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Understanding the current status and recent development of the population
genetics and connectivity of sea turtles is crucial for effective conservation
management of the species. Five sea turtle species, green turtle (Chelonia
mydas), loggerhead turtle (Caretta caretta), hawksbill turtle (Eretmochelys
imbricata), olive ridley turtle (Lepidochelys olivacea) and leatherback turtle
(Dermochelys coriacea), are recorded in the East Asia Region situated in the
western side of the North Pacific Ocean. We compiled information from 35
published genetic studies on the five sea turtle species, with a focus on green
turtle and loggerhead turtle, which are the most studied species (in 30 studies) in
view of their commonness and occurrence of nesting populations. We provided
an overview of the key methods and findings of these previous studies,
addressing two main objectives on genetic structure of the rookeries and their
differences compared to other populations, and connectivity of the rookeries
and foraging aggregations. By identifying information gaps and conservation
needs, we discussed future developments for sea turtle genetic studies and
conservation implications in the region.
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1 Introduction

Five sea turtle species, green turtle (Chelonia mydas),
loggerhead turtle (Caretta caretta), hawksbill turtle (Eretmochelys
imbricata), olive ridley turtle (Lepidochelys olivacea) and
leatherback turtle (Dermochelys coriacea), are recorded in the East
Asia Region situated on the western side of the North Pacific Ocean.
To date, a total of 35 genetic studies on the five sea turtle species
have been published. Green turtle and loggerhead turtle are the
most common species with occurrence of nesting populations and
foraging aggregations in the region and hence are the primary focus
in 30 of these studies.

Green turtles are widely distributed throughout the East Asia
Region, including Japan, the Republic of Korea, Hong Kong,
Taiwan, and Mainland China. Nesting sites of green turtles were
recorded in numerous locations, such as the Ryukyu Islands and
Ogasawara Islands of Japan (Kameda, 2013; Kondo et al, 2017;
Okuyama et al., 2020), several islands of Taiwan (Chen and Cheng,
1995; Cheng et al., 2009, Cheng et al., 2015, Cheng et al., 2018),
Hong Kong, Huidong of Guangdong Province in Mainland China
(Ng et al., 2018) and the South China Sea, including Xisha (Paracel)
Islands (Jia et al., 2019), Dongsha (Pratas) Island (Cheng, 1995) and
Taiping (Itu Aba) Island (Cheng, 1996). No nesting of green turtle
was documented in the Republic of Korea. Important in-water
habitats such as migratory corridors of post-nesting green turtles
and foraging grounds were identified in Japan, the Republic of
Korea, and the South China Region (Cheng, 2000; Hatase et al.,
2006; Cheng, 2007; Kuo et al., 2017; Cheng et al., 2018; Ng et al,,
2018; Li et al., 2020; Hoh et al., 2022; Kim et al., 2022). These areas
were utilized not only by green turtles originating from the East
Asia Region but also by nesting green turtles from distant rookeries
in the Pacific, as reported in a satellite tracking study by Kolinski
et al. (2014). Green turtles in the East Asia Region fall under the
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Regional Management Units (RMUs) of the “Northwest Pacific”
and the “West Pacific/Southeast Asia” identified by Wallace et al.
(2010). A recent review initiated by Wallace et al. (2023) has
restructured the global RMUs of all sea turtle species, categorizing
green turtles in the East Asia Region into a geographically broader
RMU of the “East Indian and Southeast Asia”.

Loggerhead turtles in the East Asia Region are found from
Hokkaido of Japan in the north to the South China Sea in the south
and are documented nesting almost only on Japanese sandy
beaches, especially in southern Japan (Kamezaki et al, 2003).
Nesting was recorded on Jeju Island in the Republic of Korea
(Jung et al.,, 2012), but no nests were known from Mainland China
(Kobayashi et al,, 2011; Matsuzawa, 2012). Loggerhead turtles in the
East Asia Region fall into the North Pacific RMU reported in both
reviews conducted by Wallace et al. (2010) and Wallace et al.
(2023). Post-hatchlings of loggerhead turtles disperse into the
central and eastern Pacific on the Kuroshio Current and the
North Pacific Current (Bowen et al., 1995; Kobayashi et al., 2008)
and return to the western Pacific at sizes of approximately 50-70 cm
carapace length (Ishihara et al, 2011; Kobayashi et al,, 2011;
Narazaki et al., 2015). After returning to the waters of East Asia,
they undergo foraging migrations and eventually reach sexual
maturity (Ishihara and Kamezaki, 2011).

