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Abstract

Marine turtles have been exploited by humans since pre-history, with particular intensity in the last century, the result of which has been the
depletion of most nesting populations in the world. In many cases these declines have been reversed thanks to a variety of effective conservation
programs. Several nesting populations maintain positive growth trends, although most are probably depleted relative to historic levels, while
others continue in a severely depleted state, with little or no population growth in recent decades. This mosaic of population trajectories along with
demographic and life-history traits that buffer against extinction has created unique challenges for marine turtle assessments such as those by the
World Conservation Union's (IUCN) Marine Turtle Specialist Group, which conducts global assessments for the IUCN Red List. While the Red
Listing approach describes extinction risk, which theoretically can be useful for developing conservation priorities, the descriptors that have been
assigned to marine turtles so far (e.g. Vulnerable, Endangered, Critically Endangered) state an unrealistic imminence of extinction, a problem
enhanced by the fact that its global resolution fails to reflect the disparate population trends ongoing in different regions worldwide. Coupled with
misuse of the Red List by governments and conservation organizations worldwide, these shortcomings have led to increased debate regarding its
efficacy for marine turtles. In this paper we describe the Red Listing assessment process, the problems associated with this approach for marine
turtles, as well as the overall value of Red List assessments for marine turtle conservation. We suggest that Red list assessments for marine turtles
at the global scale do not accurately depict the current status of marine turtles and may have unintended consequences for their conservation.
Largely the data do not exist, or are not reliable, making the use of the current criteria intractable. We discuss novel methods for conducting marine
turtle assessments, such as using a wider array of the current Red List Criteria, modelling future population dynamics, and developing regional
assessments and/or conservation prescriptive assessments.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The conservation of large endangered vertebrates has oc-
cupied center stage in the world of nature conservation. Like
other charismatic mega-vertebrates such as tigers, whales and
pandas, marine turtles are among the most visible icons for
endangered species. As with several of these other vertebrates,
the notion that they are on the ‘brink of extinction’ has been
widely, although perhaps wrongly, accepted by laypersons,
⁎ Corresponding author.
E-mail addresses: jeffrey.seminoff@noaa.gov (J.A. Seminoff),

kshanker@ces.iisc.ernet.in (K. Shanker).

0022-0981/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jembe.2007.12.007

Please cite this article as: Seminoff, J.A., Shanker, K., Marine turtles and IUCN
approaches, J. Exp. Mar. Biol. Ecol. (2008), doi:10.1016/j.jembe.2007.12.007
wildlife managers, and scientists alike (Mrosovsky, 2002). This
attitude may be due to the focus on a few truly endangered
populations by mainstream media that are incorrectly taken to
represent the situation for all species and populations, likely
fueled by our general tendency to focus on the negative. Even in
science, we are guilty of sustaining the misconception, as the
terms Threatened or Endangered are commonly found in the
opening paragraphs in many peer-reviewed papers on marine
turtles when describing the species' status, even though the
specific populations under study have often been anything but
endangered (Diez and van Dam, 2002; Godley et al., 2003;
Seminoff et al., 2003; Dutton et al., 2005; Troëng and Rankin,
2005; Richardson et al., 2006). This, of course, is not to say that
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the vast majority of populations have not been or continue to be
severely depleted due to anthropogenic threats, as indeed they
are. However, to assume that all populations are doing poorly is
incorrect and irrational, as many populations are far from going
extinct, not merely holding their own, but actually increasing.

The challenges of biodiversity measurement and assessment
of population abundance change are generic and recur in various
forms for almost all taxa. In the case of whales, perhaps the
greatest of all marine conservation icons, there is increasing
recognition of the existence of regionally distinct populations and
the need to illuminate these as ‘conservation units’, which has
resulted in concerns about the value of conducting global cetacean
assessments (B. Taylor, pers. comm.). Efforts to assess marine
fishes have suffered from similar issues, particularlywhen applied
to commercially exploited species (Dulvy et al., 2004). This is
also true of large terrestrial flagship vertebrates such as Asian
elephants that have been widely described as endangered (e.g.
Vidya et al., 2005) despite uncertainty in population assessment
approaches and the resulting estimates (Blake and Hedges, 2004).
Nevertheless, although there is a lack of consensus regarding
the most favorable approach for assessing species, stocks, or
populations, there is no doubt that such efforts are necessary for
effective wildlife management.

Key to marine turtles and conservation in general is the need
to illuminate which populations are doing well and which are
truly in danger of disappearing from our planet. This is a critical
first step for developing conservation strategies. For marine
turtles, management decisions regarding common themes like
bycatch reduction and nesting beach protection, as well as more
sensitive issues such as sustainable harvest and indigenous use,
all require information on the status of marine turtle populations
being impacted. Although few would argue this point, con-
sensus regarding the most appropriate status assessment tech-
nique has been elusive. With respect to marine turtles, there
have been several global assessment initiatives (Table 1), per-
haps the most widely recognized is that by the World Con-
servation Union's (IUCN) Marine Turtle Specialist Group
(MTSG) which has assessed the global statuses of marine turtles
for the IUCN Red List since the 1960s. To conduct Red List
Table 1
Summary of global assessment initiatives for the seven species of marine turtles

Sponsoring
organization

Species Assessment
criteria

Abundance
trends

Extinction
risk

Th
su

MTSG Dc, Cc, Nd, Lk IUCN 1996 ● ● ●
MTSG Cm, Lo, Ei IUCN 2001 ● ● ●
USFWS Dc, Cc, Lo, Lk, Ei, Cm USFWS,

unpubl.
● ● ●

CITES All species Qualitative ●

FAO Dc, Cc, Lo, Nd, Cm Qualitative ● ●
SWoT Dc, Cc Quantitative ● ●
IAC All species Qualitative ● ● ●

Organization names include: MTSG, IUCN Marine Turtle Specialist Group; USFW
Trade in Endangered Species of Wild Flora and Fauna; FAO, Food and Agriculture Or
American Convention for the Protection and Conservation of Sea Turtles. Species cod
Ei, hawksbill; Nd, flatback; Cm, green turtle.
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assessments, the MTSG as well as other IUCN Specialist
Groups apply a series of rule-based assessment criteria to de-
scribe a species' global extinction risk, using terms such as
Least Concern, Near Threatened, Vulnerable, Endangered, and
Critically Endangered (Appendices 1, 2).

The Red List is intended to be an objective system for
classifying all species according to their risk of extinction that
can be applied consistently by different people (IUCN, 2001;
Mace et al., 2006). In theory, the system should facilitate com-
parisons across widely different taxa, which could be useful for
developing conservation priorities (Mace et al., 2006; Marsh
et al., 2007). However, it is paradoxical considering that endemic
species with restricted ranges are likely to have profoundly
different extinction probabilities than a globally distributed
species such as a marine turtle (Heppell et al., 2000; Mazaris
et al., 2005). This disparity has resulted in considerable skep-
ticism regarding the current statuses of marine turtles on the Red
List, a sentiment fueled by perceived inadequacies of the current
assessment criteria (Webb and Carillo, 2000; Mrosovsky, 2003;
Seminoff, 2004b, Broderick et al., 2006). Yet whether or not
these concerns are warranted, an unfortunate consequence of this
debate has been that it detracts attention from the reality that
most marine turtle populations are conservation dependent.
These complications are further enhanced by that fact that,
although the Red List is intended to be a scientific assessment of
extinction risk, it is often used for setting policy and instigating
wildlife conservation advocacy, purposes that it was not de-
signed to serve (Possingham et al., 2002).

