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ABSTRACT. – During late June and July in 2015, we
tracked the postnesting migrations of 5 loggerhead
turtles (Caretta caretta) and 5 green turtles (Chelonia
mydas) from a beach on Amami-Oshima Island
(Amami) in the Ryukyu Archipelago, Japan, to
identify the potential adult foraging grounds of these
2 species of marine turtle. All 5 loggerheads utilized
the East China Sea, but 4 took direct paths there while
1 turtle first traveled to and stayed within the Sea of
Japan until the water temperature in the area dropped
to around 138C before moving into the East China Sea.
In contrast, 3 of the 5 green turtles moved to the coasts
of Japan’s main islands, 1 green turtle moved to the
southwest of the Amami, and 1 green turtle stayed
around the Amami throughout the tracking period.

Mature female marine turtles have site fidelity and

strong natal philopatry to their nesting beach (Jensen et al.

2013). Ecological studies have revealed the high fidelity of

breeding females to their foraging grounds as well as to

their nesting beaches (Limpus et al. 1992; Balazs et al.

2017). In addition, marine turtles can be reproductively

active for decades (Balazs et al. 2015). Beaches have been

prioritized for marine turtle conservation because adult

females and hatchlings are found there and, thus,

conservation of beaches protects both life stages. Such

programs on beaches have provided good results in many

regions and populations; e.g., Chaloupka et al. (2008) for

green turtles (Chelonia mydas) worldwide, Stewart et al.

(2011) for leatherback turtles (Dermochelys coriacea) in

Florida, Richardson et al. (2006) and Beggs et al. (2007)

for hawksbill turtles (Eretmochelys imbricata) in the

Caribbean region, and Florida Fish and Wildlife Conser-

vation Commission (2017) for loggerhead turtles (Caretta
caretta) in Florida. The 7 extant species of marine turtles

overall show positive trends in abundance (Mazaris et al.

2017). However, some species and populations show

limited or no recovery; e.g., Fonseca et al. (2009) for olive

ridley turtles (Lepidochelys olivacea) in Costa Rica and

Tapilatu et al. (2013) for leatherbacks in the western

Pacific. Marine turtles that inhabit various ecosystems

throughout their life stages face multiple threats (Bolten et

al. 2011). Understanding the adult habitat range of each

breeding stock is therefore necessary to identify the

potential threats and to achieve more-effective manage-

ment and conservation.

The Japanese Archipelago consists of nearly 6900

islands, 450 of which are human-settled islands (Fig. 1).

Three of the seven marine turtle species—loggerheads,

greens, and hawksbills—nest in Japan (Kamezaki 1989;

Matsuzawa et al. 2016; Kondo et al. 2017). All 3 species

are now protected on nesting beaches by regulations set by

local prefecture governments. Nesting sites of hawksbills

are mostly limited to the islands of the southern Ryukyu

Archipelago (Ryukyus), and the population trend of this

species is not well understood. On the other hand,

loggerheads, which nest on the beaches both in the

Japanese main islands and in the Ryukyus, and the green

turtle, which nests in the Ogasawara Islands and in the

Ryukyus, have wider distributions of nesting sites

compared with the hawksbill turtle.



To date, postnesting migrations of loggerhead turtles

nesting on the beaches of Japan have been investigated by

mark–recapture (Kamezaki et al. 1997) and satellite

tracking (Hatase et al. 2002, 2007; Nobetsu et al. 2003).

These studies have identified coastal waters in Japan’s

main islands, the South and East China Seas, and the

pelagic Pacific as important foraging grounds for adult

female Japanese loggerheads. However, most turtles in

these previous studies were tracked from Yakushima in the

northern Ryukyus and the Japanese main islands. Only one

loggerhead was found along the coast of Vietnam 405 d

after it nested in the Miyakojima Islands in the southern

Ryukyus (Kamezaki et al. 1997). Little is known about the

potential foraging grounds of loggerheads of the central

and southern Ryukyus. Similarly, postnesting migrations

of green turtles in Ogasawara have revealed that the coasts

of Japan’s main islands are major foraging sites for green

turtles (Hatase et al. 2006). Mixed stock analysis (MSA)