To implement a more effective conservation approach, we
aimed to synthesize our current understanding of the population
genetics and connectivity of green turtles and loggerhead turtles by
providing a literature review of the genetic studies conducted in the
East Asia Region. Figure 1 displays the locations of the key places
mentioned in this review. We summarized the key methods and
findings of the 30 selected studies, identifying the information gaps
that exist. Furthermore, we recommended future developments of
sea turtle genetic studies and the implications for conservation
efforts in the East Asia Region.
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FIGURE 1

Projection: Mercator

Locations of the key places in the East Asia Region and the vicinity mentioned in this review (basemap prepared by Maptool on http://seaturtle.org/)
Please note that Ryukyu, Ogasawara, Jeju, Lanyu, Wan-an, Dongsha, Xisha, Taiping and Yaeyama are islands. Islands are omitted only for simplicity in

the map presentation.
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2 Literature review

Essential information and findings of the original research
articles or master’s and doctoral dissertations on genetic studies
conducted in the East Asia Region were analyzed in this literature
review. Table 1 summarizes the information and findings from a
total of 35 genetic studies on the five sea turtle species recorded in
the region (detailed information available in the table in
Supplementary Information). The studies were categorized with
respect to species and study objectives that were divided into the
following three categories: (i) Rookeries connectivity: to elucidate
the genetic relationships among rookeries and natal philopatry, (ii)
Foraging and rookery connectivity: to elucidate the genetic
relationships between foraging grounds and rookeries, (iii)
Species ID: to identify species from the genetic perspective. Green
and loggerhead turtles were the target species in 30 of these studies
with two main study objectives on rookeries connectivity and
foraging and rookery connectivity. We, therefore, placed
emphasis on the review of the current status and future
developments of genetic research on green and loggerhead turtles
in this review. On the other hand, the study objective on species ID
concerned only olive ridley and hawksbill turtles (See Table 1 and
Supplementary Information).

3 Population genetics and
connectivity of green turtles

A total of 22 studies covering the genetics of green turtles in
Japan, Hong Kong, Taiwan, and Mainland China in the East Asia
Region were published between 2008 and 2023. These studies are
generally categorized into two distinct objectives: (i) Rookeries
connectivity; (ii) Foraging and rookery connectivity. The target
locus analyzed in 20 of these studies associated with both objectives
was the mitochondrial DNA (mtDNA) control region, which allows
comparison to a rich database of haplotype sequences based on
mtDNA control region from most studies across time.

In the 11 studies focused on rookeries connectivity, skin
biopsies, muscle tissue, and blood samples were collected from
nesting females, hatchlings, and embryos between 1995 and 2023 in
the nesting sites of Japan (such as Ryukyu Islands and Ogasawara
Islands) and the South China Region (such as Wan-an Island and
Lanyu Island of Taiwan, Gangkou of Guangdong, Sham Wan of
Hong Kong and Xisha Islands in South China Sea). Several
rookeries, including central Ryukyu Islands of Japan (Hamabata
etal, 2014), Lanyu Island (Cheng et al., 2008), Sham Wan (Ng et al.,
2014), Gangkou (Ng et al,, 2017) and Xisha Islands (Gaillard et al.,
2021; Song et al,, 2022) in the South China Region, shared some
haplotypes of mtDNA control region; for example CmP20 from
Taiwan, Xisha Islands and Yaeyama Islands, CmP49 from Taiwan,
Xisha Islands and central Ryukyu Islands, CmP18 from Hong Kong,
Xisha Islands and Taiwan. CmP49 was also widely observed in
Southeast Asia and the Eastern Indian Ocean. However,
significantly different haplotype frequencies observed among
rookeries in the East Asia Region indicated natal philopatry of
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female turtles within the groups. There are at least six management
units (MUs), genetically distinct breeding populations of sea turtles
(Komoroske et al., 2017) in the East Asia Region. MUs contain
Yaeyama Islands, central Ryukyu Islands, Ogasawara Islands
(Japan), Wan-an Island, Lanyu Island (Taiwan), and Xisha
Islands. However, the number of MUs in Japan may increase
after more comprehensive surveys using more samples and/or
more sites. Importantly, the presence of endemic haplotypes not
found elsewhere characterized certain rookeries in Ogasawara
Island (Clade VII with CmP127, CmP128, CmP209 in Nishizawa
et al., 2013; Hamabata et al., 2020), and Xisha Islands (Clade III with
CmP244.1 in Song et al., 2022; Clade VIII with CmP250.1,
CmP251.1, CmP252.1, CmP253.1 and CmP254.1 in Li et al,
2023). Habitat protection for these genetically unique rookeries
should be accorded with high priority to sustain the
essential populations.

