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Accurate estimates of abundance are fundamental to the conservation of threatened species, but are often
difficult to obtain directly. Population size assessments of marine turtles are often based on counts of
nests, which are then related to abundance using the mean number of clutches laid by individuals within
a season. Due to low re-encounter probabilities, clutch frequency has proven difficult to estimate reliably,
particularly for large populations that make a major contribution to global stock assessments. We use a
combination of VHF radio-telemetry and Argos-linked Fastloc™ GPS devices to improve clutch frequency
estimates for one of the world’s largest green turtle rookeries at Ascension Island. Females fitted with
VHF tags at the start of the season (n = 40) were re-encountered with a probability of 85% and laid a min-
imum average of 5.8 clutches. Three of these turtles were fitted with VHF and GPS devices and using the
data collected by the latter, were found to lay an average of 6.3 clutches. GPS-telemetry detected emer-
gences observed using radio-telemetry, and confirmed that some radio-tagged turtles laid again after
their last observed emergence. Correcting for missed nesting events yielded a mean clutch frequency
of 6.3, more than doubling the previous estimate of 3.0 for this population. Applying this revised assess-
ment to annual nest counts reduces the estimated size of this population by 52%. Conventional tagging
approaches may considerably underestimate annual fecundity of turtles, resulting in inflated population
size estimates. We call for urgent reassessment of baseline abundance values for regionally important
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1. Introduction

Reliable estimates of population size are essential in many bio-
logical fields and particularly for the conservation and manage-
ment of threatened species (e.g. Flather et al., 2011; Hare et al,,
2011). To be able to monitor and predict population trends it is first
necessary to establish a reliable baseline of distribution and abun-
dance. Unfortunately, however, for the vast majority of species it is
not possible to directly census the number of individuals in a pop-
ulation, placing reliance on sampling-based approaches (e.g. dis-
tance transects and capture-mark-recapture) or indirect indices
of abundance (Williams et al., 2002). Such indices can include cam-
era-trapping (e.g. Garrote et al., 2011), scat sampling (e.g. Kindberg
etal,, 2011) or track counts (e.g. Balme et al., 2010). Although these
methods are useful for assessing trends, for many applications
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absolute estimates of population size are needed (e.g. when setting
harvesting limits and assessing extinction risk). Indirect ap-
proaches also assume that the scaling factors that relate them to
absolute population size are well defined and remain constant over
time, which may not be the case. Evaluations of the reliability of
indirect survey methods with cross-validation studies are there-
fore necessary as technologies advance in order that more accurate
population size estimates can be derived.

Due to the inherent difficulties of quantifying wide-ranging,
marine species, global assessments of marine turtle abundance
are generally based on studies of the annual nesting activity and
egg production of adult females at nesting aggregations (Gerro-
dette and Taylor, 1999; Witt et al., 2009; National Research Coun-
cil, 2010). Marine turtles are of global conservation concern
following centuries of overexploitation that has seen many stocks
reduced to a fraction of their former size (e.g. McClenachan et al.,
2006; Tomillo et al., 2008; Dethmers and Baxter, 2011). Incidental
capture in fisheries, habitat loss and marine pollution also continue
to threaten the survival of many stocks (Seminoff, 2004). However,
while some marine turtle populations are in rapid decline, others
are stabilizing or increasing following sustained conservation
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efforts (reviewed in Wallace et al., 2011). Accurate estimates of
abundance are therefore necessary to inform relevant conservation
action. For most populations, such estimates are obtained indirectly
from annual counts of the number of tracks and/or successful nests
at nesting beaches (e.g. Gerrodette and Taylor, 1999; Bjorndal
et al., 1999; Broderick et al., 2006; Witt et al., 2009; Witherington
et al.,, 2009). Since all species of marine turtles nest more than once
within a nesting season (Miller, 1997), this value must then be di-
vided by the mean number of clutches laid per female per season
(‘clutch frequency’) to estimate the annual number of nesters (Gero-
dette and Taylor, 1999; National Research Council, 2010). Small
changes in average clutch frequency therefore have large effects on
estimated population size, making it one of the most important
demographic parameters in marine turtle biology and conservation
(National Research Council, 2010). However, for most populations,
it is also one of the least well defined.

