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Abstract: Many different systems are used to assess levels of threat faced by species. Prominent ones are those
used by the World Conservation Union, NatureServe, and the Florida Game and Freshwater Fish Commission
(now the Florida Fish and Wildlife Conservation Commission). These systems assign taxa a threat ranking
by assessing their demographic and ecological characteristics. These threat rankings support the legislative
protection of species and guide the placement of conservation programs in order of priority. It is not known,
however, whether these assessment systems rank species in a similar order. To resolve this issue, we assessed
55 mainly vertebrate taxa with widely differing life histories under each of these systems and determined the
rank correlations among them. Moderate, significant positive correlations were seen among the threat rankings
provided by the three systems (correlations 0.58–0.69). Further, the threat rankings for taxa obtained using
these systems were significantly correlated to their rankings based on predicted probability of extinction within
100 years as determined by population viability analysis (correlations 0.28–0.37). The different categorization
systems, then, yield related but not identical threat rankings, and these rankings are associated with predicted
extinction risk.

Key Words: endangered species, extinction risk, population viability analysis, threat rankings

Correlaciones entre Riesgos de Extinción Evaluados por Diferentes Sistemas de Categorización de Especies Ame-
nazadas

Resumen: Se utilizan muchos sistemas diferentes para evaluar los niveles de amenaza que enfrentan las
especies. Son prominentes los utilizados por World Conservation Union, NatureServe Heritage y Florida Game
and Freshwater Fish Commission (ahora Florida Fish and Wildlife Conservation Commission). Estos sistemas
asignan una categoŕıa de amenaza a los taxa mediante la evaluación de sus caracteŕısticas demográficas y
ecológicas. Estas categoŕıas de amenaza sustentan a la protección legislativa de especies y guı́an la definición
de prioridades en programas de conservación. Sin embargo, se desconoce si estos sistemas de evaluación
categorizan a las especies en orden similar. Para resolver este tema, evaluamos 55 taxa, principalmente de
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vertebrados, con historias de vidas muy diferentes con cada uno de estos sistemas y determinamos las cor-
relaciones entre las categoŕıas. Hubo correlaciones positivas moderadas entre las categoŕıas de amenaza
proporcionadas por los tres sistemas (correlaciones 0.58-0.69). Más aun, las categoŕıas de amenaza propor-
cionados por estos sistemas estuvieron correlacionadas significativamente con las categoŕıas definidas con
base en la probabilidad de extinción pronosticada en 100 años determinada por análisis de viabilidad pobla-
cional (correlaciones 0.28-0.37). Por lo tanto, los diferentes sistemas de categorización están proporcionando
categoŕıas de amenazas relacionadas pero no idénticas, y estas categoŕıas están relacionadas con el riesgo de
extinción pronosticado.

Palabras Clave: análisis de viabilidad poblacional, categoŕıas de amenaza, especies en peligro, riesgo de ex-
tinción

Introduction

To flag taxa requiring urgent conservation attention, con-
servation agencies have devised assessment systems that
use demographic and ecological parameters to assign
each taxon a threat ranking. The most widely recognized
system for ranking taxa is the IUCN (World Conserva-
tion Union) Red List categorization (IUCN 1994; Baille &
Groombridge 1996; IUCN 2000). This system provides a
scientific basis for the listing of threatened taxa in red
data books and red lists. These listings are intended to
highlight taxa at risk of extinction, call attention to factors
causing endangerment, support the legislative protection
of taxa, and provide input into prioritization of conserva-
tion programs (Mace & Lande 1991; Mace 1994; Mace
1995; Baille & Groombridge 1996; Collar 1996; Colyvan
et al. 1999). They may also be used to inform reserve
selection, constrain development and exploitation, and
report on the state of the environment (Possingham et
al. 2002). Another widely recognized and influential as-
sessment system is the NatureServe conservation status
assessment, formerly referred to as TNC Heritage (Master
1991; Master et al. 2000). This system was originally de-
veloped by the Nature Conservancy but has subsequently
been modified. It is used by a network of natural heritage
programs and conservation data centers throughout the
Western Hemisphere. The Florida Game and Freshwater
Fish Commission (now the Florida Fish and Wildlife Con-
servation Commission) system (Millsap et al. 1990) has
been a template for several other such systems (e.g., Lun-
ney et al. 1996). We refer to these assessment systems as
IUCN, NatureServe, and FG&FFC, respectively.

