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ABSTRACT

This study was performed to provide the biological characteristics, and to estimate
the origin of maternal lineage of American bullfrog in Jeju Island ecosystem. Firstly,
the distribution and type of inhabitation, the number of individuals, and the
morphological feature of adult bullfrog and tadpole of the American bullfrog were
investigated. Then, the origin of maternal lineage was estimated by the analysing the
NDI and CTYB haplotypes in American bullfrog populations. American bullfrog and
tadpole were founded at 110 investigated Jeju inland wetlands (including 109 sites
and previously reported 1 site) out of 320 wetlands, indicating that it has been
gradually spreading. Although 107 sites were limited in western part of the Jeju
Island, bullfrog's inhabitation were founded in Namwon-eup and Bonggae-dong as
well. The average number of adult bullfrog was 7.8 individuals/site, ranged from 7.0
to 7.9 individuals/site, but no adult was found in Bonggae-dong. The number of
adult-finding site was greater than that of tadpole-finding site, which is same with
previous studies documented that the habitat dispersal of American bullfrog was
resulted by geographical dispersal of adult frogs. Average body weight and average
body length of adult frog is 321.3£129.40 g and 337.8+33.59 mm, respectively which
is also similar with previous reports. A positive correlation (R*=0.6997) was found
between snout-vent length and body weight of adult American bullfrogs. Hindfoot
length of male is longer than that of female (p<0.05). Tadpole of American bullfrog
showed significant differences in every measurement for external characters (BW,
TBL, HL, HFL, and FFL) according to their habitats, suggesting that environmental
factors of habitats may strongly affect the growth rate of tadpole. From the results of
haplotype analysis for mtDNA ND/ gene, two different haplotype (BNHO1 and
BNHO02) were found in 85.7% and 14.3% frequencies. BNHOl was founded
predominantly in Daejeong-eup and Hankyeong-myeon, but BNH02 was just founded

in north and northeast parts of Hankyeong-myeon and southeast part of Daejeong-eup.



These results represent that American bullfrog introduced in Jeju Island has more than
two maternal lineages or they have been introduced more than at least twice. Natural
dispersal by adult frog can be estimated based on the result that frequencies of NDI
haplotypes of adult frog and tadpole were different by habitats. In addition, the
imbalance of genotype distribution between close distance groups may be supposed the
artificial translocation for dispersal. Even though the a few sample was used for NDI
haplotype analysis, the Korean Peninsula population has not only much more number
of NDI haplotypes than those of the Jeju Island population but it also includes all
haplotypes found in the Jeju Island population. The similar results from the haplotype
analysis of CYTB gene were found between these two populations and can be
supported by the results of phylogenetic analysis. These findings can be considered as
molecular evidence that the Jeju Island population of American bullfrog were
introduced through the Korean Peninsula. In addition, there is the possibility that
multiple maternal lineages have been introduced via Korean Peninsula at the same time
or several times. Moreover, maternal lineages of South Korea and Japan has close
relationship from the perspective of genetic structure and also Chinese maternal
lineages is very much similar with them. Previous reports described that the European
populations of the American bullfrog have both eastern-lineage and western-lineage, the
maternal lineages in East Asian Counties (Japan, China and South Korea) are almost
based on the origin of western-lineage that came from southwest part of USA. The
findings of this study concluded that haplotype currently founded were introduced after
sequence differentiation in North America. However, more researches should be carried
out to figure out accurate phylogenetic position of BCHO3 that was not clearly defined
yet. In addition, most of American bullfrogs in the Jeju Island and the Korean
Peninsula are determined as population undergoing genetic bottleneck event or founder
effect because they has low levels of genetic diversities of haplotype diversity as well
as nucleotide diversity. This study will provide important biological information for
management program for this invasive alien species American bullfrog in not only Jeju

Island but also entire ecosystem of South Korea.
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1. 82+ =le] 4=55 Y

ot gl 77 ARl T FA T F A2 (American bullfrog, Rana

catesbeiana) (Shaw, 1802)E DA oA A G7}A] WL A Fol| X3},

gt E e F5ol-FE Zol(snout-vent length, SVL)7} ¢F 20 cm, #|52

°F 800 gell °l=Z% Rana %olA 7HE 2 A8# & stuelth Ad AEiA

A FaiTEe 1 39 o 631 AMelA 28 53 o] B && g (McAuliffe,

1978; Ryan, 1980; Medeiros et al,, 2016), & WA AF &3 34 LAS

Ehlich g-2uel e Al A Favlarel el Helrs wFT, v, Y] A
E!

i

Aoz dHA kA, 1972; #), 1976; 11 5, 1991,
7, 1992, ¥rak A, 1995, A a1, 1998; #H &, 1998; ©] &, 2015). H=gF A A=
T Wol af AEH A P& dEe] wlg AHH &, 1998; Garner et al,
2006; Govindarajulu, 2006). 271727 =948 A FolA & IAF To-SFd
MATe] FHE=7F FAastai(Moyle, 1973; Fisher and Shaffer, 1996; Kiesecker
et al.,, 2001, Blaustein and Kiesecker, 2002; Kats and Ferrer, 2003; Pearl et al.,
2005; Li et al, 2011a, b), F&7h72 SAol= 7i7 2l ¥ (Ranidae), +7 48]
(Bufonidae), % 7l2] 2(Hylidae)®} EfolA =F8 FAES Holdo=z o] &
st 4 v B a1 E v (Kupferberg, 1997; Adams, 2000; Boone et al., 2004).

AR ANA FaoNTe 7 2% T3 2ol F Lzl Holdl Bub ofyg



YAFE ESste] A9 2AAE 4EA Jdd FETF[F, EhHTF, 2F SHAE
A2 3ch= Ho] L AW A (Beringer and Johnson, 1995; Wylie et al.,, 2003;

Wu et al., 2005, Wang et al., 2007; ©] 5 2015), -z Ae A= AFEA
Gl A2 AY gl AR FHIL AT, 1992, FH 5, 1998). g
i, A7) EoF FARY EFAN s Tl o Faviate] hFElEe] A
gol o2t Aol deA7IE oy, o] AIZE o]fol= FARIIA R AT
T2e Holzh "= Aol v At A, 1994; F 5, 1998). A7)
ot AeAL s Hold s wE FAHA 2 BT graint of
Y}, aolz] %] 9 (chytridiomycosis) @} #Zo] A Fol A=l A4

3t Aor%® A4 A drk(Berger et al, 1998; Daszak et al., 2004; Hirai, 2004;

it
rir

Garner et al, 2006). 9¥¢] Honshu, Kyushu °F¥ 3F&777 HuolA
chytridiomycosis 913 Batrachochytrium dendrobatidis® & E°] v & 4A
FEo vla =& Aoz HuEAdtHGoka et al., 2009).

AFEe FHEFEH AT AVE FaATIE dHEAS] JUAYFoRE §
gupeHEnt ofyel Fas I G ofAlol HIFE Yt = AEHAE nwelar
A tHGarner et al., 2006; Liu and Li, 2009; *= %, 2017). =W A& 1998y 24
A A Lo 55 (H 5, 1998, 745, 2000)= A A Ho] #AFo=z &7
aoden, d AAACRE AAAAR A AW (International  Union  for
Conservation of Nature and Natural Resources: ITUCN)o| A A4 A AA 100
g #<deHF(invasive alien species) & 3FHo|th(Lowe et al, 2000; TUCN
2003; 27 H-, 2006).

2. 2+l ® HAN B2

ST s dAARD = JRet 5 Ayt A= Quebec HH-9F
Nova Scotia, New Brunswick A9, @& o 2= WA F 2] Veracruzol| 7}A #3E

atar ltH(Frost, 1985, 2015). 1800t w=roll A A go = 75 7] A2 o



oA AAeR el gt

T E 20 A7) 2 XN ZE EQHQa, @At = A TS
BEe o FAHI vk Fuiel FEE I E 19359 HvE ) on,
Hawaiioll = 1800 dthHol =9jwfol d Ado= St ol9fd= T =]
U7t st 3 Aee]zbel = =91 ¥ 2tk (Mahon and Aiken, 1977; Kraus, 2009;
Santos-Barrera et al., 2009). wolulg)7lol & E9lxom, W Fda, ZEH)
of, E-g|H]ofe]] wjE o] Qhullz=Abd Qlto] AMWH I FhEHE] A7tA] EatE S
t} (IUCN SSC Amphibian Specialist Group, 2015). ¥|F9lA % Amazon Basin
W HEF A Limaol M= s glom, oteast Hepdo e @2
T AALECl FAsIA o, FFIo], of2dE ol =] ¥ AtH(Laufer et
al., 2008; Santos—Barrera et al., 2009; Sanabria et al., 2011, Medeiros et al.,,
2016).

2, olgrelol, WjEehs, dvla,

om, Wyjo, s 5, TgX ojdd] o}

ofrlotoll M= Heju, o] Ao}, JIEUAlo}L B, A7FEE Sl Wy
ATHIUCN SSC Amphibian Specialist Group, 2015). T3t FFo] A= 1950 f
R o 7RE 9% /A Eo] Shanghai, Zhejiang, Tianjin SollA] %2 ¥ A
o A, oAl FupelAREE 23, 32k FYE Fd =dE MAE]

Guangdong Aol Al FAo AFFstFar o] F FAolA EE3 of HddEol

AL

ro

H
Hunan, Hubei, Yunnan, Guizhou, Zhejiang & EE¥vF olyz} A x| oA
PR, gk Fud HA6 o3t Wiy o H4o oAk ofAstE Sl

tHLi and Xie, 2004; Liu and Li, 2009; Liu et al., 2010; Li et al., 2006, 2011).

g

B
ol

A& A 1917d =iEol FA el AEela, ol AAHAR FitE o
HA = Ok %ol 918 Ishigakijimaol 4 %8 Hokkaido #4741 A<l d =]



o)A

L

¥ a1 QtH(Teleford, 1960; #, 1972; Minowa et al., 2008; Goka et
al., 2009).

3. a+telel S olel HA

AN

SEuetel = 19599 JEORFE AE&S HHOF M FAAE Gl A
AE 40 MAE oz s Alestdoy Adedvh(d &, 1998 274 5
2005). 1971l = ohA] Y2 o 2HY 5 A4S FYste] Aul, A9 Alsol 433
Row Halo] g SAolE A& FTE, xS AXY A= AlET
G A AFel] WRAbaRTH(A, 1972, 1973, 1975). ol % 1972 49 9 A, 5¢
100 /WA(RA 50, =2 5008 F7t2 F9hste], GFEL AT AR o
A AY AR o WAela, 1973 59l ®= F9F 200 MAS FrrE A48
o] abebalAl st TH(R, 1973, 1975). A (1975) )3 &l ] ol A

A
AP ESHES 19740 A 2o B4, S nlgE B O A%

u‘}L
k1

ol

Lo

715 FAHA 2AbEe AR = W AR SOl & 20 AAE HARske] 22

a 6479 Afolol HEAow AdAATT AT WAL %47

1970 ) AjvkSfs o F7FASAY S
Aom SJEHAT(H &, 1998, =, 2002; ©] &, 2015). 2t Ho|] 5 7tthE -
BEEAz A% B 5, td Aol g de, =W A stre] Ho)
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HAY, A9 el wel B2 U Ad AEHAR F9EH A T
HAE A, 2015; © &, 2015). %
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4478 Aol BExaga sgo), o] Fo 2AE Faf dubmel i x93
s, gesdaded, I, AFE & B2 A AdelA e dAHIL Ut
(H %, 1998; ¥} 1999; A 5, 2000; % 5, 2001; F}HAF 2005 £, 2005 29

F, 2007; 3, 2008, 2009; 7, 2009; &3 A, 2010). 53] AepdE, AIE B
R Aol wAsE 447 e Bk olueh, AAFE WS o} o E
o o5 WA AE, FAF A Fol WM WAW FFEOD wIH AT
, 1994, #H 5, 1998; #A¥ 11, 1998; 745, 2005). A

NAE 1980 th7HA FaATe ] F@L ¢
ol T Y YEA s AelEel FeiAwA FaATE A
oA AAERE FAH7 AGHAT, A¥ D AR A9 HALFo| Wol
A7) % SHTHE, 2002).
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4. JUe Fao+e At

selet A gaTded dE ATE 197090 FaATel mele we
A AFEAD dig A4 T(H, 1972, 1973, 1975; Hl, 1976)& Al &stdA o
4x RESE AAYHAANA ol g3 Hold A, FaATe T

.
AE A £HW EAG A AFL AF )& W

<y

of F& o]Fa 3
th(al &, 1991; 7, 1992, &3 &, 1994, = &, 1998, A3 31, 1998; &7 5,
2005; ¢k &, 2007; &3 A, 2010). A AL Gl E Y o® 3 st
A £A4S Fote FEed #AdE A% Vo R AwdaAsts ATAAE

T BuHEdn. S5 FACdA ST A 49 sk R
polychlorinated biphenyls®] &aFo] H-ofo] H]a)] 22-47v] AL 2 FF9]
S AL &, 2003, 2004a, 2004b; o] &, 2004a, b), 7 FAHAA = Fofol H
of 4% dioxinFeo| el ¥ Busdvi(E 5, 2005). 3

A AR sas)TFele] Hure] Aol Y ] EuAye
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o,

Tu
vitellogenin®ll Wt A& Sl G, 54 & T2 FTA FAAEHLS A
A4 A ER 7] Aefelte]l #H A, vitellogenin-5°] % A e F3h
TAll e AFAEo] BEHVIE stAtHLee et al, 2006; A =, 2008;
4 5, 2008). i T HAT A A AFANES HANH F A%
Bol A PiEHEAe tidt WS AEXEe] Bx 2 EA #I AF(e] F,
1998, 1999; A} ©], 2001), AAFA #H&H AFE(3Lek o], 2001; o2k = 2005)
o] X% St}

5. 2Tl AS wdaA A+

oM ZZ =R F 11 HAAA A

A mEFE=g o} DNA (mitochondrial DNA, mtDNA) NADH dehydrogenase

1 (NDD +3d# Medse vt 23, FFA-UFA-aALET, g

FAr-HEw F FJEom FREHAR e 1 JhAlE o= FHokol = &sHA
pe

i, A% RE Ado] wxdA Hid AMEdHE v2H, U AAE ol

T 2lo 4= Austin et al. (2003b)e] HWAF Rana £ 7R+ FE°9 mtDNA
cytochrome B (cytB) {7 A¢F ND2 A 29 t384d S +AZ Rana %9 3}k
ot Age Ae Rusda, FaTE e e g4 EExE T %
3l o]F H ol HEibo] o Atz Aekst vl E3F Austin et al. (2003a)
microsatellite (MS) 323 #£4& T3 FaMrges HA-\IFA A
(female-biased dispersal)®] F+H4 THE AAstAT MS FHx8 9] 3o
et AA3E ERE Ontario HFFA oA F=7& G2 JdEo] 74

Ao mFol dAslo] Ym, AH FFo| Aol gt AuEolgm st



(Austin et al., 2004a). B=3F Mississippi 4 FHA 92 w=o FT-FH 29
s ool mtDNA cytochrome B (CYTB) 32 A o] & 41 719
haplotype2. & W% i, Z A= western lineage®t eastern lineage® &%,
western-eastern lineage®] +3l= 1.86-248 wWiwt {3 H(million years ago,
MYA)S 2 FA3stAtH(Austin et al., 2004b; Austin and Zamudio, 2008).
Ficetola et al. (2007)2 Z&2 A 299 2500 7} o] e FAA &

/e B3 o 2000km” ool A FajTEEe] AN, FE HelH 7

Al ool AyPHATh FAEA H(Ficetola et al, 2008a). Ficetola et al.
(2008b)& 37 DNA(eDNA)e] i3t Adds =3 A9 A2s Felsty]
%= 3F9ith. Kamath et al. (2016)2 CYTB haplotype2] Wlx=¢} x]g8]% X ZE n}

Eo]'.c_).i El]% Montanaoﬂ/\‘] E?:]]:?l- ﬁ%%o] HELH-CI/] del, *1:_:1—“8] Yellowstone 701—01]

A RS mFo] AR Aold e 32 AT E FHe AA gt
ol g} 217kol ]38k o] 5 (translocation)?] ZAI}2 7]& 3t}

6. NF=o F2M+e] 2= AHof gt A+

r

AFEe] FRATAL 98 AN FALCR GART dE ABE 9O
19709 S Bgg Qo) srblA A8 AR A Aeow
P57 AT Aow deld ATHATE 5, 2000, 1 §4%sh vk}
A2 AR earge] WA o} bl Ael P Assgm
Age] AFEm offor E4td Aowm FAHSL AuAFE 5, 2001 L,
2005, .9, 2007). AFE AABANN FaTe BAE A ATA(1993)
of A A FAFET BAF LA ARG st AL
&

N8 itk ol F AFE S(Q00DES @AY AFEA A

[‘
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(2000)= &FAFA ek FAF-Is7F AN THE FAF T G
27t 57.7%°l o2& $HFToE Edst
B gt #EHdu L sdv A @9l gaviay B2
&, 1990l A AFoll M= AFA ok AT EA Fas)427t FxeA Fet
AL EATh 2(2005)= 1988ddl= MAEZA FEEI FHdF, AFA L
ZbzZy A 1 A7 28E 8p Qo 20056 = FAF Aol = A E A gkttt
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o. A= R ¥H
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Figure 1. Preliminary monitoring sites for the American bullfrogs in Jeju Island. All wetlands described in Oh (2013) were screened for
the American bullfrogs from March, 2015 to April, 2017. Squares indicates each monitoring sites. Detail information of each monitoring
site was recorded in Oh (2013).
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TBL

Figure 2. External measurement of the adult and tadpole of American bullfrogs. A, adult; B, tadpole. Measuring methods for each
character are given the Materials and Methods. TBL, total body length; SVL, snout-vent length; HFL, hindfoot length; FFL, forefoot
length; HL, head length, TL, tail length; HLL, hindlimb length.