In this paper we examine the process of Red Listing, its
products and consequences in detail, using the case of marine
turtles. We also explore the IUCN Red List categories and
criteria and elaborate on possible future methods to conduct
assessments, including a more regional approach and incor-
porating threats and conservation recommendations into assess-
ments. The discussions herein add to a dialogue that will
hopefully lead to assessments that more accurately depict the
status of marine turtles and other widely distributed or long-
lived taxa, and are more broadly accepted and applicable to
local and regional conservation efforts.
reat
mmary

Conservation
recommendations

Policy relevance Citation

IUCN Red List See Table 2
IUCN Red List See Table 2

● Endangered Species
Act

NMFS & USFWS, 1998

● International trade
restrictions

● Fisheries management FAO, 2004
None Mast et al., 2006b, 2007

● Regional
conservation

Pritchard, 2002;
Chacon, 2002

S, United States Fish & Wildlife Service; CITES, Convention on International
ganization of the United Nations; SWoT, State of theWorld's Turtles; IAC, Inter-
es include: Dc, leatherback; Cc, loggerhead; Lo, olive ridley; Lk, Kemp's ridley,
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2. Red Listing in practice

2.1. The 2001 Red List Criteria

Since the initial inclusion of hawksbills and leatherbacks on
the IUCN Red List over four decades ago (IUCN, 1963), a
variety of criteria for assessing a species' global status have
been implemented. Originally these assessments were a largely
qualitative process, in which the statuses of each species were
determined based on consensus opinion among taxon-specific
experts around the world. Today, Red Listing is more quan-
titative, following criteria that are generalized to facilitate con-
sistent application and comparisons among taxa. Established in
2001, the current Red List Criteria (hereafter referred to as the
‘2001 Criteria’; Appendix 2) detail a variety of approaches for
classifying a species' extinction risk based on changes in global
population abundance, distribution, degree of fragmentation
and quantitative extinction risk modelling approaches. The
2001 Criteria call for these attributes to be assessed over a 10-
year or 3-generation time frame, the latter of which is used for
marine turtles and other long-lived animals. Recall that for
marine turtles, a single generation (defined as the mean age to
maturity+1/2 the reproductive longevity; Pianka, 1974) may be
40 years or more, which would result in total duration of at least
a century and perhaps as many as 150 years during which
population changes are to be determined (Chaloupka and
Musick, 1997; Seminoff, 2004a).

The IUCN criterion most commonly applied to marine
turtles is Criterion A, which prescribes ways to characterize
extinction risk based on thresholds in population abundance
change over a 3-generation timeframe (Appendix 2). The tem-
poral interval for this assessment can encompass past, present,
and projected future trends, although to date, the assessments
undertaken with the 2001 Criteria have focused on a timeline
starting 3 generations in the past and continuing through to the
present (Criterion A-2; Seminoff, 2004a; Abreu-Grobois and
Plotkin, 2007; Mortimer and Donnelly, in review)(Table 2).
Table 2
Summary of current status of marine turtles on the IUCN Red List

Species Red List status

Leatherback (Dermochelys coriacea) Critically Endangered
Hawksbill (Eretmochelys imbricata) Critically Endangered a, b

Kemp's ridley (Lepidochelys kempii) Critically Endangered
Olive ridley (Lepidochelys olivacea) Vulnerable c

Loggerhead (Caretta caretta) Endangered
Green turtle (Chelonia mydas) Endangered
Flatback (Natator depressus) Data deficient d, e

Five assessments were conducted by the Marine Turtle Specialist Group (MTSG) or b
and Petitions Subcommittee (S&PS).
a This revised assessment is a ruling made by the Red List S & PS in response to a

the IUCN SSC web site). The Critically Endangered status was subsequently justif
b The most recent global assessment of the hawksbill turtle, which recommends a l

and Donnelly, in review).
c The current assessment was accepted in September 2007. Although this docum

official appeal to IUCN for MTSG to develop a new assessment based on 2001 Re
d This revised assessment is a ruling made by the Red List S&PS in response to a

SSC web site).
e There is currently a draft assessment of the flatback turtle in review with the M
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Additional methods have also been outlined in the 2001
Criteria (Appendix 2), although they have not yet been applied to
marine turtles. These include strategies such as making status
designations based on changes in the geographic range of a
population (Criterion B), absolute number of mature individuals
in the population (Criteria C and D), and quantitative analysis to
determine the probability of extinction in the wild (Criterion E).
Although these additional criteria show a degree of flexibility
within the current Red List framework, most are considered
inappropriate for marine turtles or widely distributed marine
species in general, as they may not adequately reflect population
decline or overall depletion. For example, Criterion B, which
determines a species' status based on changes in its geographic
range, cannot adequately capture declines in a sea turtles because
even after a severe reduction in population size, the migrations of
a few individuals would largely maintain the original range for a
population. Criteria C and D, which base status listings on the
reduction of population sizes for mature individuals below spe-
cific population size thresholds, would also not reflect the con-
servation dependence of marine turtles due to the fact that even
the most depleted of species (e.g. Kemp's ridley, Lepidochelys
kempii) have adult populations that are well above the size
threshold necessary for being listed in a threat category (i.e.,
Vulnerable, Endangered, Critically Endangered; Appendix 2).
Perhaps the only criterion other thanCriterionA that is applicable
to marine turtles is Criterion E, which allows for inference and
projection based on extrapolation of current or potential threats
into the future (including their rate of change), or of factors
related to population abundance or distribution (Appendix 2).

2.2. Measuring population size

Because marine turtles spend the vast majority of their lives
in the marine environment, monitoring and assessment efforts
have targeted marine turtles during their terrestrial life-history
phase, while females come ashore to nest. Annual reproductive
effort has been determined by monitoring projects during which
Year Assessor

2000 L. Sarti Martínez (MTSG)
1996 Red List S & PS
1996 MTSG
2007 A. Abreu-Grobois and P. Plotkin (MTSG)
1996 MTSG
2004 J. Seminoff (MTSG)
1996 Red List S & PS

iologists therein, and two assessments were conducted by the Red List Standards

petition that challenged the Critically Endangered status (for further details see
ied in a global review by Meylan and Donnelly (1999).
isting of Critically Endangered, is currently in review with the MTSG (Mortimer

ent was in preparation for several years, its submission to IUCN came after an
d List Criteria.
petition that challenged the Vulnerable status (for further details see the IUCN

TSG (Whiting, in review).
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Fig. 1. Population time-bomb: schematic showing the demise of a marine turtle
population due to egg harvest over multiple decades. The lack of hatchling
production is manifested as a progressive reduction in the number of turtles in
each size cohort. Because many marine turtles take 30 or more years to reach
maturity, at least 30 years will pass before there is a decrease in the number of
nesting females. Modified from Mortimer (1991).
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females, nests, or eggs are quantified on fixed length of beach
over the course of a nesting season (Schroeder and Murphy,
1999). Although a tremendous advantage of this approach is its
logistic feasibility— even projects with few financial resources
can muster the human-power to monitor a beach — it is by no
means an error-free approach, as there are limits to what nesting
beach counts actually measure.

When determining annual reproductive effort, there is amajor
caveat that must be recognized relating to the proportion of the
adult females that nest in any given year. On numerous occasions
it has been shown that the proportion of a population's adult
female cohort nesting each year oscillates over decadal or longer
time frames (Limpus and Nicholls, 1988; Miller, 1997; Hays,
2000; Broderick et al., 2001). These oscillations may be affected
by environmental processes such as the El Niño Southern Oscil-
lation (Limpus and Nicholls, 1988; Saba et al., 2007), making it
even more difficult to infer population trends and human impact.
Unless this inter-annual variability is accounted for, and unless
assessments are based on long-term time series data, the trends
determined from nesting beach reconnaissance programs may
not accurately reflect changes in total population abundance
(Hays, 2000; Broderick et al., 2001; Mrosovsky, 2003).

