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INTRODUCTION

Many reptiles exhibit temperature-dependent sex
determination (TSD) where incubation temperatures
experienced by developing embryos determine their
sex (Bull 1980). For endangered oviparous species

with TSD, understanding natural variation in off-
spring sex ratios is critical to conservation efforts that
aim to increase the production of hatchlings through
managed egg incubation (Morreale et al. 1982). Rep-
tilian taxa with TSD, and typically limited post-ovipo-
sitional parental care, naturally influence offspring

© Inter-Research 2011 · www.int-res.com*Email: aesieg@umd.umich.edu

Sex ratios of leatherback turtles: hatchery translocation
decreases metabolic heating and female bias

Annette E. Sieg1,*, Christopher A. Binckley2, Bryan P. Wallace3,4, 
Pilar Santidrián Tomillo5, Richard D. Reina6, Frank V. Paladino7, James R. Spotila5

1Department of Natural Sciences, University of Michigan-Dearborn, 4901 Evergreen Road,
Dearborn, Michigan 48128-2406, USA

2Department of Biology, Arcadia University, 450 S. Easton Rd., Glenside, Pennsylvania 19038, USA
3Global Marine Division, Conservation International, 2011 Crystal Drive, Suite 500, Arlington, Virginia 22203-3709, USA

4Division of Marine Science and Conservation, 135 Duke Marine Lab Road, Beaufort, North Carolina 28516-8648, USA
5Department of Biology, Drexel University, 3141 Chestnut Street, Philadelphia, Pennsylvania 19104-2816, USA

6School of Biological Sciences, Monash University, Victoria 3800, Australia
7Department of Biology, Indiana-Purdue University, 2101 E. Coliseum Blvd., Ft. Wayne, Indiana 46805-1499, USA

ABSTRACT: Many sea turtle nesting colonies are in decline worldwide, and a common conserva-
tion practice maximizes hatchling production by translocating eggs from threatened nests to pro-
tective beach hatcheries. Typically, translocated eggs are ‘doomed’, or at risk of death due to tidal
inundation, predation, or poaching. Sea turtles exhibit temperature-dependent sex determination.
We determined how primary sex ratios, estimated from incubation temperatures, were affected by
egg clutch translocation to a beach hatchery. We monitored incubation temperatures of eastern
Pacific leatherback turtles Dermochelys coriacea in hatchery and in situ clutches at Playa Grande,
Costa Rica, throughout each nesting season from 1998 to 2007. In situ clutches were estimated to
be 90% female, whereas hatchery clutches (9% of clutches) were estimated to be 64% female.
Taking into account differences in hatching success of in situ and hatchery nests, the overall sex
ratio was 83% female. The Playa Grande hatchery abiotic environment (sand temperatures, water
inputs) was similar to that in situ. However, metabolic heating was significantly reduced in hatch-
ery clutches. The most likely explanation is that temperatures in hatchery clutches were cooler
(less female-biased) due to decreases in the number of metabolizing embryos since hatchling suc-
cess was lower in hatchery clutches than in situ clutches. Alteration of both primary sex ratios and
hatching success is the tradeoff for reducing the risk of death to egg clutches by translocation to a
hatchery. This tradeoff is not unique to Playa Grande leatherback turtles, and it is a strong indica-
tion that hatchery translocation should be used cautiously.
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sex ratios via nonrandom nest site selection
(reviewed by Wilson 1998). There are a number of
well-known environmental factors that affect egg
incubation temperatures, and therefore hatchling sex
ratios. These include vegetational shading of nests
(Janzen 1994, Carrasco et al. 2000), nest substrate
characteristics (Hays et al. 2001), egg position within
a nest (Standora & Spotila 1985), and nest depth (Wil-
son 1998). For reptiles that oviposit large clutches of
eggs, such as sea turtles, the number of metabolizing
embryos in the nest also affects incubation tempera-
tures and hatchling sex ratios (Broderick et al. 2001,
Wallace et al. 2004).