13



£ wlasty] fste], Az HA
skt A -7t A4 o] (sexual dimorphism)e]
e FAEE EE i gS student t-testE o] &3kl EASFA AL, oA

5% A FFFol A AT Fadle Aol 13 7He A2 A ol A

Fol 9
FAAYD, o] F Aol 10 AA ol FPH 8 A AAANA Z4H Am

e
filo

o]

olot
o
=
-
Au)
oX,
™
IS
il
o,
to
T
oftt
fuj
o

S Hlustge. AAXZE vlues dYufx] F4HEA (one-way  analysis  of
variation, ANOVA)E AR&3FR L, oA Apol= 959% Aol A A58l
ot A 7F gsuj e Tukeyd HSD A AW (Tukey, 1949) 0 2 HI a3} &
Al &A1 SPSS Statistics 19 (IBM Inc., USA)E ©] &3}t

rln
o

6. Genomic DNA &g

FHL AR T A= Hdiver) oy sltky] 255 A Fstel DNA &2 o]
g3l SAqol= g dFE difste] ol &t FHA ML vdAd
H] ! 2

FH(RCA090)S] A= (3 v 200D A kAo dtelA AAHA
Ase AFdga Aetusy sExEdd Base] 129 d7es distd
DNA #3 o ]85ttt DNA #2 &= DNeasy Blood and Tissue Kit (Qiagen,
USA)E o] &3] 02 g AHEE 15 ml microtubed] =71 & ATL 180 ul,
proteinase K (10 mg/ml) 20 ulE # 7}t 56°C 420l A
w7} 2] wj ettt EaE S=&fo] 200 ule] AL bufferE #7138
10 #3F 9hSAIZ T whgo] 2 F8& e 200 ul eSS e F et

glato]

Al
o

(o
ol
o[Nt
12

7FS- DNA micro-spin column®| =% t}. Membrane—filter©l

M



225 DNAE AW13 AW2E A|&H3ta, TE buffer (10 mM Tris, pH 7.2; 1
mM EDTA, pH 80)d o 3439tk &Hg DNATE Nanodrop N-1500
(NanoDrop technologies Co., USA)So. 2 X9 A4S =43 T A260/A280,
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F Tt

ol

reaction, PCR)& 93 3o =2 o] &

7. mtDNA CYTB, ND1 R X} HFEOf Cigt PCR 5=

F=3% DNAS F3o 2 a7 CYTB9 NDI 32 dael gk o7
MEs 471 9g PCRE Fdstdth 44 £%& 918 primer= National
Center for Biotechnology Information (NCBDol| &=t} dXolA Xy 327)
T8 mEZ=Eol A AA A E(ABT61267, KF049927)S ©]&3F¢] Primer3
web program (http://biotools.umassmed.edu/bioapps/primer3_www.cgi) &= Il

ot&l 9l tH(Table 1). PCR ¥4 MaximeTM i-StarTag PCR Premix (iNtRON

—
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3t 2% PCR AHES QIAexIl Gel Extraction Kit (Qiagen, USA)E o] &
sto] AAlstal, PCR WHgol Al AFE-3F primer2t DYEnamic ET-Dye Terminator
Kit (GE Healthcare, USA)S ©]&3l9] DNA sequencings $3F ddNTP
dye-termination %3S 33ttt DNA sequencing ¥ MegaBacel(000
(Amersham Pharmacia, USA)S o] &3ste] A7sta, |A7IES 243 4
A¥ 9L BioEdit ver. 7.25 (Hall, 1998)% o]&3le] d7|de] 24 A<}
Hol 4o =3 FHE Agdstsdnt

9. 2 EF =% wEY OYY 24

FAA ME A4S B3 2AHE NDI ALS o83t 2A & FxE &
At AFE FaTE A=A NDI 32 dHES PCRE 33t
DNA €71 de Z2A At =3 2 d%5 x5 "= Jdd Hastr] 9
skl CYTB #+34 MES &40t CYTB +3d2ke] vdddat
g8 Al o83 NDI e v A¥t(linkage) o175 8% EE
AA wgE A7 LS Blalete] Frbskith. NDI haplotypedl A UERd B

ol MEE2 CYTB FHdxast ¢bds] das o] ATt AF=(n=44)%}
B E vA (n=3), @ (n=4)A R Fasle 51 JHACA CYTB
4% Mde PCRE ZZste] DNA d71Mde AAsdv. A48 NDI
CYTB 71X ¥E &2 BioEdit ver. 7.25 (Hall, 1998)= <l3s}al, NCBI database
o] 1 Basic Local Alignment Search Tool (BLAST; https://blast.nchi.nlm.nih.
gov/Blast.cgi) AXMES Fal 7]Eo] Hud AE@ Hlusidt. 44889 AEES
BioEdit ver. 5 (Hall, 1998)= &<l%t 3 CLUSTAL W program (Larkin et
al., 2007)% tsAH3ta, DnaSP v5 (Librado and Rozas, 2009)E ©]-&3}¢]
haplotype< gttt AAxdEZ ZAAE  haplotypee tFA (haplotype
diversity, Hd)?} 971 <E9 v (nucleotide diversity, =n), - HA4 A4

(neutrality test) Tajima’'s D < AFE3le] 43513t
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Table 1. PCR primers for CYTB and NDI genes in the American bullfrogs used in

this study
o PCR product
Gene Name Sequences (5'—3") length (bp)
CYTB CYTB F GAA AAT CCC ACC CCC TTC TTA 9438
CYTB R CAA TTG GGC GGA ATA TGA GTG
NDI NDI1_F TGC TCC TAT TCT CCT CGC AG 802

NDI1 R TCG TGG ATA TGA AGC TCG GA




A ¥ haplotyped] W3t AT FAFALY A4S MEGA 7.0.14 program
(Kumar et al, 2016)< ©]&3tdth. 314 AgA S+ best model test %83}
o] AA¥ TN92: Tajima-Nei's model (Tajima and Nei, 1984) 2 AF&3F3 ) Al
T AL AEHE AYAFE HPE S ZE neighbor-joining (NJ) (Saitoh and
Nei, 1987) treeEs 2 3tA k. & 3}hA| fHdivergence time)9] 742 Austin and
Zamudio (2008)e] Hire] AAE AR Favh 1WRbERE Wl &
Martin and Palumbi (1993)¢] #|Algt M2FE oo =d d7|¥e] &

(0.69%) 3 W& d71¥o] FF(24%)= <712 A&t
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Figure 3. Observation sites of American bullfrogs in Jeju Island. A, Location of study area; B, geographical distribution of the finding
sites of the American bullfrogs in this study. Dots on the map indicate each finding site of the American bullfrog. All information of

each finding site are detailed in Table 2.
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Table 2. Observation sites of the American bullfrogs in Jeju Island

No. of -

Site no. Coordinate Province bullfiog found Relerence

AT 2000 2007 2009° 2011F 2013 2015 This study
RCA00I 33° 16 51.11"N 126° 42 31.13'E Namwon-ri, Namwon-eup, Seogwipo-si 11 ++ 0 0] 0]
RCAOM2 33° 17 1081"N 126° 42 05.69'E Namwon-ri, Namwon-eup, Seogwiposi 3 + 0 0]
RCAO03 33° 15 4126'N 126° 14' 45.18'E  Dongjl-i, Dagjeong-eup, Seogwiposi 10 ++
RCAOM 33° 14' 5551"N 126° 14' 4751"E  Dongjl-ri, Dacjeong-cup, Seogwiposi 8 0]
RCA005 33° 16 4551"N 126° 14' 51.65"E Mureung-i, Dagjeong-eup, Seogwipo-si 2 0]
RCA006 33° 16 42.93'N 126° 14 52.61"E Mureung-1i, Dacjeong-cup, Seogwipo-si 1 0 0]
RCA007 33° 17 10.14'N 126° 14' 50.59'E Mureung-ti, Dacjeong-eup, Seogwiposi 2 +
RCAOO8 33° 17 21.81"N 126° 14' 51.75'E Mureung-ti, Dacjeong-cup, Seogwipo-si 24 ++ 0 0]
RCA009 33° 16 5.79'N 126° 14' 1948'E Muwreung-ri, Dacjeong-cup, Seogwiposi 6  ++ 0O O
RCA010 33° 16 20.02'N 126° 14' 11.12'E Mureung-ti, Dacjeong-cup, Seogwiposi 33 ++ 0 O
RCAOL1 33° 16 32.10'N 126° 12 46.61"E Mureung-ti, Dagjeong-eup, Seogwipo-si 3 0
RCA012 33° 16 427'N 126° 12 36.89'E Muwreung-ri, Dacjeong-cup, Seogwiposi 4  ++ 0]
RCA013 33° 16 13.89'N 126° 12 3831"E Mureung-ti, Dacjeong-cup, Seogwiposi 6  +++ 0 0 O
RCAO014 33° 16 40.85'N 126° 12 35.86'E Mureung-ti, Dacjeong-cup, Seogwipo-si 24 ++
RCAO15 33° 16 12.58'N 126° 16 19.36'E Boseong-ti, Dacjeong-eup, Seogwiposi 7 +++
RCAO16 33° 16 13.54'N 126° 16 1887'E Boseong-ri, Dacjeong-eup, Seogwiposi 4 +
RCA017 33° 15 18.69'N 126° 16 16.03'E Boseong-ti, Dacjeong-eup, Seogwiposi 8§ ++ O O 0]

RCAOI8 33° 15 217N 126° 15 4981"E Boseongi, Dacjeong-eup, Seogwiposi 2

RCAQI9 33° 12 5802'N 126° 17 243'E Sangmo-i, Dacjeong-eup, Seogwiposi 4 +

RCAO0 33° 14' 1540'N 126° 16 5830'E Sangmo-i, Dacjeong-eup, Seogwiposi 2

RCAQ2I 33° 14' 1199'N 126° 17 00.78'E Sangmo-i, Dacjeong-eup, Seogwiposi 2

RCAO2 33° 14 2791"N 126° 16 S8.77'E Sangmo-i, Dacjeong-eup, Seogwiposi 3 + 0
RCAO23 33° 13' 4848'N 126° 16 3967'E Sangmo-t, Dacjeong-eup, Seogwiposi 5
RCAO4 33° 13 45.19'N 126° 16 44.13'E Sangmo-i, Dacjeong-eup, Seogwiposi 4
RCADS 33° 12 4192'N 126° 16 2653'E Sangmo-i, Dacjeong-eup, Seogwiposi 2 +

(@)
SO O O O O O O O O O O O O O O O O 0O o o o o o o o o o o o o oo

RCA06 33° 13 10.19'N 126° 16 1139'E Sangmo-i, Dacjeong-eup, Seogwiposi 11 +++ 0 0
RCAQ27 33° 17 OLII'N 126° 12 S403'E  Sindo-ti, Dacjeong-etp, Seogwiposi 7 +++ 0

RCAO28 33° 16 5581"N 126° 12 1155°E  Sindo-ti, Dacjeong-etp, Seogwiposi 12 +++

RCAO9 33° 17 649N 126° 11' 4749'E  Sindo-ti, Dacjeong-etp, Seogwiposi 11 0 0 0 0
RCA30 33° 16 2220'N 126° 11' 1999'E  Sindo-ti, Dacjeong-etp, Seogwiposi 2 +

RCAO3! 33° 16 25N 126° 15 28.74'E Sinpyeong-ri, Dacjeong-eup, Seogwiposi 20 +++ 0
RCAOR 33° 15 449N 126° 15 9.39'E Sinpyeong-ri, Decjeong-eup, Seogwiposi 12+ 0
RCA33 33° 16 1806'N 126° 15 49.60'E Sinpyeong-ri, Dacjeong-eup, Seogwiposi 26 +++ 0
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Table 2. Continued

No. of -
Site no. Coordinate Province bullfiog found Relerence
AT 2000 2007 2009 2011F 2013 2015 This study

RCAO34 33° 16 2038'N 126° 15 48.14'E Sinpyeong-ti, Dacjeong-cup, Seogwiposi 6 + 0
RCA35 33° 14 55.72'N 126° 17 1765'E Anseong-ti, Dagjeong-eup, Seogwiposi 32 + 0
RCAO36 33° 14 5345'N 126° 17 1698'E Anseong-ti, Dacjeong-eup, Seogwiposi 3 ++ 0
RCA037 33° 15 30.18'N 126° 16 4351'E Anscong-ti, Dacjeong-eup, Seogwiposi 6 + O O 0 0 O
RCAO38 33° 15 42.09'N 126° 13 3154'E Yeongrakti, Dacjeong-cup, Seogwipo-si 2+ 0
RCA039 33° 15 2946'N 126° 13' 483'E Yeongrakei, Dacjeong-cup, Seogwipo-si | 0
RCAO40 33° 15 1008'N 126° 13 13.69'E Yeongrakti, Dacjeong-cup, Seogwipo-si 4  + 0
RCAO4L 33° 14 4067'N 126° 12 4995'E Yeongrakei, Dacjeong-cup, Seogwipo-si | 0
RCAOA2 33° 14 4329'N 126° 12 4593'E Yeongrakei, Dacjeong-cup, Seogwipo-si | 0
RCAO43 33° 15 3124'N 126° 13' 181"E Yeongrakei, Dacjeong-cup, Seogwipo-si 2 0
RCAOH4 33° 15 43.90'N 126° 12 4204'E Yeongrakei, Dacjeong-cup, Seogwipo-si 8  + 0
RCA04S 33° 14 5731'N 126° 12' 322'E Yeongrakei, Dacjeong-cup, Seogwipo-si 2 0
RCAO46 33° 14 4833'N 126° 16 3487'E Inscongri, Dacjeong-eup, Seogwiposi 2 ++ O O 0 o0
RCAO4T 33° 14 4784'N 126° 16 3734'E Inscongri, Dacjeong-eup, Scogwiposi 11 +++ 0 o0
RCAO8 33° 14 22.73'N 126° 16 3878'E Inscongri, Dacjeong-eup, Seogwiposi 2+ O O 0 0 O
RCA0H9 33° 14 06.12'N 126° 14 3965'E  Ilgwari, Dacjeongeup, Scogwiposi 4 + O 0 0 O
RCAOS0 33° 15 2.82'N 126° 13 5444'E  Iigwai, Dacjeong-eup, Seogwiposi 5 + 0
RCAOS] 33° 14 2163'N 126° 14' 279'E  Iigwari, Dacjeong-eup, Scogwiposi 4 0 0
RCA0S2 33° 15 0.19'N 126° 19 (299'E Sagyeri, Andeok-myeon, Seogwiposi 18 +++ 0 0 o0
RCAOS3 33° 13 45.93'N 126° 17 35.11'E  Sagyeri, Andeok-myeon, Seogwiposi | 0
RCAOS4 33° 13 2727'N 126° 17 4082'E Sagyeri, Andeok-myeon, Seogwiposi 4 + 0
RCAOSS 33° 24 3043'N 126° 36 2740'E Bonggae-dong Jejusi + 0

