
Frontiers in Marine Science

OPEN ACCESS

EDITED BY

Robson G. Santos,
Federal University of Alagoas, Brazil

REVIEWED BY

Carlos Carreras,
University of Barcelona, Spain
Sarah Vargas,
Federal University of Espirito Santo, Brazil

*CORRESPONDENCE

Tomoko Hamabata

tmk.hamabata@gmail.com

Hideaki Nishizawa

nishizawa.hideaki.6s@kyoto-u.ac.jp

†
PRESENT ADDRESS

Junichi Okuyama,
Fisheries Technology Institute, Japan Fisheries
Research and Education Agency, Ishigaki,
Okinawa, Japan

‡These authors have contributed equally to
this work

RECEIVED 26 October 2023

ACCEPTED 18 March 2024
PUBLISHED 28 March 2024

CITATION

Hamabata T, Kameda K, Hayashi R,
Okuyama J, Kawazu I and Nishizawa H (2024)
Latest and comprehensive mitochondrial DNA
haplotype data on green and hawksbill turtles
collected in their habitats in Japan.
Front. Mar. Sci. 11:1328101.
doi: 10.3389/fmars.2024.1328101

COPYRIGHT

© 2024 Hamabata, Kameda, Hayashi,
Okuyama, Kawazu and Nishizawa. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Data Report

PUBLISHED 28 March 2024

DOI 10.3389/fmars.2024.1328101
Latest and comprehensive
mitochondrial DNA haplotype
data on green and hawksbill
turtles collected in their
habitats in Japan
Tomoko Hamabata1*‡, Kazunari Kameda2, Ryota Hayashi3,
Junichi Okuyama4†, Isao Kawazu5,6 and Hideaki Nishizawa4*‡

1Graduate School of Information Sciences, Tohoku University, Sendai, Miyagi, Japan, 2Kuroshima
Research Station, Sea Turtle Association of Japan, Taketomi, Okinawa, Japan, 3Research &
Development Center, Nippon Koei Co., Ltd., Tsukuba, Ibaraki, Japan, 4Graduate School of Informatics,
Kyoto University, Yoshida Honmachi, Kyoto, Japan, 5Okinawa Churashima Research Institute, Motobu,
Okinawa, Japan, 6Okinawa Churaumi Aquarium, Okinawa Churashima Foundation, Motobu,
Okinawa, Japan
KEYWORDS

Chelonia mydas, Eretmochelys imbricata, mitochondrial DNA, haplotype, Japan
Introduction

Marine turtles exhibit philopatry in their natal regions, forming genetically differentiated

population structures in distant regions (Meylan et al., 1990; Bowen et al., 1993). Since it has

been shown that the control region in maternally inherited mitochondrial DNA (mtDNA)

evolves faster and is available to identify and distinguish genetically distinct populations

(Allard et al., 1994; Norman et al., 1994), haplotype frequencies of marine turtles have been

collected worldwide. Population structure elucidated from haplotype frequencies is helpful for

defining Regional Management Units (Wallace et al., 2010) or distinct population segments

(Seminoff et al., 2015) for conservation management. Furthermore, haplotype frequencies in

genetically distinct populations have been used as baseline data for estimating the natal origin

of in-water/foraging individuals using mixed stock analysis (MSA) (Pella and Masuda, 2001;

Bolker et al., 2007), and have helped elucidate the relationships between various nesting sites

and feeding grounds.

The Japanese Archipelago provides both nesting sites and foraging grounds for three

species of marine turtles: loggerhead (Caretta caretta), green (Chelonia mydas), and

hawksbill turtles (Eretmochelys imbricata) (Seminoff, 2004; Mortimer and Donnelly,

2008; Wallace et al., 2010; Casale and Tucker, 2017). Genetic data on these marine

turtles around Japan were first used to investigate the global population structure (Bowen

et al., 1992) and structures of green turtles in the Indo-Pacific or broad Pacific region

(Norman et al., 1994). Similarly, Okayama et al. (1999) examined the genetic diversity of

Indo-Pacific and Caribbean populations of hawksbill turtles. Trans-Pacific migration

during the development of loggerhead turtles born in Japan was clarified using mtDNA
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analysis of juvenile turtles captured around Baja, California (Bowen

et al., 1995). Shifting to a more localized scope, research has focused

on the genetic structure of loggerhead turtles in Japanese nesting

rookeries (Hatase et al., 2002; Matsuzawa et al., 2016). The locations

of nesting rookeries for green and hawksbill turtles were also

identified in remote islands and islet areas of the Ryukyu

Archipelago (Ryukyus) or Ogasawara Islands (Kamezaki, 1989;

Kikukawa et al., 1999; Kondo et al., 2017; Okuyama et al., 2020)

(Figure 1). However, because of the challenges in comprehensively

collecting samples from the entire island region, genetic research on

these two species began mainly after 2010, resulting in a series of

regional studies documented in multiple papers.