Although a common goal of all three systems is to pro-
vide a threat-based ranking of taxa, each system has a dif-
ferent structure and was derived with somewhat different
purposes. Each ranks taxa by assessing different biologi-
cal attributes (Table 1) and gives different weight to each
attribute when determining a taxon’s rank. Further, each
system employs different protocols to categorize the risk
of extinction based on biological attributes of taxa (Mill-
sap et al. 1990; Master 1991; IUCN 2000; Master et al.
2000). The IUCN system ranks taxa according to the high-
est risk level indicated by any of five criteria. The FG&FFC

Table 1. Biological attributes of taxa assessed by the IUCN Red List
(IUCN), Florida Game and Freshwater Fish Commission (FG&FFC), and
NatureServe categorization systems

Attributes assessed IUCN FG&FFC NatureServe

Distribution (area, etc.) √ √ √
Distribution trend √ √ √
Ecological specialization √ √
Fluctuations in population √

size or distribution
Number of occurrences √

(populations)
Number of occurrences trend √
Population concentration √ √
Population fragmentation √
Population size √ √ √
Population trend √ √ √
Probability of extinction √
Protection from threat(s) √ √
Quality of habitat √ √
Recovery potential √
Susceptibility to threat √ √
Taxonomic significance √
Threat magnitude/immediacy √
General characteristics √ √

promoting susceptibility to
threat(s) (not assessed in

the above categories)

system ranks taxa by summing points accrued for posses-
sion of specified biological characteristics as measured by
quantitative and qualitative parameters. The NatureServe
system applies a mixture of 12 quantitative and qualitative
ranking factors to each taxa but, unlike the other two sys-
tems, uses guidelines and adjudicated expert judgment
rather than a point- or rule-based scoring system to as-
sign relative extinction risk. The NatureServe approach
is influenced by its historical use in helping to select re-
serve sites, whereas the IUCN system was devised for
categorizing taxa for red listing based on perceived risk
as assessed using population biology principles (Mace &
Lande 1991).

Each system has been used repeatedly to support the
listing and legislative protection of endangered taxa (Mas-
ter 1991; Baille & Groombridge 1996; Lunney et al. 1996;
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Alvo & Oldham 2000). It is not known, however, whether
using these systems results in a similar priority ranking
of taxa across a wide taxonomic range. Repeatable and
consistent listings of endangered taxa that reflect extinc-
tion risks are vital so that conservation decisions based
on these listings are defensible (Rohlf 1991; Keith 1998;
Mace & Hudson 1999; Beissinger et al. 2000). Previous
work by Burgman et al. (1999) suggests that rank-order
correlations among different systems can be very low. The
Burgman work, however, was limited to vascular plants
of southeastern Australia, a comparatively narrow taxo-
nomic and geographic sample. Alvo and Oldham (2000)
compared the IUCN, the Nature Conservancy, and the
Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) systems in amphibians and reptiles and found
positive but incomplete concordance between earlier ver-
sions of IUCN and NatureServe Heritage threat rankings.

We carried out a broad comparative assessment to de-
termine whether the systems employed by the IUCN, Na-
tureServe, and FG&FFC produce a similar priority ranking
of taxa. We applied these protocols to a set of 55 mainly
vertebrate taxa with varied life histories. We calculated
rank correlations among the risks allocated to the taxa
by each of the categorization systems. Even when there
is close agreement among the systems on species ranks,
these may not accurately reflect the rank order of taxa
based on extinction risk. We used population viability
analyses (PVA) to predict extinction probabilities over a
fixed time frame (Brook et al. 2000, 2002; McCarthy et
al. 2003) and computed rank correlations among these
and risks assessed by each of the three categorization
systems.