An additional problem is that evaluations based exclusively on
nesting activity fail to consider the adult males or juvenile cohorts
within a population, the latter of which can be problematic for
determining population trends. The large age to maturity for most
hard-shelled marine turtles means that populations will have
numerous immature cohorts that are not counted by nesting beach
monitoring efforts (Crouse et al., 1987; Chaloupka and Musick,
1997; Heppell, 1998). Even populations with vastly depleted
immature cohorts and only a handful of reproductive adults could
trickle along for decades due to the continual maturation of a few
adults each year. This is also facilitated by the mating system of
most if not all marine turtle species, in which males are capable of
inseminating numerous females (Hoekert et al., 2002; Lee and
Hays, 2004; Zbinden et al., 2007), and may thus be able to sustain
their reproductive role even at severely reduced levels. In this
light, the pitfalls of basing population trends on the count of
nesting females become apparent: namely that such assessments
provide information on only a small segment of the population, of
which only a portion (and a highly variable portion at that) of
individuals are available for counting each year. With such an
approach, populations that are seemingly healthy as determined
via nesting beach counts may potentially be eroding from the
bottomup due to immature stock's inability to replace older adults
as they die. Appropriately referred to as a ‘population time-bomb’
(Mortimer, 1991; Fig. 1), this potential should be of great concern
for populations that are subjected to excessive egg harvest or
overexploitation of juveniles in marine habitats.

By the same token, such dependency on counts of adults may
also lead to overestimation of extinction likelihoods. For example,
a population undergoing recent, but catastrophic exploitation at
the nesting beach may appear nearly or completely extirpated
when in fact there are numerous juveniles ‘in the pipeline’ that
eventually reach maturity, leading to a restoration of nesting
activity (Fig. 2). Although the vastness of threats to marine turtles
suggests this ‘restoration through maturation’ recovery scenario
Please cite this article as: Seminoff, J.A., Shanker, K., Marine turtles and IUCN
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may be less frequent than the ‘population time-bomb’, it is worth
noting that this is the very demographic structure necessary for a
nesting population's rebound assuming there is negligible
crossover among nesting sites. Considering the ongoing increases
in adult nesting activity by several isolated populations that were
once at extremely low nesting abundance (e.g., green turtles in
Hawaii, Balazs and Chaloupka 2004; leatherbacks in St. Croix,
Dutton et al., 2005; Kemp's ridleys, Heppell et al., 2005) it is
apparent that counting only adults can mislead by giving an
overly negative view of a population's status just as it can give an
overly positive view. Further, recovery from low population size
has often been considered to be inhibited by the Allee effect, in
which populations at low density can suffer from a lower recruit-
ment or a higher mortality, leading to a further population de-
crease (Courchamp et al., 1999). However, as suggested by Hays
(2004) and supported by the aforementioned population recov-
eries, Allee effects do not seem to affect the recovery of sea turtles.

2.3. Implications of shifting baselines

Although extrapolations as per the 2001 Criteria have pro-
vided some understanding about marine turtle population sizes
Red Listing: A review of the process, the pitfalls, and novel assessment
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Fig. 2. Restoration through maturation: populations that have undergone
catastrophic exploitation at nesting beaches can recover as long as there are
healthy juvenile cohorts in the marine environment. The disappearance of
nesting females is eventually reversed as juveniles in the population mature.
Although the initial depletion of nesting activity creates a negative feedback on
hatchling production, this is eventually overcome as the annual nesting activity
progressively increases.
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in the past, assessments of how today's populations compare to
those from pre-exploitation years may be erroneous. In many
cases, the greatest rates of marine turtle population declines have
Fig. 3. Recent increase for a historically depleted population of green turtles (Cheloni
et al. (2007).
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taken place prior to the earliest period for which population
abundance data are available (McClenachan et al., 2006). This a
prime example of the ‘shifting baseline syndrome’ (Pauly, 1995)
and has resulted in populations being characterized as stable or
increasing even if they are depleted relative to historic levels.
For example, the Chichi-jima green turtle nesting population in
the Ogasawara Islands of southern Japan has been increasing
since the early 1980s (Chaloupka et al., 2007), although harvest
data suggest the current population size is substantially lower
than that at the beginning of the 20th century (Fig. 3; Horikoshi
et al., 1994). Contributing to the initial declines were substantial
turtle harvests from at least the 1880s until 1945, which marked
the start of occupation by US forces after World War II
(Horikoshi et al., 1994). Beginning in the early 1980s, an
increase in the nesting population at the Chichi-jima rookery was
observed, likely a result of decreased harvest during US
occupation (1945–1972) and the resultant increase in egg
production. Similarly, at the Seychelles Islands in the western
Indian Ocean, annual green turtle reproduction reached its all
time low of ~1700 nesting females in the late 1968s, but had
increased to nearly 5000 females in the 1990s (J. Mortimer, pers.
comm., 2002), indicating a N2 fold increase in annual repro-
duction over 2 decades. However, this population remains well
below that from historic times, as estimates from the early 1900s
suggest upwards of 10,000 females nested each year (Hornell,
1927). Perhaps recovery to pre-Columbus levels in unrealistic;
however, it is important that the correct baseline is chosen for
whatever the classification scheme or recovery goal may be.

The ‘increasing but depleted’ population abundance dynamic
underscores the importance of determining the temporal
baseline required for addressing the goals of the assessment
being undertaken. If, for example, we are defining ecological
roles, or looking at the entire history of the population, then the
depletion relative to pre-Columbus levels, regardless of any
perceived recent increasing trend would come into focus. On the
other hand, if we are characterizing extinction risk, then a
population on the rise, no matter how depleted relative to prior
levels, should be taken as a good sign, as extinction per se
would be less likely. However, in the current IUCN system,
a mydas) from Ogasawara Islands, Japan. Larger data summarized in Chaloupka
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Fig. 4. Summary of data sources for population abundance estimates in three
marine turtle Red List assessments. Included here are the MTSG assessments of
green turtles (Seminoff, 2004a), olive ridley turtles (Abreu-Grobois and Plotkin,
2007), and hawksbill turtles (Mortimer and Donnelly, in review).
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such a positive trend may be overshadowed by the population's
depletion relative to abundance 3-generations ago, an unfortu-
nate consequence being that it may be listed in an IUCN threat
category even if in a recovery mode.

2.4. Data availability

A major hurdle for Red Listing efforts is the lack of reliable
studies that have been published. To date, assessments have had
far too much emphasis on grey literature and personal com-
munications (Fig. 4). Because reliable data create the founda-
Fig. 5. Positive and negative annual nesting population growth trends for the leatherba
et al., 2005), Tongland, South Africa (Hughes, 1996), Suriname and French Guiana (G
Mexiquillo, Mexico (Sarti Martínez et al., 2007), and Terengganu, Malaysia (Chan
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tion of a good assessment (Holmes, 2001), we consider this
deficiency to be a serious problem that should be more openly
discussed. While there are numerous grey literature sources that
summarize trade and fisheries statistics, which in turn can be
used to estimate relative population abundance (Parsons, 1962;
Groombridge and Luxmoore, 1989), there is still a great need
for published, peer-reviewed long-term datasets. Among the
three assessments that have been conducted using the 2001
Criteria (Seminoff 2004a, Abreu-Grobois and Plotkin, 2007;
Mortimer and Donnelly, in review), a mean of only 24% of
citations was from published literature (Fig. 4). Considering that
the green turtle (Chelonia mydas), olive ridley (Lepidochelys
olivacea), and draft hawksbill (Eretmochelys imbricata) assess-
ments focused on 32, 31, and 25 index sites, respectively, this
indicates that only 0.42 to 1.08 publications were available per
index site, which is dangerously low since determinations of long-
term population trends usually require at least two (a ‘past’ and a
‘present’) datasets on which to base assessments (IUCN, 2001).