The collection of haplotype data on a global scale necessitated

the comparison of sequences across different regions. The NOAA

and Atmospheric Administration Southwest Fisheries Science

Center (SWFSC) has played a pivotal role in standardizing the

nomenclature for haplotypes in the Indo-Pacific region. Initially,

sequences of Japanese sea turtles were identified using RFLP

fragment names (Bowen et al., 1992), regional labels (Norman

et al., 1994), or serial numbers (Okayama et al., 1999) of various

lengths. Subsequently, some studies have introduced unique

sequence lengths of approximately 500 bp and designated

sequence names with distinct prefixes, such as CMJ for green

turtles and EIJ for hawksbill turtles, to report the haplotypes of

green and hawksbill turtles within Japan. However, comparing

them with data reported from other regions, which now adhere to

standardized sequences of approximately 760 bp with prefixes CmP

or EiIP and branch numbers established by the aforementioned

SWFSC group, is challenging. In addition, the situation is complex

for hawksbill turtle mtDNA haplotypes, as GenBank contains

multiple nearly identical haplotypes, often without associated

publications, making it difficult to ascertain sample localities.
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Furthermore, various studies have reported the haplotypes of in-

water/foraging green turtles in Japan, leading to data dispersion.

This intricate scenario poses challenges for researchers who aim to

utilize haplotype data collected near Japan for future MSA studies.

This complexity could potentially result in overlooked references,

leading to inaccurate MSA studies.

This Data Report presents a more accessible format for future

research by consolidating published data and offering insights into

where genetic investigations have been conducted in Japan.

Additionally, it is useful to non-researchers and conservationists

seeking information on potential temporary origins based on

mtDNA from sporadic stranding or bycatch specimens.

Moreover, we incorporated newly obtained sequencing data not

covered in previous studies but acquired through sporadic or

ongoing sampling after the release of regional reports. This report

presents the most up-to-date and comprehensive data on mtDNA

haplotype frequencies encompassing both the nesting and foraging

regions of green and hawksbill turtles in Japan and the

surrounding waters.
Methods

Green turtles

Nesting sites for green turtles within Japan span the Ryukyu

Archipelago and the Ogasawara Islands, whereas their foraging

grounds encompass a wide coastal expanse along Japan’s shores

(Figure 1). Haplotype data associated with nesting populations were

collected from Yaeyama (Nishizawa et al., 2011), the central

Ryukyus (Hamabata et al., 2009, 2014), and Ogasawara Islands

(Nishizawa et al., 2013; Hamabata et al., 2020). Haplotype data for
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E

FIGURE 1

Map of the Japanese Archipelago showing the locations of nesting sites and foraging grounds where the samples were collected (A). Enlarged maps
(B–E) show the areas of Yakushima Island in the northern Ryukyus and Nomaike in the southern part of Kyushu Island (B), the islands in the central
Ryukyus (C), the islands in the Yaeyama Islands (D), and the islands in the Ogasawara Islands (E).
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the foraging aggregations were collected from Yaeyama (Nishizawa

et al., 2013; Hamabata et al., 2023), Okinawajima (Nishizawa et al.,

2013; Hayashi and Nishizawa, 2015; Hamabata et al., 2018),

Nomaike, Muroto, Kumano-nada (Hamabata et al., 2015), Oita

(Kudo et al., 2021), Kanto (Nishizawa et al., 2013), and Sanriku

(Nishizawa et al., 2014). We expanded the existing haplotype

dataset by including new samples from nesting sites and sites

where turtles were present while foraging or in water.