based on mitochondrial DNA markers suggested that the

coasts of Japan’s main islands may also serve as foraging

habitat for green turtles from the Ryukyus (Nishizawa et

al. 2013). Indeed, size-specific MSA suggested that some

Japanese green turtles moved from the Ryukyus to the

coasts of Japan’s main islands to settle in their adult

foraging grounds (Hamabata et al. 2015, 2018). However,

green turtle breeding stocks in Japan share many

haplotypes among regions, especially between Ogasawara

and the central Ryukyus (Hamabata et al. 2014), although

they are significantly differentiated by frequency. Thus,

there are no direct observations that the coasts of Japan’s

main islands actually serve as adult foraging grounds for

green turtles from the central Ryukyus. Tracking the

postnesting migration of green turtles can offer insight into

adult habitats of green turtles from the central Ryukyus.

In the present study, the postnesting movements of

loggerhead and green turtles nesting on the beaches of

Amami-Oshima Island (hereafter referred to as Amami),

located on the central Ryukyus, were satellite tracked to

identify their potential foraging areas. To our knowledge,

this is the first study that resulted in successful satellite

tracking of 2 species of marine turtles, loggerheads and

greens, nesting on the same beach of the central Ryukyus.

Methods. — Amami-Oshima Island is located in the

central Ryukyus (Kizaki 1986; Fig. 1). Nesting surveys of

marine turtles covering all the beaches in Amami were first

conducted in 2012. In total, 1081 nests were found: 605

nests of loggerhead turtles, 327 nests of green turtles, and

149 nests of unknown species in that year (Oki and

Mizuno 2013). Although the number of nests fluctuated

from year to year, both loggerhead and green turtles nest

on the beaches in Amami every year (K.O., unpubl. data,

2018).

While the nesting season of loggerheads usually starts

at the beginning of May and ends in the middle of July, the

nesting season of green turtles starts in June and lasts

through July, hence the temporal overlap of these

sympatric species. During late June and July in 2015, at

the Ankyaba beach, northern Amami (Fig. 1), 10 Argos-

linked satellite transmitters (TAM2639, Telonics, Inc.,

USA) were deployed on 5 nesting females of each species

(Tables 1 and 2). While females were laying eggs, their

straight carapace lengths (SCL) and straight carapace

widths (SCW) were measured with a slide caliper. All

turtles were marked with flipper tags. We monitored the

nesting and emergence activities on the same beach and

selected individuals that were expected to be near the end

of their reproductive period to avoid the track internesting

movements. The transmitters were attached to the carapace

of each turtle with fiberglass cloth and polyester resin

following the procedure by Balazs et al. (1996).

Location data received from Argos Service were

filtered based on the location accuracy. Duty cycles of tags

were 6 hrs on, 24 hrs off for all transmitters. We used the

data with location class (LC) 3–1, predicting the locations

from the animal’s actual position within 1000 m, and the

other data with LC A, B, and 0 were discarded. The

locations of foraging grounds were compared between the

present nesting populations and other nesting populations

in Japan to determine whether the foraging grounds of two

species nesting in the central Ryukyus overlap those of

different populations or whether there are unidentified

foraging grounds for the 2 species in Japan.

Results. — The loggerhead turtles were tracked for

127–346 d (Table 1). All 5 turtles migrated to the East

China Sea (Fig. 2A–E). Although 2 of 5 loggerheads were

tracked until or over the winter, they did not exhibit large

movements, suggesting site fidelity to their chosen

foraging area even in the winter season (Fig. 2C–D).