RCAS6 33° 18 4432'N 126° 12 2427E  Gosanri, Hankyeong-myeon, Jejursi 12 ++ 0
RCAOS7 33° 18 0428'N 126° 11' 5535'E  Gosanri, Hankyeong-myeon, Jejusi 4 + 0
RCAOS8 33° 18 1008'N 126° 11' 5265'E  Gosanri, Harkyeong-myeon, Jejusi 2 + 0
RCA0S9 33° 18 2040'N 126° 11' 51.95'E  Gosaneri, Hankyeong-myeon, Jejursi 1 0
RCAOG) 33° 18 4121'N 126° 11' 407E  Gosanri, Hakyeong-myeon, Jejursi 12 ++ 0 o0
RCAOGL 33° 18 2462'N 126° 11' 3896'E  Gosanri, Harkyeong-myeon, Jejursi 23 ++ 0
RCAOG 33° 18 3340'N 126° 10 5686'E  Gosanri, Hakyeong-myeon, Jejursi 11 ++ 0
RCAO63 33° 17 080I'N 126¢° 10' 475'E  Gosanri, Hankyeong-myeon, Jejusi 8 + 0
RCAOG4 33° 20 5147'N 126° 12' 228'E - Geundeungri, Hankyeong-myeon, Jeju-si 2 0
RCAOG5 33° 19 5989'N 126° 14 1431'E Nakcheon-ri, Hankyeong-myeon, Jejusi 4 + 0 0 o0
RCAO66 33° 19 1644'N 126° 13 4823'E Nakcheon-ri, Hankyeong-myeon, Jejusi 2 0
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Table 2. Continued

No. of -
Site no. Coordinate Province bullfrog found Relerence
AT 2000 2007 20090 2011 2013 2015 This study

RCA067 33° 19 1841'N 126° 13 44.80'E Nakcheon-ri, Hankyeong-nyeon, Jejusi 2 + 0 0 o0
RCAOGS 33° 19 1920'N 126° 13 42.67'E Nakcheon-ti, Hankyeong-myeon, Jejusi 3 0
RCAO69 33° 19 1992'N 126° 13 44.02'E Nakcheon-si, Hankyeong-myeon, Jejusi 2+ 0 0
RCAOT0 33° 19 3209'N 126° 13 39.53'E Nakcheon-si, Hankyeong-myeon, Jejusi 2+ 0
RCAOT] 33° 19 2845'N 126° 13 2944'E Nakcheon-ti, Hankyeong-nmyeon, Jejursi 14 ++ 0 0 o0
RCAOT2 33° 19 20.11'N 126° 13 3639'E Nakcheon-ti, Hankyeong-nmyeon, Jejusi 40 +++ 0 0
RCAOT3 33° 19 17.06'N 126° 13 27.04'E Nakcheon-ti, Hankyeong-myeon, Jejursi 1 0
RCAO74 33° 19 14.80'N 126° 13 26.73'E Nakcheon-ti, Hankyeong-myeon, Jejursi 2 0
RCAOTS 33° 20 3197'N 126° 12 3825'E  Dumo-i, Hankyeong-nyeon, Jejusi 4 + 0 0
RCAOT6 33° 20 3041'N 126° 11' 5845'E  Dumo-si, Hankyeong-myeon, Jejusi 3 + 0
RCAOT7 33° 20 2723'N 126° 12 (275'E  Dumo-si, Hankyeong-myeon, Jejusi 12 ++ 0
RCAOT8 33° 20 269N 126° 12 1030'E  Dumo-si, Hankyeong-nmyeon, Jejusi 3 + 0
RCAOT9 33° 19 3051'N 126° 11' 4031'"E  Dumo-si, Hankyeong-nmyeon, Jejusi 2 + 0 0
RCAOS) 33° 20 1342'N 126° 11' 4301'"E  Dumo-ti, Hankyeong-myeon, Jejusi 30 ++ 0 0 O
RCAO8] 33° 20 1573'N 126° 11' 4137E  Dumo-i, Hankyeong-nyeon, Jejusi 2 + 0 0 O
RCAOR2 33° 20 11.38'N 126° 11' 4081'E  Dumo-ti, Hankyeong-myeon, Jejusi 12 0 0 O
RCAO3 33° 21' 13.02'N 126° 11' 33.76E  Dumo-si, Hankyeong-myeon, Jejusi 6 ++ 0 0
RCAO$4 33° 21' 07.62'N 126° 11' 2697'E  Dumo-ti, Hankyeong-myeon, Jejusi 4 0
RCA8S 33° 21' 1137'N 126° 11' 884'E  Dumo-ti, Hankyeong-myeon, Jejusi 4 0 0
RCAO86 33° 18 35.59'N 126° 11' 622'E Yongsu-ti, Hankyeong-myeon, Jejursi 2 0
RCAOS7 33° 19 1000'N 126° 11' 1792'E  Yongsu-ti, Hankyeong-myeon, Jejusi 25 ++ 0 0 0
RCAOS8 33° 19 1102'N 126° 11' 4055'E  Yongsu-ti, Hankyeong-myeon, Jeju-si 0 o0
RCA09 33° 20 0L78'N 126° 10 5599'E  Yongsu-ti, Hankyeong-myeon, Jejusi 12 ++ 0 0
RCAO) 33° 19 2439'N 126° 11' 0504'E  Yongsu-ii, Hankyeong-myeon, Jejusi 5 ++ 0 0 O
RCAO91 33° 20 0662'N 126° 10 1132'E  Yongsu-ii, Hankyeong-myeon, Jejusi 20 + 0
RCAO9 33° 20 09.66'N 126° 14 1940'E  Josuri, Hankyeong-myeon, Jejusi 2 + 0
RCA093 33° 20 1042'N 126° 13 5585'E  Josuri, Hankyeong-myeon, Jejusi 3 + 0
RCA094 33° 20 0LO2'N 126° 13 1941"E  Josu-ti, Hankyeong-myeon, Jejusi 10 ++ 0
RCA095 33° 20 0L88'N 126° 13 2421'E  Josuri, Hankyeong-myeon, Jejusi 4 + 0
RCA06 33° 20 1443'N 126° 13 1748'E  Josuri, Hankyeong-myeon Jejussi 35 ++ 0
RCA097 33° 18 30.50'N 126° 12 2851'E  Josuri, Hankyeong-myeon, Jejusi 6 0 0
RCAO8 33° 18 1607'N 126° 12 53.65'E  Josuri, Hankyeong-myeon, Jejusi 2 0 0
RCA099 33° 18 2619'N 126° 13 2230'E  Josuti, Hankyeong-myeon, Jejusi 4 ++ 0
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Table 2. Continued

No. of -
Site no. Coordinate Province bullfrog found Relerence
AT 2000 2007 20097 2011F 2013 2015 This study

RCAI00 33° 17 17.78'N 126° 14' 44.23'E Cheongsu-ri, Hankyeong-myeon, Jejussi 10 ++ 0
RCAIO1 33° 17 17.72'N 126° 14' 47.03'E Cheongsu-ri, Hankyeong-myeon, Jejussi 2 + 0
RCAI2 33° 18 19.94'N 126° 14' 38.81"E Cheongsu-ri, Hankyeong-myeon, Jejussi 3 ++ 0
RCAI03 33° 17 3894'N 126° 13' 59.51"E Cheongsu-ri, Hankyeong-myeon, Jejussi 6 ++ 0 0 0
RCAI4 33° 21' 2624'N 126° 13' 23.83'E  Panpo-ri, Hankyeong-myeon, Jejusi 3+ 0
RCAI05 33° 21' 34.54'N 126° 13' 32.85'E  Panpo-ri, Hankyeong-myeon, Jejusi 3 0
RCAIO6 33° 21' 17.83'N 126° 12 4550'E  Panpo-ri, Hankyeong-myeon, Jejusi 2+ 0
RCAI07 33° 21' 2.74'N 126° 12 4190'E  Panpo-ri, Hankyeong-myeon, Jejusi 1S ++ 0O O 0
RCAI08 33° 21' 43.56'N 126° 12' 1746'E  Panpo-ri, Hankyeong-myeon, Jejusi 2 0
RCAI09 33° 21' 3271"N 126° 12" 364T'E  Panpo-ri, Hankyeong-myeon, Jejusi 12 0
RCAL10 33° 21' 26.02'N 126° 12" 3560'E  Panpo-ri, Hankyeong-myeon, Jejusi 11 + 0
Overall w 7 7 %4 2 1 16 3 109

' adult; 2, tadpole

", calculated using density values by the method described in the Materials and
Methods section.

¥, 2001, Jejudo et al. (2001); 2007, Oh ad Hong (2007); 2009, Koh et al., (2009);
2011, Kim and Park (2011); 2015, Institute of Jeju Amphibian Ecology (2015).

T, was just described these two sites as new.

', has reported by the special field survey for this wetland.
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Figure 4. Comparison of the finding sites of the American bullfrogs in Jeju Island. A, Jeju-do et al. (2001); B, Oh and Hong (2007);
C, the gross of the results from 2001 to 2015; D, this study.
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Figure 5. American bullfrogs found in this study. A, egg-crutch spawned; B, tadpole
in the pond; C, tadpole under metamorphosis; D, adult female; E, bullfrog roadkilled
on the motorway; F, adult bullfrog floating in the stream found in July 14™ 2016.
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Table 3= SFa7/l787F #&d 11070 AAAE 2A A%, 23754, AF
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A FoleE 7MY =2 NMEE UEd F382 AE(Figure 6A)2 2 F 60 7§ A A
(54.5%)0ll A #Z= A} ®38l 54 (Figure 6B)= Bz eE5w4 1 A AH
(0.9%) e A vt A2 A7/ A (Figure 6C)&= 17 7| A (15.5%) A A7+
27t A5t At 42 (Figure 6D)= 8 71 A H(7.3%), 39 °](Figure 6E)
= 15 7l AAH13.6%), 29 (Figure 6F)&= 9 71 A (8.2%)ol A A7+ ¢
A 2ol 2l w ATt

A2 A4 Fgs s B, Felg 492 AR (RCA0DH 2
FRCA002) 5 A3olAnt #ZHAa, gL = (RCAG2) I AAIE] A%

(RCA053) & 1% 2 7F A} AFARCAA) 1 7F AxdellA a2 7}
HREAT. GG TAE MAA FolA 2378 A F(46.9%)= AFol AL,
AFA 9 A (184%), s Weolst w2 242 T/ A3 (14.3%), &~EA 374 A
H(6.1%)01A vk g A5 3370 #14(60.0%), &@ol 870 Ax(14.5%), A7
AT AFA27%), 2E9A 670 A3 (10.9%), 7= 170 A3 (1.8%)°] AT

3. WAEH F2o+tee] A

tzke] GaAre BAA AN A ARG Aole BrE AFE AT
AAAWz stelw A9 MAGE Table 201 A AT Table 4% 32707
2 A7 e Adel 4o AA5E Aduw TR Aol

AA 109 ) A dAE Favhare] Al F 852 AT A HE R
B, AFAL AN 55 7 A HeAM 432 AR THE @ol A E AT A
AEZA HAGFolM= 49 7} ARl & 383 ZAAle AAZE B Ed. ke
ANA= 3 A AFNA 23 JHAL, FhdFeAA= 2 0 AR elA 14 Aol AT
ARG AFA SHEe] A A3 vH201Del o7 Aol dEy A7

5 oy, 2ARRA A = AW S0V WA EA ok
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Figure 6. Finding site types of the American bullfrogs in this study. A, pond; B,
crater lake in Boonggae-dong (Muljangori-oreum, RCAO055); C, reservoir; D,

waterway; E, puddle behind greenhouse in farming land; F, marshland.
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Table 3. Habitat types of the American bullfrogs detected in the wetlands of the Jeju

Island
Finding site Crater . 2
No. of Pond Puddle Marshland Reservoir Waterway
Province ) lake
site
Bonggae-dong' 1 1
(100.0)
Hankyoung-myeon 55 33 8 6 7 1
(60.0) (14.5) (10.9) (12.7) (1.8)
Namwon-eup 2 2
(100.0)
Dagjoung-eup 49 23 7 3 9 7
(46.9) (14.3) (6.1) (18.4) (14.3)
Andeok-myeon 3 2 1
(66.7) (33.3)
Overall 110 60 1 15 9 17 7

(54.5) (0.9) (13.6)  (8.2) (15.5) (7.3)

', only recorded in Kim and Park (2011).
?, included natural stream and agricultural waterway.
The numbers in the parenthesis are percentage of the habitat type observed in each

province.
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Table 4. Number of the adult of the American bullfrogs found in each province in

Jeju Island

Adult
Province N;)i'teOf No. of
No. of site 0. 0 Mean+SD Range
animal
Bonggae-dong' 1 0 n.d.
Hankyoung-myeon 55 55 (100) 432 7.85+8.67 1-33
Namwon-eup 2 2 (100) 14 7.00£5.66 3-11
Daejoung-eup 49 49 (100) 383 7.82+8.23 1-40
Andeok-myeon 3 3 (100) 23 7.67£9.07 1-18
Overall 110 109 (99.1) 852 7.82+8.34 1-40
p-value 0.999

!, cited from the Kim and Park (2011).

n.d., not detected.

The numbers in the parenthesis are percentage of the rates.
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el AAA A A AAFE ST ZARE Sl
Al % RCA0724I M= 40 A ] A7 BFE o] AL A F 7H #e AA
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A= 4 70 A-@BT%)e] &1 EH At (Figure 7).

AMAAEE AE FavigE] A Hat A= 7.8248.34 A /siteE W
BRI A es 4w g AAAE Hit AA AAF7F 7.85:867 A
A/site® 7HF wokm, AR 7.824823 A/ site, StYWS 767£9.07 WA
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g AAY AR I A Exe= SAZHCR Fo49 HolE YERA
2 4t (p>0.05).