In the 15 studies that investigated the source rookeries of the
foraging green turtles in Japan and the South China Region, skin
biopsies, muscle tissue, and blood samples were collected from
bycatch, stranding, or direct take individuals (seen as foraging green
turtles from the respective sampling locations) between 1991 and
2023. Specimens were also taken from nesting green turtles in four
of the above studies in Japan to expand the baseline data for genetic
analysis. Foraging green turtles in the South China Region and
Ryukyu Islands of Japan shared similar natal rookeries in Southeast
Asia, Yaeyama Islands of Japan, Micronesia and the Marshall
Islands in the West Pacific (Nishizawa et al., 2013; Ng et al,, 2017;
Hamabata et al., 2018). Several studies confirmed that northern
foraging green turtles in mainland Japan were primarily contributed
by Japanese rookeries in the Ogasawara and Ryukyu Islands
(Nishizawa et al., 2013; Nishizawa et al., 2014b; Hamabata et al.,
2015, Hamabata et al., 2016, Hamabata et al., 2018). Whereas the
southern foraging aggregations around the Yaeyama and Ryukyu
Islands were sourced from the Yaeyama and Ogasawara Islands,
and various Pacific rookeries in the West Pacific and Indian Oceans
and Southeast Asia (Nishizawa et al., 2013; Hamabata et al., 2018).
The flow of Kuroshio Current was likely a major factor that affected
the composition of the northern and southern foraging
aggregations (Nishizawa et al., 2013).

4 Population genetics and
connectivity of loggerhead turtles

Eight genetic studies on loggerhead turtles in the East Asia
Region were published from 1995 to 2017, and all samples were
collected in Japan. Five articles focused on rookeries connectivity,
and three articles characterized foraging and rookery connectivity.
The genetic analysis targeted the mtDNA control region and/or the
nuclear DNA (nDNA) microsatellite loci: where six articles
analyzed with mtDNA, one article with nDNA, and one article
with both. The length of the analyzed mtDNA control region was
about 350 bp in earlier studies until Watanabe et al. (2011). It was
extended to about 820 bp, including 350 bp of previous studies after
Nishizawa et al. (2014a). Many of the samples for genetic analysis

frontiersin.org
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TABLE 1 Summary of the 35 genetic studies on five sea turtle species in the East Asia Region cited in this review.

Species

Objective

Sampling

year

Sampling site

Nesting
(n)

Foraging

(n)

Life stage/
Carapace
length
(SCL/
CCL, cm)