Haplotype lengths and names differed before and after the

introduction of standardized haplotype nomenclature. In

publications preceding 2013, short CMJ haplotypes have been

documented and deposited in GenBank. After 2014, longer CmP

haplotypes were reported using the novel LCM15382 and H950g

primers that can be used across sea turtle species (Abreu-Grobois

et al., 2006). Samples previously associated with shorter haplotype

lengths were resequenced and subsequently assigned a standardized

nomenclature. However, this resequencing process did not cover all

samples. These data categorized haplotypes based on whether they

covered the present standard length of approximately 760 bp. To

prioritize comparisons with data from other regions, the data were

tabulated using the abbreviated CmP sequence version, omitting the

branch number, although the resolution was lowered. Among

sequences of shorter length, approximately 500 bp fragments

designated with CMJ prefixes displayed a similar level of

resolution to the standard name haplotypes, approximately 760

bp in length, which utilize CmP prefixes and include branch

numbers. For example, CMJ2, CMJ8, and CMJ14 correspond to

CmP20.3, CmP20.1, and CmP20.2, respectively, although the

complete identity of 500 bp haplotypes with CMJ prefixes to the

longer haplotypes with CmP prefixes cannot be assured because of

unidentified substitutions in the unanalyzed loci. Therefore, we

added the CMJ haplotype name to corresponding long (760 bp)

haplotype. Some short haplotypes with CMJ prefixes did not match

with the corresponding sequences utilizing CmP prefixes. The

sequences were included without changing their names. Samples

with long sequences were included in the tally of short sequences by

trimming but were also tallied only with longer sequences.

Haplotype networks were created for each length using the R

package pegas to visually understand how much data from long

sequences collected at the nesting sites covered the short sequence

data (Supplementary Figure S1). Each haplotype is shown as a pie

chart based on the number of individuals in the sampled nesting

regions. Networks separated by substitutions of 10 or more bases

were divided into clade names according to the ones used by Jensen

et al. (2019). Haplotype and nucleotide diversity of nesting sites

were calculated except for the samples of Kuroshima, where only

one sample, and longer sequences in Hahajima, where there were no

longer sequences available, were analyzed using Arlequin ver. 3.5.1

(Excoffier and Lischer, 2010). The Tamura-Nei (Tamura and Nei,

1993) model was used to estimate nucleotide substitution.
Hawksbill turtles

Hawksbill nesting sites in Japan are primarily confined to the

Ryukyu Archipelago (Kamezaki, 1989). Although the detailed
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distribution is unknown, most foraging grounds are thought to be

coral reef areas along the Ryukyu coast (Figure 1). Compared to

green turtles, hawksbill have undergone less extensive haplotype

analysis because of their limited distribution and small population/

aggregation size in Japan. Three studies reported ~500-bp

haplotypes (Okayama et al., 1999; Nishizawa et al., 2010, 2012).

A previous study classified haplotypes using serial numbers ranging

from one to twenty-four (Supplementary Data 1). The latter two

studies systemized haplotypes named with the EIJ prefix, but there

were no sequences comparable to the ~760 bp haplotypes with EiIP

prefixes. Here, we include resequencing data for longer haplotypes

of samples derived from nesting sites (Nishizawa et al., 2012).

Furthermore, our dataset incorporates additional new samples.

These samples were collected from nesting sites within the

Yaeyama Islands and Okinawajima and were extracted from the

foraging grounds surrounding the Yaeyama region.

Similar to the green turtle haplotypes, hawksbill turtle haplotypes

characterized by short sequences lacking corresponding standard name

sequences were retained in their original form and were not assigned

new designations in this study. Short haplotypes aligned with the

sequences of standard names are presented in the same table row to

denote their correspondence. To ensure comparability, we rearranged

the long-sequence haplotypes using the EiIP prefix nomenclature

maintained by the NWFSC and used in previous studies (Nishizawa

et al., 2016; Vargas et al., 2016; Arantes et al., 2020). As with green

turtles, haplotype networks were created for hawksbill turtles using

long and short sequences collected at their nesting sites (Figure S2).

Clade names were obtained as described by Arantes et al. (2020).