Table 5= AGHE Far)7e A7l AR A2A 9] Fof &Aoo W
S5 UEd Blojth A e Ao wAaE AHS F 79 ) AHoR
Al 110 4 AAA A 71.8%0l A #EHAT. AFA] SohE 1 7K, FFEHE 40
A, AAZA G5 2 7, dAF 34 70, 9¥ 2 7] Aol A Gy &3

ol 7} #&EA, EME AMAA(RCAS)E A7 vH2011)e] A=} HAF
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>
1>
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Hir

\")

[

o

£E2 FAstgh BB FAglAE WA BE ANANA ol Eo]

AZEAo Y, HEHL 72.7%, WA 69.4%, YA 66.7%0] A2 ] o At

B AHo A A" SAole] W= 9 A ole () Bt 2970 A Ho
2 367%5 AAsEA L, 10-19 MA(+0)Q] A7 1470 AHoZ 17.7% A} &
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Figure 7. Frequencies of the finding site of the adult of the American bullfrogs.
Different colors indicate different levels of adult bullfrogs found in each wetland.
Blue, below 10 individuals; red, from 11 to 20 individuals; green, from 21 to 30

individuals; purple, above 31 individuals. Numbers are frequencies of the finding

sites.
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Table 5. Number of finding site and density of the tadpole of the American bullfrogs

found in Jeju Island

Tadpole
Provi No. of Density”
rovince ensi
site No. of
found site n . et
Bonggae-dong' 1 1 (1.000)

Hankyoung-myeon 55 40 (0.727) 14 (0.350) 7 (0.175) 19 (0.475)

Namwon-eup 2 2 (1.000) 1 (0.500) n.d. 1 (0.500)
Daejoung-eup 49 34 (0.694) 12 (0.353) 7 (0.206) 15 (0.441)
Andeok-myeon 3 2 (0.667) 1 (0.500) n.d. 1 (0.500)
Overall 110 79 (0.718) 29 (0.367) 14 (0.177) 36 (0.456)
p-value 0.994

! cited from the Kim and Park (2011).

?, counted average number of the animals found in 1x1m’ at three positions in each
site.

’, average density: + is 9 individuals and under, ++ is 10 to 19 individuals, +++ is
20 individuals and above found in 1x1 m® in each site for 1 min, respectively.

n.d., not detected.

The numbers in the parenthesis are percentage of the rates.
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4. F2o0tEle] 2lF EH

AL 289G FagE AAY o FEdd digk SAX= Table 6
of AAAT AFAD A AF(body weights, BW)S 24 151.1 goll A
) 7187 g& YERNSI I, Hat 321.3£129.40 gol Atk & AAe] A ol(total body
length, TBL)= # 4 2920 mmolA FHtl 4180 mmeo]A i, H¥ 337.8+33.59
mmo| At} FEo]-&F Zo](snout-vent length, SVL)= A 11532 mmol A
A 1840 mm, H 143.14+1759 mme]th. S2e] Zol(hindfoot length,
HFL)E #4 5894 mmolA ZHd] 90.38 mm= YEFWA L, H 72.55+8.09 mm

F+< Bvh gute]l ZAol(forefoot length, FFL)S #H 4 2879 mmeolA F
d 44.14 mm, B3 35.47+4.00 mmo] At

H

5. 2i+te] &3 £2e] 2/F EH H|u

(Table 7). 9% % Q3 AAe BWE 7ol HA 1944 goll A 4249 gol$
3, Wk 277347527 gol Atk A ¢ BWE 151.1-7187 g 5% B, At
3589+155.23 gol L, AA A o8 F7lo] A ET v FASITH TBLS o]
325.0+24.98 mm, S# o] 348.7+36.92 mm= FZHeo] © LAtk SVLE o]
137.69+11.622 mm, 7] 147.8+20.739 mm=Z o] ¢ ZAth HFLL &0
68.88+5.658 mm, F7°] 75.69+8692 mm= F#H o] © Atk FFLL ¢h# o]
34.26+2.643 mm, $# 0] 36614763 mm=z 7ol © AUtk AP N

T HFLS 2% 5720 AbolollA] A A A Foats B ATH(p<0.05). ¥4, &
FAEL F94 zel7b A THp>0.05).
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Table 6. Comparison of the external characters of the adults the American bullfrogs

collected in Korean Peninsula and Jeju Island

Character This study Kim (1975)' Kim (1975) Choi et al. (1998)
(n=26) (n=20) (n=10) (n=172)
BW (g) 321.26+129.40 393.55+187.39 334.24219.59 249.54£21.0
151.10-718.70 140-805 141-743
TBL (mm) 337.78+33.59
292.0-418.0
SVL (mm) 143.14£17.59 127422.43 138+14
115.32-184.0 105-165
HFL (mm) 72.5548.09
58.94-90.38
FFL (mm) 35.474+4.00
28.79-44.14

1

and * measured the individuals had been reared by indoor farming at about

two-year old after birth and at eighteen-month old after birth, respectively by Kim

(1975).
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Figure 8. Correlation between body weight (BW) and Total body length (TVL) in
the adults of the American bullfrogs collected in this study. Males and females were

analyzed together.
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Table 7. Comparison of mean and range of the external characters of the males and

females of the American bullfrogs

Character’ Female (n=12) Male (n=14) p-value Significance’

BW (g) 277.3£75.27 358.9+155.23 0.110 n.s.
194.4-424.9 151.1-718.7

TBL (mm) 325.0+24.98 348.7+36.92 0.072 n.s
292.0-372.0 296.5-418.0

SVL (mm) 137.69+11.622 147.8420.739 0.134 n.s
122.87-164.0 115.32-184.0

HFL (mm) 68.88+5.658° 75.69+8.692° 0.029 *
58.94-80.15 60.69-90.38

FFL (mm) 34.26+2.643 36.6+4.763 0.141 n.s
29.75-39.13 28.79-44.14

! all abbreviations of each character tested were described in the Materials and

Methods section.
2 different superscripts in a same row indicate significant difference. * s

significantly different at p<0.05. n.s., not significant.
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Table 8. Comparison of external characters of the males and females of the

American bullfrogs found in Korean Peninsula and Jeju Island

Female Male

Character' i — ;
This study ~ Kim (1975 Kim (1975  This study ~ Kim (1975 Kim (1975)

(n=12) (n=10) (n=5) (n=14) (n=10) (n=5)

BW (g 2713+7526  383.7%217.7  344.6£223.4  358.9+1553  403.4+162.9 323.8£241.5

194.4-424.9 140-805 160-597 151.1-718.7 151-690 141-743
SVL (mm) 137.69+11.62 126.6+243  147.8£20.74 127.4423.3
122.87-164.0 105-155 115.32-184.0 103-165

! all abbreviations of each character tested were described in the Materials and

b

Methods section.

> and °, measured the individuals had been reared by indoor farming at about
two-year old after birth and at eighteen-month old after birth, respectively by Kim

(1975).
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6. AMXE 272 =dolel 2/F EH

FaoNTE AAZE EAE 79 f AR Sl b BEHAAL, 18 7 ARl
A &30l 766 JNAIE MU o F 2017 1€95H 39€7tA A" Ao
=0=601)2] <|FFHE FAsto] MAE= Hust)th(Table 9). Wt =4
< 2017l A SAole] 7k AT 15 A o3l 8 74 A (RCA00I,
RCA008, RCA010, RCA026, RCA035, RCA052, RCA077, RCA096)<& o=
sttt A Aoz Fds 1 H(RCA00D), W5 4 7H(RCA008, RCAO10,
RCA026, RCA035), <t<™ 1 7H(RCA052)% 749 2 71 A (RCAO77,
RCA096)°] 3L tt.

B oFg e daiA MR FHe Atolol M= FAAR FrolAE Bt
(p<0.05). AFTBW)> A 601 WA NA 1069453 1g, HA 2
451 golAth. 4% 8 /) A5 $AH2E 6 /e TLd e (a b, ¢ d e
HZ 2= Atk RCA035-RCA026 F @& BW 6.23+1.68-6.47+15 g9 Fv<
vEbe] 7 7B $la, RCAO001-RCA052+= 8.85+1.46-10.38+2.07 g,
RCAQ077-RCA096> 11.12+2.86-12.89+3.87 g, RCA010-> 14.83+2.73 g, RCA008
& 2967752 golAth. 2AME FJE=

4 gFH Hi

ol RCA035 Fete AlFol 71 71d
i1, RCA0082 AlFol 7 FAL Hwoldlal, the A A% Heko] vs) 2 v
ool Art.

E AA ZAol(TBL)E 101.63£14.86 mmE e, #ae] Zol(HL)=
33.93+4.25 mm, Z# ¢ Aol 67.76+11.1 mm, S the]el Zol(HLL)S 559+8.42
mmE YEFH AT TBLY HLS 27 5 /e H#df oz FEE o TL
& 4  7l(RCA035-RCA026-RCA001, RCA052, RCA077-RCA096-RCAO010,
RCA008), HLLS ZAMH® FolA RCA008TH f214 21 #Fo]E R Ath. RCA008
& HLLo|] 23.14+19.48 mm=, Gosner (1960)¢] %A F WA GA A 37-38 &7
ol o wWrtero] Fe7tA o]Folzl Fejeoly, srielrt HAe AT AN
th vbd o2 7709 A S Gosner (1960)9] Al wA 31-369 sl ) A
7F o, Sitke] A(hindlimb bud)e]l 1 mm ]3¢l MAEE A = )
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Table 9. Comparison of the external characters of the tadpoles of American bullfrogs collected in eight different habitats

Collection site?

Character' Overal RCA035 RCA026 RCA001 RCA052 RCAO077 RCA096 RCA010 RCA008 p-value  Significance’
n=601 n=117 n=18 n=56 n=219 n=62 n=76 n=29 n=24
BW (g) 10.69+531  6.23£1.68" 6.47+1.5° 8.85+1.46°  1038+2.07 11.1242.86*  12.89+3.87% 14.8342.73°  29.67+7.52" 1.25E-164 ok
24-45.1 2.4-9.6 4.1-10.1 5.7-11.6 5.7-17.0 4.9-184 5.8-21 10.5-21.6 17.1-45.1
TBL (mm) 101.63£14.86 89.57+9.96° 87.16+7.19° 94.28+6.04® 100.37+7.6° 107.85t11.21¢ 110.4+11.99° 112.01£7.55% 148.59+12.56° 1.09E-113 o
59.96-177.53 59.96-105.23  70.76-100.4 80.33-105.05 74.45-119.88 81.45-129.83 83.33-133.38 95.05-127.97 124.09-177.53
HL (mm) 33934425  30.32+30°  30.99+2.44° 33.76+2.11° 33.49+242° 34.04+3.06° 36.1243.87° 38.1+242%  45.96+3.23° 1.94E-101 ok
22.07-52.12  22.07-3522  25.93-3591 28.85-39.54  253-39.51  26.97-39.02  27.72-45.7  33.75-4345  39.3-52.12
TL (mm)  67.76:11.10 59.24+737° 56.17+4.97° 60.76+4.45" 66.87+593" 73.81+8.49° 74.2248.48° 73.71+5.83° 102.33+10.02° 1.39E-112 ok
36.39-12541 36.39-72.96 44.83-64.49  50.93-69.22 47.98-83.58 54439122 55.61-92.82  61.3-86.9  83.44-125.41
HLL (mm) 5.59+8.42 532+4.17"  1092+25.67° 595+5.11*  3.26+2.52° 5.4+5.89° 3.84+3.68°  6.20+6.74"  23.14+19.48" 1.97E-28 ok
0.0-112.89 0.0-21.52  1.19-112.89  0.0-21.69 0.0-21 1.2-44.76 1.58-8.09 0.0-30.47 1.89-69.63

1

?, detail information of collection sites are given in Table 2.

, all abbreviations of external characters are given in the Materials and Methods section.

3, different superscripts in a same row indicate significant difference. ** p<0.01 level.
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7. ND1 haplotypel| X|2|& 23

Table 102 20 7§ A ™ol A AHE 3FA7N42] &3 o] NDI haplotypes] =X =
vebdich AAZA G, S, rd el A s 177 JMA A BNHO1 2
BNH027}F #a=E=d, 8 71 AHRCA001, RCA010, RCA019, RCA028,
RCA033, RCA035 RCA046, RCA052) BNHOI®F =9l RCA0089}
RCA026< BNHO1¥} BNHO027} R A Ak AHAEA @dAelA BNHO1-
97.7%, BNHO02+= 23%° W=E HAAT AFA A9 5 6 71 A (RCA6L,
RCA065, RCA076, RCA080, RCA082, RCA096)& BNHOIWF eI
RCA0559} RCA105%= =& /iAlE°] BNH029th RCA0773% RCA09590 A &=
BNHO1# BNHO027} 27 ##E Aok &4 20 78 A" % BNHOIW e *

2 14 7 A, BNHO2YF &A® 22 2 7 A, yw A 4 71 A A4 BNHOL
¥ BNHO27} 25 @A EAtHTable 10). 98-S RCA0019] 4= BNHO1w 2t
A=At A5 RCA008S BNHOI, BNHO27F 2% 33891, e AHE

(RCA005, RCA010, RCA014, RCA026, RCA031, RCA035)> %% BNHOIR® e}
gtk 34w, RCA008 A= A 2 A & 1A &a0] 25 /A & 3 7
A, % 4 NA14.8%)7F BNHO20l itk ¢tE Wl RCA035E 2AME 14704 25
BNHO1S et AAZA A oA A¥H A FolA 93.3%+= BNHOL
o], 6.7%(1 JHAD= BNHO020l:, SAele 974%187 7§1)7F BNHOI,
26%(5 /A= BNHO2E uvebdlo], AAA oz AMAEZA g Fhfiee
BNHO1 haplotypee] BNHO2°] H|&] ties] %S HIEZS Btk g =
BNHO1¥ BNHO027} 2% HEH AT o] & BNHOIW #2¥ 242 RCA059,
RCA060, RCA063, RCA076, RCA080, RCA090, RCA104, RCA107, RCA108,
RCA109 5 10 7} #A®el9lar, BNHO2W AE" A" RCA077 1 74 A, o
™= 4 7] A% (RCA089, RCA091, RCA096, RCA104)ol 4= 2 7}A haplotype©]
2% AEHAG AFA AG@EAE, %) A T 69.0%= BNHOL, 31.0%
BNH02E YEhle] BNHO1® ®WIE7} BNHO2ET =9kt &ao] A
BNHO01-& 60.0%, BNHO2+:= 40.0% % BNHOlo] © %2 ®H=Z Vel
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Table 10. Distribution of NDI haplotypes of the adult American bullfrogs collected

in Jeju Island

Adult Tadpole Total

Sie o) YO °FpNpor  BNHo2  No-of  pNpor BNmHo2  Ne-of - pNHOI  BNHO2
animals animals animals
n % n % n % n % n % n %
tested tested tested

RCA001 4 4 100.0 2323 100.0 27 27 100.0
RCA005 1 1 100.0 1 11000
RCA008 2 1 500 1 500 25 22 80 3 120 27 23 82 4 148
RCA010 3 3 100.0 19 19 100.0 2 221000
RCA014 1 1 100.0 1 1 100.0
RCA019 2 21000 2 21000
RCA026 2 2 100.0 28 27 %4 1 36 30 29 9.7 1 33
RCA028 2 21000 2 21000
RCA031 1 1 100.0 1 1 100.0
RCA033 16 16 100.0 16 16 100.0
RCA035 1 1 100.0 13 13 100.0 14 14 100.0
RCA046 16 16 100.0 16 16 100.0
RCA052 33 33 100.0 33 33 100.0
RCA055 3 3 100.0 3 3 100.0
RCA059 1 1 100.0 1 1 100.0
RCA060 1 1 100.0 1 1 100.0
RCA061 3 3 100.0 3 31000
RCA063 1 1 100.0 1 1 100.0
RCA065 3 3 100.0 3 31000
RCA076 1 1 100.0 3 31000 4 4 100.0
RCA077 1 00 1 1000 11 4 364 T 636 12 4 333 8 667
RCA080 6 6 100.0 1 1 100.0 7 7 100.0
RCA082 10 10 100.0 10 10 100.0
RCA089 5 2 400 3 600 5 2400 3 600
RCA090 1 1 100.0 1 1 100.0
RCA091 12 4 333 8 667 12 4 333 8 667
RCA095 4 3 750 1 250 4 3 750 1 250
RCA096 4 3 750 1 250 9 9 100.0 13 2 923 1 177
RCA104 2 2 100.0 2 2 100.0
RCA105 13 13 100.0 13 13 100.0
RCA107 2 2 100.0 2 21000
RCA108 2 2 100.0 2 21000
RCA109 3 3 100.0 3 3 1000