Wan-an: Mean

10.3389/fmars.2024.1325849

Target gene

Publication

. 0 1997 2006 Taiwan: Wan-an and 4 101.4 + 10.3 CCL mtDNA control Cheng
m i -
Lanyu Islands Lanyu: Mean 103.5 region, 488 bp et al. (2008)
+4.9 CCL
. . . mtDNA control Hamabata
Cm (ii) Japan: Ryukyu Islands 20 294 juvenile, adult region, 500 bp et al. (2009)
0142 DNA 1 Nishi 2
Cr'n (ii) 1995-2008 Japan: Yaeyama Crr'l n/a mt R contro fshizawa
Ei Ei: 44 region, 520 bp et al. (2010)
adult mtDNA control Nishi
ishizawa
Cm (ii) 1998-2008 Japan: Yaeyama 67 . region, 520
(nesting female) i . et al. (2011)
bp; microsatellite
Nesting: adult (nesting
Japan: Ogasawara o
B 2002-2003; X female), mtDNA control Nishizawa
Cm (ii) i (nesting), 103 142 R .
foraging: Yaeyama (foraging) foraging: 33.0- region, 520 bp et al. (2013)
1995-2008 th Bing 1052 SCL
Mexico: Colola;
USA(Hawaii): French
. lljzfart_eézzal: 29 SNP loci and
. cuador: pagos adult 10 microsatellite Roden
Cm (i) 1995-2007 Islands; 403 . R
Taiwan: Wan-an (nesting female) loci et al. (2013)
Isl;m & (8 polymorphic)
Federated States of
Micronesia: Yap
, hatchling,
. Japan: central €88, halcting mtDNA control Hamabata
Cm (i) 2003-2012 302 adult X
Ryukyu Islands (nesting female) region, 950 bp et al. (2014)
DNA 1 Nishi
Cm (ii) 2007-2012 Japan: Sanriku 39 38.9-85.6 SCL mUDNA contro R
region, 814 bp et al. (2014b)
DNA 1
Cm @) 1998-2008 Hong Kong 6 86-109 CCL mDNA control |\ . (2014)
region, 850 bp
tDNA trol H bat:
Cm (if) 2004-2012 Japan: mainland 162 37.2-105.2 SCL MEUNA contro amabata
region, 820 bp et al. (2015)
Taiwan: Wan-an,
Lanyu and Luichiu
ul ) hi
Cm ) 2003-2013 Islands; 140 adult 6 polymorphic | ki (2015)
Japan: Iriomote and (nesting female) microsatellite loci
Ishkiiga Islands
13-544 L DNA 1 Y:
Cm (if) 2011-2012 China: Hainan 175 3-544 CC mtDNA contro ang
.6 + 8. ion, et al.
(mean 19.6 + 8.15) region, 490 bp t al. (2015)
Japan {DNA control Hayashi and
apan: m ntro
Cm (ii) 2009-2010 . P 38 SCL: 40.6-91.3 SCL . Nishizawa
Okinawajima Island region, 820bp
(2015)
. Japan: Ryukyu Islands mtDNA control Hamabata
2011-201 .2-28. L
Cm (if) 0 013 and the Sea of Japan 9 62-28.0 5C region, 820 bp et al. (2016)
Southern China: H
o outhern Lhina: Fong 13-105 CCL(mean mtDNA control
Cm (i); (ii) 2001-2014 Kong, Gangkou of 9 110 602 +219) region. 760 b Ng et al. (2017)
Guangdong, Taiwan e glon, P
mtDNA control Hamabata
ii 1991-2012 :R isl 4 1.0-99. L
Cm (ii) 991-20 Japan: Ryukyu islands 80 31.0-99.6 SC region, 820 bp etal. (2018)
(Continued)
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TABLE 1 Continued

Species

Objective

Sampling
year

Sampling site

Japan: Ogasawara,

Nesting
(n)

Foraging
(n)

Life stage/
Carapace
length
(SCL/
CCL, cm)

egg, hatchling,
adult (nesting
female); 42.7-96.5

10.3389/fmars.2024.1325849

Target gene

mtDNA control
region, 820 bp;

