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Abstract ― Loggerhead turtles (Caretta caretta) in the North Pacific Ocean are primarily born in the southern coast of the Japanese 
Archipelago. After a developmental period of several years in Central and East Pacific Oceans, they re-migrate to Japanese wa-
ters at a larger juvenile stage. However, the exact duration until re-migrating to Japanese waters is not known because of meth-
odological limitations of current age estimation among wild sea turtles. On 27 August 2018, a juvenile loggerhead turtle 
(straight carapace length: 60.8 cm, body mass: 35.0 kg) with a passive integrated transponder (PIT) tag was incidentally captured 
by a set net at the Sanriku Coast, Northeastern Japan (39°22′21″N, 141°58′41″E). The PIT tag number revealed that it is a 10-year 
old turtle born in Yakushima Island (30°24′21″N, 130°25′58″E) in 2008. Total 1,095 loggerhead hatchlings with PIT tags were re-
leased from Yakushima Island in 2008. To the best of our knowledge, this is the first record of a known-age and non-head 
started loggerhead turtle in the North Pacific population. The tagged loggerhead turtle provides important knowledge about 
the pelagic stage duration of this species in the North Pacific population.
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Introduction

Sea turtles are typically long-lived, slow-growing, and 
wide-ranging, occupying multiple habitats over the course of 
their development (Musick and Limpus 1997, Happell et al. 
2003, Avens and Snover 2013). For example, loggerhead tur-
tles (Caretta caretta) in the North Pacific Ocean are primar-
ily born in the southern coast of Japan, from Ryukyu Archi-
pelago to Kanto District (Kamezaki et al. 2003, Fig. 1). Log-
gerhead turtles are then dispersed eastward, transported by 
the Kuroshio and North Pacific Currents, reaching as far as 
the Central and East Pacific Oceans (Bowen et al. 1995, Ha-
tase 2012). After a developmental period in these oceans, 
these turtles re-migrate to Japanese waters at the later juve-
nile stage (straight carapace length (SCL) 60–70 cm, Ishihara 
et al. 2011) for subsequent growth and reproduction when 
they reach sexual maturity (SCL 70–100 cm, Kamezaki 
2003). However, the timing of these events is currently un-
certain.

To elucidate the duration of each life stage, several 
methods of age estimation (e.g., skeletochronology and 
mark-recapture using external tags) have been suggested for 
sea turtles (reviewed by Chaloupka and Musick 1997, Avens 

and Snover 2013). However, these methods have some limi-
tations (Chaloupka and Musick 1997). For example, skeleto-
chronology analysis, which is frequently used as an age esti-
mation method of sea turtles, assumes that bony rings on the 
humerus are created annually as lines of arrested growth 
(Castanet et al. 1994). Although verification studies have 
been conducted (Zug et al. 1986, Zug 1990, Avens and 
Goshe 2007), the rings are not fully understood. Moreover, 
resorption of early growth marks has been observed in larger 
(older) turtles, making it difficult to obtain direct age esti-
mates (Zug et al. 1986). Mark-recapture studies using exter-
nal tags (e.g., plastic and Inconel) can determine the absolute 
age of turtles; however, these studies are limited to head-
starting turtles or turtles in the later life stages (reviewed by 
Avens and Snover 2013) because external tags (2.5–4.5 cm) 
are too big to attach to hatchlings (SCL of approximately 
5 cm). In addition, the loss of external tags is also a problem 
with this method (Chaloupka and Musick 1997, Nishizawa et 
al. 2018). As a consequence, an accurate age assessment 
method for wild turtles has not been established. Therefore, 
the exact duration that it takes for turtles born in the south 
coast of Japan to re-migrate to Japanese waters is still un-
known. This problem makes it challenging to understand the 
life history of North Pacific loggerhead turtles.
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To elucidate this aspect, the Yakushima Sea Turtle Re-
search Group has been injected passive internal transponder 
(PIT) tags for almost 20 years into loggerhead hatchlings in 
the Yakushima Island, which is the largest rookery of logger-
head turtles in the North Pacific population (Fig. 1). In this 
note, we report the first bycatch record of a loggerhead turtle 
with a PIT tag in the Sanriku Coast (Fig. 1), which is a sum-
mer-restricted (from June to October) foraging area for juve-
nile- to adult-sized loggerhead turtles (Narazaki et al. 2015).

Materials and Methods

Injecting PIT tags to hatchlings at the Yakushima Island
Since 1999, PIT tags were injected into loggerhead 

hatchlings on the Yakushima Island (30°24′21″N, 
130°25′58″E, Fig. 1). When newly emerged hatchlings were 
found, they were collected and transferred to the Yakushima 
Umigame-Kan, Yakushima Town, Kagoshima Prefecture, 
Japan. The PIT tags (ID-100A, 2 mm in diameter, 11 mm in 
length, Trovan Ltd, Douglas, UK) were injected into their ab-
dominal cavity on the left side (observer’s right). The in-
jected hatchlings were then immediately released to the sea. 
The duration from collection to release was less than 2 hours.