Figure 1. Map of the Japanese Archipelago and the locations of
the northern, central, and southern Ryukyu Archipelago (Ryu-
kyus), Amami-Oshima Island, Yakushima, and Ogasawara. Star
in the inset map represents the Ankyaba Beach where we
conducted this study.
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The sea surface temperatures (SSTs) at the locations in the

East China Sea where these 2 turtles stayed were higher

than 208C even in winter (Daily SSTs database of Japan

Meteorological Agency, https://www.data.jma.go.jp/

kaiyou/data/db/kaikyo/daily/sst_HQ.html?areano=3). One

turtle (ID 50148) migrated farther to the northeast and

entered the Sea of Japan through the Tsushima Strait

between the Tsushima and Kyushu islands (Fig. 2E). This

turtle stayed off the north side of the coastal waters of the

Kyushu Island in the Sea of Japan. However, it started

moving south in the winter as temperatures in the area

started to decrease, and fully moved out of the Sea of

Japan when the SST around there dropped to around 138C

in December 2015, into the East China Sea and recruited

to the offshore area of the other 4 loggerheads tracked in

this study. Thereafter, it moved back north toward the Sea

of Japan but, unfortunately, transmissions stopped on 23

April 2016 without an observation of whether it entered

the Sea of Japan again. All 5 turtles, including turtle ID

50148, stayed at sea over the continental shelf (shallower

than 200 m) of the Eurasian Continent in the East China

Sea for most of their tracking periods.

The green turtles were tracked for 33–64 d. One turtle

(ID 42712) stayed around the northern Amami Island

during the 43-d tracking period (Fig. 3A). Two turtles (ID

53747 and ID 41457) moved along the Pacific coasts of

Japanese main islands. Turtle ID 53747 reached the

Miyakejima Island of the Izu islands after 33 d of tracking

(Fig. 3B). The other green turtle (ID 41457) reached

Tanabe Bay, located in the middle part of the Japanese

main islands, after 46 d of tracking (Fig. 3C). Turtle ID

65422 moved northward from Amami and entered the

Yatsushiro Sea, which is a shallow, semienclosed inland

sea located at the west coast of the Kyushu Island, after

passing nearby to Yakushima Island and the south coast of

the Kyushu Island (Fig. 3D). Only 1 turtle, ID 40605,

moved to the south out to sea to the northwest of Okinawa

after nesting (Fig. 3E). However, this individual transmit-

ted very infrequently with poor or no positions and

tracking unfortunately stopped without further transmis-

sion.

Discussion. — The present study constitutes the

postnesting tracking of loggerhead and green turtles

nesting at the northern Amami Island, located in the

central Ryukyus. We identify the foraging areas that

loggerheads nesting in the central Ryukyus use and show

evidence that the green turtles nesting in the central

Ryukyus could migrate to the coasts of main islands in

Japan.

All 5 loggerheads moved to the East China Sea and

spent their time there throughout the tracking period,

except for 1 individual that entered the Sea of Japan for a

period of time. Previous studies have shown that the East

China Sea is the foraging ground inhabited by mature

female loggerhead turtles nesting in the Yakushima and

Japan’s mainland (Hatase et al. 2002, 2007). Our present

work indicates that some loggerheads nesting in the central

Ryukyus located to the south of Yakushima also reside in

the East China Sea.

One individual exhibited an exceptional movement

that entered the southern part of the Sea of Japan through

the straits of South Korea and Kyushu. Similar foraging

tracks were reported in male loggerheads released from

southwest coast of the Kyushu Island (Saito et al. 2015). A

male turtle released from the Tanegashima Island was also

tracked until the entrance of the Sea of Japan (Kume et al.

2017). Those loggerheads that were tracked during

migration toward the Sea of Japan stayed around the strait

Table 1. Detailed satellite track records of the postnesting migrations of the loggerhead turtles nesting at the Ankyaba Beach in Amami-
Oshima Island in 2015 and estimated locations of their foraging grounds. SCL = straight carapace length; SCW = straight carapace
width; FG = foraging ground.

Turtle ID SCL (cm) SCW (cm) Date tagged Last transmission No. of days tracked Location of FG

53766 85.6 67.5 23 Jun 2015 22 Nov 2015 152 East China Sea
53749 85.7 69.7 2 Jul 2015 1 Jan 2016 183 East China Sea
57147 85.5 66.4 3 Jul 2015 7 Nov 2015 127 East China Sea
71916 88.7 69.2 8 Jul 2015 18 Jun 2016 346 East China Sea
50148 102.0 74.0 18 Jul 2015 23 Apr 2016 280 Sea of Japan and East China Sea
Average 89.5 69.4 — — 218 —

Table 2. Detailed satellite track records of the postnesting migrations of the green turtles nesting at the Ankyaba Beach in Amami-
Oshima Island in 2015 and final locations where the transmission stopped. SCL = straight carapace length; SCW = straight carapace
width; FG = foraging ground.

