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ABSTRACT

This study was conducted on the inland wetlands of Jeju Island from March 2015
to November 2020. The purpose of the research was to analyze the distribution
characteristics of alien turtles, their genetic identification and introduction routes using
molecular genetics, and to suggest plans for their management.

The 46 locations in Jeju Island were investigated, and a total of 258 individuals
belonging to 11 species of six genera and four families were identified. These
included Trachemys scripta elegans, T. s. scripta, T. s. troostii, Pseudemys concinna,
P. peninsularis, P. floridana, P. rubriventris, Chrysemys picta picta, Mauremys
sinensis, Pelodiscus sinensis, and Podocnemis unifilis. The greatest number of 7. s.
elegans (70.54%) at 41 water bodies were observed and followed by P. concinna
(10.07%), M. sinensis (4.65%), and P. rubriventris (4.65%). Alien turtle inhabitations
was confirmed in 32 locations of Jeju-si and 14 Ilocations of Seogwipo-si,
respectively. In Jocheon-eup of Jeju-si, 40 individuals of eight species were observed
in six locations; whereas in Aewol-eup, 54 individuals of seven species were
observed in six locations. The results showed that, species diversity was highest in
Jocheon-eup and Aewol-eup of Jeju Island. Currently, all aspects including habitat,
species diversity, and population of alien turtles are increasing in Jeju Island. It is
believed that the introduction and inhabitation of alien turtles in Jeju Island is rapidly
increasing. Habitats for alien turtle were categorized as ponds, reservoirs, streams,
puddles, and crater lakes of which ponds accounted for the greatest percentage
(76.09%). It is expected that alien turtles will be easily settled at pond because of
the presence of good basking site, hiding site, and sufficient emergent hydrophytes,
which are needed for turtles’s inhabitation.

The mtDNA CY7TB and COIl sequences were analyzed to identify species or
subspecies of alien turtles in Jeju Island. Among the 28 CYTB sequences, 16

sequences were 99.91%—-100% similar to 7. s. elegans, eight sequences were 99.82%—

_ix_



100% similar to Pseudemys, and four sequences were 99.73%-100% similar to M.
sinensis. Among the 26 COI sequences, 14 sequences were 99.61%—100% similar to
T. s. elegans, eight sequences were identical to Pseudemys, and four sequences were
identical to M. sinensis. Based on mtDNA analysis, indicated that it was possible to
genetically identify 7. s. elegans, Pseudemys, and M. sinensis. T. s. elegans and M.
sinensis, which showed a monophyletic pattern, respectively. The CYTB sequences
from T. s. elegans in Jeju Island were grouped into five haplotypes (HTCO1-HTCO04,
and HTCO06). It is assumed that they originated from more than five maternal
lineages. In addition, some sequences were identical as reported in South Korea and
it can be assumed that this turtle group has the same maternal lineage. Therefore it
is considered that these turtles were introduced in Jeju after being imported from the
USA to South Korea. P. concinna in Jeju Island had three diverse haplotypes
(HPCO1, HPCO03, and HPCO04), whereas the COI sequences had two haplotypes
(HPOO1 and HPOO02). The results showed that P. concinna had three maternal
lineages introduced. M. sinensis had identical COI sequences, and its CYTB
sequences were grouped into three haplotypes (HMCO03-HMCOS). The results showed
that even if the Jeju group stemmed from a single maternal line, the different lineage
groups were introduced by the genetic diversity of the same common maternal
ancestor prior to the importation of the turtles. Considering the based on th
phylogenetic tree using gene sequences of alien turtles in Jeju Island, as well as in
various other countries (i.e., USA, China, Taiwan, and Germany), my results
indicated that 7. s elegans, P. concinna, and M. sinensis were imported world widely
from their original habitats to Korea.

Thus, to manage alien turtles in Jeju Island, continuous monitoring of their status
and distribution range is necessary. Furthermore, to capture and control the number
of alien turtles, their ecological characteristics need to be considered. In addition, it
is necessary to accurately identify alien turtles based on molecular genetics. The Jeju
government should regulate the trade of alien turtles and some species with potential

for hybridization nee to be severely restricted. By establishing a systematic



management system which effectively screening for the introduction and distribution
of alien turtles, it will be possible to achieve preemptive reactions to prevent their
introduction into nature.

This study presents an accurate and scientific basis for information regarding the
inhabitation and introduction routes of alien turtles in Jeju Island and could be useful

for planning the effective management of the Jeju alien turtle groups.
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AEF7F #EE 24 AR 2 AATAE TG E(Species  diversity) A7
Shannon and Weaver (1949)°] ©]$+ H' (Index of Shannon diversity)S ©}2j e}
S22 o] g3le] #2513 th(Pielou, 1966).

= -Y(m/N)In(m/N) (n; i A Fe] g T A, N i A9 F AT )

of 243 o) A, AEFA AUEUHTHE AW DNA BAo o §5H]

o 5] DNeasy Blood & Tissue Kit (Qiagen, Germany)E ©]-83}o]

+
3
o

>

i

genomic DNAE FE3}%th &4 Al=9o] ATL buffer 180 ple} Proteinase K 20
nE Z%3F 3 56°C incubator Aol A 228 943 =9th AL buffer 200 pl
S H7bsta 10 &b WHEAIZL -, 100% ethanol 200 plE X 7Fsle] DNA
mini-column .2 §7A Tl YA E ST AW buffer 500 pl9F AW2 buffer
500 plE Hrtete A4S 27 53 $, AE buffer 200 nl g 7kt HF
DNAE 3|53tk 5% DNAE 4°ColAd BasAY, THaLAHHHS

(Polymerase chain reaction, PCR)¢] & o2& ©o]-&3}¢lt)

6. mtDNA CYTB, CO1 +733#9] SFaLdHie

FHE A5 mtDNA CYTB, COI f3A AE& PCR F%3t7] $ste] =&}
-

o]
https://www.ncbi.nlm.nih.gov/nucleotide/)9] database Aol B 1% mtDNA A OEﬂ(NCBI

A 2Fs}$itt.  National Center for Biotechnology Information (NCBI,
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accession no. KC333650, M. sinensis; KJ700438, M. reevesii;, KM216748, T. s.
elegans; NC023890, C. picta; NC031300, Malaclemys terrapin terrapin)= H]uls}|
A7 aueretnk. Zebolw A Table 19 ANAIBFA L CYTB, COI HAAF A
ol tfgt PCR HE-3-2 Maxime i-Star Tag PCR PreMix Kit (iNtron Biotechnology,
South Korea)®ll genomic DNA 1 ul, 10 pmole primer Forward®} Reverse Z}Z}
1 ul, B¢ TFFE H7kske] A% 20 2 v-83t4th PCR 5% MiniAmp
Plus Thermal cycler (ThermoFisher Scientific, USA)E ©|-&3}3tt. CYTB A A

de FE37] Y3 wES2 95°Co|A] 383 %7]¥ A(initial denaturing) $-, 94°C

—_—

= WA (denaturing), 55°C 13+ Z3%f(annealing), 72°C 1% 21 (extension)S 13| =
TAdste] 353] WEE skl o, 72°Co A 5t FH & Al%(final extension)dFS)
o col AR Ade SFHE] % whe2 95°Col A 38R 27§
95°C 13 W4, 50°C 13 23, 72°C 13 A4S 1312 4 38te] 353] whig 53
stlom, 72°Co A 5% HF AFSEiTE PCR S3F4bEs Flstr] 9st
0.5 x TBE bufferol] Safe Shine Green DNA solution (Biosesang, South Korea)®] %
7Fel 1% agarose gel oA 100 V, 20 52 #7]% & (electrophoresis) ¥+ %,

UV image analyzerg ©|-&3}o] A¥E g<lstqic).

_15_



Table 1. PCR primers for the CYTB and COI genes in the alien turtles used in this study

. . PCR product
Species Gene  Primer Name Sequences (5'—3")
length (bp)
Trachemys — CYIB T CYTB F CCGAGACCTGTGGTTTGAAAAACC
1,248
T CYTB R GTCTTTGGTTTACAAGACCAATGC
GOl T COLF CACTACGGGGTTTGATAAGAAGAGG
1,689
T COL R GAAACATAAAGGTTATGTGATTGGC
FPseudemys  CYIB  p CYTB F CCGAGACCTGTGGTTTGAAAAACC
1,250
P CYTB R GTCTTCAGTCTTTGGTTTACAAGAC
QI p Ol F CGGRGTTTGATAAGAAGAGGAATYA
1,668
P COI R GGYTATGTRATTGGCTTGAAACTA
Mawenys ~ YTB MCYTBF  CCACCGTTGTATTCAACTAC
1,281
MCYTBR  CCGGGGATGAAGGTTTGGAGCC
I M CO1LF CAGCCCAACGCTTAAACATTCAGCC
1,617
M COl R TTGGCTTGAAACTAGTTTAAGGGGG

_’Ié_



7. DNA ME 273 R 44 oFd £4

33k PCR 2H=2 QlAex II Gel Extraction Kit (Qiagen, Germany)E ©]-83}<
A A5}l aL, BigDye® Terminator v3.1 cycle sequencing Kit (PE-Applied Biosystems,
USA)Z ®F$-3F % ABI 3730lx DNA Analyzer (ABL, USA)Z o] &3}o] 17144
A E A 4E2 Bioedit ver. 7.2 program (Hall, 2013)S ©]-&3}]
A7IMES 213, NCBIC] Basic Local Alignment Search Tool (BLAST,
https://blast.ncbi.nlm.nih.gov/Blast.cgi) AS &3l 7]<o HiwE MEye] A%
£ vtk 289 CrrB, Col 37 A &3} NCBI database ‘g~ =53
M EEL CLUSTAL W program (Larkin et al., 2007)S ©]-&3to] thaA H3sl3lt).
DnaSP v6 program (Rozas et al., 2017)= ©]83}o] 7)A€ 2] haplotypes 275}
%13, haplotype®] T4 (haplotype diversity, Hd), 71442 A (nucleotide

diversity, 7), A7 <E 2ol H < (nucleotide difference, k)5 2213}t

8. A% wrdvA &4

NaE 7

.

f
lo
)
oft

FAAAES X357 95t MEGA-X Z=Z13(Kumar et

al., 2018)S o] &3kt F14 A2 A+ Best model testE ©]-&3sto] A4 H
TN93 (Tamura and Nei, 1993) 7]s=0.2 o] X -] g G (gamma)wXE 4
g3tk AleT A AEE AgA ST dis] 1,0003] bootstrap 3FOH,
Maximum-likelihood trees ZH/dstATh 2H7te] FE5o Wig Ales 24 A,
Trachemys, Pseudemys, Mauremys2] =] 2 3|ejolA HiH AMIdS F7lsto] &

A3 O, Chrysemys picta®] *E-S outgroup 2.2 ©]-8-3}A T}
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m. A%

1. JAA= A4 @

AFIel A7 367308 AR AFA T FAE WEow AR A4
& RUEES A3, AR sHHUAE, 2T, ddsgTE, 2
OESAS, BRESwAS, FSA7E, =duAs, s, Gl 5

EHH 5 AE, A2} (Trionychidae)®] F=rA+e}, 715745 2H(Podocnemididae) <]
ohERTHALE & F 4% 65 11T 7R Qﬂﬂ&’iu}(ﬁg. 1 and 2).