For the vast majority of marine turtle populations, clutch fre-
quency has been estimated using a standard mark-recapture de-
sign, whereby nesting females are tagged with uniquely
numbered flipper tags or PIT (Personal Integrated Transponder)
tags and relocated during nocturnal beach patrols as they come
ashore to lay additional clutches (e.g. Frazer and Richardson,
1985; Johnson and Ehrhart, 1996; Broderick et al., 2002; Tomas
et al., 2010). However, as this method relies on directly observing
individual females, there is a tendency to underestimate the aver-
age clutch frequency value and hence overestimate population size
(Schroeder et al., 2003; Rivalan et al., 2006; Briane et al., 2007;
Tucker, 2010). Inaccuracies in the observed clutch frequency
(OCF) arise when tagged females are either missed due to incom-
plete survey coverage or move to different beaches for some or
all of their subsequent clutches. The measure of estimated clutch
frequency (ECF) goes some way to remedying this by using the
length of the intervals between observed clutches to infer whether
any nesting events were missed (Frazer and Richardson, 1985;
Johnson and Ehrhart, 1996). Since the time taken to produce a
clutch of eggs (the ‘inter-clutch interval’) is physiologically con-
strained by water temperature (Weber et al., 2011), dividing the
time elapsed between observed clutches by the known inter-clutch
interval yields a reasonable estimate of the number of missed nest-
ing events. However, inaccuracies are still introduced when a turtle
is not observed for her first and/or last clutch(es), or when she is
observed only once on the study beach (Rivalan et al., 2006; Giron-
dot et al., 2007). Due to difficulties in re-identification and often
more temporally extensive breeding seasons, these errors are likely
to be exacerbated in large, high-density populations which make
the greatest contributions to global stock assessments.

In response to these limitations, several recent studies have ex-
plored the use of alternative technologies and statistical models to
improve clutch frequency estimates, and have found significant
discrepancies with ECF values obtained from conventional tag-re-
capture (Rivalan et al., 2006; Rees et al., 2008; Tucker, 2010; Blanco
et al., 2011). For example, Tucker (2010) deployed satellite-telem-
etry tags on loggerhead turtles (Caretta caretta) nesting in Florida
and derived an average clutch frequency of 5.4 nests per female
in comparison to the 2.2 nests that was previously detected by
monitoring patrols. Similarly, using ultrasonography of females’
ovaries to supplement beach patrols, Blanco et al. (2011) estimated
a clutch frequency of 5.1 + 1.3 (mean + SD) for green turtles (Chelo-
nia mydas) in Costa Rica, compared to the value of 3.7 £ 1.8 ob-
tained from beach patrols alone. As an alternative approach,
Rivalan et al. (2006) used capture-mark-recapture models to ex-
tract more reliable estimates of clutch frequency from conven-
tional tagging records of leatherback turtles in French Guiana,
and concluded that true clutch frequency is considerably higher
than the ECF for this population. If replicated across all regionally
important populations, these findings have significant implications

for marine turtle stock assessments. Unfortunately, however, the
high cost of technologies such as satellite-telemetry limits their
widespread use and restricts sample sizes, calling for cheaper
and more accessible alternatives for accurately assessing clutch
frequency (National Research Council, 2010). Doubts have also
been expressed as to whether the spatial resolution of the Argos
system that is most commonly used in satellite tracking of marine
turtles is sufficient to allow detection of individual nesting events
(National Research Council, 2010).

In this study we trial a combination of low-cost VHF transmitters
and recently-developed, high acquisition, Argos-linked Fastloc™ GPS
tags as a method for assessing clutch frequency, using the globally
important green turtle nesting population at Ascension Island as a
test case (Broderick et al., 2006). This population has been the sub-
ject of a long-term monitoring programme spanning more than
30 years (Mortimer and Carr, 1987; Broderick et al., 2006), and is
showing promising signs of recovery following a period of heavy
exploitation during the 19th and early 20th centuries (Broderick
et al., 2006). It is also one of 34 index sites used by the IUCN to assess
the global status of the green turtle (Seminoff, 2004), but the high
density of nesting makes assessment of clutch frequency by conven-
tional mark-recapture difficult. Indeed, the current estimate of 3
clutches per female based on flipper-tagging is likely to be an under-
estimate (as acknowledged by the authors; Mortimer and Carr,
1987), suggesting that the Ascension Island green turtle colony
may be considerably smaller than currently thought.