Overall 57 43 7754 14 246 237 209 8.2 28 11.8 294 252 857 42 143

!, detailed information were given in Table 2.
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Figure 9. Geographical distribution of NDI haplotypes in thirty bullfrog-finding sites
in Daejeong-eup and Hankyeong-myeon. NDI hanplotypes were determined for the
collection specimens from eleven sites of Daejeong-eup and nineteen sites of
Hankyeong-myeon. Dark and gray circles indicate NDI haplotypes, BNHOI and
BNHO02, respectively. The number in the circles indicate the site no. in Table 2 and
Table 13. Haplotype distribution of RCA001, RCA052 and RCA055 were not marked

in this figure. Detailed information of each site were listed in Table 13.
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FaTel dolet A BF #4499 /) AH F 6 /1 AH(RCA00],
RCA010, RCA035, RCA076, RCA080)2 BNHO1%F Z@sto], AA|eF &a)o] Aol
o Al haplotype?] X7} XS YER I . RCA00RONA &= A Aol A
BNHO1¥ BNHO27F 22 W1=5 yetlil oy, &ao]e] 7% BNHO01(88.0%)°]
BNH02(12.0%)°ll B3] && o =A yvebwe. ¥, RCA026 4 A= BNHOL
g abAE o, 0] F 1 JRA7F BNHO2E veEblar, RCAO771IM &= A
A= BNHO2¢] A 9F, & o] = BNHO1Z BNH027} 257 Ed3FAT) ook vy
2 RCA0962] 7% AA 4 7/BA7F BNHO1, BNHO2Z -85}, o5 wiF
BNHO1®FS UER LT

flo

A7t haplotypes ZAA% A3, AddE Fa/i7E] AlEcA %= BNHOLY
BNHO27} 2% Ed3tal, vilAl(n=3)9} 3+ (n=4) F A9 = haplotype 2
ZFA7F B S AE A (Table 11). 49 7 /HA FollA BNHO1E= 57.1%(4 A
A), BNHO2= 42.9%(3 71A)E deEbiidch Table 112 2 AtellA A4 H A
Frst ANEE FaiTe 2o NDI AEE3} 0] (2005)¢] dg-olA w33
MEES 5 o] 839 haplotypes ZAAsta, A4 Fxe NIEE Ued A
olty. & 6 7Nl haplotypeo & T-%3%low, o] T BNHO1¥ BNHO02E= AlF%=
G Hdael dAE haplotype? § Y35kl 2y, BNHO3-BNH06 A =22
haplotype°] 21th. BNHO2+= A%, 449 =, 354, depdoA 5oz
ZE At ATl A =2 HE(85.7%)E YEIAE BNHOI-S 773 =(57.1%)
o} PG E(A44%) AN E =2 MRS Btk Wi 35 Aol A= BNHOL

=13
=

AE A &gttt BNHO4E #5 Al 4, BNHO3, BNH05, BNHO6 5o #2bd ol
MAut AEEJh e Fael A BNHOIS AA 18 /Al & 8 7 (44.4%) 0
A Edete], AFE HEe BNHO19 RIE=(@5.7%)Etr wetov, BNHO2= 6
MA(333%)oN A AE= o AFE Jebo] FdAWE143%)H Tt =gk ke

rlo

Aol A F712 AZ%¥ BNHO3, BNH04, BNH05, BNHO6S A|F5% FAoto|AE= A
3 AR FJE haplotypeEel R, =W == 22.2%4 7RANE YeER AT



Table 11. Geographical distribution of NDI haplotypes of the American bullfrogs in

the populations of South Korea

Population BNHOI BNH02 BNH03 BNH04 BNHO5 BNHO06  Total

Jeju-do 252 42 294
(85.7) (14.3)

Gyeongsangnam-do 4 3 7
(57.1) (42.9)

Gwangju-si' 1 1 2
(50.0) (50.0)
Jeollanam-do' 4 2 1 1 1 9
(44.4) (22.2) (11.1) (11.1) (11.1)
Overall 260 48 1 1 1 1 312

833) (154  (0.3) (0.3) (0.3) 0.3)  (100.0)

', used NDI sequences recorded in the text of Lee (2005) but not deposited at NCBI
database.
Numbers in the parenthesis are frequencies of the NDI haplotype found in the

population.
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Table 12+ AT%E 27052 JFAA NDI haplotype B (Hd) 3 A 714
d gFAd(nS e etk AAl 26702 NDI fAA 24 A FolA 77
2% (RCA008, RCA026, RCA077, RCA089, RCA091, RCA095, RCA096)2 Hd$t
r #ol AEHY tdAdes vehidedy, vux 19 AFE BFE gy
haplotype® @9 A dwts 7k 17] wiitol Hdst o gkol A=A sk
Hd7}  05°14s uekdl Ax"e RCA089  (0.6000+0.1750), RCA095
(0.5000+0.2650), RCA096 (0.7692+0.1260) & 370 Ao, RCA096°] 7}
= Fog e 2= RCA026001 4 0.0005+0.000401 3L, 78 =& A A
< RCA089% 0.0042+0.0012 <& YEHHAT. AF=olA ZAME AA A A
oA« gkol 0.5%0°]4el A4

Table 13°A= AF%, AAHE, F5A, depd®s Fase el
ND1 %A haplotype® @714 4] thddS vebd Aotk FFA= 2 A
7} A2 t& haplotype(BNH02, BNH04)S 2. $17] wj¥ol] Hd: 1.000£0.50002
2 AEHNI, g 0.0014+0.00075 YERAALE AA 9 AANA 5 7HA
haplotypes (BNHO1, BNH02, BNH03, BNh05, BNH06)S YEUdd detde=
Aol Hd:= 0.8056+0.1200, = 0.0063£0.0063 WEF It AFEb vpzkr}A)
2 BNHO1Z} BNHOZ haplotypes 7FA i ¥ AddE Jwe A9, Hde
0.5710+0.1191, 7 &= 0.0040£0.0008 ‘}EFH L},

AAR o2 A8F7F A7)E AN F5A Jwe] Hd7F 1.000£0.50002 71

rlo
=
MY,
i
N
&2
32
)

o

T2 o8 YEHS A, AlFE a7 Jeel Hde 0.2570+0.02902 714
o =28 ettt 2AkE Jo Fol A HASY 7] 05 o]Ael Jue 7

(0.0014£0.0007) =AE HAth =AME HAds FoA Aztgd® Jawk x ghol
05% olAolddtt. #FA FAwel AS Hde 7M =2 FFoldoy, rn #
(0.0014+0.0007) 7} ¥ FFolda, ole AT HuolA =" 1 3t

(0.0018+0.0002) ®.th &= wE ok,
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Table 12. Population genetic diversities of the ND/ gene within introduced American

bullfrog populations in Jeju Island

Haplotype Nucleotide .
Population . No. of No. of diversity diversity Neutralty test
animals tested  haplotype
Hd' SD 7 SD  Tajima's D’  Significance

RCA001 27 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA008 27 2 02621  0.0970  0.0018  0.0007 0.0288 NS
RCA010 12 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA019 2 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA026 30 2 0.0667  0.0610  0.0005  0.0004 -2.0076 *
RCA028 2 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA033 16 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA035 12 | 0.0000  0.0000  0.0000  0.0000 NA.

RCA046 16 | 0.0000  0.0000  0.0000  0.0000 NA.

RCA052 33 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA055 2 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA061 3 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA065 3 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA076 4 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA077 12 2 04849  0.1060  0.0034  0.0008 0.0034 NS
RCA080 7 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA082 10 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA089 5 2 0.6000 0.1750  0.0042  0.0012 1.6869 NS
RCA091 12 2 04849  0.1060  0.0034  0.0008 L7111 NS
RCA095 4 2 0.5000 02650  0.0035  0.0019 -0.7968 NS
RCA096 13 2 07692  0.1260  0.0011  0.0009 -1.8631 *
RCA104 2 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA105 13 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA107 1 0.0000  0.0000  0.0000  0.0000 NA.

RCA108 2 1 0.0000  0.0000  0.0000 0.0000 NA.

RCA109 3 1 0.0000  0.0000  0.0000  0.0000 NA.

Overall 274 2 02570  0.0290  0.0018  0.0002 1.1106 NS

', mean of pairwise differences between all haplotypes.

?, mean of pairwise differences between all sequences.

3, Tajima’s D (1989) test for departure from neutrality (*, p<0.05). N.A. indicates

not available. N.S. indicates not significant.
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Table 13. Population genetic diversities of the ND/ gene within introduced American

bullfrog populations in Jeju Island, Gyeongsangnam-do and Jeollanam-do

Haplotype diversity Nucleotide diversity Neutrality test
. No. of No. of
Population )
animals tested haplotype . o
SD T SD Tajima's D Significance
Jeju Island 274 2 02570 0.0290  0.0018  0.0002 1.1106 NS
Gyeongsangnam-do 7 2 05710 0.1191  0.0040  0.0008 1.9815 *
Gwangju-si 2 2 1.0000 05000  0.0014  0.0007 NA.
Jeollanam-do’ 9 5 0.8056  0.1200  0.0063  0.0016 -0.2824 NS

Hd, mean of pairwise differences between all haplotypes.

7, mean of pairwise differences between all sequences.
Tajima’s D (1989) test for departure from neutrality (*, p<0.05). N.A. indicates not

available. N.S. indicates not significant.
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8. NDI haplotype A|EC| HS wAH2A

Table 14= AFES LI wver Faiae] ddeld 24 6 7HA
NDI1 haplotypeE3 u= CaliforniaolA] Hi® AMdox ZAAD N=&
haplotype= #7}stod & 7 7}A] haplotype A2 &<
Aifolth, AlFEoA A E NDI haplotype

G A9, AGIE JIT, AT, DFE 59 DB, FFNA FEHL

o
o
i)
L %
k)
2
>

—

’

A% BNHO19 7% BNHO07 (7] =F California)¥ 32 A& A 571 0.0042
el la, BNHOI-BNHO6 (Hetde 9d9h)S 0.0129=2 7Hg olst F58
Bk Yyl AFret AAEE viibAleh Adw, FFA, dgdE o
FAl 9} BE oA WA EE BNHO2:E BNHO03, BNHO4, BNH0O5%F 474 Ag
A1 47 0.00142 91013, BNHO2-BNHO6- 0.1430.2 FdA@A17F 44 e
woh AgAS Aeld BNHO6S BNHO73 0.0085% 7Fd 7hgAIwt o2
haplotypeE ¥+  0.001°]72e] AZATE Hith AFTE FHdoolx =2HH
BNHO1¥ BNHO02&= F3 4 AgA 471 0.0071S YeER Atk -2 -3 )+
g f2124 AgASFsE 02723-0280301 3, BN - A0 e
0.3222-0.3311, FA 2 -53A8 = 0.38789] AgAF+E e AT

NDI1 73422 haplotype @714 <LE Alolo] AYAFE wifgo g #A3 A

AL

7384 B % (neighbor-joining tree, NJ tree)E ZA 3ttt NJ tree Aol
Al NDI haplotypeE< outgroup®! Z7l72l(R. nigromaculata)2} 5 44F70 52
(R. dybowskii)®} T# %+ ©A% 4 2 (monophyletic) ¥4 %45 H YT} T3
27072  haplotypes& A 2 /e aEoR  EAHAvHFigure 10).
Haplotype BNHO1-BNH055-2 X% BNHO7¥ &7 A=Ak 14 A~
7 241e] ¥ (Table 14) BNHO02= BNHO30| 7h7k2 &4 el A 27 = 9] 4,
BNHO1 BNHO73 7b7h2 f1AolA 2 E 20t BNHO6= te a7+
haplotypeE #+= 719 Ex& FAdetHar, Tt Sa48 NDI AE FollA
© outgroup?! FItE, HERAETEl el AR RlolA A A, AlSs
ol Gl Al R e e o 29 #AY S BT
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Table 14. Pair-wise genetic distances for NDI haplotype sequences of the American

bullfrogs
BNHOZ BNHO3 BNHO4 BNHO05 BNHO1 BNHO7 BNHO06 k k .
nigromaculata dybowskii
BNHO02 0.0014 0.0014 0.0014 0.0032  0.0028 0.0046 0.0282 0.0327
BNHO03 0.0014 0.0020  0.0020  0.0035  0.0032  0.0048 0.0284 0.0329
BNH04 0.0014  0.0028 0.0020  0.0032  0.0028  0.0046 0.0282 0.0329
BNHO05 0.0014  0.0028  0.0028 0.0028  0.0025  0.0043 0.0284 0.0330
BNHO1 0.0071  0.0085 0.0071  0.0057 0.0025  0.0043 0.0289 0.0332
BNHO07 0.0057  0.0071  0.0057 0.0042  0.0042 0.0035 0.0282 0.0327
BNHO06 0.0143 0.0158 0.0143 0.0129 0.0129  0.0085 0.0286 0.0324
R. nigromaculata 0.2723  0.2749  0.2723  0.2749  0.2803  0.2723  0.2776 0.0383
R. dyvbowskii 0.3252 03281 0.3281 0.3281 0.3311 0.3252 0.3222 0.3878

The number of base substitutions per site from between sequences are shown.

Standard error estimate are shown above the diagonal. Analyses were conducted

using the Tajima-Nei model (Tajima and Nei,

1984). The analysis involved 9

nucleotide sequences. All positions containing gaps and missing data were eliminated.

There were a total of 711 positions in the final dataset. Evolutionary analyses were

conducted in MEGA7 (Kumar et al., 2007).
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BNH 02 ] Jeju Island, Gwangju, GSND, JLND
"BNH 03 J JLND

1 BNH 04 1 Gwangju

BNH 05 1 JLND

F BNH 01 1 Jeju Island, GSND, JLND, Japan, China

LBNH 07 1 USA (California)

BNH 06 1 JLND

R nigromaculata

R. dybowskii

—_
0.050

Figure 10. Evolutionary relationships of NDI haplotype sequences of the American bullfrogs. The evolutionary history was inferred using
the neighbor-joining method (Saitou and Nei, 1987). The optimal tree with the sum of branch length = 0.50845144 is shown. The tree
is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the Tajima-Nei method (Tajima and Nei, 1984). Evolutionary analyses were conducted in
MEGA7 (Kumar et al, 2016). GSND, Gyeongsangnam-do; JLND, Jeollanam-do. The CYTB sequence of Rana nigromaculata and R.

dybowskii were used for out-group rooting.