Methods

Assessment of the Taxa

We used the methods, parameters, and protocols pre-
scribed by the categorization literature to assess the taxa.
Because the IUCN Red List categorization system has re-
cently been revised, we used both the established 1994
and the newer 2000 versions of this system. Because
the results they produced were identical, only one is re-
ported. Each of the systems we assayed can be used to
rank taxonomic units below the species level (Millsap
et al. 1990; Master 1991; Master et al. 2000; Gärdenfors
et al. 2001). Consequently, we used a mixture of species,
subspecies, metapopulations, and populations (all being
closed systems [i.e., �1 immigrant/emigrant per year])
and assessed all as if they were species. We assessed each
taxon for the years when the most comprehensive data set
was available (Appendix). As a result, the categorizations
assigned to taxa in this study do not necessarily represent
each taxon’s current listing by each system.

Data for all taxa were collected and prepared for cate-
gorizations by J.J.O., thus avoiding effects resulting from
assessor differences. For categorization systems that re-
quired all parameters to be entered, the best or most
probable estimate was used. For systems allowing miss-
ing data, a blank was entered when there were no ade-
quate data. Taxa that did not satisfy these requirements
were excluded. Categorizations for IUCN and FG&FFC
were done using software prepared specifically for this
study by T.R. and D.A.K., based on the respective pro-
tocols. Algorithms programmed into a spreadsheet orga-
nized parameter estimates, matched them to the relevant
protocol, and assigned risk categories for each species for
each of the protocols. The protocols were implemented
as described in the relevant literature (Millsap et al. 1990;
IUCN 2000). This was done to ensure that implementa-
tion would be consistent across all species. The protocols
for the NatureServe system were implemented manually
by G.A.H. and L.L.M., who are experts in this categoriza-
tion system.

Taxa

We applied these protocols to 55 taxa: 18 birds, 32 mam-
mals, 2 reptiles, 1 fish, 1 mollusc, and 1 plant. Details of
the taxa and major data sources are given in the Appendix.
The taxa had diverse life histories and came from a wide
geographic range (Europe, Asia, Africa, North and South
America, and Australia). The selection of taxa was largely
restricted to mammals and birds because data were rela-
tively available. No other selection filter was applied (i.e.,
the taxa were the first found for which sufficient pub-
lished data enabled their assessment).

Population Viability Analysis Modeling

We used PVA to predict the extinction risk of the taxa.
PVA gives a noisy but unbiased estimate of extinction
risk when applied over many well-studied taxa of mam-
mals and birds (Brook et al. 2000). A similar conclusion
was reached in a simulation study (McCarthy et al. 2003).
PVA estimates for a suite of taxa, then, should correlate
imperfectly but positively with the results of the rank-
ing protocols. Although PVA can be used as part of the
IUCN system under criterion E, criterion E rarely deter-
mines the assessment (Gärdenfors 2000; O’Grady 2002),
and data on endangered species are frequently too scarce
for their extinction risk to be estimated by PVA (Mace
& Hudson 1999; Matsuda et al. 2000). A PVA may also
be imperfectly correlated with the ranking from the Na-
tureServe and FG&FFS protocols because these do not
claim to and were not explicitly designed to match ex-
tinction likelihood levels. We used well-studied species
with higher-than-average amounts of data and for Nature-
Serve the best assessors available, both of which should
yield higher correlations with PVA across all protocols.
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Figure 1. Relationships among the assessments of 55 taxa done using the World Conservation Union (IUCN),
NatureServe, and Florida Game and Freshwater Fish Commission (FG&FFC) categorization systems. Actual
assessment values are used for FG&FFC, whereas IUCN categories critically endangered (CE), endangered (EN),
vulnerable (VU), and lower risk (LR), and the NatureServe categories critically imperiled (G1), imperiled (G2),
vulnerable (G3), apparently secure (G4), and demonstrably secure (G5) are designated. Numerals on the left panel
refer to the number of points lying on top of each other. Rank correlations between the categorization systems are
also reported.