Adding to this publication shortfall is the paucity of historic data.
With species such as green turtles and hawksbills, both of which
have been economically important to humans for centuries, these
historic data are more likely to be available, although commonly in
unpublished form. For the remaining species long-term data are
virtually non-existent. To demonstrate this within the context of
marine turtle Red List assessments, we tallied the number of pre-
1960 and pre-1970 publications included in the literature cited
ck turtle (Dermochelys coriacea). Data summarized for St. Croix, USVI (Dutton
irondot et al., 2007), Playa Grande, Costa Rica (Santidrián Tomillo et al., 2007),
and Liew 1996; Chan 2006).
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sections of the three assessments completed to date using the 2001
Criteria (Table 2). We recognize that the number of publications
from any particular time period is only a loose proxy for data
availability and that much of the historic data may be summarized
in more recent writings, but considering the exhaustive literature
searches that were undertaken for each of these assessments, we
find the paucity of older publications to be reflective of the lack of
published historic data. In both time cut-offs, green turtles had
substantially more historic publications (15 pre-1970 citations, 5
pre-1960 citations; Seminoff, 2004b) than did hawksbills (6 pre-
1970 citations, 4 pre-1960 citations; Mortimer and Donnelly, in
review), or olive ridleys (4 pre-1970 citations, 0 pre-1960 citations;
Abreu-Grobois and Plotkin, 2007). Of all pre-1970 citations among
the three assessments, only 56% (14/25) were peer-reviewed
sources.

Even when historic accounts are available, the quantitative
data therein must be viewed with great caution. For example, in
a review of population trends for olive ridley turtles in Orissa,
Shanker et al. (2004) examined over 20 published sources of
population data, and found little concordance between pub-
lished values, no account of methods, no estimates of variance,
systematic errors, and in summary, little evidence that the data
were reliable. The fact that these same data had previously been
used by other authors to draw conclusions about this population
underscores the troubling reality that historic accounts are often
interpreted as ‘truth’ (Mrosovsky, 2002).

3. The products of Red Listing

3.1. How accurate are global listings for marine turtles?

Making an assessment based on the global mean fails to
reflect the local or regional differences that may be ongoing
within a widely distributed species. In the case of marine turtles,
all six species that have been listed in a threat category (i.e.,
Vulnerable, Endangered or Critically Endangered; Table 2) have
one or more nesting populations that are increasing. For ex-
ample, leatherback turtles (Dermochelys coriacea) have been
classified as ‘Critically Endangered’ on the basis of an overall
decrease in global nesting trends, particularly in the Pacific
(Chan and Liew, 1996; Spotila et al., 2000; Sarti Martínez et al.,
2007). However, such a listing fails to reflect the fact that there
are stable and increasing nesting populations, some of
substantial size, in the Atlantic Ocean (Chacon-Chaveri and
Eckert, 2007; Dutton et al., 2005; Thome et al., 2007) and Indian
Ocean (Hughes, 1996)(Fig. 5). Likewise, hawksbills are sub-
stantially depleted due to centuries of harvest for the tortoise-
shell trade (Parsons, 1972; Groombridge and Luxmoore 1989,
Meylan and Donnelly, 1999; Fleming, 2001) but they too have
populations that are increasing (Richardson et al., 2006, Beggs
et al., 2007; Marcovaldi et al., 2007; Mortimer and Donnelly, in
review). The same can be said of olive ridley turtles (Shanker
et al., 2004; Abreu-Grobois and Plotkin, 2007), green turtles
(Seminoff, 2004a; Broderick et al., 2006; Chaloupka et al.,
2007) and loggerheads (Caretta caretta; Chaloupka et al., 2007,
Marcovaldi and Chaloupka 2007), all of which are currently
listed as Vulnerable or Endangered.
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Based on these examples, it appears that a Red List
designation does not reflect a species' true risk of extinction.
And in fact, the definitions associated with these status listings
seem far from accurate: whereas the IUCN defines a Critically
Endangered species as one that is “facing an extremely high risk
of extinction in the wild”, an Endangered species is defined as
one that is “facing a very high risk of extinction in the wild”
(IUCN, 2001; Appendix 1). We agree that all marine turtle
nesting populations are susceptible to declines if additional
anthropogenic threats develop in the future, and catastrophic
events such as global change and sea level rise are of particular
concern (Fish et al., 2005; Baker et al., 2006). But we see no
plausible scenario by which anthropogenic impacts, either di-
rect or indirect, could wipe out an entire species within the
foreseeable future. Recall that in the case of a globally dis-
tributed species, the risk of extinction must be defined as the
risk of every last population. Based on these considerations, we
argue that no marine turtle species is currently endangered with
imminent extinction, although we do agree that there are many
populations that may disappear unless conservation measure are
promptly developed and enforced.

3.2. Species databases as a valuable byproduct

Whether or not one agrees with the outcome of Red Listing
for marine turtles, the assessment process itself provides excep-
tional value. It serves as a mandate to amass abundance data
from a wide variety of sources. It forces a closer examination of
data from grey literature, and stimulates researchers to carry out
their work more rigorously and publish in peer-reviewed jour-
nals. It forces the compilation of a global database that can be
accessed by people around the world that may otherwise not
have the information resources to gather such data. It highlights
gaps in our understanding of nesting abundance and threats
around the world. Recognizing where additional data are needed
will help us to develop more appropriate research and conser-
vation strategies as well as develop research funding priorities.

3.3. The Red List's influence on marine conservation

The Red List is intended to be “policy relevant, not policy
prescriptive” (D. Brackett, pers. comm.), which theoretically
should eliminate political and social considerations in the
construction of the criteria used for its development (Possi-
ngham et al., 2002). That is, the Red List should not prescribe
the specific conservation measures necessary to repair damaged
populations, but rather highlight where conservation is most
needed (Lamoreux et al., 2003; Mace et al., 2006). Indeed,
assessing a population's status is quite separate from developing
a conservation plan. However, there is a foggy line between
what is ‘relevant’ and what is ‘prescriptive’ and we suggest that
the IUCN Red List is highly influential, perhaps even
prescriptive of national conservation programs and conserva-
tion legislation regardless of its original intent. In fact, the Red
List, like other lists of Threatened Species, is used for a variety
of purposes that it was not designed to serve such as for reserve
design, to set priorities for resource allocation and to constrain
Red Listing: A review of the process, the pitfalls, and novel assessment
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development (Possingham et al., 2002). Supporting this
misapplication in the context of marine turtle conservation,
Abreu-Grobois and Plotkin (2007) state that “Most of the
conservation actions on behalf of the olive ridley at national and
international levels have been based on the species' listing
under the Endangered category in the IUCN Red List”, and that
“On the basis of the species' classification in the IUCN Red List
or in national endangered species lists, local legislatures of
range states confer protection to the olive ridley”.