Sea turtles are generally Endangered or Critically
Endangered on a global scale, according to the IUCN
Red List of Threatened Species (Hilton-Taylor 2000),
and people on many sea turtle nesting beaches have
established doomed-egg translocation programs to
reduce mortality in clutches that are ‘doomed’ due to
predation, poaching, beach erosion and/or tidal
inundation (Pfaller et al. 2009). Clutches of eggs are
relocated either to artificial incubation chambers,
other sections of the nesting beach, or to beach
hatcheries (Morreale et al. 1982). As the incubation
microenvironment experienced by developing
embryos can vary between natural and artificial
nests, egg relocation could alter primary sex ratios
and other aspects of embryonic development
(Mrosovsky 2006, 2008, Pike 2008). A population’s
primary sex ratio is a key parameter in population
viability analysis (reviewed by Ewen et al. 2001) and
it is crucial that it be monitored when egg clutches
are moved to artificial nests as part of a conservation
effort (Morreale et al. 1982, Chan and Liew 1995).

One of the most important nesting colonies of the
critically endangered eastern Pacific leatherback tur-
tle Dermochelys coriacea is at Playa Grande, Costa
Rica (Santidrián Tomillo et al. 2007), and this popula-
tion, along with beach sand and nest incubation tem-
peratures, have been extensively monitored since
1993 (Steyermark et al. 1996, Binckley et al. 1998,
Reina et al. 2002, Wallace et al. 2004). Playa Grande
also has a beach hatchery above the high tide line
which receives around 9% of clutches annually.
Beach relocation of some doomed egg clutches up
above the high tide line is also employed on Playa
Grande, but incubation temperatures of these nests
have not been systematically monitored. We took
advantage of the long-term Playa Grande dataset
and estimated primary sex ratios produced from the
beach (in situ) and the hatchery over 9 nesting sea-
sons from 1998 to 2007 using direct measurements of
nest temperature during incubation. Sea turtle

hatchling sex cannot be directly determined without
sacrificing the animal (gonadal histology, reviewed
by Broderick et al. 2000), so instead we used a stan-
dard indirect estimation method based on the rela-
tionship between temperature and sex ratio deter-
mined in the laboratory to calculate hatchling sex
ratios for this population (Binckley et al. 1998, esti-
mation methods reviewed by Mrosovsky et al. 2009).

We hypothesized that sex ratios of hatchlings pro-
duced from the hatchery were similar to those pro-
duced from natural nests because of the extensive
efforts of field workers to mimic natural nesting con-
ditions (reviewed by Wallace et al. 2004) and the sim-
ilar sand characteristics and lack of shade in both
sites. We assessed the relative influences on incuba-
tion temperatures of sand temperature and metabolic
heating. These results will better inform both the
conservation efforts on the ground at Playa Grande
and future demographic modeling of population size
for this already critically endangered species.

MATERIALS AND METHODS

Playa Grande (3.6 km) is located on the Northern
Pacific coast of Costa Rica, and has distinct wet (May
to November) and dry (December to April) seasons.
The leatherback turtle nesting season at Playa
Grande runs from October through February with an
approximately Gaussian distribution (Reina et al.
2002).

Monitoring incubation temperatures

We collected egg clutches from doomed natural
oviposition locations at or below the high tide line
and translocated the clutches to the beach hatchery
on Playa Grande where eggs were reburied mimick-
ing natural deposition (Wallace et al. 2004). We mon-
itored incubation temperatures in 408 translocated
(‘hatchery’) and 776 natural clutches (‘in situ’; Eckert
& Eckert 1990).