Bycatch survey at the Sanriku Coast
Since 2005, a year-round bycatch survey has been con-

ducted in the Sanriku Coast (38°55′ to 39°40′N, 141°40′ to 
142°05′E; Fig. 1). The captured turtles were transferred to an 
outdoor tank at the International Coastal Research Center 
(ICRC), Atmosphere and Ocean Research Institute, the Uni-
versity of Tokyo, Otsuchi Town, Iwate Prefecture, Japan. 
Their SCL and straight carapace width (SCW) were mea-

sured using calipers, and their curved carapace length (CCL) 
and curved carapace width (CCW) were measured using a 
tape measure with an accuracy of 0.1 cm. Their body mass 
(BM) was measured using a hanging scale with an accuracy 
of 0.5 kg. From 2014, the PIT tag information (15-digit code) 
was detected using an ARE H5 reader (Trovan Ltd) from 
outside the body of turtles.

Results and Discussion

From 1999 to 2017, 10,256 loggerhead hatchlings with 
the PIT tags were released from the Yakushima Island. In the 
Sanriku Coast, we attempted to detect the PIT tags in 210 
loggerhead turtles (SCL 51.6–92.0 cm) during 2014–2018.

On August 27, 2018, one loggerhead turtle with a PIT 
tag (Fig. 2) was incidentally captured by a commercial set 
net at Otsuchi Bay, Iwate Prefecture (39°22′21″N, 
141°58′41″E). The other 209 turtles have no PIT or external 
tags attached by researchers at the nesting sites. The 15-digit 
number of the PIT tag revealed that this turtle was born in 
2008 (10 years old). A total of 1,095 loggerhead hatchlings 
with the PIT tags were released from the Yakushima Island in 
2008. To the best of our knowledge, this is the first record of 
the known-age and non-head-started juvenile loggerhead tur-
tle in the North Pacific population. A previous mtDNA analy-
sis suggested that the loggerhead turtles migrating to the 
Sanriku Coast are mainly derived from the Yakushima Island 
(Nishizawa et al. 2014). The identification of a tagged turtle 
supports this estimation. The PIT tag was located on the right 
side (observer’s left) of the abdominal cavity, which is the 
opposite side to the injected location in the Yakushima Island 
(Fig. 2b). Previous studies have suggested that the PIT tags 
move within the body of an individual (Balazs 1999, Ka-
mezaki and Kuroyanagi 2004). Hence, the PIT tag found in 
this turtle might have moved within its body during growth.

The SCL, CCL, SCW, CCW, and BM of this turtle were 
60.8 cm, 64.4 cm, 51.6 cm, 63.5 cm, and 35.0 kg, respectively. 
The minimum SCL of nesting females in Japan is 69 cm (Ka-
mezaki 2003), indicating that this turtle was still a juvenile. 
Captive studies of loggerhead turtles maintained under favor-
able conditions yielded growth trajectories that allowed the 
turtles to attain the adult size in as little as 6–7 years 
(Caldwell 1962, Uchida 1967). Our result demonstrated that 
wild turtles display much slower growth rate than captive 
turtles do under favorable conditions.

It has been reported that juvenile loggerhead turtles with 
the SCL of approximately 60–70 cm re-migrate to Japanese 
waters (Ishihara et al. 2011) and that this growth takes more 
than 16 years estimated using a skeletochronology analysis 
(Ishihara 2011). The turtle in the current study (SCL 60.8 cm) 
provided evidence that loggerhead turtles re-migrate to Japa-
nese waters much faster than previously thought. One possi-

Fig.  1.  Study site in the Japanese Archipelago. The coastline 
shown in bold illustrates the major nesting site of loggerhead 
turtles (Kamezaki et al. 2003). The arrow and star indicate the re-
lease and bycatch locations of a PIT tag-injected loggerhead tur-
tle, respectively.
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ble explanation is that the turtle in the current study exhibited 
fast growth; however, one cannot rule out the limitation of 
skeletochronology age estimation (i.e. resorption of early 
growth marks). If recapture data of PIT-tagged turtles are ac-
cumulated in the future, the exact age of these turtles until re-
migration to Japanese waters will become clear.

If the PIT tags are injected into hatchlings of wild tur-
tles, their exact age can be determined (Gibbons and An-
drews 2004) although their recovery ratio is low (Avens and 
Snover 2013). Therefore, this method will provide helpful in-
formation to validate and/or improve accuracy of various age 
estimations and absolute age determination. Furthermore, the 
PIT tags can also help determine the birth place of tagged 
turtles, providing valuable data for molecular studies such as 
mtDNA analysis. Since 1999, more than 10,000 hatchlings 
have been injected the PIT tags and released from the 
Yakushima Island, with the assumption that some of them 
have re-migrated to Japanese waters in recent years or will in 
the near future. In Japan, while several volunteer and scien-
tist groups are investigating sea turtles in various areas, the 
PIT tags are checked by only a few groups. In addition, shar-
ing of injected location (e.g. front flipper and abdominal cav-
ity) and number-related information of PIT tags remain in-
sufficient compared with those of the external tags. Hence, 
introducing the PIT tag reader at various study sites, unifica-
tion of injected location, and management of tag information 
can help detect more known-age loggerhead turtles. The PIT 
tag information will contribute to the understanding of life 
history traits, such as duration of each life stage, somatic 
growth rate, and migration pattern of loggerhead turtle in the 
North Pacific population.
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