Majol geldl AL 4670 A HJ01-J46)01H, F 25870 A2 e AL w3
% A TH(Table 2, Fig. 3, 4 and 5). HAAES 18270A4](70.54%)7F SHA = a1, €
HTEH = 26701A(10.07%), so=TH5ARY SFESWMASS 22 12704
(4.65%)7F FHRE AT T 9 =T ARL 9 H|(3.48%), == ThE-Sul AT}
HAdsebFy 2H2E S/0AI(1.94%)7F A= Ao, FHHE 2704](0.78%), = A
2t 270 A1(0.78%), ottE=TH AL 270A(0.78%), FF-HITHAE 1714](0.39%)7}
WA Ath(Fig. 6). ¥EE F27AAF2 A= 134704, FA= 487040 &
SAAT] AR a1 AR FollA AN HEE AL 197 Ao,
ARt FA7E A BEE AL 20 AH, fAR BEE - U] AFe

= FAE A
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Fig. 1. Alien turtles observed in this study. A, T. s. elegans (adult); B, T. s. elegans
(juvenile); C, T. s. scripta; D, T. s. troostiiy E, P. concinna, F, P. nelsoni; G, P.

peninsularis; H, P. rubriventris.
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Fig. 2. Alien turtles observed in this study. A, C. p. picta; B, M. sinensis; C, P. unifilis; D,

P. sinensis; E and F, several species of alien turtles in pond; G, dead red-eared turtle; H,

red-eared turtle bones found near the pond.
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Table 2. Sites and individual numbers of alien turtles found in this study

Site

No. of individuals found

o Focaton Coordinate TE TS TT PC PN PP PR CPMS PS PU Total
J01 Doeckcheon-ri, Gujwa-eup, Jeju-si 33°301656'N 126461929°E 10 10
J02 Doeckcheon-ri, Gujwa-eup, Jeju-si 33285697'N 12664444.53'E 1 1
J03  Jongdal-ro, Gujwa-eup, Jeju-si 33290.4N 126°540689E 129 2
J04 Dacheul-ri, Jocheon-eup, Jeju-si 33295536'N 126°39174'E 3 1 5
JO5 Gyorae-ri, Jocheon-eup, Jeju-si 33°2344.12'N 126390689E 1 1
J06 Hamdeok-ri, Jocheon-eup, Jeju-si  33°31'004'N 1262401236'E 2 2
J07 Seonheul-ri, Jocheon-eup, Jejusi  33°303091'N 12643(2.53°E 1 1
J08  Sinchon-i, Jocheon-eup, Jeju-si  33°31'99.54'N 1263651.90E 11 32 2 2 21
J09 Waheul-ri, Jocheon-eup, Jeju-si  33°302008'N 12638003'E 7 1 10
J10 Oedo-dong, Jeju-si 33293629'N 1262538 3E 1 2
JI1 Ora-dong, Jeju-si 33283397'N 126°3056.03'E 5 2 7
J12 Samyang-dong, Jeju-si 33%3136.14'N 126°335387'E 1 1
J13  Yoen-dong, Jeju-si 332806.12'N 1262922.13'E 2 2
J14 Yoen-dong, Jeju-si 3WI307N 126291732 1 1
J15 Yoen-dong, Jeju-si BWORN 1262933 4 4
J16 Yoen-dong, Jeju-si 33280707N 1269334'E 42 2 6
J17 Yoen-dong, Jeju-si 332806.10N 1262933 77E - 47 1 3 8
J18 Eoeum-i, Aewol-eup, Jeju-si 33°41373N 26202069E 82 2 2 12
J19 Gwangnyeongri, Aewol-eup, Jejusi  33°273899'N 1262623.58'E 6% 1 1 8
120 Gwangnyeong-ri, Aewol-eup, Jejusi  33°281632'N 1262536483'E 5% 5
J21 Haga-ri, Aewol-eup, Jeju-si 3327174TN 126205086E 72 301 8 1 23
TE, T. s. elegans; TS, T. s. scripta; TT, T. s. troostii; PC, P. concinna; PN, P. nelsoni,
PP, P. peninsularis; PR, P. rubriventris; CP, C. p. picta;, MS, M. sinensis; PS, P. sinensis,
PU, P. unifilis.

The number in parentheses is the number of juveniles.
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Table 2. Continued

Site Location Coordinate No. of individuals found

10. TE TS TT PC PN PP PR CP MS PS PU Total
J22 Nabeup-ri, Aewol-eup, Jeju-si 33°2621.20'N 126°1943.55'E 1 1
123 Susan-ri, Aewol-eup, Jeju-si 33282020'N 126232432'E 5% 5
124 Geumak-ri, Hallim-eup, Jeju-si 33202891'N 126°174624'E 1 1
125 Wollimri, Hallim-eup, Jeju-si 33200156 126°152069'E 1 2 3
126 Cheongsurri, Hangyeong-myeon, Jejusi  33°173896'N 126°1359.74'E 62 6
127 Cheongswri, Hangyeong-imyeon, Jejusi  33°1859.95'N 126°154.96'E (1) 1
128 Cheongsueri, Hangyeong-myeon, Jejusi  33°1819.83'N126°143865'E 31" 3
J29 Dumo-ri, Hangyeong-myeon, Jeju-si  33°21I'11.52'N 126°11'B88'E 2 2
J30 Nekcheoni, Hangyeong-nyeon, Jejussi  33°1918.15'N 126°134.73'E 1 1
J31 Nekcheoni, Hangyeong-myeon, Jejusi  33°1914.51'N 126°132729'E - 2 2
J32 Yongsui, Hangyeong-myeon, Jejusi  33°190880'N 126°11'14.17'E 6 6
J33 Boseong-ri, Dagjeong-eup, Seogwipo-si 33°1517.54'N 126°1617.50'E 8 1 2 11
J34 Inseong-i, Dacjeong-eup, Seogwipo-si 33°1448.16'N 126°1634.90'E 82 1 1 10
J35 Mureung-ri, Dacjeong-eup, Seogwipo-si  33°164096'N 126°123549'E 6 6
J36 Mureung1i, Dacjeong-eup, Seogwipo-si 33°1721.92'N 126°145331"E 3¢ 3 6
J37 Sangmo-ri, Daejeong-eup, Seogwipo-si 33°1349.08'N 126°1640.52'E 7V 7
138 Sindo-ri, Dacjeong-eup, Seogwipo-si  33°170636'N 126°114663'E 1 1
J39 Sinpyeongi, Dagjeong-aup, Seogwiposi  33°1601.26'N 126°152726'E 2 2
J40 Seohong-dong, Seogwipo-si 3°144246'N 126°331485E 4 2 1 7
J41 Seohong-dong, Seogwipo-si 33°144059N 126°332063'E 2 2
J42 Sechong-dong, Seogwipo-si 33°1441.82'N 126°333401"E 92 2 1 1 13
J43 Namwon-ri, Namwon-eup, Seogwipo-si 33°165091'N 126°4231.30E 47 1 1 6
J44 Onpyeng-1i, Seongsan-cup, Seogwipo-si 3324'34.55'N 126°533742"E 107 10
J45 Onpyeng-i, Seongsan-eup, Seogwipo-si 33245381'N 126°34.2'E 2 2
J46 Samdal-ri, Seongsan-eup, Seogwipo-si 33°23635'N 126°503669E 1 1 2
Total number of individuals % 9 2205 5121 122 2 258
Total number of site 41 7 2 134 4 3 1 7 1 1
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Fig. 3. Distribution sites of Genus Trachemys in Jeju Island. Observation sites information for each species was described in Table 2.
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Fig. 4. Distribution sites of Genus Pseudemys in Jeju Island. Observation sites information for each species was described in Table 2.
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@ Mauremys sinensis
A Pelodiscus sinensis
% Podocnemis unifilis
& Chrysemys picta picta
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Fig. 5. Distribution sites of other Genera in Jeju Island. Observation sites information for each species was described in Table 2.
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Fig. 6. Percentage of the alien turtles found in this study. The number of individuals for

each species was described in Table 2.
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He BEd A9 RAGE Table 33 2rh 2 g A E o]
4670 AR F AAZA AL 1470 AH, AFA AGL 327) A H A
th AFA AGdME AFA FAG0m=8), THS(0=3), =HFn=6), FH
(0=2), °HEF(n=6), FAH@D=7)NA AU, AAEAl AFeA = A EA]
A 0=3), WG=0=7), FL50=1), GUF0=3)14 FJAHAT. AFE QA
T AFA AL 25 400A, T2 230AIR T 6370AI7E Sl
L, AFAN FA G = 3URA, AFA HEs5 5470A, Sl 47iA], 9
2NAZ AFA AFA Aol M= F 7970A7F FEE o] AFA] A GelA] F 173
AAZE BAE ATt AAZA] SFAANAE Fd5 oA, HiS 1478A7 #
ZEQaL, A FAEA SA NN 2270A], AAEZA AFA ] g S A 4370 A
7b BEE, AAZA AGel= F 85/NAF st Ao FAFH AT

l

Table 3. Number of alien turtles observed in each province of Jeju Island

Province No. of site  No. of individuals Mean+SD Range
Jeju-si 8 31 3.87+0.99 1-7
Gujwa-eup 3 23 7.66+3.38 1-12
Jocheon-eup 6 40 6.66+3.19 1-21
Hallim-eup 2 4 2.00£1.00 1-3
Aewol-eup 6 54 9.00+£3.17 1-23
Hangyeong-myeon 7 21 3.00+0.81 1-6
Seogwipo-si 3 22 7.33+£3.17 2-13
Daejeong-eup 7 43 6.14+1.4 1-11
Namwon-eup 1 6 6.00+0.00 6
Seongsan-eup 3 14 4.66+2.66 2-10

Total 46 258 5.63+0.70 1-23
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0.99)0] =94 TtHTable 4). 753 FHHANAN= H2AAE

1FW HEHAL, YIS 2%, FULH HAS 47 3%, U4 4F AFA

SAY 5%, AFEA FAY 5F, o 7F, £X5oNA 8F o] IHEH A TH(Fig.
7). ofds skl Asbx@nelA = 7E, 2370AF BEEAA, 245 AE

HACIRJ8)NA = 6F 2170, MFAEA MEE AAAFEI4DANAM = 45 13
MAZE BZHAJAY. 53] Agtd M= HF2AAE0=) FH-H27 5 (0=8)°]
U 2 Egleon, dAo) Ry AAAZFA = F27A50] v #AEH3

9

ok 1159 AR #FE AHddA T8 Fd S AHEW, HF2AAR
4170 AA, w=giAES 0 AF, gBFE 13 AR, SEEFEEAE 7
AH, E2GHFMASR, ddeatFY 424 4] A, BRESWASR 34 A
A, FHA= 27 AR, vgAE, S, opExed b

A FRIE A tH(Table 2). &Y ol ofFS EFsto] 2 o] o] T4 A2st=
AL FAAESEY] 45, GAE, 2HF dEy Y%, AFA 955 vt
°]3(J10), Astx, MAZA MFE A
A BEJ43), A A mon B J46) 5 7 Ao, AESES UA

ol %, olds owdEl HuMl=(18), A3 5 37N A A FlE A

)
ML
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—
Y
=
R
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o
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Table 4. Species diversity of alien turtles in each province of Jeju Island

Species diversity JD IC G] AW HL HG DJ SD NW SS Total

H' 1.30 137 0.00 129 1.04 0.00 066 099 087 026 1.99

JD, Jeju-si dong area; JC, Jocheon-eup; GJ, Gujwa-eup; AW, Aewol-eup; HL, Hallim-eup;
HG, Hangyeong-myeon; DJ, Daejeong-eup; SD, Seogwipo-si dong area; NW, Namwon-eup;

SS, Seongsan-eup.
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Fig. 7. The number and sites of alien turtles observed in each province. The total number of individuals is based on all alien
turtles found at each site, regardless of species. JD, Jeju-si dong area; JC, Jocheon-eup; GJ, Gujwa-eup; AW, Aewol-eup; HL,

Hallim-eup; HG, Hangyeong-myeon; DJ, Daejeong-eup; SD, Seogwipo-si dong area; NW, Namwon-eup; SS, Seongsan-eup.
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2. RAF HAXH Ha

AA7A AFIEAA G| UAE T AAAT IIE T H2AAE,
ERhfAE, ERESIWASR, SREFHEAE 5 4T kA FA G 7N
AlE], 2006; 29 %, 2007; = HAE, 2015; 374, 2015; Koo et al., 2020b).
AFA e ASFe] A4 Wsts gdsty] flete] 7Sl AAATE 2zl 4
FTESAASR, =S, F2AE, SISFHEASS gder A4

o] W3kE valsgltt

ATE Sl FSAATY AAAR S1E 2 4171 AR olH, ol ATA
TA G377 =N AE, 2006, 29F %, 2007; THAEY, 2015; 45, 2015)
A 2R MAA = 267) A H oA tK(Table 5, Fig. 8). © & ¥ FA} Aule} &
HA7]=o] dAE 2L 1970 A J05, J06, 107, J08, J10, J17, J18, J19, J21, J24,
126, 129, 131, 133, 134, 136, J42, J43, J44)0. 2 B EQ o, HeFAEo] v
gelel 2 FAe]RJ08), wHlEJ18), ¥ FHE =F=J19), AsHRI21),
8™ HaE ¥ xJ26), WES HAAE T+%(033), W8S AGE FHES
(J34), AAAZEJ42), Hibs 2HE EAAXJ44)0lH FAol RS FYsHA
oA ATE BTN Aol Hag AHom E A E FIF T