2. Materials and methods
2.1. Study site and tagging methodology

Ascension Island is an isolated volcanic peak on the mid-Atlan-
tic ridge (14°20'W, 7°55'S), which, between December and June,
hosts the second largest nesting aggregation of green turtles in
the Atlantic Ocean (Broderick et al., 2006). Between 29th December
2011 and 12th January 2012 we deployed 40 VHF transmitters
(Biotrack, Dorset, UK) and 3 Fastloc™ Argos-linked GPS tags (Wild-
life Computers, Redmond, WA, USA) onto a randomly selected
sample of females nesting on Long Beach ,which currently supports
the highest density and numbers of nesting turtles on the island
(Godley et al., 2001).

To allow cross-validation between methods, all turtles carrying a
GPS tag were also fitted with a VHF transmitter. Telemetry devices
were attached to the carapace using a two-part marine epoxy resin
(Powers Fasteners, Brewster, NY, USA), and a metal flipper tag was
applied to each female as a secondary means of identification. To re-
duce the chance of including an individual that had nested previ-
ously, the few females that were observed nesting on Long Beach
for the 3 weeks prior to the start of the study were also fitted with
metal flipper tags. This measure combined with the fact that <1%
of nesting activity on Long Beach occurred prior to 29th December
during the 2011-2012 nesting season (authors’ unpublished data)
gives a very high probability that VHF and Argos-linked GPS devices
were fitted to females while they were depositing their first clutch.
The mean curved carapace length (CCL) of study females was not
significantly different than the mean of a random sample of n =40
females measured during the peak of nesting between 20th February
and 28th March (t-test, t=0.29, p=0.77; mean CCLtSE, study
females: 1109+ 1.0cm; peak season females: 111.3 +0.8 cm),
indicating that our clutch frequency estimates are unlikely to have
been biased by seasonal variation in female size.

2.2. Radio-telemetry

Nightly patrols of Long Beach to detect returning VHF-tagged
females were carried out from 21:00 to 03:00 using an R1000
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receiver (Sirtrack Ltd., Havelock, NZ) and a directional Yagi antenna
(Biotrack, Dorset, UK). Patrols began 10 days after the first tag
deployment (i.e. <1 inter-nesting interval; Weber et al., 2011)
and continued until 21 days (i.e. >1 inter-nesting interval; Weber
et al., 2011) after the last observed clutch of a VHF tagged turtle
(30th April 2012). Once located, study females were observed from
a distance to allow nest excavation and were then approached to
confirm whether eggs were present. The locations of all observed
nests for satellite-tagged turtles were recorded using a handheld
Garmin™ GPS (+10 m) for comparison with positional data ob-
tained from Fastloc™ GPS devices. The duration separating consec-
utive clutches of individual turtles at Ascension Island ranges from
11 to 17 days and is physiologically constrained by water temper-
ature (Weber et al., 2011). Thus, where intervals between observed
clutches exceeded 22 days, we assumed one or more missed nest-
ing events had occurred and divided by the mean inter-clutch
interval (14 days) to derive an ECF (Frazer and Richardson, 1985).
In practice, the high recapture probabilities afforded by VHF tags
meant that in cases where nesting events were missed, this equa-
ted to only 1 (intervals of 22-32 days; n = 10) or at most 2 missed
clutches (intervals of 33-44 days; n=5).

As VHF-telemetry relies on directly observing females and was
found to be ineffective at distances >1 km, there is the possibility
that VHF-tagged females laid additional clutches after their last ob-
served nesting event (indeed this was confirmed by Fastloc™ GPS
data; see Section 3). To account for this, we followed Rivalan et al.
(2006) and applied a local survival analysis to estimate the mean
‘total clutch frequency’ (TCF) of VHF-tagged turtles, including
clutches deposited after the last sighting. Unlike ECF, which essen-
tially ‘fills in the gaps’ between observed clutches, TCF is based on
statistical extrapolation from individual encounter histories to
estimate the time spent before the first capture (not necessary in
our study; see above) and after the last capture, as well as the
re-sighting probability (Rivalan et al., 2006). Encounter histories
for VHF-tagged turtles were analyzed using a Cormack-]Jolly-Seber
(CJS) model in Program MARK v6.1 to select the most parsimonious
local survival (¢) and re-encounter probability (p) model for the
data. Model selection used the Akaike’s Information Criterion cor-
rected for small samples size (AICc) from a model set that included
all combinations of time-dependence and constancy for ¢ and p
(White and Burnham, 1999). Unlike Rivalan et al. (2006), we did
not include a parameter for transient individuals as all turtles were
found to nest more than once within the study area. The model
with the lowest AICc score was then specified in SODA software
(Schaub et al., 2001) to estimate TCF (see Rivalan et al., 2006 for
further details), and confidence intervals were obtained using
non-parametric boot-strapping (500 iterations) on individual
encounter histories (Schaub et al., 2001).