We put a copper constantan thermocouple
(±0.05°C) into the center of the egg mass of every
third clutch in the hatchery. Readings were taken
with a BAT 12 thermocouple meter (Physitemp)
every other day throughout incubation between
15:00 and 17:00 h. Temperatures were similarly mon-
itored in in situ clutch locations, although a few
months in certain years were missed due to logistical
constraints (e.g. January 1998 and 1999). We also
monitored daily sand temperatures at nest depth
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(75 cm depth) in the hatchery and on the beach with
thermocouples placed centrally at each location (i.e.
1 in each location). Metabolic heating is the differ-
ence, due to metabolizing embryos, between the
sand temperature and the egg clutch incubation tem-
perature (reviewed by Broderick et al. 2001). We
specifically focused on metabolic heating during the
temperature-sensitive period, or middle third of incu-
bation in sea turtles (see next section ‘Estimating sex
ratios’), as this is an important component of sex
determination and is often considered to be static in
studies estimating sex ratios from sand temperatures
(e.g. Hays et al. 2003).

Estimating sex ratios

Sea turtle gonadal differentiation is determined by
the majority exposure temperature during the middle
third of incubation (Bull 1980, Standora & Spotila
1985). Based on an average total incubation period of
60 d, we calculated the mean middle-third tempera-
ture for each monitored clutch from incubation day
20 to 40. We estimated sex ratios based on the rela-
tionship between incubation temperature and sex
ratio determined for Playa Grande leather back tur-
tles by Binckley et al. (1998) in the laboratory
(method reviewed by Mrosovsky et al. 2009). The
pivotal temperature (temperature producing 50:50
male to female sex ratio) was 29.4°C, the transitional
range of temperatures (producing a mixture of males
and females) was from 29 to 30°C, eggs incubated
above 30°C were 100% female, and below 29°C
were 100% male (Binckley et al. 1998). For clutches
with mean incubation temperatures within the tran-
sitional range, we applied the percentage female
observed by Binckley et al. (1998) at the tested incu-
bation temperature that corresponded most closely to
that in the clutch. Diel variation within Playa Grande
egg clutches is less than 0.5°C (Binckley et al. 1998),
and we could therefore consider field thermal expo-
sure to be similar to that experienced by eggs incu-
bated in laboratory conditions (van de Merwe et al.
2006). Finally, we assumed negligible seasonal varia-
tion in the relationship between incubation tempera-
ture and sex ratio for Playa Grande leatherback tur-
tles, although this assumption has yet to be tested in
sea turtles (reviewed by Mrosovsky et al. 2009).

Monthly middle-third temperature data from mon-
itored clutches was considered to be representative
of all clutches going through their middle third of
incubation in a given month. The actual number of in
situ and hatchery clutches was known from saturated

beach monitoring (Santidrián Tomillo et al. 2007).
February and March were beyond the in situ clutch
incubation temperature monitoring period in 2 sea-
sons, but the last monitored month (January or Feb-
ruary) always exhibited sand and clutch incubation
temperatures above the transitional range of temper-
atures and thus subsequent months could be consid-
ered 100% female. We assumed the potential contri-
bution of clutches going through their middle third of
incubation outside of October to March to be negligi-
ble (actually ~7% of annual nests, Reina et al. 2002)
because of sand temperatures approaching lower
thermal limits on development at the very beginning
of the season (25 to 27°C, Bustard 1972) and hatch-
ling production decreasing to almost zero in nests
that hatch in February and beyond (Santidrián
Tomillo et al. 2009). We corrected for differences in
relative numbers of in situ versus hatchery clutches
by weighting the mean sex ratio each month, in each
location, by the number of clutches. Sex ratios at
100% female-producing temperatures in in situ
clutches were ground-truthed histologically in 1994
to 1995 (Binckley et al. 1998).