ATE F H2AAE Aol Ao geld 32 2270 A3 01, J02, J03,

bt

O

==

FFI

J04, 309, J14, J15, J16, J20, J23, J27, J28, J30, J32, J35, J37, J38, J39, J40, J41,
J45, J46)0l0 o, . FAto M= IEE A FUAN FAV|FomRE geld
2 871 A (12, 125, J47, 148, 149, 150, J51, J52) 0.2 YEIRTH AFE HST A
Hol HaAE AFA 987 7] &M AE (2006)7 871 AHE Badk o] F, 2007
31570 AR &, 2007), 20159 1570 ARG HAAEL, 20153 167) A A
(AL 2015), 2 Aol A 417 X HolA Bl A
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Table 5. Comparison of observation sites between 7. s. elegans in this study and

previous literatures

. Reference
Site ] 1 1 Coordinat
no. JRETDC' Oh and Hong  ME NIE This stud oordinate
(2006) (2007) (2015) (2015) y

Jo1 - - - - 10 33°30'16.56"N 126°46'19.29"E
Jo2 - - - - 1 33°28'56.97"N 126°44'44.53"E
JO3 - - - - 12 33°29'22.44"N 126°54'06.89"E
Jo4 - - - - 3 33°29'55.36"N 126°39'17.04"E
JO5 - - 2 - 1 33°23'44.12"N 126°39'06.89"E
Jo6 - - - n.d.’ 2 33°31'50.04"N 126°40'12.36"E
Jo7 3 - n.d. 1 33°30'30.91"N 126°43'02.53"E
Jog n.d. 4 many n.d. 11 33°31'59.54"N 126°36'51.90"E
JO9 - - - - 7 33°3020.08"N 126°38'00.23"E
J10 - - 5 - 1 33°29'36.29"N 126°25'38.73"E
J12 6 24 - n.d. n.f2 33°31'36.14"N 126°35'53.87"E
J14 - - - - 1 33°28'13.07"N 126°29'17.32"E
J15 - - - - 4 33°28'06.98"N 126°29'33.62"E
J16 - - - - 4 33°28'07.07"N 126°29'33.04"E
7 - 9 2 n.d. 4 33°28'06.10"N 126°29'33.77"E
J18 - - 2 - 8 33°24'13.73"N 126°2020.69"E
J19 - 1 6 - 6 33°27'38.99"N 126°26'23.58"E
J20 - - - - 5 33°28'16.32"N 126°25'36.43"E
121 - 2 - n.d 7 33°27'17.47"N 126°20'50.86"E
123 - - - - 5 33°2820.20"N 126°2324.32"E
J24 5 5 - - 1 33°21'28.91"N 126°17'46.24"E
J25 1 3 2 - n.f. 33°21'01.56"N 126°1520.69"E
126 8 15 5 n.d. 6 33°17'38.96"N 126°13'59.74"E
127 - - - - 1 33°18'59.95"N 126°15'44.96"E
128 - - - - 3 33°18'19.83"N 126°14'38.65"E

'JRETDC, Jeju Regional Environmental Technology Development Center; ME, Ministry of

Environment; NIE, National Institute of Ecology.

n.d. is not described, and n.f. is not found in the present study.
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Table 5. Continued

Reference
Site no.  JRETDC' Oh and Hong ME' NIE' This Coordinate
(2006) (2007) (2015) (2015) study

J29 1 1 - n.d. 2 33°21'11.52"N 126°11'08.88"E
J30 - - - - 1 33°19'18.15"N 126°13'44.73"E
J31 1 1 many - 2 33°19'14.51"N 126°13'27.29"E
132 - - - - 6 33°19'08.80"N 126°11'14.17"E
J33 - 3 - n.d. 8 33°15'17.54"N 126°16'17.50"E
J34 - - 2 n.d. 8 33°14'48.16"N 126°16'34.90"E
J35 - - - - 6 33°16'40.96"N 126°12'35.49"E
J36 - - 3 n.d. 3 33°17'21.92"N 126°14'53.31"E
J37 - - - - 7 33°13'49.08"N 126°16'40.52"E
J38 - - - - 1 33°17'06.36"N 126°11'46.63"E
J39 - - - - 2 33°16'01.26"N 126°15'27.26"E
J40 - - - - 4 33°14'42.46"N 126°33'14.85"E
41 - - - - 2 33°14'40.59"N 126°33'20.63"E
J42 - 19 6 n.d. 9 33°14'41.82"N 126°33'34.01"E
J43 - - 3 - 4 33°16'50.91"N 126°42'31.30"E
J44 - - 7 n.d. 10 33°24'54.55"N 126°53'37.42"E
J45 - - - - 2 33°24'53.81"N 126°53'44.92"E
J46 - - - - 1 33922'36.35"N 126°50'36.69"E
147 - - - n.d. nf. 33°31'23.67"N 126°40'04.48"E
J48 - 1 - - nf. 33°19'19.79"N 126°13'36.37"E
J49 1 - - n.d. n.f. 33°19'31.23"N 126°13'39.60"E
J50 1 nf. 33°19'17.19"N 126°13'26.71"E
J51 - - 1 - nf. 33°15'02.86"N 126°32'22.99"E
J52 - - 1 - n.f. 33°16'06.36"N 126°14'19.46"E

Total

number of 8 15 16 15 41

sites

Total

number of >23 92 >48 >15 182

individuals
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Fig. 8. Comparison of previous literatures and current study on the distribution of 7. s. elegans in Jeju Island. JRETDC,

Jeju Regional Environmental Technology Development Center; ME, Ministry of Environment; NIE, National Institute of

Ecology.
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N RECIEREERE

re

5
A4 2015; = HAYE Y, 2015; Koo et al., 2020b)ol A & Z A2 X = 47]
o4 AolA SHelw AH F

28w Re] QAR geld £ 7] AolH, o

o] 21t(Table 6, Fig. 9). ©] =

o, o] &
AEE(J42), FHH(43), VeHTR46) 5
o7 e Fiolrh mpo] Ry &

%J10), AAE-FHL(J39)°]%
2] 3(J25), AA|<
A A

Axrel Mol Felw

5ol BEE A

Table 6. Comparison of observation sites between T. s.

previous literatures

A L)gk AsHEJ21),

S AR
A Z(J44)(3H7 F-, 2015),
ofg] WHX(24)% AAYTAEHAEN, 2015; Koo et al.,
Ao, AT E HE R =<

2020b) 1| A]
2] B0l A

scripta in this study and

Reference
Site no. ME! NIE' Koo ef al.  This Coordinate
(2015) (2015) (2020b) study

J10 n.d.? - - 1 33°29'36.29"N 126°25'38.73"E
J21 - - - 1 33°27'17.47"N 126°20'50.86"E
124 - 1 n.d. n.f? 33°21'28 91"N 126°17'46.24"E
125 - - - 1 33°21'01.56"N 126°15'20.69"E
J40 2 n.d. 2 33°14'42.46"N 126°33'14.85"E
J42 - - - 2 33°14'41.82"N 126°33'34.01"E
J43 - - - 1 33°16'50.91"N 126°42'31.30"E
J44 n.d. - - n.f. 33°24'54.55"N 126°53'37.42"E
J46 - - - 1 33°22'36.35"N 126°50'36.69"E

Tptal number of 5 2 2 7

sites

Tot.al. number of =) 3 =) 9

individuals

'ME, Ministry of Environment; NIE, National Institute of Ecology.

n.d. is not described, and n.f. is not found in the present study.
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Fig. 9. Comparison of previous literatures and current study on the distribution of 7. s. scripta in Jeju Island. ME, Ministry of

Environment; NIE, National Institute of Ecology.
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3) FFTEFEHEARY NARA W

AT+E
SHe} e B (J11), AFA
(J33), S AdRI34) &

2015; = HAY e, 2015; Koo et al.,
X, EEAARJs3) = 15 A TH(Table 7, Fig. 10). &
A 1A S Aol Bagl vb ok H AR, 2015), ¥ Aol A=
B R E SHEFHEAS
Ao HAEY, 2015), 2 Aol =

= A

770

Qo %

FEAIT), =FE

1274 A 7} A= 1AL,

1742 7}
B A okt

F A o] £(J08), AFA L
AspR21), &5

o] H AT(EAY

(119,

Table 7. Comparison of observation sites between M. sinensis in

previous literatures

A A

Eacy

-

2020b)ell A 4 MAA = 278 AR (S5
FHNA = o]

A o]
270 A 7t
o7 XY

this study and

Reference
Site no. 1 Coordinate
Qois)  (0sopy  This stdy
JO8 - - 2 33°31'59.54"N 126°36'51.90"E
I - - 2 33°28'33.97"N 126°30'56.03"E
17 - - 3 33°28'06.10"N 126°29'33.77"E
J19 - - 1 33°27'38.99"N 126°26"23.58"E
J21 - - 1 33°27'17.47"N 126°20'50.86"E
J33 1 nd.’ 2 33°15'17.54"N 126°16'17.50"E
J34 - - 1 33°14'48.16"N 126°16'34.90"E
J53 1 n.d. n.f? 33°31'42.50"N 126°35'52.08"E
”Sfif[)etgl number of 2 2 7
Total number of 2 ~2 12

individuals

'NIE, National Institute of Ecology.

“n.d. is not described, and n.f. is not found in the present study.
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Fig. 10. Comparison of previous literatures and current study on the distribution of M. sinensis in Jeju Island. NIE, National

Institute of Ecology.
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N R EEDIEEEERE

ATE Fal AQE HEREFSMARY AAAE 34 ARl eH, ofd AT
o= 17) A HolA Folw tk(Table 8, Fig. 11). B4 o] %¥J08) Koo et al.
(2020b)8] ATt B AolA FEoZ Aol Felg o|w 27iA 7t &2y
Atk FElE18)F AFA2)E B AFolAnt AA o] FelH FHholH, Fu|
Bl A 270 A7F #EH AL, AspA = gHATE HE ol F 117iA1Y AR5

=
S A %ol els e,

Table 8. Comparison of observation sites between P. rubriventris in this study and

previous literatures

Reference
Site no. Coordinate
Koo et al. (2020b) This study
JO8 n.d. 2 33°31'59.54"N 126°36'51.90"E
J18 - 2 33°24'13.73"N 126°2020.69"E
J21 - 8 33°27'17.47"N 126°20'50.86"E
Total number of sites 1 3
Total number of individuals >1 12

n.d. is not described.
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Fig. 11. Comparison of previous literatures and current study on the distribution of P. rubriventris in Jeju Island.
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3. APAES AHA 73

ATE U efAET] AMAA = A3X(Pond), A5 A (Reservoir), 33 (Stream), &
Fol(Puddle), 2F3t7 FA(Crater lake) & & 57HA FPo= FEHAH
(Table 9). 7} =7 Yebd AMAA F38L2 3570(76.09%) A Ho] &ld AE(Fig.
12A and 12B)°] it} T80 2 A5A|(Fig. 12D)7}F 87H(17.40%) A oA 2 5]
of F WHARE H2 AMAA FPoE UEgom, Y o|(Fig. 12C), 3H(Fig.
12E), S &83}4 54| (Fig. 12F)7} 217} 1A 7 o= gl

A AFA FAY, FUS, G

X
:
Q
@
=
X
o
-+
Y

4

ATz o] HEH 7} Ao MAA 7, L=

74 Table 109 AAEATE AAA FHIAALS EZ(n=11), T2 2 A7}
m=13), =2 2 FA4A10=9), T4A10=3), TH0=3), AEn=2), £n=2), FHA
2 A7Hn=2), =2 % FFdm=1)° £o= YERTh o] T w4A HE&S
AA S AGo] =ik HAA nxE 2HS wHE ERLEFAI5)E
A& EH g FE 200 m o]k Th 467 A A9 A