2.3. Satellite telemetry

The Argos-linked Fastloc™ GPS tags used in this study are capa-
ble of recording and transmitting both Argos and GPS-quality posi-
tional data. Fastloc™ GPS geolocation differs from traditional GPS
positioning in that much of the computational demand needed to
derive a position occurs at a later point in time and hence the time
required to acquire a position can be achieved in several millisec-
onds. This makes the technology useful in marine systems where
animals that surface to breathe may only spend short times at
the surface (e.g. Hazel, 2009; Witt et al., 2010; Costa et al., 2010;
Schofield et al., 2010). The devices were also programmed to record
periods of prolonged dryness (i.e. when an instrumented turtle was
hauled out on the nesting beach for 20 consecutive minutes or
more). For each haul out event, the total duration was recorded
and up to 4 GPS “snap shots” were acquired at 2 min intervals
starting on the turn of each hour. These data were stored onboard

the tag for up to 7 days from acquisition and subsequently trans-
mitted via the Argos System. Where Fastloc™ GPS-data suggested
haul outs occurred over several consecutive nights, those activities
occurring on the final night were assumed to have been associated
with a successful nesting event, with the previous attempts failing
for any one of a number of reasons that include disturbance to the
female and the inability to find a suitable nesting site.

3. Results

VHF-tagged females had a mean observed clutch frequency of
5.1 £0.3 clutches per female (range = 2-8) and a mean estimated
clutch frequency of 5.9 0.2 clutches female™! (range = 2-8); con-
siderably higher than the previous estimate of 3 clutches female™!
obtained from an earlier flipper tagging study (Mortimer and Carr,
1987; Fig. 1). All VHF-tagged females nested multiple times within
a season and clutch frequency data fit an approximately normal
distribution, which contrasts with the significant number of sin-
gle-nesting females and heavily right-skewed distribution sug-
gested by flipper tagging (Fig. 1).

Of the 11 observed clutches laid by turtles carrying both VHF
and GPS tags, 10 (91%) were successfully resolved by Fastloc™
GPS tags, with a high degree of temporal and spatial correlation be-
tween observed nesting events and those inferred from GPS data
(Fig. 2). Indeed, mean geographic distance between Fastloc™ GPS
positions associated with putative nesting events and actual clutch
locations observed using radio-telemetry was just 48.8 +41.9 m
(n=11 clutches from n =3 turtles; range: 19.3-171.5 m), falling
to 36.6 £ 10.5 m (19.3-53.2 m) if a single clutch where the turtle
crawled a significant distance before nesting was excluded
(Fig. 2, Clutch 8). In contrast, Argos locations used to estimate
clutch frequency previously (Tucker, 2010) were unable to defini-
tively resolve individual nesting events in this population as the
spatial order of movements was well within the spatial extents
of Argos variance (see Supplementary material). Based on Fastloc™
GPS data, satellite-tagged turtles laid an average of 6.3 +0.9
clutches female™!, with significant variation in nesting behavior
among individuals. Female 1 deposited 8 clutches on Long Beach
(the tag attachment site), all of which were verified by radio-
telemetry (Figs. 2 and 3a). In contrast, females 2 and 3 both made
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Fig. 1. Clutch frequency values for Ascension Island green turtles. Striped columns
are OCF values from a flipper-tagging CMR study by Mortimer and Carr (1987);
solid columns are ECF values obtained using radio-telemetry in this study. Inset:
photograph of green turtle with VHF-transmitter laying eggs.
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Fig. 2. Comparison of observed nest locations recorded by hand held GPS (crosses) and Fastloc™ GPS positions acquired during the detected haul out event (colored circles)
for six clutches of the same female green turtle. GPS data for clutch 1 (tag attachment) and clutch 4 (not detected) are not available (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.).

excursions from Long Beach that were not detected by radio-
telemetry (Fig. 3b and c). After laying her first four clutches on
Long Beach, female 2 laid a fifth at beach approximately 1 km to
the south (Deadman’s Beach; Fig. 3b). Female 3 nested only twice

(a) n =8 clutches

(c) n =6 clutches

ENGLISH
BAY

(b)

(b) n =5 clutches

M
0 600 1,200

on Long Beach with her final 4 clutches distributed among several
beaches along the west coast of the island (Fig. 3¢). Similar behav-
ior may explain the small peak in VHF-tagged females observed
nesting only twice during surveys of Long Beach (Fig. 1). Thus, of

Fig. 3. Clutch frequencies and nest locations for 3 female green turtles fitted with Fastloc™ GPS tags. Nests on Long Beach (a and b) are observed locations (GPS quality),
where turtles were initially identified from radio-telemetry, whereas those on other beaches are located at the geographic mean centre of GPS positions associated with
putative nesting events (see Fig. 2). Numbering indicates the chronological order of clutches (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.).
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19 clutches laid by GPS-tagged turtles, 14 (74%) were deposited on
Long Beach and detected by radio-telemetry.