51



9. CYTB haplotype?| X|2|& 2%

ATFE 16 7§ FAeol A Adslk 44 A CYTB +3dA A <E2 haplotypes
o]-&3% AT FAWAE FA AT AHE CYTB MLl thd haplotype 4]
A3 2 7FA haplotype (BCHO1, BCHO2)°. 2 FE5JActHTable 15). CYTB
haplotype?] & %4 NDI haplotype® A3 dx &gt =, BCHOlS
BNHO1¥}, BCH02+= BNHO02$} &322 A4S H At

AFLE, 44ds vhibr et Ada A5 5 & 51 7/ CYTB A 493 7<=

NCBI database®l] H 1% Hite NG (HAAEE 254 1 7, A8t Fs+ 1

L
ol

N, Ag&Ee Fetat 2 /hEs 3 £4% 23, F 3 719 haplotype (BCHOL,
BCHO02, BCHO3)¢] TA = At} AlFEe 4T =l += BCHO1® BCHO02, et
G o= BCHO2, debEEdA+= BCH029+ BCHO3 & 2 7FA haplotypes ©]
Astelrt. o] 5 BCHO032 Ao nt #2¥ Ak (Table 16).
Table 172 & A9} 7]Ee fvhetel A Badl CYTB AEEn=5)3 ¢
E(n=1), T (n=2), A=} HNth(n=26)°llA 7]E<] A7 BiE ANIES B
T H3te] haplotypes &A% Azolty, dAHo= F 84 /e CYTB A€
2 27 719 haplotypeo. = FEH AT Ul A= 3 7FA] haplotype
(BCHO1, BCH02, BCH03)E°] H=%3laL, Aol ®Bid AdE BCHOLO 3
Fatdh Tl Bag 2 /) MEELS 77 BCHO1¥ BCHO4Z &= %l
= Ayt il s AA 2670 AE=ZEE 237019 hapltype
(BCHO5-BCH27)°] ZAA ATt f-2vhet A 7852]  haplotype?l BCHOI,
BCHO2¢l t§ BLAST search #AMS T3 HAFAAE HE ZAFoA=

o

BCHOl12 S, 4244 Riud HNEdE3 100% query-coverage “JolAl 100%
A EE HAY A7 BCHO3 A E2 dE F=¥nt ofyg v=, 7t
A By o' Mdax 100% LA =S YERR = okt
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Table 15. Distribution of the mtDNA CYTB haplotypes of the American bullfrogs

collected in this study

CYTB haplotype

Site no." aniri(; fefsted BCHO1 BCH02
n % n %

RCA001 4 4.0 100.0

RCAO010 3 3.0 100.0

RCA026 4 4.0 100.0

RCAO033 4 4.0 100.0

RCAO035 1 1.0 100.0

RCA046 3 3.0 100.0

RCA052 3 3.0 100.0

RCAO055 3 3.0 100.0
RCA076 1 1.0 100.0
RCAO080 4 4.0 100.0

RCA082 2 2.0 100.0

RCA090 1 1.0 100.0

RCA096 4 3.0 75.0 1.0 25.0
RCA104 1 1.0 100.0

RCA105 4 4.0 100.0
RCA107 2 2.0 100.0

Ovaerall 44 35 79.5 9 20.5

!, detail information of collection sites are given in Table 2.
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Table 16. Geographical distribution of the mtDNA CYTB haplotypes of the American
bullfrogs in South Korea

Population BCHO1 BCHO02 BCHO03 Total
Jeju-do 35 9 44
(85.7) (14.3)
Gyeongsangnam-do' 4 4 8
(50.0) (50.0)
Jeollanam-do* 1 1
(100.0)
Jeollabuk-do® 1 1 2
(50.0) (50.0)
Overall 39 15 1 55
(70.9)) (27.3) (1.8)

!, seven CYTB sequences were determined in this study, but one (NBCI accession

no. JQ798776) of those was reported by Jeong et al (2013).

2 all sequences were reported by Jeong et al. (2013).
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Table 17. Global distribution of the mtDNA CY7TB haplotypes of the American
bullfrogs

Haplotype South Korea Japan' China® USA-Canada’ Total
BCHO1 39 1 1 41
BCHO02 15
BCHO03 1
BCHO04 1
BCHOS5
BCHO06
BCHO07
BCHO08
BCHO09
BCH10
BCHI11
BCHI12
BCHI3
BCH14
BCHIS
BCHI16
BCH17
BCHI18
BCHI19
BCH20
BCH21
BCH22
BCH23
BCH24
BCH25
BCH26
BCH27
Overall 55 1 2

—
(9]

—_ = = N = N = e e e e e e e e e e e e e e N
G N Y S N Y VG UGy GGG VUG GGG GO GG N T SO U

[\e]
o
0
~

!, reported by Kurabayashi et al. (2013).

?, reported by Lin et al. (2014) and Yuan et al. (2016).

3 reported by Austin et al. (2003b, 2004b) and Kamath et al. (2016). The CYTB
sequences of USA and Canada were not clearly discriminated into each country
because sometimes native and introduced bullfrogs determined together even in a

same location.
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10. CYTB Ade| HS sa&A 2l SotA|of &lHe] = A 72|&A

AT Jee] CYTB A 43 NCBI databaseo] Hil¥ <1
TANA -3 834-bp ©] el ALE(Table 18)¢] haplotypes A A3ttt
AAE haplotype A EE Aol AZAFE A=Y tHTable 19). BCHOI,
BCHO2 A2 7HE w8 dsAds Hebd A3 BCH27 (KX344492)= A
937-bp AE & BCHO19 935-bpe} BCHO029] 936-bp7t &ds ME=Z, A XA
T+ BCHO1-BCH27 Ale]elA] 0.0024, BCH02-BCH27 A}olel Al 0.0012%3 T}
BCH27-> Kamath et al. (2016)° haplotype Lcat-WY8Z W= ow, wl=
Wyoming 2] Grand Teton National Park (8 7] A&, 2770 Al&)dlA] AAH
AdR, 19509 el vl=r Ul 2 F(state)oll A EdE Feolw, Aoz w
Montana F°l 7} t}h. Leat-WYS8 haplotypes Austin et al. (2004b)ell el&
11¥ sub-haplotype Rcat627 (AY083292)3} 714 o] th. Bai et al. (2012)9]

oAl Bk H43 (BCHO04)-> BCHO12 0.0036, BCH02¢} 0.0073¢] x4 A
2| A5 YER Qth(Table 15). e Bai et al. (2012) H43% $7 2-2% H7
< Austin et al. (2004b)o] ™3I Rcatb24¢} Rcatb27= EFste A
haplotype®] tH(Table 18). Rcat624= Mississippi 2] Starkwille, Rcat627<

-

Alabama ¢ Walker Mines A&l ZAAE A AR, Mississipi 49 &5
YA o] A AL eastern- western-7F A= overlap-—zone©| ™, 3% %
¢l western-lineage® &3t tH(Austin et al., 2003b, 2004b; Kamath et al.,
2016). ®HH) HAeEx=9 BCHO3¥% 7Fd 77k A €(0.0857)> BCH17
(AY210376), BCHI8 (AY210377), BCH23 (KX344488)°c]%lt}. Austin et al
(2004b)> BCHI17 (AY210376)-> Rcatl038, BCHI18 (AY210377)> Rcatlll2=

weksia, ®EF Jlurh Ontario FollAl AA®  Adelth. T3 BCH23
(KX344488)> Kamath et al. (2016)©] Lcat-MT4= {3 A E=Z Montana T
9] Bitterroot Riverel]l ¢ %] MPG Ranch, Florence (7 7 A]), Stevensville 1<
AXA AN AAREAT. AY210376¥%  AY210377,  KX344483

eastern-lineage®] haplotype A €= &7 % 3t}
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Table 18. Accession number and their origin of CYTB haplotype sequence of the

American bullfrogs

Accession .
Haplotype N Location
0.

BCHO1 This study  Jeju Island, South Korea
This study  Masan-si and Chanyeong-gun, Geongsangnam-do, South Korea
AB761267  Japan
KX269354 Chengdu, Sichuan, China
BCHO02 This study  Jeju Island, South Korea
This study  Masan-si and Chanyeong-gun, Geongsangnam-do, South Korea
JQ798775 Jangheung-gun, Jeollanam-do, South Korea
JQ798776 Jinju-si, Gyeongsangnam-do, South Korea
JQ798777 Buan-gun, Jeollabuk-do, South Korea
BCHO3 AF205089 Buan, Jeollabuk-do, South Korea
BCHO04 KF049927  Jinhua, Zhejiang Province, China
BCHO5 AY083287 USA
AY210375 Grenadier Island, Ontario, Canada
BCHO06 AY210362 Boone, Missouri, USA
BCHO07 AY210363 Colquitt, Georgia, USA
BCHO8 AY210364  USA
BCHO09 AY210366 Clarendon and Miller Township, Ontario, Canada
BCH10 AY210367  Augusta, Virginia, USA
BCHI11 AY210368  Tyler, Texas, USA
BCH12 AY210369 Mercer, Missouri, USA
BCHI13 AY210371 Desha, Arkansas, USA
BCH14 AY210372  Cross, Arkansas, USA
BCHI15 AY210373 Welland, Ontario, Canada
BCH16 AY210374  USA
BCH17 AY210376 Port Rowan, Ontario, Canada
BCH18 AY210377  USA
BCH19 AY210378  Allegan, Michigan, USA
BCH20 KX344485  Montana, USA
BCH21 KX344486  Montana, USA
BCH22 KX344487  Montana, USA
AY210370 Ontario, Canada
BCH23 KX344488  Montana, USA
BCH24 KX344489  Montana, USA
AY210365 Ontario, Canada
BCH25 KX344490  Montana, USA
BCH26 KX344491 Montana, USA
BCH27 KX344492  Montana, USA
AY083292 Walker Mines, Alabama, USA
AY083294 Starkwille, Mississippi, USA
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Table 19. Pair-wise genetic distances for CYTB haplotype sequences calculated by Tajima and Nei (1984) method

CYIB Countty BCHO BCHO BCHO BCH2 BCH2 BCHI BCH2 BCH2 BCH2 BCHI BCHI BCHI BCHO BCHO BCHI BCHO BCHI BCH2 BCH2 BCHO BCHO BCHI BCHI BCHI BCH2 BCHI BCHO R .R
seqeunce 1 4 2 7 1 2 0 2 5 4 1 3 6 9 0 8 9 4 6 7 5 8 7 5 3 6 3 nigromaculata dybowskii
BCHOl CIK

BCH4 CHN 0.0036

BCH02 KOR 0.0036 0.0073

BCH27 USA  0.0024 0.0060 0.0012

BCH21  USA  0.0060 0.0097 0.0048 0.0036

BCHI2 USA 0.0060 0.0097 0.0048 0.0036 0.0073

BCH20 USA 0.0048 0.0085 0.0036 0.0024 0.0060 0.0012

BCH22 USA 0.0060 0.0097 0.0048 0.0036 0.0073 0.0024 0.0012

BCH25 USA 0.0073 0.0110 0.0060 0.0048 0.0085 0.0036 0.0024 0.0012

BCHI4 USA 0.0036 0.0073 0.0024 0.0012 0.0043 0.0048 0.0036 0.0048 0.0060

BCHI1  USA 0.0048 0.0085 0.0036 0.0024 0.0060 0.0060 0.0048 0.0060 0.0073 0.0024

BCHI3  USA 0.0036 0.0073 0.0024 0.0012 0.0043 0.0048 0.0036 0.0048 0.0060 0.0024 0.0012

BCHO6 USA 0.0122 0.0159 00110 0.0097 0.0134 0.0110 0.0097 0.0110 0.0122 0.0097 0.0097 0.0110

BCH09 USA 0018 0.0222 00197 00184 0.0222 0.0222 0.0210 0.0222 0.0235 0.0184 0.0184 0.0197 0.0184

BCHIO  USA 0.0197 0.0235 00210 0.0197 0.0235 0.0235 0.0222 0.0235 0.0248 0.0197 0.0197 0.0210 0.0197 0.0036

BCHO8  USA 0.0159 0.0197 00172 0.0159 0.0197 0.0197 0.018 0.0197 0.0210 0.0159 0.0159 0.0172 0.0159 0.0024 0.0036

BCHI9 USA 00197 0.0235 00210 0.0197 0.0235 0.0235 0.0222 0.0235 0.0248 0.0197 0.0197 0.0210 0.0172 0.0060 0.0073 0.0036

BCH24 USA 00184 0.0222 00197 00184 0.0222 0.0222 0.0210 0.0222 0.0235 00184 0.0184 0.0197 0.0159 0.0048 0.0060 0.0024 0.0012

BCH26  USA 0018 0.0222 00197 00184 0.0222 0.0222 0.0210 0.0222 0.0235 0.0184 0.0184 0.0197 0.0159 0.0048 0.0060 0.0024 0.0036 0.0024

BCHO7 USA 0.0197 0.0235 00210 0.0197 0.0235 0.0235 0.0222 0.0235 0.0248 0.0197 0.0197 0.0210 0.0172 0.0060 0.0073 0.0036 0.0073 0.0060 0.0060

BCHOS USA 0.0222 0.0261 00235 0.0222 0.0261 0.0261 0.0248 0.0261 0.0274 0.0222 0.0222 0.0235 0.0197 0.0134 0.0147 00110 0.0147 0.0134 0.0134 0.0122

BCHI8 USA 00184 0.0222 00197 00184 0.0222 0.0222 0.0210 0.0222 0.0235 0.0184 0.018 0.0197 0.0184 0.0097 0.0110 0.0073 0.0110 0.0097 0.0097 0.0110 0.0036

BCHI7 USA 0018 0.0222 00197 00184 0.0222 0.0222 0.0210 0.0222 0.0235 0.0184 0.0184 0.0197 0.0159 0.0097 0.0110 0.0073 0.0110 0.0097 0.0097 0.0085 0.0036 0.0024

BCHI5S USA 00172 0.0210 00184 00172 0.0210 0.0210 0.0197 0.0210 0.0222 0.0172 0.0172 0.0184 0.0147 0.0085 0.0097 0.0060 0.0097 0.0085 0.0085 0.0073 0.0048 0.0036 0.0012

BCH23  USA 00159 0.0197 00172 0.0159 0.0197 0.0197 0.018 0.0197 0.0210 0.0159 0.0159 0.0172 0.0159 0.0073 0.0085 0.0048 0.0085 0.0073 0.0073 0.0085 0.0060 0.0024 0.0024 0.0012

BCHI6  USA  0.0197 0.0235 0.0210 0.0197 0.0235 0.0235 0.0222 0.0235 0.0248 0.0197 0.0197 0.0210 0.0197 0.0110 0.0122 0.0085 0.0122 0.0110 0.0110 0.0122 0.0122 0.0085 0.0085 0.0073 0.0060
BCHO3 KOR 0.0979 0.1025 0.0994 0.0979 0.1025 0.1025 0.1010 0.1025 0.1010 0.0963 0.0994 0.0994 0.1025 0.0948 0.0963 0.0917 0.0963 0.0948 0.0933 0.0963 0.0902 0.0857 0.0857 0.0872 0.0857 0.0917
R nigromaculata 02260 02301 02260 02240 02240 02260 02240 02240 02260 0.2240 02199 02219 02281 0.2281 0.2280 0.2260 0.2281 0.2301 0.2281 02301 02219 02179 02158 02178 02179 02240 0.1468
R dybowskii 0.2343 0.2342 02364 02343 02385 02343 02322 02322 02322 02364 02343 0.2322 02384 02385 02363 0.2364 02385 0.2364 0.2406 0.2405 02343 02364 02343 02363 0.2364 0.2343 02643 0.2514

! CJK, China, Japan, and Korea; CHN, China; KOR, Korea; USA, United States of America and included Ontario, Canada.
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Figure 118 CYTB haplotype A9 E(Table 19)7te] #44 AgAFES 27

2 23k NJ treeolt}. Al54E Z A western-lineage, eastern-lineage 5 2 7§

o] aFo FEHYeH, BCHO3S HHA A Aol HHHA AlES
o] A YAFS Austin et al. (2004b)oll A A A AT} FAFSE S HATH

A A o 2% Austin et al. (2004b)ell 4] Aokt ule} o] western-lineage<t
eastern-lineage™= Mississippi A4S TAHLZ FEREHE FFS HATh
Western-lineage©l] 43t= 11 HuolA = Texas 79 Tyler, Arkansas 9
Desha®} Cross oA @753, eastern-lineages= Mississippi d¢ &5A
¢l Missouri, Georgia, Virginia, Michigan 53 704t} Ontario 2] 34702