Publication

Hamabata

0); (i 2008-201 Y: , Oki , 12
Cm (1); (ii) 008-2018 aeyama, O nawa 6 53 SCI for Genome- et al. (2020)
and Amami Islands. i K
foraging wide SNPs
individuals
o i Hainan Island; embryo, mtDNA control Gaillard
Cm (1); (ii) 2012-2018 Xisha (Paracel) Islands 16 85 hatchling. juvenile recion. 384b ¢ al. (2021)
in South China Sea 1ng Juvent sion. P e
tDNA trol Kud
Cm (ii) 2017 Japan: Oita 21 39.4-48.1 SCL MEPRA contro udo
region, 380bp et al. (2021)
mtDNA control
h Chi :
Cm ) 2017-2019 South China Sea 13 egg, hatchling region, 800 bp Song
Xisha (Paracel) Islands et al. (2022)
and 384bp
mtDNA control
. egg, hatchling, region, 753 bp
h :
Cm o) 2017-2021 South China Sea 72 adult and 384 bp; Cytb, | Li et al. (2023)
Xisha (Paracel) Islands R
(nesting female) 1052 bp; COI,
511 bp
tDNA trol
1997-1999 375-1035SCLin | o Come
Cm (i); (ii) and Japan: Ryukyu Islands 227 the samples in region, 380 bp; Hamabata
’ 2016-2018 S 2016-2018 Genome- et al. (2023)
wide SNPs
* I
Japan; Australia; egg (“probably
B K i embryo), mtDNA control Bowen
Cc (ii) Mexico; Pelagic of 52 60 ) .
N hatchling, adult region, 350 bp et al. (1995)
North Pacific A
(nesting female)
DNA 1 Hat
Ce o) 1994-1999 Japan 259 adult mDNA contro atase
(nesting female) region, 543 bp et al. (2002)
microsatellite (6
bryo, hatchling, .
c @) 2002-2006 Japan 191 40 - rYoclLflltc " loci: cC7.DC107 Kobayashi
. ’ apa (nesti female) CCl41, Al (2007)
18 D108, CC117)
microsatellite (5
loci: Cc7, Ccl17,
Ce 0 1994-2004 Japa 204 hatchling, adult Ccl41, Cm84, Watanabe
1 - n
P (nesting female) Ei8); et al. (2011)
mtDNA control
region, 650 bp
tDNA trol Nishizz
Ce (i) 2005-2012 Japan: Sanriku 107 49.5-88.4 SCL fEDRA contro iszawa
region, 817 bp et al. (2014a)
bryo, hatchling,
. embryo, hatchiing mtDNA control Matsuzawa
Ce @ Japan 555 adult region, 820 b et al. (2016)
(nesting female) silon P ’
B post-hatchling: mtDNA control Ishihara
Cc (ii) 2012-2013 Japan: Sea of Japan 62 .
<10 cm SCL region, ~820 bp et al. (2017)
bryo, hatchling, _
. . . embryo, hatchling mtDNA control Nishida and
Cc i) 2012-2015 Japan: Miyazaki 41 adult . .
. region, 815 bp Kakoi (2017)
(nesting female)
mtDNA control .
. Rk Yoshikawa
Dc (ii) 2000-2016 Japan 16 110.2-ca.180 SCL region, 496 bp
et al. (2016)
and 763 bp
(Continued)
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TABLE 1 Continued

Sampling
year

Species

Objective Sampling site

(n)

Lo (iii) 2017 South Korea

Indo-Pacific
Japan: Yaeyama;
Indonesia: Seribu;

Nesting

10.3389/fmars.2024.1325849

Life stage/
Carapace
length
(SCL/
CCL, cm)

Foraging

n) Publication

Target gene

mtDNA control
region, 890 bp

Kim

2 65.1 and 66.2 CCL et al. (2019)

hatchling, adult mtDNA control Okuyama

Ei ii 1996-1997 15 121
! @ Philippines; Solomon (nesting female) region, 481 bp et al. (1999)
Islands; Fiji;
Maldives; Seychelles
. . adult mtDNA control Nishizawa
Ei (i) 2003-2007 Japan: Yaeyama 4 R R
(nesting female) region, 520 bp et al. (2012)
tDNA trol Ki
Ei (iii) 2016 South Korea 2 434and 453 CCL | LA cono m
region, 800 bp et al. (2020)

Denotation: Species Cm = green turtle (Chelonia mydas), Cc= loggerhead turtle (Caretta caretta), Ei= hawksbill turtle (Eretmochelys imbricata), Lo= olive ridley turtle (Lepidochelys olivacea) and
Dc=leatherback turtle (Dermochelys coriacea). Objectives (i) Rookeries Connectivity; (ii) Foraging and Rookery Connectivity; (iii) Species ID.

were skin tissues of the fore or hind limbs of nesting and bycatch
turtles. Samples from hatchlings and embryos were predominantly
tissues from dead specimens, although some studies collected tiny
amounts of blood from living hatchlings.