Analyses

A Box-Cox informed transformation was applied to
the mean middle-third temperatures and the calcu-
lated metabolic heating values prior to further analy-
sis. A repeated-measures ANOVA (rmANOVA) tested
the hypothesis that translocation of egg clutches to the
hatchery altered the trajectory of temperature in-
crease during the middle third of incubation. The de-
pendent variable consisted of mean temperatures in
each of three 1 wk intervals within the middle third of
incubation (early = first third of the middle third of in-
cubation, middle = second third, and late = third
third). We tested for significant middle-third tempera-
ture differences between hatchery and in situ clutches
using the rmANOVA with location as a fixed effect,
nesting season as a random effect, and least squares
means for comparison of the 2 levels of location. We
further tested the hypothesis that differences in sand
temperatures in the hatchery versus in the open sand
on Playa Grande were responsible for differences in
middle-third temperatures using a 2-way analysis of
variance (ANOVA). Due to the lack of spatial replica-
tion of sand temperature measurement within the
hatchery and on the beach, we performed a boot-
strapped ANOVA (10 000 replicates) on mean 10 d
sand temperatures with location and nesting season
as fixed effects. Finally, a multivariate ANOVA
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(MANOVA) tested for overall differences in middle-
third incubation temperatures and metabolic heating
with location and month as fixed effects. We per-
formed Sidak- corrected multiple comparisons on the
estimated marginal means of the levels within month
and location and we restricted the MANOVA to just
the main effects because this was the minimally ade-
quate model for these data.

Analyses were performed using SPSS 15.0 except
for the bootstrapped 2-way ANOVA, which was per-
formed in MATLAB R2008a. An α = 0.05 was
accepted for all tests performed.

RESULTS

Estimated sex ratios in the hatchery and in in situ
egg clutches were strongly female biased in all nest-
ing seasons except 1999 to 2000 (Fig. 1). Estimated in
situ sex ratios were female biased (89.8%), but
hatchery clutches were substantially less biased
(64.5%). Ranges of monthly middle-third tempera-
tures were 1.3°C (±0.2 overall) in in situ clutches ver-
sus 0.9°C (±0.1) in hatchery clutches. Monthly num-
bers of hatchery and in situ clutches varied, with a
median 9% of clutches translocated to the hatchery.
Weighting each monthly estimated sex ratio by the
relative number of clutches in each location (hatch-
ery versus in situ) yielded an overall estimated sex
ratio of 83.2% female.

There was a significant effect of clutch location on
incubation temperature during the middle third of
development (rmANOVA, F1,8 = 10.52, p = 0.012).

Incubation temperatures in the hatchery followed the
same trajectory of increase throughout the middle
third of incubation as in in situ clutches. However,
hatchery clutch temperatures were significantly
lower than those in in situ clutches by ca. 0.7°C over-
all (Fig. 2). The reduced hatchery incubation temper-
atures occurred without any significant differences
between hatchery and in situ sand temperature
(Fig. 3), although there were significant differences
in overall sand temperatures between nesting sea-
sons (bootstrapped 2-way ANOVA, Fboot = 1.78 [Fcrit =
1.56], p < 0.001). The interaction term in this analysis
was not significant.

Location (F1, 1174 = 153.7, p < 0.001, η2 = 0.12) and
month (F3, 1174 = 124.1, p < 0.001, η2 = 0.24) had signifi-
cant effects on middle-third incubation temperatures.
Location (F1, 1174 = 185.8, p < 0.001, η2 = 0.14) and
month (F3, 1174 = 175.4, p < 0.001, η2 = 0.31) also had
significant effects on metabolic heating (Fig. 4). Mid-
dle-third incubation temperatures were greater in in
situ clutches (+0.022, CI: 0.018 to 0.025, p < 0.001).
Metabolic heating was also greater in in situ clutches
(+0.20, CI: 0.17 to 0.23, p < 0.001). Middle-third
 incubation temperatures progressively in creased
throughout the nesting season: December > October/
November (+0.014, CI: 0.009 to 0.020, p < 0.001),
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Fig. 1. Relocation to the hatchery decreased the female-bias
of Playa Grande leatherback turtle sex ratios from 1998 to
2007. Error bars are binomial 95% confidence intervals 

(Clopper & Pearson 1934)