Haplotype and nucleotide diversity were calculated only for

Ishigakijima Island, where multiple samples were available, using the

same method used for green turtles.
Results & discussion

The haplotype data of the green turtles at the nesting sites were

collected from 393 individuals with short sequences and 217

individuals with long sequences (Table 1, Supplementary Table

S1, S2). Of these, 79 individuals were newly analyzed or resequenced

samples for long sequences. Captured or stranded turtles in the

foraging grounds provided data from 968 individuals with short

sequences (680 individuals within the Ryukyus and 288 individuals

around the Main Islands) (Supplementary Table S3) and

573 individuals with long sequences (341 individuals within the

Ryukyus and 232 individuals in the Main Islands) (Supplementary

Table S4). Of these, 81 individuals were newly analyzed or

resequenced samples with long sequences. Previous studies that

reported haplotype data of nesting sites in the three geographic

regions, Yaeyama, Central Ryukyus, and Ogasawara, showed that

each region includes one or more genetically distinct populations

(Nishizawa et al., 2011, 2013; Hamabata et al., 2014). The increased

sample size didn’t change the frequent haplotypes in nesting sites

and foraging grounds from the previous data. This suggests that the

population structure or mixed stock compositions discussed in

previous studies are still likely to be supported. In previous

studies, short sequences were employed as baseline data for MSA
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owing to regional disparities in reported sequence lengths because

of the unavailability of longer haplotypes in some nesting sites, even

when individuals within foraging areas were sequenced for longer

haplotypes. The sample size for haplotype frequencies from the

longer sequences collected at nesting sites was still smaller than that

of the short sequences. Also, the haplotype network and genetic

diversities showed that the diversity was not always higher in longer

haplotype data than in shorter haplotype data in nesting sites.

Therefore, given the large sample size, MSA using short sequences

as baseline data is likely to continue to be beneficial. This time, we

expanded the baseline by adding samples from Yakushima to

encompass most of the data on green turtle nesting sites in Japan.

It would be meaningful in the future to replace baseline data with

long sequences. Recently, changes over time in the natal origin

composition of foraging individuals have been observed around

Yaeyama (Hamabata et al., 2023). Collecting data that allows us to

observe changes in foraging grounds over time may become more

important for the conservation of this long-lived species and the

coexistence of its ecosystem.

Haplotype data of hawksbill turtle nesting sites in Japan were

collected from 15 individuals with short and 9 with long sequences

(Table 1, Supplementary Table S5). Data from five individuals, both

long and short sequences, are newly obtained. Haplotypes from

hawksbills in foraging/in-water habitats were collected from 160

individuals with short and ten with long sequences (Tables 1,

Supplementary Table S6). Most of the data regarding foraging

individuals came from previous studies (Okayama et al., 1999;

Nishizawa et al., 2010), and only ten individuals were added. In

the haplotype data from the nesting regions, turtles with the

haplotype 9/EIJ1/EiIP-125 series and haplotype 3/EIJ11/EiIP-53

series were frequently found in Yaeyama and Central Ryukyus,

respectively (Supplementary Table S5, Supplementary Figure S2).

However, the current sample sizes of both short and long

haplotypes are insufficient not only to compare regional

population genetic structure but also as a baseline for MSA. In

addition, haplotype 3/EIJ11 was the second most common among

foraging individuals in the Ryukyus (Okayama et al., 1999;

Nishizawa et al., 2010) (Supplementary Table S6). It matches a

partial sequence of multiple long sequences with the EiIP prefix,

including EiIP-53, making regional comparisons of contributions

based on short sequences difficult. It is essential to organize

haplotype data, including those from other regions, and improve

the MSA baseline. However, the present haplotype data of nesting
Frontiers in Marine Science 04
individuals and foraging/in-water individuals in Japan will help to

clarify the gaps and develop future research to understand the

distribution and populations in the northernmost regions.
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TABLE 1 The Numbers of green and hawksbill turtles summarized in this Data Report.

Green turtle Hawksbill turtle

Nesting sites Foraging/in-water Nesting sites Foraging/in-water

Short Long Short Long Short Long Short Long

393
(77)

217
(79)

968
(81)

573
(81)

15
(5)

9
(5)

160
(11)

10
(10)
Short is the number of individuals summed with short sequences, Long is the number of individuals summed with long haplotypes, and individuals calculated with longer haplotypes are also
included in the numbers of short haplotypes. Numbers in parentheses indicate the total number of samples analyzed for the first time in this study and samples previously reported with short
sequences but resequenced with long sequences. These data are included in the number of samples for short sequences because they were summed as short sequences, too.
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