Genetic studies on loggerhead turtles began with Bowen et al.
(1995). This landmark study demonstrated that loggerhead turtles
migrate across the Pacific Ocean by comparing mtDNA haplotypes
of rookeries and foraging grounds on the Pacific scale, implicating
Japan as the primary source of juvenile loggerhead turtles in the
North Pacific Current and around Baja California. It was the first
study to show trans-oceanic migration of sea turtles and brought
significant impact on subsequent sea turtle studies and conservation
efforts. The next article was published 17 years later in 2002, and
subsequent seven publications were sporadic. Loggerhead turtles in
the earlier life stages are distributed in the central to eastern Pacific,
therefore genetic studies in the East Asia Region focused on
rookeries and later life stages in foraging grounds. The five
studies focused on rookeries connectivity indicated that nesting
populations in Japan were genetically distinctive from rookeries in
other RMUs (Hatase et al., 2002; Kobayashi, 2007; Watanabe et al.,
2011; Matsuzawa et al., 2016; Nishida and Kakoi, 2017). Matsuzawa
et al. (2016) identified three MUs, i.e., Ryukyu, Yakushima, and
Mainland MUs, among the samples from 12 broadly selected
Japanese loggerhead rookeries.

As to foraging and rookery connectivity, Nishizawa et al.
(2014a) is the only published literature that analyzed the genetic
structure of the habitual foraging ground of loggerhead turtles in
the East Asia Region. The foraging aggregation at the Sanriku coast
in Japan, the northern part of the foraging range, contained more
than 82.1% of individuals originating from southern nesting sites in
Japan. This suggested that loggerhead turtles in the North Pacific
generally would not settle in the direct vicinity of their natal sites
(Nishizawa et al., 2014a). The main natal nesting sites of post-
hatchlings that irregularly mass-stranded in potential foraging
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grounds along the coast of the Sea of Japan were determined to
be areas in southern Japan, including Okinawa Islands, Okinoerabu
Island, and Yakushima Island (Ishihara et al., 2017).

5 Discussion
5.1 Knowledge gaps to be filled

For both green and loggerhead turtles in the East Asia
Region, we identified several knowledge gaps that need to be
addressed regarding sampling location and efforts, collection,
and interpretation of ecological baseline information that
complements genetic analysis. The specific recommendations are
discussed below:

(1) The genetic structures of green and loggerhead turtle
populations at major nesting sites have been revealed in the East
Asia Region. However, based on the best available information from
publications, genetic information is lacking for the foraging
aggregations of green turtles in Jeju Island of the Republic of
Korea and loggerhead turtles in Japan, other than Sanriku. A
satellite telemetry study by Jang et al. (2018) on bycatch green
turtles from pound nets revealed that green turtles from different
regions, including China and Japan, may use the areas around Jeju
Island for foraging, overwintering, and/or as a migratory corridor.
Genetic analysis of these bycatch green turtles in Jeju should be
conducted to investigate the connectivity of foraging aggregation
and natal rookeries. Samples obtained from the foraging ground of
loggerhead turtles are limited in location, as they are only from
Sanriku in Japan. In addition to the coastal area of the Japanese
archipelago, the East China Sea is an important foraging ground for
loggerhead turtles nesting in the Ryukyu Islands (Oki et al., 2019;
Okuyama et al., 2022). However, it is unclear whether this area is
also used by individuals from other nesting sites or at other life
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stages. It is necessary to collect and analyze samples from a wider
and more diverse range of regions and life stages in order to gain a
holistic understanding of the relationship between rookeries and
foraging grounds. Environmental DNA (eDNA) may also be
considered as an alternative to conventional means of monitoring
sea turtle populations when sea turtles are not visually observed in
potential nesting sites and foraging grounds. This includes detecting
and quantifying sea turtle eDNA using species-specific genetic
assays in the environmental samples, such as water and nesting
beach sand (Farrell et al., 2022). Results from satellite telemetry,
mark and recapture, stable isotope ratio, and other approaches
should be considered in conjunction with the results of
genetic studies.