Fig. 2. The pattern of temperature increase during the mid-
dle third of incubation was consistently depressed in hatch-
ery egg clutches of leatherback turtles. Mean temperatures
for 1 wk intervals within the middle third of incubation in
hatchery and in in situ egg clutches were above the pivotal
temperature (reference line = 29.4°C) except in the earliest
part of the middle third in the hatchery. Error bars are 1

standard error of the mean (SEM)
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 January > December (+0.019, CI: 0.014 to 0.025, p <
0.001), and February/March > January (+0.013, CI:
0.006 to 0.019, p < 0.001). Conversely, metabolic heat-
ing progressively decreased during just the first half
of the nesting season: December < October/Novem-
ber (−0.21, CI: −0.26 to −0.17, p < 0.001), January <
December (−0.16, CI: −0.21 to −0.12, p < 0.001), and
there were no significant differences between meta-
bolic heating levels in January and February/March.

DISCUSSION

The overall female-biased sex ratios of 83.2%
female observed at Playa Grande from 1998 to 2007
were consistent with earlier estimates from 1993 to
1996 of 74.3 to 100% female (Binckley et al. 1998).
Estimates from the largest leatherback nesting
colony in the Atlantic Ocean in Suriname were
69.4% female (Godfrey et al. 1996) and 60.5%
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Fig. 3. In situ and hatchery egg clutch mean middle-third temperatures are both female biased in all years except 1999 to 2000.
(A) Hatchery sand temperatures at nest depth are above the pivotal temperature (reference line = 29.4°C) by January in all years
and (B) hatchery egg clutch temperatures are above pivotal by December in every year except 1999 to 2000. (C) In situ sand tem-
peratures are also above pivotal by January in all years while (D) in situ egg clutch temperatures are above the pivotal tempera-
ture throughout each season except 1999 to 2000. Sand temperatures at nest depth do not have error bars because measurements
were not spatially replicated. Egg clutch mean middle-third temperature error bars are 95% confidence intervals. Error bars are
missing in months with n < 5, and data points are missing in months without in situ egg clutch temperature measurements
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female (49.0 to 67.8%; Mrosovsky et al. 1984), and
estimates were often greater than 85% female for
other sea turtle species (Mrosovsky & Provancha
1992, Godfrey et al. 1999, Broderick et al. 2000,
Wibbels 2007, Chu et al. 2008). At Playa Grande, in
every season except 1999 to 2000, hatchery and in
situ middle-third temperatures were both above the
pivotal temperature from December through to the
end of the nesting season. As hatching peaks in late
December/early January, this corresponds to
female-biased or completely female-producing incu-

bation temperatures for the majority
of nests. Tempering this female bias
on Playa Grande was strong inter-
annual variation in female bias (e.g.
male bias in 1999 to 2000, Fig. 1),
intra-annual variation in incubation
temperatures with at least some
males produced early in most nesting
seasons (Fig. 3), and a decrease in
incubation temperature associated
with hatchery translocation (Fig. 2).
Much of this variation was only
observable because we were working
with a long-term dataset of tempera-
ture measurements in both natural
and hatchery clutches.

Intra- and inter-seasonal variation

Sex ratio estimates typically have
not incorporated intra- or inter-
 seasonal differential mortality in egg
clutches although it has long been
recognized as an important effect
(Godfrey & Mrosovsky 1999, Mat-
suzawa et al. 2002). Intra-seasonally, if
we incorporate monthly natural emer-
gence success measured from 2004 to
2007 (Santidrián Tomillo et al. 2009)
into the sex ratio estimated from incu-
bation temperature measurements,
the estimated number of female
hatchlings produced in in situ egg
clutches becomes 18 132 (out of 21 648
hatchlings) giving a sex ratio of 83.8%
female hatchlings. Thus, our in situ
female bias for 2004 to 2007 was over-
estimated by 4.5% when it did not
include the mortality effect. However,
this difference did not impact the
overall conclusions of our analysis.