Because of the variety of users (composed of the public,
conservation organizations, and government) the interpretation
of the Red List is variable, and most are used for multiple
purposes, regardless of the IUCN's original intent (Possingham
et al., 2002). If conservation action were based on independent
knowledge based decisions, then the misapplication of the Red
List and the lack of spatial scale in a species' status listing
would not be so problematic. However, among the biggest
shortcomings described in decision-making theory is that the
decision makers tend not to examine all available data and
commonly base actions on preconceptions and personal biases
(Rittel and Webber, 1973; Hamazaki and Tanno, 2001; Camp-
bell, 2002). For example, although the recent global assess-
ments (Seminoff, 2004a; Abreu-Grobois and Plotkin, 2007;
Mortimer and Donnelly, in review) contain substantial informa-
tion on biology, population abundance, threats which illustrates
differences among populations, the reality is that the end
product— a one or two word status listing— is what is viewed
by the overwhelming majority of practitioners, most of whom
never read the actual assessment. We believe this is a major
shortcoming of the Red List global approach: the amassing of
data from around the world that has taken countless hours to
access and organize, and the resultant knowledge of differences
among populations is overshadowed by the single status listing.
The Red List is intended to provide a method for illuminating
what species have greater extinction risk, which has clear
relevance to conservation priority setting. Many countries refer
to the IUCN global lists for constructing national Red Lists and
protected species lists (Lamoreux et al., 2003; M. Marcovaldi,
pers. comm.), while others simply use the Red List Criteria for
developing these national lists (Amorocho, 2003; J. Alava, pers.
comm.; Table 1). Miller et al. (2007) found that out of 180
countries examined, 77% had developed national lists of
threatened species, and out of these 78% used a version of the
IUCN criteria. Although application of the 2001 Criteria at
national or local levels alleviates many of the inaccuracies
associated with larger spatial scales; we believe that adopting
the statuses verbatim from the Global Red List for national Red
Listing can lead to incorrect and misleading results. More
troubling is the potential for inaccurate status designations to
result in misallocation of resources to populations or species
that are not those with the greatest need of such attention.

Conservation groups and governments are likely to interpret
species' listings in higher threat categories as a need for greater
conservation (Possingham et al., 2002). Let us first take a species
that is listed at the highest threat categories of Endangered and
Critically Endangered. There are populations among all marine
turtle species that are classified as such that are stable and
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increasing, yet they may receive conservation attention simply
because of their Red List status.While we certainly do not suggest
that a species need be on the verge of collapse to warrant con-
servation attention, we do suggest that such misnomers create
unique challenges for conservation priority setting and budgeting
exercises. In the reciprocal case, let us consider a situation where
the global mean results in a Near Threatened or even Vulnerable,
despite the fact that one or more populations may be declining or
truly threatened with local or regional extirpation. Should a Near
Threatened or Vulnerable listing mean that the focal population
does not require conservation action or management, or is of
lower priority to recover? Certainly not, and it is conceivable that
such disparities between Red Listings and reality may some day
lead to localized extinctions. For example, whereas olive ridleys
in the Atlantic constitute a small, isolated population susceptible
to extirpation, the species is listed at a lower Red List category
(Vulnerable, IUCN, 2007) than are hawksbills and leatherbacks,
both of which are more widely distributed and under compara-
tively lesser threat of extirpation in the Atlantic (both listed as
Critically Endangered, IUCN, 2007).

4. The MTSG Mandate: perspectives from within
the membership

Although the MTSG does a variety of activities (Mast et al.,
2006a), the fact that it was originally created by the IUCN
(Davis, 2005) suggests that its primary mandate is to conduct
global Red List assessments. And here lies the conundrum:
should MTSG continue with its primary mandate, even though
it has been increasingly apparent that global Red List assess-
ments do not adequately reflect the differences in population
statuses worldwide and thus are not directly useful for marine
turtle conservation efforts? Or should this organization develop
new approaches to marine turtle status assessments, irrespective
of its acceptance by the IUCN?

To examine these issues, a questionnaire was circulated to the
MTSG membership, asking opinions on a variety of questions
relating to Red Listing, regional assessments, and the perceived
best approaches for assessing marine turtles. There were 50
respondents representing 23 countries, and their responses were
highly informative of the general sentiments among the MTSG
membership (Fig. 6). Overall, 98% of the respondents identified
themselves as being either somewhat or very familiar with the
Red Listing process, and of these 62% believed that the MTSG
invested the appropriate amount of time in conducting Red List
assessments. Interestingly, the vast majority of respondents also
felt it would be appropriate for these assessments to move beyond
focusing only on extinction risk, and also include a thorough
threat assessment along with conservation recommendations.
Respondents were divided in their beliefs of whether the MTSG
should focus on regional assessment efforts, and if so, just how to
go about conducting them (Fig. 6). The majority agreed that the
MTSG should only undertake regional assessments if they are
included in the Red List, although only 10% believe that the
MTSG should follow the 2001 Criteria for regional assessments.
Although this apparent incongruity may result from respondents'
lack of understanding of the likelihood that non-use of the 2001
Red Listing: A review of the process, the pitfalls, and novel assessment
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Criteria would likely scuttle any attempts to have sub-global
listings on the Red List, it nevertheless underscores the need for
MTSG and IUCN to discuss alternative approaches to the 2001
Criteria for assessing marine turtles.

Clearly, not all MTSG members are fluent in the IUCN Red
List process, and the results of this survey should therefore be
viewed cautiously. However, the MTSG is an IUCN-mandated
organization and it is incumbent upon both the leadership and
the membership of the MTSG to work together to ensure that
each and every member is versed in the Red List Criteria so that
any future deliberations on how to proceed with Red Listing and
species status assessments in general can benefit from the input
of a wider cross-section of MTSG members.

5. Improving marine turtle status assessments

The spatial and temporal problems inherent in the 2001 IUCN
criteria are taxing on the biologists involved and distracting to the
larger issue of conservation dependency for most marine turtle
populations. Perhaps more than ever there is a need to address the
apparent deficiencies in the current criteria and to more explicitly
inform the List's constituents of its caveats and appropriate
applications. In consideringways tomake the process better, there
Fig. 6. Summary of responses to a Red List Questionnaire circulated to the MTSGme
countries.
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are a variety of modifications that may prove beneficial. These
include efforts to: i) make greater use of modelling approaches
applicable to Criteria A and E, ii) adjust criteria to include other
status metrics in addition to abundance and extinction risk, iii)
more explicitly state recovery goals and establish mechanisms to
monitor population trends relative to these goals, iv) conduct
regional assessments; and v) make assessments more policy
prescriptive by including a separate and explicitly headed section
that describes threats and solutions. We acknowledge that greater
use of Criteria A and E would only be necessary if the MTSG
continues with its role of conducting global assessments within
the IUCN framework; however, the remaining alternatives would
ideally lead to more accurate assessments that are of greater use at
local and regional scales. In addition to these approaches, a list of
priority activities that we believe is necessary for improving
assessments is provided in Table 3.

5.1. Broader use of 2001 IUCN Criteria

It is evident that for long-lived and widely distributed taxa
such as marine turtles, a new assessment strategy is necessary.
However, before looking outside of the current Red List system,
it may be worth pursuing alternative approaches within the 2001
mbership. There were 50 respondents (18% of total membership) representing 23
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Table 3
Research and assessment priorities for improving marine turtle assessments

Research/assessment priorities

Assessment strategy development
• Establish a demography/modelling working group to evaluate the value of
different population parameters for use as indices of population trends (e.g.,
adult size distributions, nesting frequency, rate of abundance change, in-water
catch per unit effort, in-water size class distributions, fisheries landings, etc.).

• Establish genetics working group to determine the analytical approaches that
are necessary for elucidating distinct population segments, with emphasis on
distinguishing the roles of female and male-mediated gene flow.

Data collection
• Promote the standardization of data collection protocols through professional
workshops and educational outreach.

• Conduct long-term monitoring of nesting and in-water populations, with
emphasis on collecting the appropriate data necessary for population trend
analyses.

• Conduct basic research on the biology of marine turtles at nesting beaches,
foraging areas, and migratory corridors with emphasis on generating long-
term time series data sets.

Data analysis
• Use appropriate genetic analyses to define boundaries between population
units.

• Develop models for projecting future population status and extinction
probability.