Turtle ID SCL (cm) SCW (cm) Date tagged Last transmission No. of days tracked Final location

42712 101.0 78.5 21 Jun 2015 28 Aug 2015 68 Amami-Oshima, Japan
53747 86.0 67.0 27 Jun 2015 30 Jul 2015 33 Miyakejima, Japan
40605 99.6 72.7 8 Jul 2015 20 Aug 2015 43 Okinawa, Japan
65422 90.4 67.0 8 Jul 2015 10 Sep 2015 64 Minamata, Japan
41457 92.0 71.5 17 Jul 2015 1 Sep 2015 46 Tanabe, Japan
Average 93.8 71.3 — — 46 —
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during the relatively warm season and migrated south with

the decrease of the water temperature in winter. Such

seasonal migration in response to the water temperature is

observed in other loggerhead populations in the Mediter-

ranean (Bentivegna 2002; Zbinden et al. 2008). However,

the turtle ID 50148 in our study migrated farther north

(300 km farther from the strait) and showed prolonged

activity in the Sea of Japan, and the turtle eventually

passed through the strait when the SST there dropped to

around 138C in winter. Marine turtles can maintain a

higher body temperature than that of the ambient water

according to the body size (Sato 2014). Turtle ID 50148

was the largest loggerhead specimen (SCL = 102 cm) in

the present study and was larger than the male specimens

that showed similar movement in the previous study (73.7

and 88.7 cm SCL in Saito et al. [2015]). Thus, the larger

body size of the turtle in our study (ID 50148) might

enable longer foraging activity in decreasing water

temperature in the Sea of Japan. The depths of the

locations where this female stayed in the Sea of Japan

were similar to those of the locations where the other

turtles stayed in East China Sea. Although little is known

about the habitat utilization of marine turtles in the Sea of

Japan, our present result suggested that the west part of the

Sea of Japan might be an extension of foraging grounds of

loggerheads serving adult female turtles from the central

Ryukyus as seasonal habitats.

Furthermore, 2 species in our study are known to

show foraging dichotomy within a stock where some

turtles spend time in the pelagic Pacific of the south of

Japan’s main islands, even after they mature, without

recruiting to coastal benthic or neritic areas (, 200 m) of

the East China Sea (Hatase et al. 2002, 2006; Nobetsu et

al. 2003). In particular, the nesting females from the

Yakushima and mainland loggerhead nesting populations

have been focused upon to study the size-related foraging

dichotomy within a population, as smaller adult females

forage in the pelagic Pacific and larger females forage in

the neritic East China Sea (Hatase et al. 2002, 2007). All

our loggerheads were larger than 85 cm SCL, and no

turtles migrated to the pelagic Pacific in this study. Nesting

females with SCL , 80 cm, which might be expected to

forage in the pelagic Pacific, were often recorded at the

Ankyaba beach (19% of the total recorded loggerhead

turtles in 2012; T.A., unpubl. data, 2012). Some female

loggerheads in the Ryukyu nesting population are

therefore expected to use the pelagic Pacific environment

as their adult foraging ground. Future tracking of

postnesting movement in those smaller females is needed

to clarify the foraging range of loggerhead turtles in the

central Ryukyus.

In contrast to the loggerhead turtles, green turtles

nesting in the Amami Island moved to a wider range of

foraging locations from the east coast of the Japanese main

islands southwest to the Amami Island. Probably, 1 turtle

that stayed around Amami had not finished the nesting

Figure 2. Movement of postnesting loggerhead turtles released
from Ankyaba Beach, Amami-Oshima Island, Japan. The
movements are of turtles ID 53766 (A), ID 57147 (B), ID
71916 (C), ID 53749 (D), and ID 50148 (E).