W, 2L EFAE 684 m= 7HE Eokal, TEy FEE AFAJ03)7 R v
& Aowm yeEt AAA akd mE fHARe #F AT FAHR
Froldk Aol gl Ao YERHTHp=0.193). @l A% ] gdE A% Hye

ol

s

A
= 100.56£16.07 m$3 &

Az ssomt, AT 12,000 m* H9 vl Qi Aow vhEgom, AT g
Azlgo]l 71 WA AFAe WHL HA 710 m?, AW 137,000 m?* o,

AFA AN GFAFATE 7 Z Aem Yehsth A4 A WA e 9y
AR B2 MAFE BAROE F5HA FUTHp=0.936).
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Table 9. Number of observed individuals of alien turtles according to habitat types in Jeju

Island

Habitat site

Province
Pond Reservoir Stream Puddle Crater lake
Gujwa-eup 2 1
Jocheon-eup 5 1
Jeju-si 8
Aewol-eup 4 2
Hallim-eup 2
Hangyeong-myeon 4 2 1
Daejeong-eup 4 3
Seogwipo-si 2 1
Namwon-eup 1
Seongsan-eup 3
Total 35 8 1 1 1
(76.09%)  (17.40%) (2.17%) (2.17%) (2.17%)
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Table 10. Habitat information of alien turtles observed in study sites

iif Location Habitat types Al(tig;de ?r;%;l E&?ﬁgﬁmg
JO1  Doeckcheon-ri, Gujwa-cup, Jeju-si  Pond 127 1,700 RD/RSA
J02  Doeckcheon-ri, Gujwa-eup, Jeju-si  Pond 235 1,810 Road
JO3  Jongdal-ro, Gujwa-eup, Jeju-si Reservoir 1 2,650 AC/RSA
J04  Daeheul-ri, Jocheon-eup, Jeju-si Pond 153 370 RD/RSA
JO5  Gyorae-ri, Jocheon-eup, Jeju-si Crater lake 684 3,600 Forest
J06  Hamdeok-ri, Jocheon-eup, Jeju-si Pond 15 1,400 Road
JO7  Seonheul-ri, Jocheon-eup, Jejusi Pond 125 1,900 Road
JO8  Sinchon-ri, Jocheon-eup, Jeju-si Pond 21 2,820 RD/AC
J09  Waheul-ri, Jocheon-eup, Jeju-si Pond 125 770 RD/RSA
J10  Oedo-dong, Jeju-si Pond 3 3,000 RD/RSA
J11  Ora-dong, Jeju-si Pond 152 150 Road
J12 Samyang-dong, Jeju-si Pond 104 1,300 Temple
J13  Yoen-dong, Jeju-si Pond 178 465 Temple
J14  Yoen-dong, Jeju-si Pond 163 30 Road
JI5  Yoen-dong, Jeju-si Pond 189 200 Park

J16  Yoen-dong, Jeju-si Pond 189 150 Park

J17  Yoen-dong, Jeju-si Pond 195 520  Park

J18  Eoeumri, Aewol-eup, Jeju-si Pond 201 950 RD/AC
J19  Gwangnyeong-ri, Aewol-eup, Jejursi Pond 160 110 RD/RSA
120 Gwangnyeong-ri, Aewol-eup, Jejusi ~ Reservoir 76 22,500 Road
J21 Haga-ri, Aewol-eup, Jeju-si Pond 69 12,000 Road
J22 Nabeup-ri, Aewol-eup, Jeju-si Pond 64 1,500 RD/RSA

RD/RSA, Road and residential area; AC/RSA, Agricultural land and residential area;

RD/AC, Road and agricultural land; RSA/OCH, Residential area and orchard.

n.d. is not defined.
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Table 10. Continued

iif Location Habitat types Al(tig;de /a;%;l Sgg{?(‘ﬁ?ggg
J23  Susan-ri, Aewol-eup, Jeju-si Reservoir 47 89,780  Road

J24  Geumak-1i, Hallim-eup, Jeju-si Pond 211 2,260  RD/RSA

J25 Wollimri, Hallim-eup, Jeju-si Pond 92 300 RD/RSA

J26  Cheongsu-i, Hangyeong-myeon, Jejusi  Pond 97 1,000 RD/RSA

J27 Cheongsuri, Hangyeong-neon, Jeju-si  Puddle 122 80 RSA/OCH

J28  Cheongsurri, Hangyeong-neon, Jeju-si  Pond 83 250 RD/AC

J29 Dumo-ri, Hangyeong-myeon, Jeju-si Pond 10 1,050 RD/RSA

J30 Nakcheoni, Hangyeong-myeon, Jejussi  Pond 66 1,250  RD/AC

J31 MNekcheonrri, Hangyeong-nyeon, Jejusi  Reservoir 69 710 RD/AC

J32  Yongsui, Hangyeong-niyeon, Jejussi Reservoir 25 137,000  Agricultural land
J33  Boseong-ri, Daejeong-eup, Seogwipo-si Pond 39 4,710  RD/AC

J34 Inseong-ri, Dagjeong-eup, Seogwipo-si Pond 33 1,950 RD/AC

J35 Mureungri, Dagjeong-eup, Seogwipo-si Reservoir 32 14,500  Agricultural land
J36 Mureung-ri, Dagjeong-eup, Seogwipo-si Pond 78 1,600 RD/AC

J37 Sangmo-ri, Dagjeong-eup, Seogwipo-si Reservoir 21 10,800  Agricultural land
J38 Sindo-ri, Daejeong-eup, Seogwipo-si ~ Pond 34 900 RD/AC

J39  Sinpyeongri, Dagjeong-eup, Seogwiposi  Reservoir 52 2,300 AC/RSA

J40  Seohong-dong, Seogwipo-si Pond 47 700 RD/RSA

J41  Seohong-dong, Seogwipo-si Pond 48 1,180 RD/RSA

J42  Seohong-dong, Seogwipo-si Stream 29 n.d. Forest

J43  Namwon-ri, Namwon-eup, Seogwipo-si Pond 33 630 RD/RSA

J44  Onpyeng-ri, Seongsan-eup, Seogwipo-si Pond 34 1,600  Road

J45  Onpyeng-ri, Seongsan-eup, Seogwipo-si Pond 27 800 Road

JA6  Samdal-ri, Seongsan-eup, Seogwipo-si Pond 68 1,300 Road
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Fig. 12. Habitat types of alien turtles in this study. A, The pond adjacent to road and resident area; B, The pond with trail and sporting

facilities; C, puddle; D, reservoir; E, The stream connected with Cheonjiyeon Falls; F, The crater lake in Mulchat-oreum.
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A AFS] AMAA U FAANEL FTH(Nymphaea tetragona Georgi), V&
(Trapa  japonica Flerow), M|X.ILYO|(Schoenoplectus triqueter (L.) Palla), <1
(Nelumbo nucifera Gaertn.), VY2 (Oenanthe javanica (Blume) DC.), -5 (Typha
orientalis C. Presl), 7N|7-21%(Spirodela polyrhiza (L.) Schleid.), ©]2FA}Z(Carex
dimorpholepis Steud.), =% (Juncus effusus L. var. decipiens Buchenau), Z U]
(Juncus effusus L. var. decipiens Buchenau) & EF 243 43Fo] A5t

S

(Table 11). °] & EF7] oA E 299 <A7F 73 9xdd EAko]

=
Aol AU T2 MAS= FATES v FEl(Misgurnus anfuillicaudatus),
v A2} %] (Misgurnus  mizolepis), 2o (Carassius  carassius), = %] (Carassius
auratus), D (Cyprinus carpio)= A=A, FATFTLS AT Ao (Aquarius
paludum  paludum), =3 | (Hyderophilus acuminatus), %7334 X Al (Notonecta
sp.) wolH, EAbol el HFEL 7] RV E 290 = (Lethocerus deyrolli)

o] B A
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Table 11. List of hydrophytes observed in alien turtle habitats

No. Family Scientific name Kor. name

1 Isoetaceae Isoetes japonica A. Braun E5F

2 Marsileaceae Marsilea quadrifolia L. ] 7}l

3 Cabombacea Brasenia schreberi J. F. Gmel. Sl

4 Nymphaeace Nymphaea tetragona Georgi T4

5 Nelumbonac Nelumbo nucifera Gaertn. A

6  Lythraceae Lythrum anceps (Koehne) Makino s

7  Lythraceae Trapa japonica Flerow ul&

8  Onagraceae Ludwigia ovalis Miq. Tl HukE

9  Apocynaceae Apocynum cannabinum L. TTE

10  Plantaginaceae Limnophila sessiliflora (Vahl) Blume Tebd

11  Menyanthaceae Nymphoides indica (L.) Kuntze olgld

12 Nymphoides peltata (S. G. Gmel.) Kuntze o

13 Apiaceae Oenanthe javanica (Blume) DC. w2

14 Ceratophyllaceae  Ceratophyllum demersum L. B olnk&

15  Acoraceae Acorus calamus L. e

16  Alismataceae Alisma canaliculatum A. Braun & C. D. Bouché WAL

17 Caldesia parnassifolia (Bassi ex L.) Parl. T EAL

18  Araceae Lemna perpusilla Torr. S et

19 Spirodela polyrhiza (L.) Schleid. 7N -2t

20 Hydrocharitaceae  Hydrilla verticillata (L. f.) Royle Ry

21 Potamogetonaceae Potamogeton crispus L. Eia=y

22 Potamogeton cristatus Regel & Maack 7t

23 TIridaceae Iris pseudacorus L. e

24  Cyperaceae Carex dimorpholepis Steud. o] 2kAlx

25 Carex scabrifolia Steud. AdA =
Eleocharis congesta D. Don var. japonica o

26 Miq.) T. Koyagma P Hhe =

27 Eleocharis dulcis (Burm. f.) Trin. ex Hensch. bl

28 Eleocharis mamillata H. Lindb. var. cyclocarpa Kitag. & 73 o] &

29 Schoenoplectiella juncoides (Roxb.) Lye ol =

30 Schoenoplectiella triangulata (Roxb.) J. Jung & Folaol
H. K. Choi

31 Schoenoplectus tabernaemontani (C. C. Gmel.) Palla Fagol

32 Schoenoplectus triqueter (L.) Palla A B3 o]

33 Scirpus wichurae Boeckeler HF-8- 712 o]

34  Eriocaulaceae Eriocaulon cinereum R. Br. var. sieboldianum 2 =
(Siebold & Zucc. ex Steud.) T. Koyama e

35 Eriocaulon miquelianum Korn. N

36  Juncaceae Juncus effusus L. var. decipiens Buchenau Eay

37 Juncus krameri Franch. & Sav. HY =%

38 Juncus papillosus Franch. & Sav. A==

39  Poaceae Glyceria acutiflora Torr. SHARYE

40 Isachne globosa (Thunb.) Kuntze 71 &

41 Phragmites australis (Cav.) Trin. ex Steud. Eagsl

42  Typhaceae Typha angustifolia L. o 71 H-&

43 Typha orientalis C. Presl 7=
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AT A =13 AT 28 28709 CYTB M EE5 BLAST &
A3 167 AL 71E Baud H2SAAES MEI 99.91-100%2] FAEE
Ueh o, 870 AES FEFS 99.82-100% A oW, 47 Age F2E
FYEA 53} 99.73-100% AR Ao & 2l EAck(Table 12). H2AASI
AMNEE HO NEE T 7719 CYTB AEEMWT17637, MW717638, MW717642,
MW717644, MW774599-MW774601)= = UlolA]  HudE F2HAASE A4
(MW019443)3} A X351 a1, 17 I MWT717641) FTollA Bad HHAAS
AMA(KM217648)7 A A|stqlth. BHFEH S} FAIRE B AdE T 59
CYTB AL (MW774602, MW774605-MW774607, MZ043614) 7|Eo| Bag 2]y
FH A LE(HES90306) AX|3FR AL, 271 A LMWT74603, MZ043615)> 99.91%
TAHEE dElen,  umA 1le] HDMWTT74604) A
(HE590309)3 99.82% A3 Ao ey}, FHE=FHEAEY FAIES
Hel AIE F 27019 CYTB AL (MW774608, MW774609)> Froll A HalE Z
TEFHEAEY AAFIRTII6)F AN o, YA 27 A DMWTT74610,
MW774611)2 Z+Z} 99.73%, 99.91% rAIeE Ao ® gl ddut. HeAA R &
APEE B2l 16709 CYTB A ALE-2 1,140-bp & 87 F-9lolA F71xg &
ol FAH AL, FEF FAE 2l 87) M E 1,140-bp 5 470 E%oﬂﬁ,
THEFHEARY fFAIEE B9 7] LD 1,130-bp T 371 F-9olA @7
3}