Wherever possible, we obtained the probability of a
taxon’s extinction from a published PVA. We drew eight
of the PVA models from the study by Brook et al. (2000).
Where these studies provided various probabilities of ex-
tinction in response to various scenarios modeled, we
used the probability of extinction generated by the model
that the authors deemed most realistic. No published PVA
was found for 11 taxa, so using methods described by
Brook et al. (2000), we created a PVA model for each of
these from the life-history data published for each (Ap-
pendix). We assessed probabilities of extinction in 100
years because this corresponds to the time frame for the
IUCN vulnerable category that lies at the boundary of
threatened and lower risk categories. Of the 55 models,
38 were done with Vortex (Miller & Lacy 1999); 9 were
done with count-based models (also known as r models;
Morris & Doak 2002); 3 were custom written (by the
authors of the papers); and 4 were done with RAMAS
Metapop (Akçakaya 1996), as specified in the Appendix.
Fifty-two taxa were modeled as single populations and
three as metapopulations.

Statistical Analyses

We measured correlations of the threat rankings provided
by the different assessment systems with Spearman’s rank
correlation coefficient (rS), corrected for ties (Sheskin
1997). We also computed rank correlations among each
assessment system’s ranking and probabilities of extinc-
tion in 100 years. Where range ranks were given in
the NatureServe system, we used the midpoint of the
range in computing the correlations. We carried out one-
tailed tests because correlations were expected to be
positive. We carried out statistical analyses in MINITAB
(version 12).

Results

The threat categories assigned to each of the taxa by
each assessment system are provided in the Appendix,
along with the predicted probabilities of extinction in
100 years.

Correlations among Systems in Threat Rankings

Correlations among the ranking of the taxa by each sys-
tem were all positive but far from completely concor-
dant (Fig. 1). The strength of correlations among threat
rankings yielded by the IUCN, NatureServe, and FG&FFC
systems were moderate (rS = 0.58–0.69) and significant
(all p < 0.001). The correlations were almost identical
when similar populations of the same taxa were pooled
(Cervuce eldi hainanus, Gorilla gorilla beringei, Ovis
aries, and Panthera tigris sumatrae), and the signif-
icance was unchanged. The correlations were similar
when restricted to mammals and birds.

An alternative means for describing the concordance is
to ask how often the highest threat ranking for a species
according to one system is also the highest according to
another. Of 34 taxa in the IUCN critically endangered cat-
egory, 32 fell into the highest NatureServe category G1
(critically imperiled), whereas only one fell into G2 (im-
periled) and one into G3 (vulnerable). Notably, the latter
case was the contentious southern bluefin tuna (Thunnus
maccoyii). It was also ranked the least threatened by the
FG&FFC system. Of the 41 taxa in the NatureServe G1 cat-
egory, 32 were categorized as critically endangered and
9 as endangered in the IUCN system. Of the 20 highest
risk taxa ranked under FG&FFC, 19 were listed as critically
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Figure 2. Relationships among the assessments of 55 taxa done using the World Conservation Union (IUCN),
Florida Game and Freshwater Fish Commission (FG&FFC), and NatureServe categorization systems with predicted
probability of extinction in 100 years estimated by population viability analysis (probability of extinction [P(E)]).
Rank correlations are also reported.

endangered and 1 as endangered under IUCN, whereas all
were categorized as G1 under the NatureServe system.

Correlations of Categorizations with Projected
Extinction Risks

Correlations among the assessment systems and probabil-
ities of extinction were weakly positive (Fig. 2). Rankings
between these assessment systems and PVA were all sig-
nificant ( p ranging from 0.003 to 0.021). The correlations,
however, were all weaker than those between the prior-
ity rankings for the different assessment systems, with rS

ranging between 0.28 and 0.37.
The rank correlations of the categorizations with proba-

bilities of extinction from PVA were recalculated for mam-
mals and birds only (this excluded five taxa) because we
had larger samples for these taxa and because the proto-
cols might perform differently for other taxa. The correla-
tions were similar to those for the full data set: 0.32 with
IUCN ( p = 0.011), 0.33 with NatureServe ( p = 0.010),
and 0.33 with FG&FFC ( p = 0.011).