For estimating TCF, the most parsimonious CJS model describ-
ing the data (Akaike weight = 0.98) had a constant recapture prob-
ability of p =0.85 (95% CI: 0.79-0.90), and a time-dependent local
survival probability. Specifying this model in SODA yielded an esti-
mated mean TCF of 6.3 clutches female™' (95% Cl: 6.2-6.4), identi-
cal to that obtained for GPS-tagged females. If this revised value is
applied to annual nesting data collected at Ascension Island be-
tween 1999 and 2012 (Godley et al., 2001; Broderick et al., 2006;
authors unpublished data) in place of the previous clutch fre-
quency estimate of 3 (Mortimer and Carr, 1987), the estimated
number of female green turtles breeding annually at Ascension Is-
land is reduced from 1580-8400 to 740-4015, an effective reduc-
tion in population size of over 52%.

4. Discussion

Clutch frequency is considered to be one of the most important
demographic parameters in marine turtle biology because of its
relevance to population models and abundance estimation
(National Research Council, 2010). In some smaller, low-density
populations where saturation tagging and high survey coverage
is possible, conventional mark-recapture approaches may yield
robust clutch frequency estimates (e.g. Broderick et al., 2002).
However, the results of our reassessment of clutch frequency for
the South Atlantic’s largest green turtle rookery show that such ap-
proaches may significantly underestimate the annual fecundity of
marine turtles at larger rookeries, resulting in inflated population
size estimates. Both satellite-telemetry and radio-telemetry (after
statistical correction) yielded identical mean clutch frequency esti-
mates of 6.3 clutches female™!, more than doubling the estimate of
3 obtained by an earlier flipper tagging study (Mortimer and Carr,
1987, Figs. 1 and 3). When applied to long-term nest monitoring
data (Godley et al., 2001; Broderick et al., 2006) this revised value
more than halves the number of females thought to nest annually
at Ascension Island, and thus has significant implications for regio-
nal green turtle stock assessments.

Caution is required when extrapolating clutch frequency assess-
ments from a single nesting season across years as fecundity in
marine turtles is known to vary inter-annually (Frazer and Rich-
ardson, 1985; Broderick et al., 2003; National Research Council,
2010), and as a function of female body size and age in some pop-
ulations (e.g. Hawkes et al., 2005; but not others e.g. Broderick
et al., 2003). In this case, however, the magnitude of the difference
suggests that our revised assessment is unlikely to be an anomaly
caused by an unusually productive year. Ascension Island is also
experiencing a long-term reduction in the average size of nesting
turtles linked to rapid population growth (authors’ unpublished
data), so the higher clutch frequency we report compared to earlier
flipper-tagging studies (Mortimer and Carr, 1987) is in the opposite
direction than might be expected from demographic trends. In-
deed, our results are consistent with the few other studies to have
reassessed fecundity in marine turtles using alternative technolo-
gies and statistical approaches where clutch frequency was found
to be approximately double that estimated by conventional tag-
ging alone (Rees et al., 2008; Tucker, 2010; Blanco et al., 2011). Ta-
ken together, these studies suggest that marine turtle population
sizes may have been frequently over-estimated by standard
mark-recapture protocols, calling for the widespread adoption of
alternative methods.

Currently, satellite- and radio-telemetry remain the most prac-
tical methods for reliably estimating clutch frequency in marine
turtle populations, with the major trade-off being one of sample
size and cost vs. labor intensity (this study; National Research