% QAR Fuolx ZAA 267 Col ANEE F 147 AL 7154
BHaE HeAAES col AL} 99.16-100% A Aoz gl dar, g7l A
A2 7T By FEHF ADdeEd dAs0oH, a7 AEe BT Fde A
AdEZ, ToA Hud THEFHUEAE Col /\1°aﬂ(FJ871126, KC333650)3%
28t th(Table 13). HESAAEY col ALD3} FAIEE Hel 1470 A9 5 770
o] M I(MW774622, MW774624, MW774625, MW774630, MW774631, MW774634,
MW774635)2 Fiutctol A Bae FHEAAE ML (FI392294) 2 ol ®Bad
THHEE AEMWI22292)7 LA|SFATE 27 A DMWT74626, MWT774627)> =
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WollAl Had HeAAE AIMwiz2onyg dxstga, & gE 27) Ad
(MW774633, MW774636)2 99.93% AFSH Zlo=z x| om, vy 37] A
A (MW774623, MW774628, MW774629)x= oA HuE HSAAE A4
(KM216748)3 99.93% frAMEE EAth FHFS FAIEE Bl Col AEE 5
770 A AMWT74613-MW774617, MZ043616, MZ043617)2]  756-bp7} P. c
floridana, P. alabamensis & T3 K5 dAsilen, ymA 17l AL
(MW774612)2 P. c. concinna®t AA|3FATH FH-HAASE

COl A2 M8 1,296-bp T 470 F-flolA 271X Aol S 3lar, FE
Fob FAFES Bl 87 AEL 1,521-bp T 471 HSolA 271x8 dAto] el

= ATt
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Table 12. Similarity search results of CYTB sequences for alien turtles in Jeju Island

Sample no. Specimen type This study High similar sequence Identity Identification result
JITO1 Blood MW717633 MW019443 1139/1140 (99.91%) T. s. elegans
JIT02 Blood MW717634 KM216748 1139/1140 (99.91%) T. s. elegans
JITO03 Blood MW717635 KM216748 1139/1140 (99.91%) T. s. elegans
JIT04 Blood MW717636 KM216748 1139/1140 (99.91%) T. s. elegans
JITOS Blood MW717637 MW019443 1140/1140 (100%) T. s. elegans
JIT06 Blood MW717638 MW019443 1140/1140 (100%) T. s. elegans
JITO7 Blood MW717639 FR717131 1139/1140 (99.91%) T. s. elegans
JITO8 Tail tissue MW717640 KM216748 1139/1140 (99.91%) T. s. elegans
JIT09 Blood MW717641 KM216748 1140/1140 (100%) T. s. elegans
JIT10 Tail tissue MW717642 MW019443 1140/1140 (100%) T. s. elegans
JT11 Tail tissue MW717643 MW019443 1139/1140 (99.91%) T. s. elegans
JTI12 Tail tissue MW717644 MW019443 1140/1140 (100%) T. s. elegans
JTI13 Blood MW774598 FR717131 1139/1140 (99.91%) T. s. elegans
JT14 Blood MW774599 MW019443 1140/1140 (100%) T. s. elegans
JTI15 Tail tissue MW774600 MW019443 1140/1140 (100%) T. s. elegans
JT16 Tail tissue MW774601 MW019443 1140/1140 (100%) T. s. elegans
JT17 Tail tissue MW774602 HE590306 1140/1140 (100%) P. concinna
JIT18 Tail tissue MW774603 HES590306 1139/1140 (99.91%) P. concinna
JT19 Tail tissue MW774604 HE590309 1138/1140 (99.82%) P. rubriventris
JIT20 Tail tissue MW774605 HE590306 1140/1140 (100%) P. concinna
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Table 12. Continued

Sample no. Specimen type This study High similar sequence Identity Identification result
JT21 Tail tissue MW774606 HES590306 1140/1140 (100%) P. concinna
JT22 Tail tissue MW774607 HES590306 1140/1140 (100%) P. concinna
JIT23 Tail tissue MZ043614 HES590306 1140/1140 (100%) P. concinna
1JT24 Tail tissue MZ043615 HES590306 1139/1140 (99.91%) P. concinna
JIT25 Tail tissue MW774608 FJ871126 1130/1130 (100%) M. sisnensis
JIT26 Tail tissue MW774609 FJ871126 1130/1130 (100%) M. sisnensis
JT27 Tail tissue MW774610 FJ871126 1127/1130 (99.73%) M. sisnensis
JIT28 Tail tissue MW774611 FJ871126 1129/1130 (99.91%) M. sisnensis
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Table 13. Similarity search results of COI sequences for alien turtles in Jeju Island.

Sample no. Specimen type This study High similar sequence Identity Identification result
JITO1 Blood MW774622 FJ392294 1538/1538 (100%) T. s. elegans
MW 122292 1538/1538 (100%) T. s. troostii
JIT02 Blood MW774623 KM216748 1537/1538 (99.93%) T. s. elegans
1ITO3 Blood MW774624 FJ392294 1538/1538 (100%) T. s. elegans
MW122292 1538/1538 (100%) T. s. troostii
1JT04 Blood Failed
JITO5 Blood MW774625 FJ392294 1538/1538 (100%) T. s. elegans
MW 122292 1538/1538 (100%) T. s. troostii
JIT06 Blood MW774626 MW122291 1538/1538 (100%) T. s. elegans
JTO07 Blood MW774627 MW122291 1538/1538 (100%) T. s. elegans
JITO8 Tail tissue MW774628 KM216748 1538/1538 (99.93%) T. s. elegans
JIT09 Blood MW774629 KM216748 1537/1538 (99.93%) T. s. elegans
JIT10 Tail tissue MW774630 FJ392294 1538/1538 (100%) T. s. elegans
MW122292 1538/1538 (100%) T. s. troostii
JIT11 Tail tissue MW774631 FJ392294 1538/1538 (100%) T. s. elegans
MW122292 1538/1538 (100%) T. s. troostii
JTI12 Tail tissue Failed
JIT13 Blood MW774633 MW122291 1537/1538 (99.93%) T. s. elegans
JIT14 Blood MW774634 FJ392294 1538/1538 (100%) T. s. elegans
MW122292 1538/1538 (100%) T. s. troostii
JIT15 Tail tissue MW774635 FJ392294 1538/1538 (100%) T. s. elegans
MW122292 1538/1538 (100%) T. s. troostii
JT16 Tail tissue MW774636 MW122291 1537/1538 (99.93%) T. s. elegans
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Table 13. Continued

Sample no. Specimen type This study High similar sequence Identity Identification result
NT17 Tail tissue MW774612 KC687269 756/756 (100%) P. ¢. concinna
JIT1S Tail tissue MW774613 KC687252 756/756 (100%) P. alabamensis

KC687290 756/756 (100%) P. c. floridana
JIT19 Tail tissue MW774614 KC687252 756/756 (100%) P. alabamensis
KC687290 756/756 (100%) P. c. floridana
JIT20 Tail tissue MW774615 KC687252 756/756 (100%) P. alabamensis
KC687290 756/756 (100%) P. c. floridana
JIT21 Tail tissue MW774616 KC687252 756/756 (100%) P. alabamensis
KC687290 756/756 (100%) P. c. floridana
JIT22 Tail tissue MW774617 KC687252 756/756 (100%) P. alabamensis
KC687290 756/756 (100%) P. c. floridana
JIT23 Tail tissue MZ043616 KC687252 756/756 (100%) P. alabamensis
KC687290 756/756 (100%) P. c. floridana
JIT24 Tail tissue MZ043617 KC687252 756/756 (100%) P. alabamensis
KC687290 756/756 (100%) P. c. floridana
JIT25 Tail tissue MW774618 KC333650 1510/1510 (100%) M. sisnensis
FI871126 1510/1510 (100%) M. sisnensis
1IT26 Tail tissue MW774619 KC333650 1510/1510 (100%) M. sisnensis
FI871126 1510/1510 (100%) M. sisnensis
1IT27 Tail tissue MW774620 KC333650 1510/1510 (100%) M. sisnensis
FI871126 1510/1510 (100%) M. sisnensis
JIT28 Tail tissue MW774621 KC333650 1510/1510 (100%) M. sisnensis
FJ871126 1510/1510 (100%) M. sisnensis
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5. QA &2 CYIB, COI haplotype A 89 AT FAHA

HeAAEY] AE FABAE A Sste] # Aol AdE A4En
Ao o]gd RE F42 MY AW Table 149 AA AT AFE FHEF
AR Jad S 2 Aol BaE HFSAARS CYTB F3A AES 77HA
haplotype (HTCO1-HTC07)S.2 &3, COI 32 A2 57F4] haplotype

(HTOO01-HTO05) 2.2 -85 A tH(Table 15). 7F¢ ©& A do] Z3 3= HTCO3-S
AT, v, 59, A, TxddA Bad Aqdo] £IHAT AF= AL

< 5712] haplotype (HTCO1-HTC04, HTCO6)°l A S F AT}, wj=tol A g 11
7He] HLES 3714 haplotype (HTCO3-HTC05)CO. 2 R, Sdo A By

A EL HTCO3, Yttt A E2 HTC032 HTCO7e] 3EFH o, FooA] Hil
#2709 g ZHZF HTCO03, HTC04E TR-=SATh col FAA MEEe] 571

A haplotypeoll Al AF%= AL 4709] haplotype (HTO01, HTO02, HTO04, HTO05
Yol 3L, oA By 270 ME-e ZHzF HTO02, HTO03 O 2 &5
ATt F2AASF CYTB ALY Hd 72 0.721£0.051, 7 k-2 0.00252+0.00050-2
2 B1E QA col A8 Hd 2 0.732+0.073, 7 3t 0.00125+0.00024 = &<l
%] 21 tH(Table 16).

414 AR FE vfgo 2 F2HAAE CYTB haplotype] Al FA3AE &
23}7] 9&te] Maximum-likelihood treeS 2HA4d 3} th(Fig. 13). AlES= 2HAdl o]
3 B H2AAES NEE2 outgroup?] C. picta?t FH3HA 5 o] T
‘& 4] (monophyletic)ql FdS BT & Aol 2A4E AFE ALy 5 2
oA BHiH HSAASR NEES T scripta®] HE oA X3 oW, &
SAAERS HAAM = T gaigeaest 714 7W7he A AR EX AT HE
AR CYTB haplotype5S A7 3709 1807 BAE oM, HTC05$ HTCO7S
UHE haplotypes #h= tha ® Aol A ER1EH T AFE LS E3st= 570
o] haplotypes %, HTC03> HTC029} hAl WA 4o w FEAEHA,
HTC05 % HTCO7¥+= ™ fx|oll A ZAekAth AlF=s £33 7 3 a2l

il
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A HaE H2AAELY COI haplotype A €& outgroup?! C. pacta®} F53H
T E G 5SS gA4sisien, vt EA 3 v sk 1At
(Fig. 14). HF2AAES WAME T scripta= TFAFTAR] FAoz #2890 o,
T. gaigeae} 717

o} A EAEAT. 134 AgAGFTE Aol UE HTO013 HTO03S ZH A=
e} 7H7k 1AM EAH S om, HTO04+= HTO059F 7H Al &4 8kt

Aol AAES Eth HTOO01, HTO03, HTO04+= E5 HTO02

do
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Table 14. Accession numbers and information of the CY7TB and COI sequences for Trachemys species used in this study