F HAerol A AL Austin et al., 2004b). ¥WFH, western-lineage®] 7%

Rl

o
i

! Ao 2+ Montana, Wyoming, Missouri, Canada®] Ontario 5 %ol A

H

L

it
¥ 31, eastern-lineage= Montana®l A %= 27 &l th(Kamath et al., 2016). -
et AlFEet 4B oA EAE BCHOL, f-Euete] AFx, 449 E
Agd = g5 oA A E BCHO2, F=relAl H43 haplotypeo = T ™ =
¥ BCHO4 %°] western-lineageo} #Z2 x| Ao wrAw Qe wbd A}
B Holkdtolq whA® BCHO39 7 AEF Ao A= western-lineagett

,_?‘
eastern-lineage¢t= E719] &A1& YEM AT

A

N

L

¢
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BCH 22 J USA (Montana), Canada (Ontario)
BCH 25 J USA (Montana)
BCH 12 J usa (Mercer, Missouri)
BCH 20 J USA (Montana)
BCH 27 J USA (Montana)
[ BCH 02 J South Korea (JJID, GSND, JLND, JLBD) western-lineage
— BCH 21 J USA (Montana)
BCH 14 J USA (Cross, Arkansas)
{BCH 11 J USA (Tyler, Texas)
BCH 13 J USA (Desha, Arkansas)
_|ECH 01 J South Korea (JJD), Japan, China
BCH 04 ] China
BCH 06 1 USA (Boone, Missouri)
BCH 05 J USA, Canada (Grenadier Island, Ontario)
BCH 18 J Canada (Port Rowan, Ontario)
BCH 17 J Canada (Port Rowan, Ontario)
BCH 15 J Canada (Welland, Ontario)
BCH 23 J USA (Montana)
BCH 16 J usa eastern-lineage
BCH 07 J USA (Colquitt, Georgia)
BCH 09 J Canada (Ontario)
BCH 10 1] USA (Augusta, Virginia)
BCH 08 J USA
BCH 26 J USA (Montana)
BCH 19 J USA (Allegan, Michigan)
BCH 24 J USA (Montana), Canada (Ontario)
BCH 03 ] South Korea (JLBD)
R. nigromaculata
R. dybowskii
0.020

Figure 11. Evolutionary relationships of CYTB haplotype sequences of the American bullfrogs obtained in this study and those previously
reported in NCBI database. The evolutionary history was inferred using the neighbor-joining method (Saitou and Nei, 1987). JID, Jeju
Island; GSND, Gyeongsangnam-do; JLND, Jeollanm-do; JLBD, Jeollabuk-do. The name of the state of US and Canada or city and
province of South Korea are given in the parenthesis. The CYTB sequence of Rana nigromaculata and R. dybowskii were used for

out-group rooting.
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1. 207ele] MAA & 7

AFE W FA6d dig = I 55 B3te] AFENA Fav
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S 2557, T5WU(Elaphe dione), +3 5 °|(Rhabdophis tigrinus), 4]%FXA}
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Aol =AM FaglTrE AR e Bx= oA =3 FAEEA]
ok A2 A 9] 4= 2001 7 7N, 20073 24 7N, 20154 36 7oAl o] AFE X
et 2017974 E 109 /) AP o ® MR Z=71sta @lvH(Table 2, Figure 3,
4). AT A AR HS(AA 97.3%)H = AL ofnt A FEodA Fi
Mg el A5 Alzd Axlo] S ol $1xlska(e, 2005), H4dH, <F
g x o] st 200m olske] FAZF Wi Aol Ao, w8 AFAet &
Ma27t Bol FAFo] lon, Frzd 93] B2 AAART} AFA] Fo] A
2 dAZAHo dvhe FHolA AFHQ FA4kel 7137F gks Aolvi (et ¥,
2007; = HAE 9, 2015). 3 S N AR Bo] wHE A

wo FAE A, T BEel o8 shxlo] Wdtes A7l A= A 4
AHAY, Bro® w2y spddd s A2 AZdEo] A= AfEol Bt
A A AN E B (RCA0LT)-F A Z(RCA0M6) T} Zo] 2=

of AW, AFAl-sFE, AExH} AFA so| vFEY sHor AZY 45
= FAHA ©]

o]

1

- of A3 AFEE Ak S Eof IFAW A A
1] $+2 (RCA067) <] m ool 3 7fe] A2 A (RCA066, RCA06S,
RCA069)7} A= et ¥yk olyel RCA073% RCA074 AlolollA s
roadkill AHAl = §4F o] 52 s snie A7 @ A oW (Figure 5E), A}
AT H7E 2= E s A el A ol F1 AIEC] #EAHIE S
o E3 FA Ale]2 dZAste wFERAA fd gulEste A B2
%= s} tH(Figure 5F).

AFeE Aase o) PAE Hor ARy Fo] 5 Eo] & FTFHE

ghiro] ol AF WRPE Bol mEA 9t Adel wrh #e WY, BHO

A @79 2A) B 598 EE 45E AFAE A, 4F 2L ¥IY
F e Ad #A4E A9 Gk AFE ARPe 2] wSste] FAA



A A, sdE AFA 24, 2 Ay 55 Fd dAe #lEdE st
o 545 FRE 98 2 ¥ (dammed pool)9t FA W &4

v

| olgsti gtk @@ AAE ) S o EAo
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Fas)tele] AAA B dgEel gl o ek,
3
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_—

e

FahgE e A Fdol e A AdFoME Gl FE =5 d
o, AFA, T, AXH T2 AAE = FE AAsiH, He] B4k 5F

o] gkitst Ao A Agrtal Baixol JQtH(Bury and Whelan, 1984; Dejean
et al, 2012; Kamath et al, 2016). = Ul AFA % SFas2e AAA= F
AgA ek A%, sk, "ol FolAvk(ele a1, 2001; = HEAE I8k, 2007). F
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2 484 Ad(McAuliffe, 1978; Ryan, 1980; Medeiros et al., 2016). ¥ <19l
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4. ND1 hyplotype EA0f 2let 2 A 7|& FH

AFE 3278 294 Al &4 NDI haplotypes 2 7FA(BNH01, BNH02) %=
TAHAT. ol AFER FdE FaolEe] BAVE Aol 2 7HA o4
EAESoA et Rq ALY, 23] o] e HHAJ] Fdel AT & F Sk
BNHO1= WA 52 gdwe] A4 ol s T, 53] AFe M5
Aol I A A gof] Fxsta vt vk, BNHO29 4% H&-oF A+
o TEF TolA HAHAL, AFE AFH 54 F A &3

Q%4017 sAu BNHO2O RE& 24 4449 $ho] BFH o mFS &

(translocation)®l] 98] FAFE S 7FsAd ol o= FY3(RCA00L, RCA002)9]
u, AlFAl Bl (RCASS) & A% AFAT Az W A=A AAEe

_—

%3] FL3 hapltype(RCA001-> BNHO1, RCA0S5E BNHO02)WHS Zr&=ths 4
3 dxes A A F, ol5 F AH(RCAL, RCA0SH)S #2772
o Al FAnchs gl BBl o8 ARG 5ol o Frha
A 53, BABY BP0 EEARCAGHS B A e A4
A gl el SHEW AAAAH: AN FaBFot E ohE

offrell olal A Az FAHATF I = 2011D).
el e] AA 2Rol7F BF AFE A @A el NDI haplotyped =3
Gl F-2] 9 (RCA026, RCA077, RCA096) AN A M= dolstAY, AR =7}
HG2A(RCA008) Yet7 = &ttt olejdt 23=S Als AP AFoAA T3
sampling errorgtil 7FFg X glont ol AAX F RCA026, RCAQ76,
RCA096S & gloe ZAolsc] &Yool E7lsstr] wfimel, 7B A2 Ao
Attt MAER HAEE JAES AR UE T USe BoFe A st
Atk AR A e wmes ol Eel stue] MAA el s HEY dV|Rus
A &g o] F ol st ALeS yetl= Adtel shAlvk Ryan (1980)2 <
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20T SRl FAAA ex] FHE 9E] AlEE 7 A(territorial
competition) g dtal, A4AHAL =7 mating calle]l Wt FA W= olF3tta
3 o™, Austin et al. (2003a)-& microsatellite (MS) fFH 28-S EAste] 34

MTe e dA-H1F4 BAik(female-biased dispersal)s bl A Qhs} o).

T3t FHzZ JAPgdAvas dHA Ath(EImen 1968, Howard, 1978, Ryan,
1980; Austin et al, 2003a). WetA AT FA7+2 Aoz Ak o] 5 <
A A BF AAA Y AHEHoZ WEA] i, TE AR olgdte AoR

AdaFEh £33 sty AR = o2l NDI haplotypes

o

& Bt AEsHA H7td 5 S Aot
AT Faiay Jgd 5 5

BNHO1®} BNHO02¢] H]&o] Mz tE7AY, &3 gito] AolstA Jers

BNHO1¢] 4% A 754%5 AAstar oy, S0l 882%E e,

Hlgo] o =gtk BNH029 4 AAlE 246%, 230l 11.8%S ERHITH

| A3te AFEe Sa7e JoelA BNHOI-E A7 BNHO2-EAC] H|3

MAEE o ol Felstm YAL, o e WAYTES vty F4F

g

fz

o

F gtk MEZEeobs ATPE A4S AEa7wol:, wAC SN F&
of AwEs] o] Fg AATY, AAH DEA w719 59 PR B

A4 T oge Jdo JEFgFS Tk BaEJdtHWai et al, 2010; Tsai and St
John, 2016; Wolff et al, 2016a, b). Z+5FollAl mtDNA copy T @714 Lol
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<73 haplotyped W& (oocyte quality)® AAFe] &5 A (sperm motility)ol] <3

S FE= FQ23 240 (Wai et al, 2010), AF#ol A= mtDNA haplotype©]
o 3 FAdo A A &5 A (sperm motility) I = o)A AAe Helta

A tH(Feng et al.,, 2013). =1 A (Sus scrofa domesticus)2t % (Ovis aries)ol 3k
Aol Al mtDNA thd A2 7o) da 3} gk (prolificacy), AHAFS=(litter size)
Sol 9SS FAT IR F(female longevity), &4 1 A FE&(prenatal
survival rate), A A= (bidy weight at birth), ¥ 338 (daily growth rate)
SoAe JEFS FA Eevtr A (Reicher et al, 2012; Tsai et al., 2016;
Chen et al, 2017). &FolAM%E SFEoIY MEZE=ole] 4, F79 7FlAd 3
dA e AAAH FdgFS Fvhal A th(Immonen et al, 2016; Wolff et al.,

2016a, b). =, AF%= 3F270

W+l e] NDI haplotype? A &% E¥(Figure 8)olA AlF% Wz FY
H EARZRE HA 2 7 o)A FalEAT F8T 7 ATk wepa] A

Qopgel el AR ow 2 /b e 42T F Qe 3

diversity) AFA A Q1 ikl of&f kel dF 7L o]F& A9 A o3
5 AF(Mantel, 1967; Kamath et al, 2016)< vehge, &

o) FHNA Wolad5E B gasts 4FL BT FUE YdoA

(isolation by distance) &

2A8 AN AFE gl we b

t}¢F 3 haplotypeE(ZF 6 71|, BNHO1-BNH06)S Ho|i, AF%= FetoA &3
¥ EE haplotypeE(BNHO1, BNH02)& =% ¥3tstal 7] wj&of(Table 11),
o] A3 5L AA AFZolA AT Ae FANFEES = A F35)]



FAA AL FAA kAo thdk Hrlol o], Grant and Bowen (1998)&
4 M2 EdWo]e

S
-
M
o,
i
1
2
2
ne)
>
N
N
=]
ol
\
—|—'
o,
fE
E
it
fot
o
o

% RCA089, RCA095, RCA096 Geo] dlgds+=
m>05%° FEd FHe> FHAoE ofF QFFAQl kol
(differentiated lineages)®] 2 2} HE=L dl+= Aoz HAGSA
of & FHY H& HAHA FUTt Hd<05 71<05%< 45+ Ao HE
BRI AY AR ZEH(founder effect)7F B E L = ATEdS AAFgH A
E 5 UFEEEF 26 M A F 23 /) Jd, 885%) AAlA g kol et

it

o] ofg Hekola, FAaTNrE 1 3] Ao Hat 6-7H K, = 2% 5
A e e dS Pt oA (McAuliffe 1978, Ryan 1980; Medeiros et
al, 2016), = t}2 A% 7bsatch. BNHO1ol 79 100%°] o]2% RAZF A5
T ARAY] A H Aol #EEw, BNHO27F 553 55 d&os A4
o2 gAY E webd WA E7] wiiel, BNHOI A 7F =45 o] 2 2420 =

A Ebo] o= Aw XgE o]F BNH027F F7H=2 E=qi=o] gitsta ol A

o2 Bt uwghA 2 A AASke] FAL AW EEX| oA A EF
g&o g o]%dte Ao w Holt)

AFw= FahTe Jol A NDI haplotypee %o o3t AS 9sjr=

Sy rhdo]l aFE =dl, ol Ay v 201D & ArIE v A= S
el o]&F o]t} Kamath et al. (2016)2 "= Montana o =¥ 2705
o] Yellowstone ZolA+= Ao 93k 29 HeE Yeh A v, el &

Aol = haplotype?] HFX7F EAEA <l %A

o
539, o] 5 AlEe el 9% 2 A3 o]

o

o Wi v s

N

Axte}t ok AFE JooAE BFe L gFAdA #EE = BNHO2, @9
719 RCA0019IA ¥#&== BNHO1S] 4 Hd, z°] F°] 05 vl



(Table 12), B} A 9349 A7t Arh= Hol A A914 2 o] 52 Al sHAT)
Ay A oz wjg 77k RCA0749F RCAO076(A A7 °F 140 m), RCA104¢}

RCAL05(4 A2 oF 300 m) ABEE Ae)7h 725 haplotype®] %@ 342
AolstAl vehdth ot dAMoR F AN 1] fHA] BE0] AwE9
A, oluw AAe guko] AAsarel @ AR obd F Yee molFE

ZA3e} 7tk Patton and Yang (1977)2 vl= FW Y% F(Thomomys bottae)
of AF A7t /MAd e E A& a7t Aol A wg Ao, A2
Wol7t ol &dsH, A o] ¥ (karyotype)2 =tol7} @rial sFAh mgk 7
5(2016)2 AT AMAste EUegurAd digk NDI haplotype®] 37}
T, e o, AFelA AR o2 fFPoE #EETs HdA WerlE A

A= S AFE WM AAAQ] FH 3 ABENE Thede Altst

A SAw, AFE el Ades FaTe Jgse dus gL 0 %
F AFES] AHFALNE B AR AHEL 0SS AHA Aol

af P o]l ofEt A9IAQl ol & (translocation)] A3t & 4 Szl
=, 197030 o] F FA Ty Fde 7] =Y o]F ok oWl 2owAd x7|H
@ mAEE] e JfAE] FUIE

HATE o] 5(2005)2 AeEbdmelA NDI 471A4de] tha e nls thyst
A YERE o] froll tidk Aoz 9 o]F X9 Yo E3tE A oY
g Arstgl oy, Al ol52 & 520018 KHiE &St TR =Y
® JNAZE FAA Wol7t A stockd 7hHsA wiiEed SAavlTE AR ol
e SR Addaskal dvkal ASkskal Itk Austin et al. (2003b)=
mtDNA®] CYTBe ND2 A Eo] M= fAF3E #3} A 7H(divergence time)< WEd
ok skglen, 069-24%/19vhd AEz dFsdu. sdwe/d/FdAes
CYTB Aol tiste] 278-9.82x10°¢] W95 HAL, te WsEdAe &
BN H FALEE W9l df Feld tH(Martin and Palumbi, 2006). Wk 711-bp
o] NDI FHA 4§ 97144 1 9 WE0.1406%)° <& FAw
haplotype< Zd] 5%F-209Hd 9] 7|3+S yepdva & 5 Qo wekx o] &
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haplotype A 9453}