Figure 3. Movement of postnesting green turtles released from
Ankyaba Beach, Amami-Oshima Island, Japan. The movements
are of turtles ID 42712 (A), ID 53747 (B), ID 41457 (C), ID
65422 (D), and ID 40605 (E).
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period, and its internesting could be tracked because nests

of green turtle were found on the Ankyaba beach and a

beach in Sani around the days that the transmissions with

the location accuracy of LC3 from this female were

recorded (Fig. 3). This individual stayed around that area

at least until the end of August and so may settle near the

nesting beach. This may not be the exception in this

species, as Taquet et al. (2006) reported a mature green

turtle, whose foraging patterns at Mayotte Island were

examined by acoustic transmitters, later nested on the

beaches near the foraging site. It is difficult to predict the

destination of 1 turtle that moved to the southwest, but this

suggests the diversity of foraging grounds of green turtles

nesting in Amami. Tracking duration of green turtles that

moved to the coastal areas of the main islands was also

relatively short because the transmission stopped just after

they arrived there, likely owing to antenna damage

resulting from foraging and resting in benthic (or bottom)

habitat or to some accidents due to human interaction such

as entanglement of fishing net/line, boat impact, or other

risk that may have been introduced due to the tagging

study (Jeffers and Godley 2016). It was not proven that

each female settled in the area where the last location

signal was transmitted, choosing those areas as their

preferred foraging grounds. To date, a few studies

suggested that the coasts of western Japanese main islands

seem to be a multiple-coast foraging site based on the

similarity in size distribution of green turtles among sites

and the absence of genetic differentiation (Hamabata et al.

2015). Several reports that turtles recaptured within a few

weeks among the different sites at the coasts of the main

islands also support a multiple-coast foraging site around

the main islands (e.g., Okamoto and Kamezaki 2014). This

suggests that the foraging green turtles along the coasts of

Japan’s main islands might continue to move, depending

on the habitat condition and season. While the present

study did not identify the conclusive adult foraging

grounds of green turtles nesting in the central Ryukyus,

the locations where transmission stopped suggest that

green turtles from the central Ryukyus also inhabit various

coastal areas of the Japanese main islands, a finding which

previously was only estimated from simulations of MSA

using genetic data.

Impact of Fisheries. — Previous studies showed that

the East China Sea is also inhabited by immature

loggerhead subadults caught as bycatch in the coasts of

Taiwan (Kobayashi et al. 2011), southwest of the Kyushu

Island (Saito et al. 2015), and the Tanegashima Island

(Kume et al. 2017). This area is one of the foraging

hotspots for both adult and immature loggerhead turtles in

the North Pacific (Kobayashi et al. 2011). In addition, this

area is a common fishing ground of Japan, China, and

Korea, and fisheries such as trawling and large- and

medium-scale purse seine fisheries are active (Japan

Fisheries Research and Education Agency 2013). The

number of nests of the North Pacific loggerhead turtle does

not necessarily increase in spite of the protection on the

nesting beaches. Fisheries are now considered as one of

the biggest threats against the population recovery of this

species (Ministry of the Environment Japan 2014).

However, the impact of fisheries activity upon loggerhead

turtles in the East China Sea has not been evaluated. It is

important how often turtles were captured by fisheries nets

in the East China Sea and their resulting mortality.

Hazards and impacts in this area affect both immature and

adult loggerhead turtles.

The coasts along Japan’s main islands are also active

fisheries grounds. Although mortality is high in some

kinds of set nets, such as set nets with a bag net at medium

depth or at the bottom of coastal fisheries (Tamura et al.

2014), many large set nets, which most frequently take sea

turtles as bycatch, are designed to open the ceiling at the

sea surface. Thus, turtles can come up to the surface to

breathe (Ishihara et al. 2014). Not only green turtles but

also loggerheads are captured by those coastal fisheries’

nets, and most of them are released alive (Ishihara et al.

2011). Consistent increases in green turtle nesting

populations in Japan suggest the coastal set net fisheries

may not be a serious threat, at least to the Japanese green

turtle populations. This also suggests that the loggerheads

may probably face threats in the different areas and

emphasizes the importance of risk assessment in the East

China Sea for the North Pacific loggerhead populations.
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