(2) Most studies in the East Asia Region investigated mtDNA
control region sequences, which have been widely used worldwide.
Earlier studies targeted mtDNA of about 350bp long in loggerhead
turtles and 500bp long in green turtles. Since Nishizawa et al.
(2014a) and Hamabata et al. (2014), longer sequences of about
820bp for both species have been sampled, which cover the 350bp
and 500bp regions reported in previous studies. However,
considering shared haplotypes, especially in loggerhead turtle
nesting sites (Hatase et al., 2002; Matsuzawa et al., 2016),
this region may not provide sufficient resolution to elucidate
population differentiation and connectivity between foraging and
nesting sites. The use of nDNA, including microsatellite loci or
more recent genome-wide single nucleotide polymorphisms
(SNPs), should be further explored. Analysis using microsatellites
and SNPs was only reported in 7 studies in this review, but it has
gained popularity recently as it offers higher resolution in genetic
composition to identify the natal origin and define population
structure at a finer scale. For example, Hamabata et al. (2020)
and Hamabata et al. (2023) revealed that SNPs were useful in
estimating the natal origins of green turtles from the Ogasawara
Islands, whose origin was indistinguishable from the Ryukyu
Islands according to mtDNA. The use of mitogenomic
sequencing should also be considered to improve the resolution
of population structure, particularly important in areas where
nuclear gene flow along migratory corridors but fine-scale female
natal homing might occur. This has been demonstrated
for Caribbean green turtles (Shamblin et al., 2012) and
Mediterranean loggerhead turtles (Tolve et al., 2023).

(3) Genetic studies with continuous sampling and collection of
complementary information on demography are essential for
monitoring the genetic diversity of populations and changes in
the composition of foraging aggregations. For example, Hamabata
et al. (2023) genetically examined the demographic change over
twenty years in the foraging aggregation of green turtles around the
Yaeyama Islands. They found an increase in the proportion of green
turtles originating from Japanese rookeries, especially the local
Yaeyama Islands. The relationship between the demographic
change in the foraging aggregation and the increase in the
number of nesting females in Japan remains unclear because the
nesting trends in areas other than Japan are unknown. This
emphasizes the importance of understanding demographic
changes in other rookeries and foraging aggregations.
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5.2 Conservation measures in need

Considering the broad geographic coverage and ecological
connectivity of habitats used by sea turtles, as identified by
genetic and movement information, it is imperative to establish
and reinforce networks among stakeholders, including
policymakers, managers, scientists, conservationists, and fisheries
industries in the countries and regions concerned. The network of
stakeholders should develop cooperation on goal-driven
conservation strategies, namely the protection of a network of
critical habitats, threat mitigation in activity hotspots and
migratory corridors.

Besides the global impact of marine pollution, particularly
plastic debris ingestion and entanglement (Savoca et al., 2022),
bycatch and fisheries interaction are other imminent threats
documented in the East Asia Region, where important in-water
habitats, such as migratory corridors of post-nesting green turtles
and foraging grounds of green and loggerhead turtles, are located
(Cheng and Chen, 1997; Ishihara et al., 2014; Ng et al., 2018). In
light of the connectivity and migratory corridors established from
genetic and tracking studies, observer programs in collaboration
with governments, scientists, and fisheries industries should be
pursued. These programs can help identify areas of high bycatch
risk in activity hotspots, examine potential interactions of bycatch
with oceanography features and fisheries, and explore necessary
mitigation measures. One potential approach can be an adaptive
management tool similar to TurtleWatch developed by Howell et al.
(2008); Howell et al. (2015) and the Turtle Escape Device.

To draw and connect people to conservation efforts, innovative
and diverse means of communication among stakeholders, educators,
and the public should be facilitated. Social media and communication
tools can serve as interactive and effective platforms to call for
conservation action and engage the public in citizen scientist
programs. For example, TurtleSpot Taiwan is an interactive
platform that collects sea turtle sighting data contributed by citizen
scientists, where each turtle is identified at the individual level
through unique facial-scute patterns and other physical
characteristics (Hoh et al,, 2022). In Japan, monitoring of nesting
counts is conducted by citizen scientists, NGOs, voluntary
organizations, students, academia, and local governments
throughout the country. These groups mutually share information.
Samples from nesting grounds for genetic studies and demographic
information have been collected with the continuous support of this
community-based monitoring program. Collaboration across sectors
and engagement with local communities are essential to build a
sustainable thrust in conservation.
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