Data dissemination
• Disseminate data in peer-reviewed wide-access publications

These are organized into four groups based on the stage in an assessment process
in which they are relevant. These priorities are not intended to be an exhaustive
list, and instead represent the most urgent needs.
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Criteria that can lead to more acceptable assessments. For
example, instead of using a baseline that is 3-generations in the
past, which results in data availability issues, it may be ap-
propriate to use a more recent baseline and conduct population
abundance projections into the future (Criterion A4) or conduct
explicit modelling of future extinction risk of a population
(Criterion E) (Appendix 2). There have been several efforts to
model population dynamics of marine turtles, including
deterministic models (Crouse et al., 1987; Heppell et al.,
2005), stochastic simulation models (Chaloupka, 2002, 2004),
Bayesian state-space models (Chaloupka and Balazs, 2007),
and individual-based models (Mazaris et al., 2005). Such ap-
proaches may prove useful within a Red List framework, par-
ticularly those which examine extinction risk (Chaloupka, 2002,
2004; Mazaris et al., 2005). Further, although not yet applied
widely to marine turtles, the MTSG should explore modelling
efforts such as Population Viability Analysis (PVA; Akçakaya
and Sjögren-Gulve, 2000; Morris et al., 2002). There are
variable types of PVA that have been used to effectively project
extinction risk in several non-marine turtle species based on
demographic and threat input data (Beissinger and McCul-
lough, 2002). Although these methods have drawbacks, par-
ticularly when demographic data are lacking (Taylor, 1995;
Coulson et al., 2001), they make classification decisions less
arbitrary and more grounded in scientific information by al-
Please cite this article as: Seminoff, J.A., Shanker, K., Marine turtles and IUCN
approaches, J. Exp. Mar. Biol. Ecol. (2008), doi:10.1016/j.jembe.2007.12.007
lowing explicit estimation of the likelihood that a population
will persist for a particular time period (Wilcove et al., 1993;
Akçakaya and Sjögren-Gulve, 2000; Gerber et al., 2007).

5.2. Modify existing criteria

Based on the results of the MTSG Red Listing questionnaire,
it is apparent that the membership sees a need to either develop
entirely new rule-based criteria, or maintain flexible, non-
standardized criteria for conducting marine turtle assessments
(Fig. 6). Although the remit of this paper does not include
prescribing the criteria that should be followed — determining
the appropriate criteria will require careful consideration among
members of the MTSG — there are a number of components
that have emerged from previous discussions that appear
necessary to address, including the needs to: i) target non-
reproductive cohorts in assessments, ii) include demographic
trends other than abundance into assessments, iii) incorporate
genetic information from populations under assessment, and iv)
establish reference markers so that recovery can be identified. In
the process it would be useful to examine how other groups
have dealt with assessment approaches outside of the IUCN Red
List framework (Ocean Wildlife Campaign, 1997; Gerber and
Demaster, 1999; Musick, 1999; Sheldon et al., 2001; Andelman
et al., 2004), perhaps adopting elements of these alternative
approaches for future marine turtle assessments.

Monitoring in-water stocks is of the utmost importance for
crosschecking trends observed on nesting beaches (Bjorndal
et al., 2005a). For example, Chaloupka and Limpus (2001)
reported an increase in annual nesting abundance of ~3% per
year from 1974–1998 at Heron Island in the southern Great
Barrier Reef (sGBR) and corroborated this increase with data
showing an increase of 8% per year from 1985–1992 for the
sGBR green turtle population. While such examples are few,
and in-water work logistically challenging, we nonetheless must
promote the research of non-nesting cohorts so as to reduce
uncertainty in our assessments. These efforts may be a com-
bination of extensive and intensive aerial and in-water surveys
at selected monitoring sites that represent the range of habitats,
cohorts, and turtle densities (Bjorndal et al., 2005a). It is also of
great importance that such efforts are undertaken long enough
so as to produce time series data that are comparable to
information from nesting beaches.

Demographic trends other than absolute abundance can also
be very informative for population assessments. Aspects that
may prove useful for such exercises include examinations of
rates of change in population size (S. Heppell, pers. comm.),
stage-based survival rates (Crouse et al., 1987; Seminoff et al.,
2003; Campbell and Lagueux, 2005; Chaloupka and Limpus,
2005; Troëng and Chaloupka, 2007), stage-based recruitment
rates (Chaloupka and Musick, 1997; Chaloupka and Limpus,
2001), nesting remigration intervals (Troëng and Chaloupka,
2007), and changes in mean body size of nesters and annual
proportion of neophyte nesters (Hatase et al., 2002; Limpus et
al., 2003). The increased focus on immature cohorts and the use
of metrics other than annual nesting abundance will ideally be
effective for providing early warning signs that help
Red Listing: A review of the process, the pitfalls, and novel assessment
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conservation efforts avoid the aforementioned ‘population time-
bomb’ dilemma (Fig. 1).

Maintaining genetic diversity is very important and even
small populations can have large value for preserving the
resilience of a species (Bowen and Karl, 1997). It is therefore
important that assessments integrate stock-specific genetic
information into a weighting system for determining the relative
importance of each population to overall species genetic diver-
sity. Criteria aimed at determining effective population size and
conserving genetic diversity have been developed for fish
(Reiman and Allendorf, 2001) and could also be adopted for
marine turtles. A likely outcome of such efforts will be the clear
importance of the need to carefully manage smaller rookeries as
well as the primary rookeries within each region so as to
conserve genetic diversity (Bjorndal et al., 2005b).

Considering that marine turtle assessments and their status
recommendations commonly dictate conservation efforts, it is
important that a system be developed by which we can measure
the success of these efforts. With respect to population size, we
suggest that explicit population size goals be developed, and that
efforts are enhanced to compare howongoing recovery, or decline,
compares to these goals. Establishing these benchmarks may also
be useful for determining when and if a change in listing status is
warranted. Knowledge on former abundance can be gained using
both reconstructions of past population size (Broderick et al.,
2006; Bjorndal and Jackson, 2003; Chaloupka and Balazs, 2007)
as well as genetic approaches such as determining the ratio of
current population size to effective population size (Rivalan et al.,
2006), or the development of coalescent models for mitochondrial
DNA sequence variation for estimating genetic diversity and
historic population sizes (Roman and Palumbi, 2003; Baker and
Clapham, 2004). Although the latter has been a fairly controversial
approach, there are lessons to be learned from this effort that can
be applied to marine turtles.

5.3. Regional assessments

Calls for a regional approach to marine turtle status assess-
ments have been ongoing for several years (e.g. Mrosovsky
2003, Seminoff 2004b). For a taxon such as marine turtles, that
experience varied anthropogenic pressures in different parts of
the world, this is requisite for effective management. By iden-
tifying nesting populations that are declining as well as high-
lighting those that are doing relatively well, finer-scale
assessments will be more useful for conservationists and re-
source managers on-the-ground.

A regional approach would clearly benefit marine turtle status
assessments and conservation efforts, but there are a number of
important realities to keep in mind. First, regional assessments
will demand additional time from volunteer assessors and may
result in unwanted delays in the production of these assessments.
Second, regional assessments will likely result in the down-listing
or delisting of some marine turtle populations. The Hawaiian
green turtle stock, which has recovered since reaching a
population low point in the early 1970s, provides a perfect
example (Balazs and Chaloupka, 2004; Chaloupka and Balazs,
2007). If and when an assessment for this population is
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undertaken it is likely, and warranted, that the status will be
changed from its current Endangered listing. While downlisting
may seem counterintuitive to the precautionary nature of marine
turtle conservation, it is an important step forward if status listings
are to be useful in the development of conservation priorities.
When scientifically justified, downlisting and/or delisting also
underscore the rooting of assessments on science rather than
political or fund-raising agendas. Third, changing conservation
status listings could result in a rearrangement of our conservation
priorities. By revealing those populations that are doing poorly,
regional assessments may shift emphasis from those that are
doing relatively well, even if they too are depleted. Fourth,
regional assessments and the resultant status changes may have
profound impacts on issues of international trade of marine turtle
products. Although trade itself may not be bad (the IUCN has a
mandate to explore Sustainable Use), unregulated take and trade
may lead to further declines, and this is a genuine concern. While
in theory such trade would be heavily monitored andmanaged via
quotas within participating countries, the issues surrounding
potential trade possibilities must be carefully examined by all
stakeholders. However, this is not the remit of Red Listing, and
instead needs to be addressed by instruments that control
international trade such as the Convention on International
Trade in Endangered Species of Wild Flora and Fauna (CITES),
rather than a biological assessment of population change.