Seasonal differential mortality is related to changes
in the thermal and hydric conditions surrounding
incubating eggs (reviewed by Santidrián Tomillo et
al. 2009), although seasonal beach dynamics related
to tides (erosion, inundation) can also affect hatching
and emergence success of clutches (e.g. Leslie et al.
1996). Coinciding with the nesting season at Playa
Grande, there is a transition from the end of the rainy
season in November into the dry season for the
remainder of the nesting period during which little to
no rain falls (Coen 1983). Greater hatching and emer-
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Fig. 4. Metabolic heating, which is calculated as the difference between the
mean middle-third temperature (MMT) and the sand temperature at nest
depth (STND), was generally less than 1°C in all leatherback turtle egg
clutches during the  middle third of development in (A) the hatchery and in (B)
in situ egg clutches. The 95% confidence interval error bars are missing in
months with n < 5, and data points are missing in months without in situ egg 

clutch temperature measurements
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gence success, greater production of males, and
increased metabolic heating are observed in early-
season clutches and in rainier years (e.g. 1999 to
2000, 2005 to 2006; Santidrián Tomillo et al. 2009,
authors’ unpubl. data). Thus, when male production
occurs at Playa Grande, it coincides with ambient
thermal and hydric conditions that promote greater
emergence success. It would be interesting to exam-
ine whether the predation environment for hatch-
lings differs with respect to seasonal progression or
the biophysical environment.

Sex ratios and conservation

Reduced incubation temperatures in hatchery rela-
tive to in situ clutches could be related to a variety of
external factors, but many of the important influ-
ences found on other beaches do not systematically
apply on Playa Grande. The Playa Grande hatchery
was not differentially shaded by nearby vegetation
(Carrasco et al. 2000, Janzen 1994) as compared to
the open beach, where the vast majority of nests are
laid (Nordmoe et al. 2004). Sand in the hatchery was
interchanged with beach sand regularly and there
were no significant differences between sand tem-
peratures in the hatchery versus the natural nesting
beach. Consistent attempts are made to recreate nat-
ural nest dimensions and depths in hatchery nests
(Wallace et al. 2004). Sand temperatures and incuba-
tion temperatures were more heterogeneous on the
beach as compared to in the hatchery, and that
resulted in the unexplained variation in our statistical
models. However, influences such as proximity to the
water table (the hatchery was well above the high
tide line), and shading from dry forest vegetation
bordering the beach (the hatchery was surrounded
by low-profile ground cover vegetation) were likely
to cool some in situ clutches relative to concurrent
hatchery clutches.

The most parsimonious explanation for the effect of
hatchery translocation is that lower numbers of
metabolizing embryos per clutch in hatchery
clutches decreased the metabolic heating contribu-
tion to incubation temperature and, thus, depressed
incubation temperatures relative to those in in situ
clutches. Preliminary results suggests that hatching
success in hatchery clutches is approximately 10%
less than in in situ clutches (2004 to 2007; P. San-
tidrián Tomillo et al. unpubl. data). This decrease in
hatchery hatching success is similar to levels
observed at the St. Croix leatherback turtle rookery
(Eckert & Eckert 1990, Boulon et al. 1996) and in

Mexico (García et al. 2003). Our observation of sig-
nificantly decreased metabolic heating in hatchery
clutches also supports this line of reasoning.

