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We verified whether telomere length shortens with age in the loggerhead sea 
turtle (Caretta caretta) by measuring telomere lengths (relative telomere to single 
copy gene [T/S] ratios) in whole blood and epidermis from 20 captive individuals 
with a real-time PCR method. There was no significant correlation between age 
and relative T/S ratios in blood. Although the correlation between age and rela-
tive T/S ratios in epidermis was not significant, older turtles had smaller relative 
T/S ratios in epidermis. It was thus demonstrated that telomere length in epider-
mis could be a useful age estimator for sea turtles. Relative age information 
obtained with this simple, rapid, non-invasive technique may help to advance our 
understanding of the ecology of endangered sea turtles. This is the first publica-
tion on age-related changes in telomere length among chelonians.
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Age information is crucial to better understand the 
enigmatic ecology of long-lived sea turtles that exhibit 
long-distance migrations throughout their lives.
Although skeletochronology, i.e. counting growth marks 
in bony sections, has traditionally been used to estimate 
sea turtle ages (Avens and Goshe, 2007), this method 
cannot be applied to endangered live sea turtles. A non-
invasive alternative has long been desired.

It has been reported that telomere length shortens with 
age in several organisms such as birds and humans, and 
potentially can be used as an age estimator for these 
groups (Monaghan and Haussmann, 2006). Telomeres 
are oligonucleotide repeats (TTAGGG for vertebrates) 
found at the end of eukaryotic chromosomes (Monaghan 
and Haussmann, 2006). Telomere shortening occurs 
during mitosis (Monaghan and Haussmann, 2006).
Thus, mitotically active tissues such as blood and epi-
dermis are expected to show more of a clear-cut tendency 
in telomere loss within individuals than other mitotically 
inactive tissues such as muscle (Takubo et al., 2002), so 
their telomere lengths may be a better age estimator.

If this age-related decrease in telomere length also 

exists in sea turtles, telomere length would be a useful 
estimator for their ages. In the present study, we veri-
fied whether telomere length shortens with age in the 
loggerhead sea turtle (Caretta caretta) by measuring 
telomere lengths in blood and epidermis from captive 
individuals whose ages and histories are known. We 
also examined whether there is some correlation between 
telomere lengths in different tissues within individuals, 
as has been shown in humans (Nakamura et al., 2002; 
Takubo et al., 2002).

Blood and epidermis samples were collected from 20 
captive loggerhead turtles at the Port of Nagoya Public 
Aquarium (PNPA), Nagoya, Aichi, Japan, in late Nove-
mber 2007. Out of the 20 turtles, 16 turtles had been 
hatched and raised at PNPA. Their ages were thus 
known: five age-0 turtles, three age-1, three age-2, three 
age-10, one age-11, and one age-12. Because the remain-
ing four turtles had been captured in the wild and trans-
ferred to PNPA in 1991 and 1992 (two turtles in each 
year), their ages were unknown. The body sizes of these 
four turtles have changed little since then. Because log-
gerhead turtles grow little after reaching sexual maturity 
(Dodd, 1988), the four turtles were likely to be mature at 
capture. Loggerhead turtles reach sexual maturity in 
about 20 years (Dodd, 1988). Thus, we roughly esti-
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mated their ages to be 35 and 36 by adding 15 and 16 
years (i.e. 2007 minus 1991 or 1992) to the maturity age 
of 20.

Sample sites for blood and epidermis on the body of 
each turtle were cleaned with 100% ethanol. Blood sam-
ples were collected from the dorsal cervical venous sinus 
with an 18- or 20-gauge needle and syringe (Terumo Cor-
poration, Tokyo, Japan) as a part of regular checks on 
health and well-being of the turtles (Kakizoe et al., 2007), 
and stored in a TNES buffer (10 mM Tris-HCl, pH 7.5; 
125 mM NaCl; 10 mM EDTA; 1% SDS) at room temper-
ature. Epidermis samples were sliced from the dorsal 
cervix with a razor (Beauty-M, Kai Razor Co., Ltd, Gifu, 
Japan) and stored in 100% ethanol at room temperature.

Total DNA was extracted from the samples with a 
QuickGene Mini80 (Fujifilm Corporation, Tokyo, Japan).
Telomere length was measured from total DNA using a 
real-time PCR method (Cawthon, 2002; Callicott and 
Womack, 2006). Because this PCR-based technique 
requires only a minute faction of tissues (Nakagawa et al., 
2004), we thought this is more suitable for the study of 
endangered species than others such as hybridization-
based techniques. A specially designed oligonucleotide 
primer set hybridizes to the TTAGGG and CCCTAA 
repeats and selectively amplifies telomeric DNA: longer 
telomeres lead to quantifiable acceleration of amplifica-
tion. We used a primer set developed by Callicott and 
Womack (2006). The amplification of telomeric DNA 
was compared to the amplification of a single-copy gene 
DNA of the same sample, and it was expressed as a T/S 
ratio. We used the 18S ribosomal RNA (rRNA) gene as 
the single-copy gene with the following primer sequences 
that had originally been designed for humans (Takara Bio 
Inc., Shiga, Japan): 18S-F: 5’-ACTCAACACGGGAAAC-
CTCA-3’ and 18S-R: 5’-AACCAGACAAATCGCTCCAC-
3’. Because the 18S rRNA gene is highly shared between 
humans and turtles (Mallatt and Winchell, 2007), the 
above primer sequences were identical between them. To 
serve as a reference for standard curve calculation, five 
DNA concentrations over a 625-fold range were generated 
by serial dilution (dilution factor: five) of an individual 
turtle DNA sample for both telomere and 18S rRNA 
portions. The T/S ratio for each sample was compared to 
that of a reference standard, and it was expressed as a 
relative T/S ratio. Real-time PCR was performed three 
times for each sample, and the mean relative T/S ratio 
was used in data analysis (Table 1). The average stan-
dard deviations for relative T/S ratios in whole blood and 
epidermis samples were 14.1 and 12.7%, respectively 
(Table 1).