Discussion

Our study revealed two major findings. First, the assess-
ment systems of IUCN, NatureServe, and FG&FFC gave
positively correlated rankings of taxa. Second, threat rank-
ings from all the systems were positively correlated with
predicted extinction risks from PVA but to a lesser degree
than they were correlated with each other.

The taxa identified as belonging to the highest risk cat-
egory generally ranked in the highest or next highest risk
categories or ranks for the other systems. The most discor-
dant ranking was for the southern bluefin tuna (T. mac-
coyii). It was categorized as critically endangered by the
IUCN system but only as G3 (vulnerable) by NatureServe,
and it was ranked the least threatened by the FG&FFC
system. This case is contentious (see Matsuda et al. 1998;

Matsuda et al. 2000). The southern bluefin tuna has a very
large population size that has declined rapidly. The rate
of population decline was sufficient to lead to it being
placed in the highest risk category in IUCN, but was in-
sufficient for it to be placed in high risk categories in
the other two systems, even though all three systems use
population decline in their categorizations.

The threat rankings from the three systems were pos-
itively correlated despite their use of different ranking
protocols. This is an important result. The correlations
based on this data set (rS ∼ 0.58–0.69) compare very fa-
vorably with those based on a set of vascular plants (rS ∼
0.04–0.59; Burgman et al. 1999). In particular, there was
much greater concordance between IUCN and FG&FFC
for our animal data (rS = 0.64) than for the plant taxa
(rS = 0.13) in the Burgman et al. (1999) study. This ap-
pears to be a real difference, rather than an artifact of
missing data, because both studies were done on well-
studied taxa and there were few missing data. The weaker
concordance for plants is probably a result of the sys-
tems being designed initially for animals. The FG&FFC
system was designed specifically for animals, although
most of the criteria are nonetheless applicable to plants.
The IUCN system also originated from more of an animal
focus (Mace & Lande 1991), but it is applicable to both
animals and plants (Keith 1998). Individual differences
among assessors could also account for the difference in
the two studies.

The other published comparison of categorization sys-
tems is by Alvo and Oldham (2000). They compared the
IUCN, TNC Heritage, and COSEWIC systems for 93 native
and introduced amphibian and reptile species in Canada.
Species that were ranked as high risk by TNC Heritage
were always ranked as of concern under IUCN, whereas
species ranked as low risk by TNC Heritage were always
ranked as least concern under IUCN. Overall, the concor-
dance seems to be somewhat less than what we found,
but the assessments were done using earlier versions of
the systems we compared.
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Threat categorizations for the three systems were re-
lated to predicted extinction risk. These correlations,
however, were weaker than those found among the cat-
egorization systems themselves. The most likely reasons
for the differences in correlation are the precision with
which the most important variables that determine ex-
tinction risk were incorporated into the protocols and
the exclusion from PVA of variables with poor predictive
ability. In a study of 16 parameters used in these catego-
rization systems over 45 taxa, O’Grady et al. (2004) found
that the best predictors of extinction risk were current
population size and rate of change in population size.
Other variables had significant predictive ability when in-
teraction terms were entered but had lesser explanatory
power. The use of different types of PVA models may also
have contributed to the low correlations among catego-
rizations and predicted extinction risks. The predictive
abilities of RAMAS Metapop and Vortex, however, are
comparable (Brook et al. 2000). Further, simple count-
based PVA models (r models), based solely on initial pop-
ulation size and variation in population size, have simi-
lar predictive abilities to full PVA models (Brook 1999).
Differences among operators in building PVA models are
likely to have contributed to the low correlations. The
low correlation of NatureServe categorizations with pre-
dicted extinction risk may have resulted partly from the
lack of data in the two lowest risk categories.

Differences among rankings from the PVAs and the
categorization systems derive, at least in part, from the
wide confidence intervals around PVA estimates, espe-
cially over time frames of 100 years. Correlations substan-
tially less than 1 should be expected, even if the ranking
protocols were exactly correct. The PVAs and the assess-
ments we conducted used the same data and were inter-
preted mostly by the same individual. In other circum-
stances, when different people and different information
bases are involved, the strength of the correlations is likely
to be lower.