Although the IUCN has prescribed ways to apply the Red List
Criteria for regional assessments (Gärdenfors et al., 2001, IUCN,
2003), which have been used with a variety of taxa including
marine turtles (Amorocho, 2003; Eaton et al., 2005; De Iongh
and Bal, 2007), regional assessments per se are not eligible for
inclusion on the IUCN Red List. Instead, the only sub-global
listings that are acceptable for inclusion on the Red List are
‘subpopulation’ assessments. Subpopulations are defined by the
IUCN as “geographically or otherwise distinct groups in a global
population between which there is little demographic or genetic
exchange (typically one successful migrant individual or gamete
per year or less)” (IUCN, 2001). Indeed, the Cetacean Specialist
Group is light years ahead of the MTSG in this regard, as they
have used genetic data to delineate stock boundaries for a variety
of species and conducted subpopulation assessments on several
of these (e.g., grey whale, Eschrichtius robustus, harbor por-
poise, Phocoena phocoena)(IUCN, 2007). For marine turtles;
however, the stock structure patterns are less resolved and ge-
netic isolation may be unlikely for the vast majority of
populations because the global criss-crossing undertaken by
individuals and male-mediated gene flow via copulation in
mixed-stock foraging areas typically maintain high gene flow
among populations (Bowen and Karl, 1997).

Despite the emphasis on genetic thresholds, there is no con-
sensus on the relative importance of nuclear DNA or mitochon-
drial DNA research in Red List categorization of marine turtles
(Naro-Maciel and Formia, 2006; Mrosovsky, 2006). Addressing
this issue is of paramount importance for determining whether the
MTSG should pursue IUCN subpopulation listings or maintain
focus on regional listings outside the Red List framework. We
suggest that exclusion from the Red List should not preclude the
MTSG's efforts to undertake regional assessments, but it would
Red Listing: A review of the process, the pitfalls, and novel assessment
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be worth exploring ways to integrate a genetic approach in such
assessments that would result in the full global complement of
regional assessments of a species being packaged together by the
MTSG and accepted as the Red List global assessment for that
species. This would be mutually beneficial for both the MTSG
and IUCN as it would allow the development of meaningful
regional assessments while at the same time meeting the need to
produce a global assessment.

5.4. Conservation assessments

While still operating on a regional scale, we suggest there is a
great need for an assessment system that evaluates the success and
failure of conservation and policy strategies, and advocates
appropriate changes if necessary. While many species may be in
need of conservation, not all species in a system may need to be
assessed and habitat indices and other indicators may be used to
deduce trends for large numbers of taxa. There have been a variety
of indicators of biodiversity, including some that are direct me-
asures of biodiversity, such as habitat indices, population indices
and trophic level indices (Brooks and Kennedy, 2004; Mace,
2005). Here we present a new framework for conservation
assessments for species that may require direct conservation or
management intervention. This approach can be applied to a wide
range of taxa across different habitats, wherever the species can be
individually monitored. It consists of an assessment of risk of
current threats which have a negative impact on the population
(low, medium or high), and the consequent recommended
conservation action (Fig. 7). This is not unlike the use of
population reference points in fisheries management (Kell et al.,
2007), although we recognize that this approach has had varying
levels of success in fisheries (e.g., Piet and Rice, 2004; Rice and
Legace, 2007). When the species is first assessed, it may be
assigned on the basis of existing knowledge to one of three
categories (i.e. low, medium or high risk from current threats; Fig.
7). Medium and high risk species should, after the first and
subsequent assessments, be monitored on a regular basis.
Monitoring should examine explicitly two parameters — the
population or index thereof and the efficacy of conservation
efforts. Thus, when the species or population is reassessed after 1
or 5 years, there may be a change in status, and closely linked to
this, a change in conservation action. If, for example, the status of
a species does not change despite strong conservation efforts, then
a change in strategy should be recommended.

Following the earlier discussion of criteria (see Section 5.2),
we will not enter into a debate of which quantitative criteria
should be used to track population trends. The important point
is to monitor both the population and the impact of the manage-
ment action. Admittedly, regardless of the criteria used, the
precautionary principle will be invoked to place species in
medium and high risk categories. However, taking a quasi-
Bayesian approach, we suggest that the status will be self-
correcting, and the original status designation will not matter
greatly since a population will be regularly monitored and future
status assignments will depend on contemporary data. Going
further, tools such as Bayesian Belief Networks can be used to
derive conservation decisions from empirical data (Chaloupka,
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2007). Bayesian networks are graphical models that represent
variables and their probabilistic interdependencies. Their utility
in this context is the ability to incorporate uncertainty, which
derives from a number of sources, including the nature of the
system, the accuracy of the data, and the relationship between
variables. Such uncertainty is characteristic of natural systems,
and especially so in the data used for conservation assessments.

It would also be useful to describe, as a consequence of these
local assessments, the status, threats and conservation actions at
different scales, namely nesting beaches, genetic stocks, ocean
basins, and species. There are both different threats as well as
different conservation actions at different scales, and such amatrix
can provide guidance to conservation practitioners who function
at these different scales (Harcourt and Parks, 2003). A caveat is
that there will be contention over what constitutes a region or
population for these assessments (see Section 5.5 below).
Increasingly sophisticated molecular genetic tools and compre-
hensive datasets will no doubt assist in addressing this difficult
issue, with the caveats mentioned earlier. There are several
reasons that assessing conservation action is at least as critical as
assessing population trend. The first obvious one is that the trend
itself provides no guidance to action. A second important and
often ignored point is that many conservation actions come with
significant social and economic costs (Dowie, 2005; Brockington
and Igoe, 2006). These costs can have negative impacts for
conservation itself in the long term. Therefore, what are broadly
considered to be ‘good for conservation’ (e.g., pristine habitats,
exclusion of people and activity) may have negative social and
political consequences that would impact long-term success.
Therefore, while it may be important to institute such actions for
population recovery in the short term, the long-term success of
recovery efforts may benefit from modifications in such
conservation practices to lessen their negative social impact.

5.5. Species concepts and the implications of lumping and splitting

Notable amongst the challenges of biodiversity assessment is
the issue of the definition of species. Though ‘species’ form the
currency of biology and conservation, there is little agreement on
what constitutes a species between people whowork on different
taxa, and sometimes even on the same taxa, leading to problems
in biodiversity studies, assessment of trends and consequently,
conservation (Isaac et al., 2004, Agapow et al., 2004; Mace
2004). For example, when a species is split into two, not only
does the diversity of the taxon increase, but the range and
abundance of each declines, thus making it more likely to be
classified in one of the IUCN Red List ‘Threatened’ categories.
Sea turtles have not been without debate on this particular issue,
with considerable controversy surrounding the species status of
the east Pacific green turtle or black turtle (Karl and Bowen,
1999; Pritchard 1999). In fact, it was argued that conferring
species status on this population would help in its conservation.
In this context as well, one can question the ethics of mixing
science and advocacy (Shrader-Frechette and McCoy, 1999).