The procedure was carried out on a 7300 real-time PCR 
system (Applied Biosystems, CA, USA). Reaction condi-
tions for both telomere and 18S rRNA portions were set 
at 50°C for 2 min and 95°C for 10 min followed by 40 
cycles of data collection at 95°C for 15 s and a 60°C 

anneal-extend step for 1 min, followed by a dissociation 
stage consisting of 95°C for 15 s, 60°C for 30 s, and 95°C 
for 15 s. Each reaction for both telomere and 18S rRNA 
portions included 10 μl of Syber Green PCR Master Mix 
(Applied Biosystems, CA, USA), 100 nM of each of the for-
ward and reverse primers, template DNA, and enough 
distilled H2O to yield a 20-μl reaction.

There was no significant correlation between age and 
relative T/S ratios in whole blood samples for loggerhead 
turtles (Spearman’s rank correlation coefficient [rs] = 
0.12, n = 20, p = 0.60; Fig. 1A). And although the corre-
lation between age and relative T/S ratios in epidermis 
samples for loggerheads was not significant (rs = –0.41, n 
= 20, p = 0.07; Fig. 1B), older turtles did have smaller rel-
ative T/S ratios in epidermis samples. In addition, there 
was no significant correlation between relative T/S ratios 
in whole blood and epidermis samples within individual 
turtles (rs = 0.17, n = 20, p = 0.45; Fig. 1C).

This study demonstrated that telomere length in epi-
dermis may shorten with age in the loggerhead turtle.
Although telomere length loss with age has been shown 
in several other taxa such as birds and humans 

Table 1. Means and standard deviations (SD) of three mea-
surements of relative T/S ratios in whole blood and 
epidermis for 20 loggerhead turtles (Caretta caretta)

Age Blood Epidermis

Mean SD Mean SD

 0 1.103 0.157 1.254 0.270

 0 1.706 0.117 1.546 0.175

 0 1.805 0.200 1.633 0.120

 0 2.268 0.038 0.988 0.045

 0 3.384 0.173 2.011 0.175

 1 2.201 0.102 0.716 0.217

 1 2.244 0.099 1.072 0.055

 1 2.425 0.111 0.844 0.055

 2 1.000 0.085 1.000 0.119

 2 1.186 0.032 0.851* 0.095*

 2 2.531 0.188 1.087 0.103

10 1.456 0.491 0.692* 0.200*

10 1.639 0.141 1.283* 0.081*

10 2.089 0.112 0.348 0.072

11 3.014 0.195 1.191 0.192

12 3.193 0.100 0.970 0.141

35** 2.323 0.061 0.754 0.076

35** 2.727 0.216 1.159 0.177

36** 1.299 0.045 0.642 0.048

36** 2.239 0.158 1.125 0.128

 * One outlier was omitted from calculation.
** The ages of four old turtles (35 and 36) are estimated 

values (see text).
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(Monaghan and Haussmann, 2006), this is the first pub-
lication that evaluated the trend in chelonians. In 
reptiles, age-related decrease in telomere length has been 
reported only in the American alligator (Alligator 
mississippiensis: Scott et al., 2006) and the garter snake 
(Thamnophis elegans: Bronikowski, 2008), but given the 
similarities in animal groups, we feel this method has 
potential in chelonians. For other taxa, telomere dyna-
mics have generally not been investigated in epidermis 
samples, but in blood samples (Monaghan and 
Haussmann, 2006), with some exceptions in humans (e.g. 
Nakamura et al., 2002; Sugimoto et al., 2006). Signifi-
cant correlations were found between telomere lengths in 
different tissues within individual humans (Nakamura et 
al., 2002; Takubo et al., 2002). The reason why we could 
not find significant correlations both between age and 
telomere length and between telomere lengths in differ-
ent tissues within individuals may be due to a limited 
sample size (n = 20). Otherwise, the lack of significant 
correlations may be methodological, i.e., other telomere-
measurement methods such as hybridization-based tech-
niques might find strong patterns in chelonians like in 
other reptiles (Scott et al., 2006; Bronikowski, 2008; 
Haussmann and Mauck, 2008). In any case, telomere 
length in epidermis may be a useful estimator of not abso-
lute but relative ages for sea turtles.

This simple, rapid, non-invasive technique has the 
potential to advance our understanding of the enigmatic 
ecology of sea turtles. For example, although size-related 
differences in the use of feeding habitats (neritic vs. 
oceanic) by adult female loggerhead turtles have been 
reported within several populations (Hatase et al., 2002, 
2007; Hawkes et al., 2006), the mechanisms that produce 
and maintain this phenomenon are still unknown. Rel-
ative age information obtained with this method may 
become a key to help solve this phenomenon, which is 
closely related to facultative habitat shifts during ontog-
eny and alternative life histories in animals (Hatase et 
al., 2006; McClellan and Read, 2007).
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of PNPA for helping to collect samples. J. Aoyama taught us to 
use the real-time PCR system and M. J. Miller helped to improve 
the manuscript. This work was partly supported by a grant 
from the Research Fellowships of the Japan Society for the Pro-
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Authorization (No. P07-4) of the University of Tokyo.
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