Council, 2010). Satellite telemetry has long been discussed as a po-
tential tool for passively assessing clutch frequency in marine tur-
tles (e.g. Hays, 1992), but until recently the spatial resolution
offered by these devices has limited their use (National Research
Council, 2010). Indeed, the Argos system used by Tucker (2010)
to estimate clutch frequency in loggerhead turtles in our case
was unable to confidently resolve individual nesting events for
Ascension Island green turtles. This is likely to be because the area
where they reside between nesting events is so close to the nesting
beach that the locations cannot confidently be teased apart as
being either indicative of nesting or indicative of resting during in-
ter-nesting periods (i.e. the spatial order of movements was within
the spatial error of Argos positions; Supplementary material). As
shown here, with the advent of high-precision GPS platforms these
constraints have now largely been removed. Putative nesting
events inferred from Fastloc™ GPS tags showed exceptional spatial
and temporal correlation with observed clutch locations from
radio-telemetry (Fig. 2), and offer a powerful tool for studying
the nesting behavior and annual fecundity of individual females
(Fig. 3). However, the high cost of Argos-linked GPS devices cur-
rently limits their widespread use and the sample sizes that can
typically be achieved.

In this regard, low-cost VHF transmitters offer a more afford-
able alternative for assessing clutch frequency in a large number
of individuals, but have been used little for this purpose. Although
this method is considerably more labor intensive than satellite
telemetry, it is no more so than routine beach patrols to locate con-
ventionally tagged turtles on beaches where saturation tagging is
possible, and greatly increases recapture probabilities. This is par-
ticularly true of large populations such as that at Ascension Island
where there may be several hundred turtles per night on the main
study beach during peak nesting (authors, unpublished data).
Assuming that observer effort is consistent across the season, the
probability of relocating a tagged turtle depositing a given clutch
is the product of two different probabilities: (1) the probability
that the turtle is available to be re-sighted in the study area rather
than nesting elsewhere, and (2) the probability that, conditional on
being available, the turtle is actually re-sighted. Our finding that
radio-telemetry carried out on a single, focal beach doubled previ-
ous clutch frequency estimates suggests that missed nesting of
available females may often be the largest source of error in studies
of this type, particularly at large, high-density nesting beaches. Un-
like satellite-telemetry, however, radio-telemetry is unable to ac-
count for errors in clutch frequency arising from nesting events
that occur away from the survey site (Fig. 3). Capture-mark-recap-
ture analyses can help to correct for such errors (this study; Riva-
lan et al., 2006), but confidence in the estimates produced still
relies heavily on the detection rates achieved. Thus, radio-teleme-
try is likely to be most useful in species and populations that are
spatially constrained and/or where females show a high level of
site fidelity. As demonstrated in this study, the complementary
use of both radio- and satellite-telemetry with cross-validation be-
tween methods may provide one practical solution for simulta-
neously achieving accurate clutch frequency estimates and large
sample sizes. Handheld Argos PTT locators with the same accuracy
as radio telemetry are also a promising new tool and offer an
affordable middle ground for combining improved clutch fre-
quency estimation with remote tracking capabilities.

As many marine turtle populations are of conservation concern,
their population trends and abundance are closely monitored.
Although the results of this study do not alter the long-term trends
reported for many populations, they do call for an urgent reassess-
ment of baseline abundance values for regionally important popu-
lations. For example, of the 34 index sites used in the IUCN Red List
assessment of the green turtle (Seminoff, 2004), only 17 (50%) have
a published clutch frequency value, all of which (with the
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exception of the Ascension Island population) were derived from
conventional tagging (see Supplementary material). Even allowing
for some inter-population variation in fecundity, the mean clutch
frequency of 3.5 clutches female™! (range = 1.5-5; see Supplemen-
tary material) for these populations is considerably lower than our
revised assessment for the Ascension Island rookery, suggesting
that many are likely to be underestimates. The heavily right-
skewed clutch frequency distributions reported for many of these
populations also tend to support this view (e.g. Johnson and Ehr-
hart, 1996; Tomas et al., 2010), as in reassessments using radio-
and satellite-telemetry clutch frequency has been found to be
approximately normally distributed (this study, Fig. 1; Tucker,
2010). If clutch frequency has indeed been consistently underesti-
mated by conventional tagging methodology, many marine stocks
are likely to be considerably smaller than is currently thought. The
higher than expected annual fecundity of individual breeding fe-
males may also help to explain why marine turtle stocks are so vul-
nerable to factors that reduce the survival of this demographic
group (Broderick et al., 2006); and, conversely, why populations
are able to recover surprisingly quickly when these threats are ad-
dressed (e.g. Balazs and Chaloupka, 2004). As this study and other
recent work has shown (Tucker, 2010; Blanco et al., 2011), the
technology necessary to obtain more reliable estimates of female
fecundity and abundance for marine turtles is now readily avail-
able where investment is possible. However, cheaper methods that
can be rapidly applied across all major nesting populations are still
needed.
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