CYTB Col
Species
Locality Accession no. Reference Locality Accession no. Reference
T. s. elegans Jeju Island MW717633 This study Jeju Island MW774622 This study
T. s. elegans Jeju Island MW717634 This study Jeju Island MW774623 This study
T. s. elegans Jeju Island MW717635 This study Jeju Island MW774624 This study
T. s. elegans Jeju Island MW717636 This study Jeju Island MW774625 This study
T. s. elegans Jeju Island MW717637 This study Jeju Island MW774626 This study
T. s. elegans Jeju Island MW717638 This study Jeju Island MW774627 This study
T. s. elegans Jeju Island MW717639 This study Jeju Island MW774628 This study
T. s. elegans Jeju Island MW717640 This study Jeju Island MW774629 This study
T. 5. elegans Jeju Island MW717641 This study Jeju Island MW774630 This study
T. s. elegans Jeju Island MW717642 This study Jeju Island MW774631 This study
T. s. elegans Jeju Island MW717643 This study Jeju Island MW774632 This study
T. s. elegans Jeju Island MW717644 This study Jeju Island MW774634 This study
T. s. elegans Jeju Island MW774598 This study Jeju Island MW774635 This study
T. s. elegans Jeju Island MW774599 This study Jeju Island MW774636 This study
T. s. elegans Jeju Island MW774600 This study South Korea MW122291 Moon et al., 2020
T. s. elegans Jeju Island MW774601 This study South Korea MWO019443 Moon et al., 2020
T. s. elegans South Korea MW122291 Moon et al., 2020 Canada FJ392294 Russell et al., 2008
T. s. elegans South Korea MWO019443 Moon et al., 2020 China KM216748 Yu et al., 2014
T. s. elegans Germany FR717131 Fritz et al., 2011
T. s. elegans Germany HE590359 Fritz et al., 2011
T. s. elegans USA HE590360 Fritz et al., 2011

n.d. indicates not described the locality information.
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Table

14. Continued

CYTB Col
Species
Locality Accession no. Reference Locality Accession no. Reference
T. s. elegans USA HES590361 Fritz et al., 2011
T. s. elegans USA FI770617 Spinks et al., 2009
T. s. elegans USA EU787024 Spinks et al., 2008
T. s. elegans USA IN615019 McGaugh, 2011
T. s. elegans USA JN615020 McGaugh, 2011
T. s. elegans USA JIN615021 McGaugh, 2011
T. s. elegans USA IN615022 McGaugh, 2011
T. s. elegans USA IN615023 McGaugh, 2011
T. s. elegans USA IN615024 McGaugh, 2011
T. s. elegans USA GQ395730 Jackson et al., 2009
T. s. elegans Canada AF207750 Willmore et al., 1999
T. s. elegans Canada FJ392294 Russell et al., 2008
T. s. elegans China KM216748 Yu et al., 2014
T. s. elegans China HQ442420 Xia et al., 2010
T. s. elegans n.d. NCO011573 Beckenvach and Russell, 2008
T. s. scripta USA HES90358 Fritz et al., 2011 China KM216749 Yu et al., 2015
T. s. troostii South Korea MW122292 Moon et al., 2020 South Korea MW122292 Moon et al., 2020
T. venusta Guatemala HE590362 Fritz et al., 2011 n.d. HQ329669 Reid et al., 2010
T. ornata Maxico HES590355 Fritz et al., 2011 n.d. HQ329665 Reid et al., 2010
T. gaigeae USA HES590350 Fritz et al., 2011 n.d. HQ329663 Reid et al., 2010
T. stejnegeri USA FJ770621 Spinks et al., 2009 USA KX559047 Spinks et al., 2016
T. taylori USA IN615048 McGaugh, 2011 n.d. HQ329667 Reid et al., 2010
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Table

14. Continued

CYTB Col
Species

Locality Accession no. Reference Locality Accession no. Reference
T. emolli Nicaragua HES90349 Fritz et al., 2011 n.d. HQ329662 Reid et al., 2010
T. adiutrix Brazil HE590312 Fritz et al., 2011
T. callirostris Venezuela HES590330 Fritz et al., 2011
T. decussata Cuba HES590332 Fritz et al., 2011
T. yaquia n.d. HQ329670 Reid et al., 2010
T. terrapen n.d. HQ329668 Reid et al., 2010
T. decorata n.d. HQ329661 Reid et al., 2010
T. terrapen n.d. HQ329668 Reid et al., 2010
T. decorata n.d. HQ329661 Reid et al., 2010
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Table 15. Haplotype distribution of CYTB and COI sequences for T. s. elegans populations

used in this study

T. s. elegans population

Haplotype Jeju South ) X
Lsland Korea USA Germany Canada China ND" Total

CYTB HTCOI 3 3
HTCO02 2 2

HTCO03 7 3 2 1 1 1 15

HTC04 3 2 6 1 12

HTCO05 2 2

HTCO06 1 1

HTCO07 1 1
Total 16 2 11 2 2 2 1 36

Ccol HTOO01 7 1 8
HTO02 4 1 5

HTOO03 1 1

HTO04 2 1 3

HTOO05 1 1

Total 14 2 1 1 18

!, ND; unknown the locality information.
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Table 16. Population genetic diversities of the

CYTB and COI genes within 7. s. elegans in Jeju Island and other countries

Haplotype diversity

Nucleotide diversity

Nucleotide difference

Gene No. of No. of

sequences tested haplotype Hd SD T SD k
CYTB 36 7 0.721 0.051 0.00252 0.00050 1.36032
col 18 5 0.732 0.073 0.00125 0.00024 1.61438

Hd, mean of pairwise differences between all haplotypes.

7, mean of pairwise differences between all sequences.

k, mean of average number of nucleotide differences between all sequences.
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Fig. 13. The phylogenetic tree for the CYTB haplotype sequences of Trachemys. The
evolutionary history was inferred by using the Maximum likelihood method and Tamura-Nei
model (Tamura and Nei, 1993). A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 0.1716)). The
CYTB sequence of Chrysemys picta was used for outgroup rooting. Evolutionary analyses

were conducted in MEGA-X program (Kumar et al., 2018).
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Fig. 14. The phylogenetic tree for the COI! haplotype sequences of Trachemys. The
evolutionary history was inferred by using the Maximum likelihood method and Tamura-Nei
model (Tamura and Nei, 1993). A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 0.1638)). The COI

sequence of C. picta was used for outgroup rooting. Evolutionary analyses were conducted

in MEGA-X program (Kumar et al., 2018).

_6’]_



2) E¥FH 2 AT FaBA

Y FE Y AF FAWAIE A7 flete] & Aol 2AFE AL &+
Ao o] &H EE FHA AE HHEE Table 170 A8t AlF%= 2 3]
A BHad g FH FJe] cYrB AR A LS 77H4] haplotype (HPCO1-HPCO07)
o7 FEHJI, col ALDe 57FA haplotype (HPOO1-HPO05)C. 2 F-E-= it}
(Table 18). A% TIHFTEH] 671 CYTB A EE-S HPCO1, HPCO03, HPCO4°l| =
ettt 7 e Ado]l 33t HPCO3d &= AFE A9 49 v=23 =
Aol A B Aol ¥EFE QAL HPCOlOE AFE ADdH noa Hisg

S = =
b 7Hg 2 AdS ¥t HPOO &= 5719 AlFE A de] x|, n
oA ®Bad 6718 col AEo] A FEIHAY. AW FE CYTB AL Hd
2 0.771£0.100, 7 #2 0.00259+0.00051= A= A3l cOl ML Hd <

Mol EgEATE HlTolA HiuE MIES HPCO4E A|9)e BEE haplotypeol
HFEH Fee col HEELS HPO013} HPOO2o| E 33

0.581£0.131, 7= k2 0.00119+£0.00035= &}+21 % % tH(Table 19).

Yy Il CYTB haplotype® 7Ales FAHAE A5 Slshe
Maximum-likelihood treeE 2} 3} Ijr(Flg 15). AET oA EAHFH o>
=A5E W Pogorzugi ob= FHASRE RN EXsloy, 9] tE
e SHY EA4E FAsHA Fskth 2Yu, 2 AFolA B4 AT
SAAR ALdH} SIEFHEAEY] Adyde FIEA FEHEE dAE
A FFE B gl FYH FJEe €Ol haplotype> AlE WA= dAlA AT
T F2AAEY FHEFHEAEY col AEEF FiEEHo ®AE CYTB
haplotype 413} FUstA Hetw o, 71545 ll 5349 A= 544
o2 FAEHA] & UTh(Fig. 16). HPO05+= HTOO01-HTO049} A7} tha HA &

ofN

2
(o]

A8k3l 0., HPOO1, HPOO02, HPOO4+= U=t E & Fdst7 Iy oz #4
SFATE
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Table

17. Accession numbers and information of the CY7TB and COI sequences for Pseudemys species used in this study

) CYTB Col
Species Locality Accession no. Reference Locality Accession no. Reference
P. concinna Jeju Island MW774602 This study Jeju Island MW774612 This study
P. concinna Jeju Island MW774603 This study Jeju Island MW774613 This study
P. concinna Jeju Island MW774604 This study Jeju Island MW774614 This study
P. concinna Jeju Island MW774605 This study Jeju Island MW774615 This study
P. concinna Jeju Island MW774606 This study Jeju Island MW774616 This study
P. concinna Jeju Island MW774607 This study Jeju Island MW774617 This study
P. concinna Germany HES590306 Fritz et al., 2011 USA KC687300 Spinks et al., 2013
P. concinna USA FJ770603 Spinks et al., 2009 USA KC687301 Spinks et al., 2013
P. c. concinna USA GQ395724 Jackson et al., 2009 USA KC687261 Spinks et al., 2013
P. c. concinna USA GQ395723 Jackson et al., 2009 USA KC687262 Spinks et al., 2013
P. c. concinna USA GQ395722 Jackson et al., 2009 USA KC687264 Spinks et al., 2013
P. c. floridana USA GQ395729 Jackson et al., 2009 USA KC687287 Spinks et al., 2013
P. c. floridana USA FJ770605 Spinks et al., 2009 USA KC687288 Spinks et al., 2013
P. c. floridana Germany HES590307 Fritz et al., 2011 USA KC687289 Spinks et al., 2013
P. c. suwanniensis  USA GQ395711 Jackson et al., 2009 USA KC687308 Spinks et al., 2013
P. c. suwanniensis USA KC687310 Spinks et al., 2013
P. c. suwanniensis USA KC687311 Spinks et al., 2013
P. peninsularis Jeju Island MZ043614 This study Jeju Island MZ043616 This study
P. peninsularis Jeju Island MZ043615 This study Jeju Island MZ043617 This study
P. peninsularis USA FJ770606 Spinks et al., 2009 USA KC687325 Spinks et al., 2013
P. rubriventris Germany HES590309 Fritz et al., 2011 USA KC687330 Spinks et al., 2013
P. nelsoni Germany HE590308 Fritz et al., 2011 USA KC687320 Spinks et al., 2013
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Table 17. Continued

) CYTB col
Species
Locality Accession no. Reference Locality Accession no. Reference
P. gorzugi USA GQ395700 Jackson et al., 2009 USA KC687316 Spinks et al., 2013
P. texana USA GQ395712 Jackson et al., 2009 USA KC687333 Spinks et al., 2013
P. alabamensis USA GQ395717 Jackson et al., 2009 USA KC687257 Spinks et al., 2013
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Table 18. Haplotype distribution of CYTB and COI sequences for P. concinna populations

used in this study

P. concinna population

Haplotype
Jeju Island USA Total

CYTB HPCO1 1 2 3
HPCO02 1 1

HPCO03 4 1 7

HPCO04 1 1

HPCO05 1 1

HPCO06 1 1

HPCO07 1 1

Total 6 7 15

col HPOO1 1 1
HPOO02 5 6 11

HPOO3 1 1

HPOO04 2 2

HPOO5 2 2

Total 6 11 17
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Table 19. Population genetic

diversities of the

CYTB and COI genes within P. concinna in Jeju Island and other countries

Haplotype diversity

Nucleotide diversity

Nucleotide difference

Gene No. of No. of
sequences tested haplotype
a plobyp Hd SD T SD k
CYTB 15 7 0.771 0.100 0.00259 0.00051 2.03810
Ccol 17 5 0.581 0.131 0.00119 0.00035 0.89706

Hd, mean of pairwise differences between all haplotypes.

7, mean of pairwise differences between all sequences.

k, mean of average number of nucleotide differences between all sequences.

_66_



HES590308 (F. nelson) -
FI770606 (P peninsularis)
MZ043615 (F. peninsularis)

HPCO3 Jejulsland. USA. Germany
MZ043614 (P. peninsularis)
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HPC02 USA

L

& LHPC.{Jﬁ USA
HPC07 USA
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i | GQ39571 (B alabamensis)

o

GQ395700 (P gorzugi) |

AF069423 (Chrysemys picta) | Chrysentys

MW717633 (Trachemys scripta elegans) _| Trachemys

MW774608 (Mauremys sinensis) | Mauremys

Fig. 15. The phylogenetic tree for the CYTB haplotype sequences of Pseudemys. The
evolutionary history was inferred by using the Maximum likelihood method and Tamura-Nei
model (Tamura and Nei, 1993). A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 0.3953)). The
CYTB sequences of C. picta, T. s. elegans and M. sinensis were used for outgroup rooting.