Data scarcity is a major problem in categorizing species.
For example, Lunney et al. (1996) reported that only 6%
of species in New South Wales had adequate data for as-
sessment under the FG&FFC procedures of Millsap et al.
(1990). Data scarcity also challenged the assessment of
the well-studied taxa we assayed, even in the IUCN sys-
tem, which assesses fewer parameters than the other sys-
tems. This situation was acute where long-term trends
in population size and range were assayed. For example,
even the best references for the southern sea otter (Enhy-
dra lutris nereis; Appendix) had data gaps such that there
were uncertainties about the census size during the 1800s
and whether population size declined or grew prior to
1900 (desirable for the NatureServe system).

How can data scarcity be overcome when using these
assessment systems? The IUCN and NatureServe systems
recognize this difficulty (IUCN 1994; Master 1991; Mas-
ter et al. 2000), and in such situations their flexibility is

an advantage, allowing the assessor scope to declare a
taxon threatened by a factor where quantitative data are
unavailable. NatureServe’s system also uses range ranks
(e.g., G2G3), where the range spans the degree of uncer-
tainty. NatureServe’s approach requires, however, that as-
sessors be skilled in using the system to avoid subjectivity
and to promote repeatability of sequential assessments.
Statistical techniques may also be used to reduce subjec-
tivity. For example, we used nonlinear regression across
the data gap for the southern sea otter to decide whether
population size was increasing or declining during the
last 200 years. Frequently it is necessary to use data car-
rying a degree of uncertainty (as a result of, for example,
natural variation or measurement error) and to accept the
range of assessment that will stem from this uncertainty.
The RAMAS red list software indicates the sensitivity of
the rankings under the IUCN system to the degree of un-
certainty in the data (Akçakaya et al. 2000).

The correlation of risk ranking among the categoriza-
tion systems, and among the rankings and extinction
risks from PVA, are insufficient to prevent disagreements
over the “true” conservation status of taxa. Political con-
flicts have arisen where different methods to determine a
species’ conservation status gave different answers (Baille
& Groombridge 1996; Mace & Hudson 1999), especially
for the status of economically important fish species such
as the southern bluefin tuna (Matsuda et al. 1998; Matsuda
et al. 2000). Such disagreements can erode confidence in
conservation decisions and in the agencies responsible
for those decisions (Mrosovsky 1997). Many of the differ-
ences among the categorization systems may be justified
because each system seeks to emphasize particular at-
tributes and processes in response to the political and
ecological settings in which they were created.
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and R. Frankham. 2000. Predictive accuracy of population viability
analysis in conservation biology. Nature 404:385–387.

Burgman, M. A., D. A. Keith, and T. V. Walshe. 1999. Uncertainty in
comparative risk analysis for threatened Australian plant species.
Risk Analysis 19:585–598.

Clutton-Brock, T. H., I. R. Stevenson, P. Marrow, A. D. MacColl, A. I.
Houston, and J. M. McNamara. 1996. Population fluctuations, repro-
ductive costs and life-history tactics in female Soay sheep. Journal of
Animal Ecology 65:675–689.

Clutton-Brock, T. H., O. F. Price, S. D. Albon, and P. A. Jewell. 1991. Per-
sistent instability and population regulation in Soay sheep. Journal
of Animal Ecology 60:593–608.

Clutton-Brock, T. H., O. F. Price, S. D. Albon, and P. A. Jewell. 1992. Early
growth and population fluctuations in Soay sheep. Journal of Animal
Ecology 61:381–396.

Coimbra-Filho, A. F., and R. A. Mittermeier. 1977. Conservation of the
Brazilian lion tamarins Leontopithecus rosalia. Pages 59–94 in P.

Rainier and G. H. Bourne, editors. Primate conservation. Academic
Press, New York.

Collar, N. J. 1996. The reasons for red data books. Oryx 30:121–130.
Colyvan, M., M. A. Burgman, C. R. Todd, H. R. Akçakaya, and C. Boek.
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aç

ão
B

io
ló
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