The effects of metabolic heating on clutch incuba-
tion temperatures have been investigated in many
sea turtle species (reviewed by Zbinden et al. 2007).
Metabolic heating is tied to clutch size (Broderick et
al. 2001, Zbinden et al. 2007), position within the nest
(e.g. center versus periphery; Hansen et al. 1998),
and the number of live versus decomposing embryos
in the egg clutch (Broderick et al. 2001). We observed
decreases in metabolic heating with progression
through the season and with incubation in the hatch-
ery versus in situ. Both of these effects are likely tied
to differential embryo mortality from early to late in
the nesting season (Santidrián Tomillo et al. 2009)
and with translocation to the hatchery (P. Santidrián
Tomillo et al. unpubl. data). This is in contrast to pre-
vious studies that observed increased incubation
temperatures in translocated nests with ~20%
decreased hatching success (Hoekert et al. 1998, Pin-
tus et al. 2009). One explanation for these contradic-
tory findings is that there was greater metabolic
activity of the microorganisms associated with
decomposition in the translocated clutches in studies
with ~20% decreased hatching success. Finally,
these results re-emphasize the importance of meta-
bolic heating to primary sex ratios (Broderick et al.
2001), an effect that may be overlooked because
metabolic heating in the last third of development is
several times that during the middle third.

There was only a 0.7ºC difference in the middle
third incubation temperatures between in situ nests
and hatchery nests, yet that resulted in a difference
of 25.3% in the sex ratio between the 2 types of nest.
The reason for that great effect was that the temper-
ature difference occurred right in the range of the
transition between male to female in the tempera-
ture/sex determination curve (Binckley et al. 1998).
Therefore, it is important to carefully measure tem-
peratures inside clutches of eggs incubating in nat-
ural nests and in hatchery nests in order to accurately
assess the sex ratio of hatchlings produced on a nest-
ing beach. This will provide the data needed to accu-
rately assess the effect of management techniques
and to develop long term strategies for management
of nesting beaches. Furthermore, we recommend
that this approach be adopted for the beach reloca-
tion of egg clutches only relatively short distances,
such as up above the high tide line, which will enable
managers to assess hatching success and sex ratio
outcomes for a variety of relocation techniques on
their nesting beach (see Tuttle & Rostal 2010).
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Implications

The Playa Grande beach hatchery, while boosting
hatchling production overall, has consistently
decreased the natural female bias. Hatchery translo-
cation at Playa Grande has been minimal (9%) com-
pared to many other leatherback turtle nesting
beaches: an average of 43% in St. Croix, US Virgin
Islands (Dutton et al. 2005); 80% in Pacific Mexico
(Sarti Martínez et al. 2007); 16.7% in Espíritu Santo,
Brazil (Thomé et al. 2007); and up to 53% in Tereng-
ganu, Malaysia (Mortimer 1989). For Playa Grande, a
dynamic beach subject to erosion and dramatic sea-
sonal changes in tidal height, translocation of
clutches laid below the high tide line is warranted
because hatching success would likely otherwise be
zero and changes to the overall sex ratio on the beach
are minimal. However, widespread clutch relocation
would not be justifiable, in the absence of a strong
threat such as rampant egg harvest (Mortimer 1999).
As alterations of sex ratios, as well as of hatching and
emergence success may occur with egg clutch
translocation, we recommend that use of this tech-
nique be avoided whenever possible in favor of pro-
tection of egg clutches in their natural sites where
imminent threats to embryonic survival are absent.

CONCLUSIONS

Playa Grande, like many other sea turtle nesting
beaches, is generally female biased (83% female).
Our long-term monitoring further revealed that occa-
sional years of male-biased incubation occurred
(1999 to 2000) and that translocation of doomed-eggs
to the beach hatchery lessened female bias of those
eggs, probably by decreasing the number of metabo-
lizing embryos. With this knowledge of natural
trends in leatherback primary sex ratios, managers
can more accurately assess population growth rates
and the use of doomed-egg translocation in their
evaluation of appropriate conservation efforts in
response to future anthropogenic threats. However,
until it is clear that there is actually a need to produce
more males or females in a sea turtle population in
response to global warming or other human induced
environmental changes it would be a bad idea to
manipulate sex ratios of hatchlings via artificial incu-
bation in a hatchery or other facility. It would be bet-
ter to allow sea turtles to nest on natural beaches that
migrate and adjust their characteristics in response to
changing sea levels than to invest in artificial means
to change sex ratios.
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