Evolutionary analyses were conducted in MEGA-X program (Kumar et al., 2018).
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0050

Fig. 16. The phylogenetic tree for the COI haplotype sequences of Pseudemys. The
evolutionary history was inferred by using the Maximum likelihood method and Tamura-Nei
model (Tamura and Nei, 1993). A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 0.1639)). The COI
sequences of C. picta, T. s. elegans and M. sinensis were used for outgroup rooting.

Evolutionary analyses were conducted in MEGA-X program (Kumar et al., 2018).
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Table 20. Accession numbers and information of the CY7B and COI sequences for Mauremys species used in this study

CYTB Ccol
Species
Locality Accession no. Reference Locality Accession no. Reference
M. sinensis Jeju Island MW774608 This study Jeju Island MW774618 This study
M. sinensis Jeju Island MW774609 This study Jeju Island MW774619 This study
M. sinensis Jeju Island MW774610 This study Jeju Island MW774620 This study
M. sinensis Jeju Island MW774611 This study Jeju Island MW774621 This study
M. sinensis China AF043261 Wu et al., 1998 China FI871126 Nei and Jiang, 2009
M. sinensis China IN860648 Nei and Xia, 2011 China KC333650 Fang et al., 2012
M. sinensis China FJ871126 Nei and Jiang, 2009
M. sinensis China HQ442409 Xia et al., 2010
M. sinensis China HQ442408 Xia et al., 2010
M. sinensis Taiwan KT763401 Lee and Lin, 2015
M. sinensis Taiwan KT763402 Lee and Lin, 2015
M. sinensis Taiwan KT763403 Lee and Lin, 2015
M. sinensis Taiwan KT763404 Lee and Lin, 2015
M. sinensis Taiwan KT763405 Lee and Lin, 2015
M. sinensis Taiwan KT763406 Lee and Lin, 2015
M. sinensis Taiwan KT763407 Lee and Lin, 2015
M. sinensis Taiwan KT763408 Lee and Lin, 2015
M. sinensis Taiwan KT763409 Lee and Lin, 2015
M. sinensis Taiwan KT763410 Lee and Lin, 2015
M. sinensis Taiwan KT763411 Lee and Lin, 2015
M. sinensis Taiwan KT763412 Lee and Lin, 2015
M. sinensis Taiwan KT763413 Lee and Lin, 2015
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Table 20. Continued

CYTB Ccol
Species

Locality Accession no. Reference Locality Accession no. Reference
M. sinensis Taiwan KT763414 Lee and Lin, 2015
M. sinensis Taiwan KT763415 Lee and Lin, 2015
M. sinensis Taiwan KT763416 Lee and Lin, 2015
M. sinensis Taiwan KT763417 Lee and Lin, 2015
M. sinensis Taiwan KT763418 Lee and Lin, 2015
M. sinensis Taiwan KT763419 Lee and Lin, 2015
M. sinensis USA AY434615 Spinks et al., 2003
M. sinensis Germany AJ564463 Barth et al., 2003
M. reevesii South Korea KR921566 Park et al., 2015 South Korea FJ469674 Jang and Hwang, 2008
M. reevesii China KR921503 Park et al., 2015 China AY676201 Nei et al., 2004
M. japonica Japan AP019397 Asami et al., 2019 Japan AP019397 Asami et al., 2019
M. nigricans China KT951839 Zhao et al., 2015 China KT951839 Zhao et al., 2015
M. caspica China KC692465 Nie and Zhou, 2013 China KC692465 Nie and Zhou, 2013
M. rivulata China KP100054 Nie and Zhou, 2014 China KP100054 Nie and Zhou, 2014
M. leprosa China KP100055 Nie and Zhou, 2014 China KP100055 Nie and Zhou, 2014
M. mutica China DQ453753 Nie and Song, 2006 China DQ453753 Nie and Song, 2006
M. annamensis China HM131942 Nie and Dai, 2010 China HM131942 Nie and Dai, 2010
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Table 21. Haplotype distribution of CYTB sequences for M. sinensis populations used in this

study
M. sinensis population
Haplotype Jeju ‘ .
Island Usa Germany China Taiwan Total

HMCO01 1 :
HMCO02 | .
HMCO03 1 ) s 5
HMC04 2 ) 6 0
HMCO5 1 .
HMCO06 | .
HMCO07 . 1
HMC08 5 5
HMC09 . .
HMC10 ) 5
HMCI11 . .
HMC12 . .

Total 4 1 1 5 19 20
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Table 22. Population genetic diversities of the CYTB and COI genes within M. sinensis in Jeju Island and other countries

Haplotype diversity Nucleotide diversity Nucleotide difference
No. of No. of
Gene sequences tested haplotype
Hd SD T SD k
CYTB 30 12 0.828 0.050 0.00266 0.00063 2.21149
col 6 1 0.000 0.000 0.00000 0.00000 0.00000

Hd, mean of pairwise differences between all haplotypes.
7, mean of pairwise differences between all sequences.

k, mean of average number of nucleotide differences between all sequences.
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Fig. 17. The phylogenetic tree for the CYTB haplotype sequences of Mauremys. The
evolutionary history was inferred by using the Maximum likelihood method and Tamura-Nei
model (Tamura and Nei, 1993). A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 0.3807)). The
CYTB sequence of C. picta was used for outgroup rooting. Evolutionary analyses were

conducted in MEGA-X program (Kumar et al., 2018).
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Fig. 18. The phylogenetic tree for the COI/ haplotype sequences of Mauremys. The
evolutionary history was inferred by using the Maximum likelihood method and Tamura-Nei
model (Tamura and Nei, 1993). A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 0.1965)). The COI
sequence of C. picta was used for outgroup rooting. Evolutionary analyses were conducted

in MEGA-X program (Kumar et al., 2018).
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W FAEHEA AEEE S ofgs T HE2AAES UA AR £
HATH=HAAEH Y, 2018¢; h=ro] P A E A HA| 2= 2020). FH <L 2194 Ao =

AT AAYEA W T W=rE Frbstar glow, sl oln] THE Y
SAEY] AA Fdd AFo]l SAQAEATHOl T, 2016). AMAA NN = FHES

A &= Ao R 4elA] QO H(Chung er al., 2009), =W AL ofAo A%
AEo] 7hseh ow HalsEo|(Fet F, 2020), AFEAA HEH JAEE A
2z gl WAo] FEs] 7hed Zlom dqFHrh wgAolx, A, s
G-3oll AA s AMAES o] bE A9 WA ThsAdel drlel, @)

g ARl FRAla gkl iR et destthal e

XX W3}

H

4) BRBLWARY

AFALAA BB AR AHA% AN BE FhE B BY

o ASRe AL o BEEe] HuReuARe WAl e A}
i

ad) wolth Ed, GAolET AsEelt BREewART 2o fom ¥
Foe ulTE Freven sl te sk glo), ANE ) 1
ggow A deARe) F14 9w SesE 4P WA wy I

A2Ao R AFE WEEA U JPARLS A, AAF, FHEE 5 RE
qom, @A AFA A= JWAT] FdH 2ol
e He Frbsta kil RaHth HE FHEFHEARY 2 TEHEA

B 20200), S 2 TE2MAE(SEE, 2020c)0] AEANT AER A AHEH] 5=
A ARFol FAEHUT 7IE ASARE Vel BEEte AFSAIA S ko] A
FAG ARBA A Aol PAGME AZFstaL B7tE wolek gt o]z ek W
A 2A= A A A SRete] ARSATE ARG S AETshal oo R

HALEE ThsAde] wlg- Eom oo T W JfASe] = FAE Yo
MAE Ao qFHr AT ofY FAoR Qs FAEACN B v

Si7F BAD Ao r s vk AR 27 #de 9] A AAA
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HFoAAE TG EE haplotypesS TAIEZA S S YEHo], H2HA

5 BEAAZE Gl BACA 7ddte AS & 7 vk T3 Toscripta®] oF
T FH2AAE, = iASE, AT AT A H2AESe] T
SyPdoR BAH FIS A olFEC] T scripta 352 AxAA fFHgt A

@S YElE 23493 FA mDNA BARe 2R E2AARENA F

TR77F 7heelthe AE oSkt T scripta’t T. gaigeae®t 7V 717k

BXH AL F Fo| FEZAORHE E3HUtia B 113 Parham

Ly o
M\
1o

re
o
f

et al. (2020)2] A7} AF A2 (Seidel, 2002; Jackson et al., 2008)°] A<t
Hu)x W T gaigeaeSt T. scripta 2 BAS A A|5h= Ate} szl
HoAAES ZE YTl g EArAdsts BA2 WY A= JiAE
5 AA4st=d T3 24 =2 Zg3th(Handley et al, 2011). ASFAANA &
SAAE CYrB, COl +AA AL haplotypes2 =i ALY FEzAOR
FH A4 E37F AgEe] Fed Il AdS BT Yk o] FH2

A& gl AR o] mDNA EAel] ApolE HIv= Fritz er al. (2012)9] A

fata

.

o} T3 Axjolt}. 3 71X Eold S HTCO03, HTOO01°] oA Hid 7+
Hal= Ay 3 Bxade EA45ts Zlolth H2AAELS B Aax]2 &Hn

o

A o] 2] agd 7 (Rio Grande)ol| 4] WA Al 3] 7 (Mississippi  River) SF7-7F4] A
grow b4 2 ouelel AA BEahul, waARe B3R sy WA

T BSAAETS FRekeE AR A FEo] w7 % 3 th(Mitchell, 1994;

Ao
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Palmer and Braswell, 1995). ¥ H #H =+ T H W=7} (Cumberland River)} E|U] A7+
(Tennessee River)©] YA 22X 2 1|t F5 5 AE 7| (Kentucky) A GFolA &7
B3t A 271 FH D HEmt and Jett, 1969). Parham er al. (2020)S 1] =F F4-X]
Aol FEehy ofFdd FH =S AR ATV H2AAEY FAHeE EY
A ggen, & b diFs =AY Y, fdHeR Fska 3
Bt FHAE=S} $AT AR ¥ HTC033% HTOO01 /HAlES W
= MR} H2AARS] AAATE SHHEE AHolA 4 44 (parapatric)S LHEF

© weTAE fAdo] FAHENE TheAel Ao aEyY dAZA StAkE A
olol X T. scripta®] o}l Wgk 4 Aol Aolgk o AolEo] EA 5}
(Jackson et al., 2008; Fritz et al., 2012; Parham et al., 2020; Vamberger et al.,
2020), T. scripta L&A FH AT BLAAE 2 wdujAEY ofFow T
WEE EFAA die WEs HEV 283 Ao=wE Judr

EA3& St mtDNA haplotype®] WAL EAE S tddS wrdsint
(Oka et al., 2007; Yue et al., 2012). £3], 7|7t A AAAH o= Autd 7}=3}
o] At Fge olF 77he zke A5l
7F yetym, ojelg Adte ditE A Al
7 olEel Yoz WAFCH(Larson er al., 2007, 2010). AFE H2AAE A
=9 CYTB, COI w32 MEEL 2] 7§9 haplotypeS. & o] A
AEel FHYel s =%Y(multiple introgression)ol] &% thgFst Ao FH&
AAE FAdo]l o] A 2A FllE =qHAE 7FeA ol A=s vl
CYTB A €2 5714 haplotypeo. & THF o] A% H2
ok 57 o] EAIGTAA 71dE Aoem Holw, wjol] A AshE F2
52 WHAS Alfde BT Fdd JiAEelgte 547, Aok 53
HAQ ol AALD A= FAET. HTCO33} HTCO40l thgdt =719
o] H=olA Hard MA3 FAol EAstHA ZHzt EAlgs Fde o
w7 1950t o] HEH HEr A9 H[Sske] ofxe]g), ofAlo}, &
ofol, 4 & A Aol Hk&3t e FHOE B2 A7t ol FoAM=
(Chen, 2006; Feldman, 2007; Perez-Santigosa et al., 2008; Gonzalez et al., 2018;
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HTCO03, HTC04¢} HTO04+= A% Jo] Add FolA By A do]
g IFo R, ol AFE o] TuS T ARAR o] &ste] mmofA
7o % 12} 49 olF, TxA IR 22k FYo] o]FoIHE Ve A
3 & Ao, H2AARY Adrt &IAd 19939 5-H 2001E 744 7
919 97%7} vl A E=QPEATHE Bao] 5, 2016)8 FHOREE i
Yol o] FoIzl AlF o] 2000t Zurolm, o] A[7]el= HEAARS A 54
F A EATE HellA o]y e 7hed2 vl sukeic) arulolA] B He
AAFY MEE FFAFY ML, o] ALy} AFE AES HTCO4E FH3t
of Y A JAds & 7 Ark Bl o] &gk ] A do] 17l g= A
N HAAA FAAZRE Fotalrloles AL o, AFE Ade thdA
2|