Hlt}
FH14 AgAFE NJ trees ¢ B, AFEolA LAEE= BNHO1Y
BNHO2= “+ haplotype AFolollA 2 H A< dAdA o 7] Hups A2 &

Al
EAZEANA frae Aelet stttk = vl dAe A EHAE haplotype
°f = ®WXNh BNHO6S A&t =% wl= Californiacl A ®il¥l BNHO7
(AY819484)9} &A% BANA fale o= dddr $vete d& F
s FavlgE] JaE Aol A e fHA EFoly EAFEFY Ads A5
N

el olANA ARF FF, TGN

A, dES AH EL%S 7MeAlol =oha AL 3 Folrlote] = T
= AR A FHue] BAE MR ddEol a, BNHO1Y 1 99 &
AZ FEHAT. AFE el BNHOIZ BNHO2E A2 o2 ZAHAZgA] 7]

Yo, 25 vaoA 7|ddtha AT
5.CYTB hyplotype =A10]| elet 2 A 7| F&

NDI 32 £ A3t npb7bA 2, Al 5= ol A
haplotype (BCHO1, BCH02)S uEtUo], Hojk 2 7} ool EAEFAA
At B 5 Aok Tk AlFEe; dute Ho A A oA 3 7FA] haplotype
ol ¥EFo TN STyt AA FauiTE Fe] BA= AHojx 3 7HA ol

of g EALEAAN Fele Aol dddnh A= A=y A
= =

1>}
CYTB haplotype=(BCHO1, BCH02, BCHO03)c] Zdsta, #AF= HAu9
haplotypeE< EF X337 W, AlTE JAF2 s A =dd Aol

e & & gk
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AL

B 3% CYTB haplotype? #4102 FofAlo} 3 =2 A48 Fuel =
T ¢ ANA FHEHAEFS BolFAon o A= ¢
T, 4o G FAHRG e AR dA T A
2o A% 19179 v=mel A FAHJL, TS 19599 3 1960 thell A3 F
vio| A -2 vhele Ao Al 1959 ¥ 1971-1973d7kA] akdlel AA 495k

tH(Teleford, 1960; #, 1972, 1973, 1975; Minowa et al., 2008; Goka et al., 2009;
Liu et al, 2010). wetA] solrlol Fhste] JHES 1 AH O v d
o Ay o] v Zatd dHola, T A= FHk Jetol v A
UTH FHkel At JAl 1930 Pl=Al SAETRE 7 E=9E AolBE
(Kraus, 2009; Santos—Barrera et al., 2009), A3} % 0 & u|=roA] 3t 3}47)
TE7F 2% FuE AA THoR, dEodA fEudE daixl Aot wet
A Tool A WA= BCHO4S 4% do-dd3ds bdE EAdESS 7|de=

ot K

[}

e
Ol
(o

)

m {

|

A7 7]

_I_4

"
il

e
ins

H

r
o&‘l

i
b
o

AAaso] A glo] FAAHQ] BluE g A5 BHFo]l a4dva st

Austin et al. (2003b)& 3702l ¢] CYTB haplotype 6 7FA S &0 & 7]
ATt o] & 408-bp A7ZIAMEel gk EA A s W 42 JHe] Ay Fwhol
A 41 719l haplotypes< W73 3L, o] &2 eastern—, wester-lineages= =
A FEEH, F7H8oz2 A" dd EdWo] haplotypeE©o] F712 7|&38%
THAustin et al,, 2004b). Eastern-lineage:= H8°¢] FT4lo]a, H9, H1l, H23 5<%
FH o7 B3}e 9 o, western-lineage:= H70] F4lo]al, Hl, H6 So] #3}3
Aoz FASAT. T3 e
2 Mississippi A4S AAE T-A2 A SH weste

Mississippi A5l WA Aol q5E qlga Aeloz dA%Hel o I3

-

eastern—-, western-lineage® #3}+= 1o TAFE &
ern—

(contiguous range expansion)®] ZA¥}o] il eastern-lineagei= W3al7] ¢} H 7] &
AR E B0k A A% A (fragmentation), 952 ¢ 49 43 Aol 9
2] (Mantel, 1967) So] wWrE-wm A Appalachians AF# 5o 4 %€ Canada©l

ozt Ade] @A APAYG ko] W] o] Fel MR FeE vhehu

rol
4

A ZPE Aolgt sl T3 Mississippi 4©] eastern—, western lineage2] A

2l Ao R zgets AT HolAnt, dAe Fafte]l Al o=

rr
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(Austin et al., 2004b). Kamath et al. (2016)
< v]3 Montana®?t Wyoming 59 347l+2 el 3k CYTB haplotypes
+439 . Yellowstone S wel X8 A JEES F44 thdAo] =
i, At Holdas f34 gdFEde] A delA= g 9% Ed
(Mantel, 1967) %Ato] yepdtia shgdch. ¥, Montana®l =9 HEE3
Wyoming®] Grand Teton National ParkellA] @7A¥ = AdES F47 tpokA
of mj-g o} H

o7 MALE =9 JAT-E0]F haplotype X FxF 2l A&A S oo
=S 1 AHome AAAQ ol o3k Aol o] AAAQl ko] 9
a 2 AA o g FAkE FEjela AFstal lthH(Kamath et al., 2016).

UE2 19179 ofAofell A AF o2 FANFEE TS b)), 2] &
27t MEeR QFEHEAS BR ol T, 3 ToRERE FEHIU
tH(Teleford, 1960; 7, 1972, 1973, 1975; Bai et al., 2012). @A 7}=] L&
3+ 4702l ol Al mitochondrial genome A A4 (AB761267) 1 /¢ CYTB 4
2 A 1 N(AF077394)7F B ¥ Qo 1 % skl AB7612672] CYTB A€
= BCHOLOl sigstaivh ubdl, o2 shib= dol7k 572-bp2 #3te™, BCHOL

W Aol 1 A vE FEe HAL, BLAST A dafe M 7]Eel] Bl

1 AYE T 5Ye AEe A v E 2w Ado] © 2 ol o] A
= g2 Faae JAd 9A] Hojx 2 719 haplotypel® &5, oS
of HAMZNA fFelEHAAY, FAbdd AA =EAvka & o vk Ewt
ofel f-Evete] EgE FHUEEC Ui dES FIA FAHATE HES

1AL u, dEgA AAFE ABT612679] EA} SEvte Fa)TE e
BCHOI-EA= EHs @A Aok s uh oA 712 dEZq A BCHOZ 7N A=

il

T 1959 AR oA Ik A ARl A & oAl Fufo A 2
2, 3 2 FUS AlEste] AR or FFavfate] FAe AFsdoed, dA T
o HESY we e} A Ao opor AHF HdEo| Briau 4 A

AtHLiu et al, 2010). Bai et al. (2012)= F=3o|A AL&5< A S(222 A &:

7



23 7hel A mF Aol A 133 JHAlL 6 7He] FA el A 89 THA I oAl A E &

3t 7f A & (Zhejiang A9 Zhoushan Archipelago®] “dE°ll4 152 70|, Sichuan

3} Yunnan A*% 10 78 Al A 136 RADl & CYTB +34 AEs 48t

ATt 2 Ao A AA K o2 F 71A| haplotypes (H43, H7)o] ¥A% a1, o]

H43 (JQ241268)2 F=iollAl Hgox HEwodon, ofl Juba} ALS ko] A

R U = REE Yebla, H79 49 Austin et al. (2004b)ell o] & HiL#
A

Ady Zoha sk =g F 71A haplotype®] E& WIE7F ARS ke ofA)
Aol A2 FofAQl Aols yehld, A T= e Faiyd A2 &

A A g I (founder effect) & AX+ GAZ BFrietAdv. HL ToxolA Rad
KX269354 (Yuan et al.,, 2016)= =2 Chengdu® °f¢tsE A2 AlgoA A
A% AL, BCHOIZ dd Adeldrk. ek H43el sldsts JQ241268 Al
Austin et al. (2004b)e] &F(CYTB 408-bp A3 o]&)o] w=H BCHOlel 3l
Fot= Aot webd T Faviary Je A H7, BCHOI-#AF A &3
H43, H7, Yuan et al. (2016)¢ BCHO01 %o 2AEH, o5& RF
western-lineaged| #|@3at= 2A 2 & 5 9t}

ThAl e A, Qi3 T, sivete] a0 JasS RAEEEC] v
o] western-lineageoll Al frel® Hetolgta & 4 Aok 5T H2 FA27)+4
AAA Sl oA HaE HAA 26 Mo AJLEdES] F 23 79 haplotypel. =
WEAAN o5 F o= AL FolAole A WHAF BCHO1, BCH02, BCHO3,
BCHO49} A A|35}#] ekskth= dolt}. Austin et al. (2003b)o] #2418k 34742
X EE-2 NCBI databasedl 55 %A ©|u| haplotypeEZ TS E AEES T+
2 55A7] wWiol T5H A dol Hla thws] > haplotype (haplotype %
A& 885%)E0] FdsHARE, FokAol FavlTtE] JaH A skE Ao] glok=
Aot} o] FopAlol Hetd m= Joke] BAIFo] A A

["O

3t Folrlofol A WAE CYTB haplotype A€ ¥ 100% HU3d HFe v+
off Al HasA] kot solA|ofoA HIE7} =2 CYTB haplotype A€
(BCHO1, BCH02)#} 71 =2 454(99.8-99.9%)S H<l BCH27 (KX344492)°]
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A8 A a= 00012, 0.0024%2 w5 +AYS HEFHAY. BCH27 (KX344492)2
Kamath et al. (2016)9] haplotype Lcat-WY8Z ™™ ® AJdoln, w|=
Wyoming F¢] Grand Teton National Park (8 7§ A3, 2770 Al &)oA ZAA =
AL, o] 5L 1950 el wl= ol the F(state)olA] =HE FJToR HIuHS
t}. Lcat-WY8 haplotype Austin et al. (2004b)ell ¢]&] HE.i1%¥ sub-haplotype
Recat627 (AY083292)3 7} +<dolflth Bai et al. (2012)0] F=ollA R s
H43 (BCH04)> BCHO1¥} 0.0036, BCHO02%} 0.0073¢] A A 45 Ho, BCHO2XE
U= BCHOIY ¥ A4S YeERH Itk 3 Bai et al. (2012)©] H433 g7 H
13 H72 Austin et al. (2004b)e] W™ & Rcat6249} Rcat627< E3tete A

f

haplotype®] ™, Rcat624+= Mississippi 2] Starkwille, Rcat627-2> Alabama 2]
Walker Mines Al&lAl ZAAE A doltf. olg AIgEL AgHHo=z+
Mississipi 42 s A, o] A9 eastern-lineage®} western-lineage
7} EA3= overlap—zone o2 A etE Qo thE Al western-A G &2 A oy
21 tH(Austin et al., 2003b, 2004b; Kamath et al., 2016). wz}r & AFto|A A
e Eue Faslgele] BCHOL, BCHO29F &< H43(Bai et al, 2012)2
B5F western-lineage R A2 $<&olg sl

WA debEEe] BCHO3Z 7Hd +£<1(0.0857) BCHI17 (AY210376), BCHIS
(AY210377), BCH23 (KX344483)o]1t}. Austin et al. (2004b)<> BCHI17
(AY210376) Rcatl038, BCHI18 (AY210377)> Rcatlll2= WH3}H i, o]&2
25 7Yt} Ontario 5 Port Rowan®] Big Creek National Wildlife Area®] 3}
el A AdE AMdelth. Eg BCH23 (KX344488)2 Kamath et al
(2016)°] Lcat-MT4= "™ 3t A <€=Z Montana 52| Bitterroot Riveroll <|x]3t
MPG Ranch, Florence (7 7§A]), Stevensville ¢1<% A3 (1 7RADAA 2 E A
dolth. AY2103767 AY210377- Austin et al. (2004b)ell 98, KX344488+=
Kamath et al. (2016)° ¢]3] eastern-lineage® ¥+ ¥ At}

CYTB haplotype 959 AE4E  Austin et al. (2004b)ell A A A & A 3}
FAREE S Btk A Ho=2E Austin et al. (2004b)e] AItE ol
western-lineage®} eastern-lineagei= Mississippi 4= AR FEFH+= S

S HAT. Western-lineageo] %3l 114 HuolA= Texas T Tyler,



Arkansas 9 Desha®} Cross GSolA WAL,  eastern-lineage=
Mississippi 42l &%% %<2 Missouri, Georgia, Virginia, Michigan %3} 74t}
Ontario 9 a4/ 2 HotolA FA L A (Austin et al., 2004b). ¥HH,
western—lineage®] 4% =% O &= Montana, Wyoming, Missouri, Canada
9] Ontario & SolA WAE L eastern-lineagex Montanaol A = 27 ¥ 2t}
(Kamath et al., 2016).

Austin et al., 2003b> &A&7IG2] mtDNAS CYTB A <o] 0.69-2.4%/ 91k
W Ao BeArS yeRdtial o, Austin and Zamudio (2008)% o Z
H}e HeEEo ¥ B A 7HMartin and Palumbi, 1993)¢1 0.6%/= %k dS
2485 u) eastern lineage$t western lineage: ¢F 2.48+0.93wlut \d Ao &

2 AAtstdn ol & ATk e 74 Ao A&, AT &
T8 e CYTB BCHO1-BCHO02% 0.359%(834-bp & 831-bpZl &)<
Hol &S Hola, oF 15%-50%F W Ao st Adolgt & 4 vt wef
A ©]&  haplotypeg°] Felutetel =dH ol F EAHUS 7HeAd= 719 8l
thal stk AT A FAdA EAAA v dE TR =9
p

7 T FJAdEol  tERE Austin et al. (2004b)ell M A e

o

western-lineageo| A Feist FAodom FAE £ vt Evidtel A dAd
BCHO1, BCHO027} western-lineagegti= oA AF= Fa48 Joe v
©] Mississippi 4 AH A 9S 71902 gt BAMNXY Féolt}, dhdle gok
oAl BCHO3S #l9)sl¥, western-lineage”’} =AM ZetsE ZAyjo]= WHElo] ¢l
o}, dE% BCHO1Y X% 7] wjio] western-lineagedl 3si@ 3ttt == 3
S Al H7¥ H43 (BCH04¢} 5<)o] western-lineageol Al +
ot ek AlEs FAdHA B4 A Fobrlole] sk, T, Ao &
2] 2 vo 9] western-lineageol A el o]l o]= haplotype &3l
ek AAdket dxlsta vk Fobrlol FHe] EAHE FAd o] uHE
A2 ofAotel A FarlgelE Ago®m =AU deks ey, 19174l =
Louisiana + New Orleansoll4] 943 Aoz 7]5% o] dtHTeleford, 1960;
A, 1972). AAA v= ZEAA Fasfgele] A 24 A-E(Austin et
al.,, 2003a, 2004b, Kamath et al., 2016)°l A Louisiana ¢ A&7} #3& A=



ol gla, Ao ARE He AR/t Buse] TRHY RS o FolAA %k

’

ot A9k, CYTB NJ tree (Figure 11)olA FolAlo} F oA F5 o] Fa1

32

+ haplotypeE©] X% western-lineage A GE3 2& Bx Ao &, <
A#A Y 9= haplotypeE©] Louisiana +5 A 9+ Texas TF(A%)9
Tyler, Arkansas (&%) Cross, Desha, Mississippi (&%) Starkwille,
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