The same problem arises when dividing sea turtles into
regional or local populations for assessment. While this makes
the application of IUCN criteria more practical, the basis for
Red Listing: A review of the process, the pitfalls, and novel assessment
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separation remains as intractable as ever. Genetic data, while
providing some resolution, offer no more insights into where the
line should be drawn (i.e., what degree of difference?) for
populations than they do for species. One suspects that these
decisions will be mired in similar arguments over ‘splitting’ and
‘lumping’, the former being driven by the fact that splitting
results in higher threat categorization for the population
concerned, and therefore greater conservation action. This
leads back to the issue that the science of assessment is being
influenced by the advocacy of conservation.

6. Conclusion

Marine turtle species are not single entities unto themselves,
but instead comprised of a mosaic of individuals and popula-
tions, all of which may live in slightly different habitats, ex-
perience varied anthropogenic threats, conservation efforts, and
abundance trajectories. While there may be no perfect assess-
ment system for capturing these differences, the current Red
Listing criteria have resulted in biological assessments of marine
turtles that are inaccurate and misleading for conservation
priority setting. The lack of spatial resolution has resulted in
major discrepancies between Red List status and true extinction
risk, the result of which has been skepticism on the part of
scientists and conservation practitioners, which may undermine
the intended utility of the Red List. A new approach to assessing
marine turtles is clearly needed and there are several areas of
research that will facilitate improvements over existing assess-
ment methods (Table 3). Application of novel criteria, and
development of regional assessments and/or conservation as-
sessments are the most plausible alternatives, and would serve
assessments well by establishing more precise metrics for mea-
suring abundance change while at the same time resulting in
Please cite this article as: Seminoff, J.A., Shanker, K., Marine turtles and IUCN
approaches, J. Exp. Mar. Biol. Ecol. (2008), doi:10.1016/j.jembe.2007.12.007
assessments that are more useful for local and regional conser-
vation (Fig. 7).

Constructing the best approaches will require thoughtful
deliberations by a wide cross-section of biologists, telemetry
specialists, geneticists, and demographic modellers. In the
meantime, marine turtle biologists and experts must weigh the
value of proceeding with global assessments that employ
Criterion A of the 2001 IUCN criteria. While continuing these
efforts would garner the aforementioned benefits of fulfilling
the IUCN mandate, highlighting knowledge gaps, and amassing
data in one source, we argue that continuing along this path is
unwarranted for a group such as the MTSG, that should have
scientific rigor among its core values. A more prudent approach
would be to suspend species assessments until a new approach
is developed, and ideally blessed by the IUCN.
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Appendix 1. IUCN Red List assessment categories (IUCN, 2001)
Red List category
Please cite this article as: Sem
approaches, J. Exp. Mar. Biol.
Definition
Extinct (EX)
 A taxon is Extinct when there is no reasonable doubt that the last individual has died.

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 naturalized population

(or populations) well outside the past range

Critically
Endangered (CR)
A taxon is Critically Endangered when the best available evidence indicates that it meets any of the criteria A to E for
Critically Endangered (see Section 5), and it is therefore considered to be facing an extremely high risk of extinction in the wild.
Endangered (EN)
 A taxon is Endangered when the best available evidence indicates that it meets any of the criteria A to E for Endangered
(see Section 5), 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 to E for Vulnerable
(see Section 5), 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 been evaluated against the criteria but does not qualify for Critically Endangered,
Endangered or Vulnerable now, but is close to qualifying for or is likely to qualify for a threatened category in the near future.
Least Concern (LC)
 A taxon is Least Concern when it has been evaluated against the criteria and does not qualify for Critically Endangered,
Endangered, Vulnerable or Near Threatened.
Data Deficient (DD)
 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.
Not Evaluated (NE)
 A taxon is Not Evaluated when it is has not yet been evaluated against the criteria
Appendix 2. Summary of the IUCN 2001 Criteria (IUCN, 2001)

A. Reduction in population size based on any of the following:

1. An observed, estimated, inferred or suspected population size reduction of ≥90%

(CR) or ≥70% (EN) or ≥50% (VU) over the last 10 years or three generations,
whichever is the longer, where the causes of the reduction are clearly reversible AND
understood AND ceased, based on (and specifying) any of the following:
inoff, J.A., Shanker, K., Marine turtles and IUCN Red L
Ecol. (2008), doi:10.1016/j.jembe.2007.12.007
(a) direct observation
(b) an index of abundance
(c) a decline in area of occupancy, extent of occurrence and/or quality
of habitat
(d) actual or potential levels of exploitation
(e) the effects of introduced taxa, hybridization, pathogens, pollutants,
competitors or parasites.
2.An observed, estimated, inferred or suspected population size reduction of≥80% (CR) or≥50% (EN) or≥30% (VU) over the last 10 years or three generations, whichever is
the longer,where the reductionor its causesmaynot have ceasedORmaynot beunderstoodORmaynot be reversible, basedon (and specifying) anyof (a) to (e) under Appendix1.
3. A population size reduction of ≥80% (CR) or ≥50% (EN) or ≥30% (VU) projected or suspected to be met within the next 10 years or three generations,

whichever is the longer (up to a maximum of 100 years), based on (and specifying) any of (b) to (e) under Appendix 1.
4. An observed, estimated, inferred, projected or suspected population size reduction of ≥80% (CR) or ≥50% (EN) or ≥30% (VU) over any 10 year or three

generation period, whichever is longer (up to a maximum of 100 years in the future), where the time period must include both the past and the future, and where the
reduction or its causes may not have ceased OR may not be understood OR may not be reversible, based on (and specifying) any of (a) to (e) under Appendix 1.

B. Geographic range in the form of either B1 (extent of occurrence) OR B2 (area of occupancy) OR both:
2
1. Extent of occurrence estimated to be less than 100 km

(CR) or 1000 km2 (EN) or 10,000 km2 (VU), and
estimates indicating at least two of a–c:
a. Severely fragmented or known to exist at only a single location.

b. Continuing decline, observed, inferred
or projected, in any of the following:
isting: A review of the pr
(i) extent of occurrence
(ii) area of occupancy
(iii) area, extent and/or quality of habitat
(iv) number of locations or subpopulations
(v) number of mature individuals.
c. Extreme fluctuations in any of the following:
 (i) extent of occurrence
(ii) area of occupancy
(iii) number of locations or subpopulations
(iv) number of mature individuals.
2. Area of occupancy estimated to be less than 100 km2 (CR) or
1000 km2 (EN) or 10,000 km2 (VU), and estimates indicating
at least two of a–c:
a. Severely fragmented or known to exist at only a
single location.

b. Continuing decline, observed, inferred or
projected, in any of the following:
(i) extent of occurrence
(ii) area of occupancy
(iii) area, extent and/or quality of habitat
(iv) number of locations or subpopulations
(v) number of mature individuals.
c. Extreme fluctuations in any of the following:
 (i) extent of occurrence
(ii) area of occupancy
(iii) number of locations or subpopulations
(iv) number of mature individuals.
C. Population size estimated to number fewer than 250 mature individuals and either:
1. An estimated continuing decline of at least 25% within three years or one generation, whichever is longer, (up to a maximum of 100 years in the future) OR

2. A continuing decline, observed, projected, or inferred, in numbers of
mature individuals AND at least one of the following (a–c):
(a) no subpopulation estimated to contain more than 50 mature individuals, OR
(b) at least 90% of mature individuals in one subpopulation.
(c) Extreme fluctuations in number of mature individuals.
D. Population size estimated to number fewer than 50 mature individuals
E.Quantitative analysis showing theprobability of extinction in thewild is at least 50%within 10 years or three generations,whichever is the longer (up to amaximumof100 years)
ocess, the pitfalls, and novel assessment
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