F shbel gl T Mol

e oo
I du N ofy

S~

o
A
ol
-
)
\
o
off
>
=2
i
o
i)
rr
P

shte] A alH|o A F ©]/d9] haplotype
S AAA W FR-EAGFTEC] tF EATS it AlFA 2H1S gAYl
Foll A % 571e] AlEE CYTB haplotype] A1 HTCO1(n=3), HTC02, HTCO032.
2 FEESLAL, COI haplotypeol| A= 47]€] Al57} HTOO1(n=3), HTO0S% -]
of v¥de yebdon, dA FAolRd s v AR E] A4sta 9l
Az Ak AFA o2 FulENA FHE 2719 A8 CYTB, COI
AAp BEfol A 3Ud? haplotype O 2 %] HTC03¥} HTOO1= F#]38}3l0
ole]dt At AJAEA W AFF FAS AAA Bl o HAdS
Zrerst w, Aol o] &® 27iAI7F &2 AR Atel] ofF AeAW T 2A9
AT EaE oz WAE ] A4St ® AAJA, MAA HelA Fd

rir

#40

Yr o

i



Aol Mol oa] AR JHAJNA = E A9 mtDNA =4 ZAyter @A

= 7 o 2y F27A5 MA @3 2AlA sl ek wA7E 5

Aol Aglo] A4l Aol ol oA Y Eowz, Wael g A A
o] o} Holu}l mtDNA +24] o]e]o] & DNA microsatellite (MS) A& tf
g o] FrhHor Sty By QEg ddo] 7hed Aol

2) YUFE Ao 24 g 2 YA

B FE He] haplotypes o
Mg olfst] EAES W B T 7Y RS Ehee sloR ddy
th 5ARES n3 gERd dy B¥iE ARFolY, F 7F BHEIH 7
A AANAE B esit). Seidel (1994) FEfshz B3 dhald B 7]
st EAEES HoWl JHdd FH HJdow 7883al, Turtle Taxonomy
Working Group (TTWG) 2ZIHFE U 3719 o}FS ¥3sle] 97 Fo2 &F
shRoH, HL B2 ATAES o] F UM EFE AR oR H2H JH(P.

i

rlo
i
Gy
i)
r o
M
X
oS
ox
o
i
o
=
X,
o &
o
9

=
r>~1
i)

52

P

rubriventris, P. nelsoni, P. alabamensis)®} ¥ FTH(P. c. concinna, P. c. floridana,
P. c. suwanniensis, P. peninsularis, P. texana, P. gorzugi)S- 2 +573}o] &2 353
UH(Spinks et al., 2013; Rhodin et al., 2017).

Fefsts Rajo] o3k Fo] H-F(Seidel, 1994)2} A4 F2(Jackson er al.,

2012; Spinks et al., 2013)] EUA|= ool A=A XU FET Ev= F44

AP melFE ANE AUY & Ak BARE FEY F44 2HS B
B A4 A4 BRAAG 254 @t due AR FHo P

(Spinks et al., 2013). A= 2 FE Ho} AdeetFE o] 49 A

2]
=ol(Seidel, 1994; Jackson, 1995; Jackson, 2008), mtDNA +4] o]<]o] SIDNAZ]
=

FHH9 RS B Fo) A5 L LRGH nBo] AT A
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AF= ZWMFEH e cyrB AE2 37FA] haplotypel &2 1AL, CO
D& 27F4] haplotype .2 Ti-H o] F FHAA BT EAEES thkdo] 9l
Hon, wd A Aol 37 o] e RAE-SM 71dE JRAlEel FdE
Aoz FHACh HPCO4E AFE emFE afAls v= Sole] Ado] d
&= haplotype©] ™, HPOO2= AlF%= 57HA$F m =7 A do] F3E <= haplotype
oz, WUAZ, U, TRald, WARAZ BE So] EANEE] ANAA
& WY, v)F dEl Adse duREEel A BhER £EE A

AS Bojen 28, & ATl BAR Lol v Alen, F 3 A

Q
~

G e w7hEe] Be F44 ARES Fobste] Ao fantid,

AFE D T, gint, 5, vxdA BRud SxEFH575 CYIB, COI
2E haplotype TAIEA S S Ho FHEFHEAR Hd
AA7Y 35 dZxoA Feidt sdFo= At & AFoA F4% T
FHEAE HJoo] FAYo|, M. nigricans, M. japonica®t TABAE HolH, =
Ao g A5 Y2 Feldman and Parham (2004)2] <1+ Ao} A= Aot}

Col NEEY ©d FAFEHE T2 cyrB A EelA 3719 haplotype o =

k|

e

B oAy gl A zAA 7193 Aol obd sz #]iEr] A, TE
Azl CYrB MEe] w34 Z3bel o | Jdl Ao sf=m, -
A BA AFE HE2 Aol 37) o] EAEENA VUE Aom BlY
sHETEEAES 20009t 2 AV SA4E FSAAES As] s

F s, o] Avlel Holw 33] o ge] EYHQl fol

St

AE A F3 Aol Tt B9 At AR
g2 F5 ALEY EASRAY 24



o7 RB3lxo] Exala o], T3 tivte] Fdo] MA Zd=ow AvEnt
= A3E HAFE Ao

2t & 4 dok =3, 1980 o] T Al HH
< AR F8E IV, S5 divke] ofdEE F9 AdE Fl 7
o, frH, ofAlol AHo R AERF FEo] Ttk HilE(Lau and Shi,
2000; Meng et al., 2002)2 F A3 = ZAyol7|= slth. HMC029t 7HgAl &
A= 1=, 5L haplotype®] twh T =, AT% o]
W tha "WA Yehd Ay g 2A Jue] EAstE T TaEFYE
AxR A sHE FdHs AR vE 2R 9 Hy A 59

X3} haplotypes

A

==

HMCO05& AlF% 27
AstH A, vt A A<l HMCL0oA #3tH o] Yehvs 4] Fdos Hol, o

MAES Uinte] s ZACA 24 E AAE0] FdH] gdes TS &

Al Ado] 23ty 1B OF CYTB, COI A Eo] BF =

=
B sl AFFe WA Fad AR o] gstAY, ofst
7RI FE el B w4 93 25 o= ofd AAGTTE H38H tH(Chen
et al., 2000). T FAG-ol= FHAA HF 2
oA UTFER AL
et al., 2008), Y1& A& djgh A
H ofAlote] iR AFY L (van Dijk et al., 2000). °]+= thvta} 5
o B SEETHEARY A e EEtaL 57 AloldA R SaE
A& A7 ol FolA AL vk AS BHoAFE Zloln, oA AFT
A, TaEFHEARS FodA g R, gintA FxoR
F 7 Tbs Aol B EAISHAINE, ot X9 A Ee] FHORE

¢ 5ol § ol walth ®8, FHETHEARL olehs, 48, 4
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AZZRE HMC097F wHEo s BXEQal, YA haplotypesS 42 #317}
A AlFE Hdo] Fa Bl vk
wek S givk Alole] AgE 1y

.

rlr
%
o,
o
Il
32
e

Aol Maets AR WYeh haplotypesol =338kl F44 T EA

.
o selsjglon], oleld At AFE W SlAARe] kel HPe AL W

S o A7 AN T FEstH v)Edd ofd) olFo® EREUY AT
(Rhinolophus ~ ferrumequinum quelpartis)s DNA A&59] AgtdH  Zo|t}pdAd
(restriction fragment length polymorphism) &A1& &3 th& A 99 At} &Y
A2 AASF AL, Han and Oh (2018)= Abol| A 28l= vwl(Falco peregrinus)
o] Holds 3elsy] 1ste] HHE4 mtDNA CYTB, COI 4 £4& 43
a4 ol Alel Holglo] nak £& Adalev]

[e]
A T
FEH UYL AEAAL. o] WX F 1k, VE Al AT FARA

M

A3} 2 A E(eryptic species) S 918 A} & 57 (molecular identification), -
A715 HFe = W 5 Fd4
BAS o] &3k tFst 5ol -3¥ L 9l th(von Helversen et al., 2001; Mayer

AR B4 ol8d A, B

o\

et al., 2007; Kim et al., 2010; Stein et al., 2014; <t 2014; 3+ 5, 2015; Thomas
et al., 2016; ©] 5, 2020). IYL)UNFTS #E st A E AT T A& =

7] FA7F a5k, AEE ¢ e ARE T gl askAR, v|Ee] ¥
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A &
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LN
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T

A tH(Darling and Blum,
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PN
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fois
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H|
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ko)
el

=

}

ko)
pal

o]

At 4 DA

=

[)
tol haplotype®] WFdS &

7]

°©

=

[¢)

=
=

7} 2t} DNA AldA 7)<
=]

ol
=

AL-8-Fl th(Hebert et al., 2003; Stein et al., 2014). ©]H oA

2007). DNA vl == o] 7]

A

1

il

)=
ERY

DNAo| 3k

3h
SH
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-

A

HA atrg skl

)

o
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2

]

A
o
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=

t}. mtDNA<2} & DNA microsatellite (MS)
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o ®Ae 997
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S ARRY BAAES 3
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R
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Agtlld A ¢ B2 A=sol "Fstal Jlow, 9F ol T 7 thiEA <
<
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Ay
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AL ogF 2] 9 o] th(Whittaker, 1998;
A Al PXe FFE OS5 S Aom odH T, EAA Gl A 9
A% £09 WM WA, AR Aot @ JAF Aol We 9T 58 Ed
g BE ARES ASA R 5o #el7t o] FoloF dtkRussell er al., 2017).

g FelA slelEel B Ao 543 ouAdwe AH4 54

, 2014). A7t

ATE=E 2002 Ful2>F(United Nations Education Scientific  Cultural
Organization, UNESCO) ‘A&7 2 % 2] 9(Biosphere Reserve) 2.2 A A% K538}l
UFe AEFo] MAdts EAAGoR ffiEo] AAMHAR FUEH=
B 2 WstE s ofF el Heksk i A=Fol EFE 7l A
e

01[‘1

7}s 73 o] E=UH(Vitousek, 1988; Tershy et al., 2015; Bellard et al.,

o) -
2016). SeFe Fow A Yeld FFo| T =X Yl BLAN

AR Fa A4 B AgANG Pz A A5Fe =3 AFl
el = B A dasiy, ARFrE o BEEAY MAo] o] F

|
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AFA Gl M= 43 65 1152 27 Fo] Slwglon, A5 T A
Ag7b S7kehs Fdom IRJIHAA, dEE= A F F

G-7F A HA Y, 2015), A Ee] @s; vheto] el aclew g8}

T Qo] EAISHE FAAIRE ©]83te] genomic DNAES F
R4S WHOR FE9V1F9 mUHY, A9NAF FAE AT ATE
o o] 8% th(Ficetola et al., 2008; Taberlet et al., 2012; Gargan et al., 2017, Adams
et al., 2019; Freshwater Habitat Trust, 2021). F<toll& FA-IFFFe BETH7E
I ejejFe] A2 AE FHete] eDNA A o] AL glom, ojejgh A5 W
o] gYAE YSH A H(Dejean et al., 2012; Olson et al., 2012; Davy et al., 2015;
Feist et al., 2018; Akre et al., 2019; Kirtane et al., 2019).

=

ANHA Rl A& F2AIA AIZA s 22 BAE2 e, 24 8N B

A

ZARA] gt wel Aafe] x}o]E K QIth(Browne and Hecnar, 2007; Davy and
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