which is
now recommended by the IUCN Red List Programme.
The method has not been widely used in RL assess-
ments of tree species, although it could potentially be
of value. Newton (in press) developed an alternative
method, focusing on probabilistic analysis performed
using a Bayesian Network (RLBN). Comparative ana-
lyses between RLBN and RAMAS® Red List high-
lighted some differences in results obtained for taxa
with uncertain data, and some apparent anomalies in
the output of the latter technique. This suggests that
these software methods require greater testing prior to
widespread deployment. Potentially, the RLBN could
assist in the automation of data analysis in support of
Red Listing, for example, by linking the inference
engine with databases of species distribution data
(Newton in press).

A final consideration is the linkage between the RL
and conservation action. As noted by the IUCN (2001),
the RL category applied to a species does not in itself
determine priorities for conservation action; other fac-
tors such as costs, logistics, chances of success and
other biological characteristics of the species should
also be taken into account (IUCN 2001). The RL assess-
ments of tree species presented here have already
been used to stimulate further field assessments (for
example in Central Asia), and the BGCI has subse-
quently undertaken comprehensive surveys of ex situ
collections of magnolias and oaks as a basis for identi-
fying gaps and for planning restoration action for CR
and EN species. In this context, the role of RL assess-
ments in gathering information about threats could be
of enormous value, because the identification of appro-
priate conservation interventions depends critically on
an understanding of the threats to which each taxon is
being subjected. In their global assessment, Oldfield et
al. (1998) noted that 1683 (36.7%) tree taxa are threat-
ened by some form of use (including felling, ‘local use’,
or harvesting of other tree species), a similar propor-
tion to that recorded for birds and mammals (Mace &
Reynolds 2001). Some 25% of threatened tree species
have at least 1 recorded use, the most common of
which is harvesting for timber (Oldfield et al. 1998).
However, tree species are subjected to a variety of dif-
ferent threats, which often interact (Newton 2008).
Widespread threats to tree species include conversion
of forest to agricultural land, urban expansion, habitat
fragmentation, browsing by livestock, invasive species
and the use of fire (Oldfield et al. 1998, Newton 2007).
For conservation action to be effective, all relevant

threats must be addressed. Future RL assessments
should therefore focus on systematically analysing and
documenting all threats to tree species, so that appro-
priate conservation responses can be identified and
implemented.
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