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Summary

This study was carried out to investigate the morphological characteristics
and genetic diversity of Asian white-toothed shrew Crocidura shantungensis
inhabit Jeju Island. Morphological analyses were performed based on fifty
seven specimens collected from Jeju Island, Korean Peninsula and Ulleung
Island. Molecular analyses were based on twenty seven specimens from Jeju

Island.

1. Morphological characteristics of C. shantungensis from Jeju Island

To investigate the sexual size dimorphism in Jeju population, five external
body and sixteen skull characters were statistically compared. Results showed
that it was only found in condylo-insicive length(CIL), and the other
characters were not significantly different between sexes(t-test, p>0.05).
Principle component analysis(PCA) and canonical discriminant analysis(CDA)
were conducted on cranial and mandibular measurements of three regional
specimens. Results showed a clear separation of specimens from Jeju Island,

and the size of skull was significantly larger than those of other populations.

2. Genetic diversity of C. shantungensis from Jeju Island

Molecular genetic analyses were conducted using 402-bp nucleotide
sequences of mitochondrial DNA c¢ytochrome MWCYTB) gene. Neighbor
—joining(N]J) tree based on genetic divergence showed that the maternal
lineage of C. shantungensis of Jeju Island population would be consisted of
four distinct clusters, J1-J4. Especially, J4 cluster showing 100% identities
with those previously reported from other localities including Korean

Peninsula, Mongolia and Russia. But J1, J2 and J3 clusters had the CY7B
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sequences obtained from Jeju Island.

Morphological differences on skull among Jeju Island and other regions of
Korea may due to the geographical isolation, and may supported "Island
Rule”, the hypothesis that small mammals evolve to be larger in island,
whereas large insular mammals dwarf. Moreover, these results suggested that
C. shantungensis inhabit Jeju Island could be classified as a subspecies. As a
result of molecular genetic analyses, C. shantungensis may have introduced
through several routes into Jeju Island from continent. These result indicated
that detailed investigation on phylogeny of Asian white-toothed shrew across

east Asia might be needed.

_Vi_
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= X1

W F F (crocidurinae) = 2] %5 (Order Insectivora) %3 & (Genus Crocidura)©l
st AP EFFEHN, HAF(shrew) FollA FEA o= 71 AW, fFeka|o}
o} 7} Aol AA 150-170F (species)©] A2t Ao=2 A il
(Heaney and Timm, 1983; Churchfield, 1990; Wolsan and Hutterer, 1998; Han
et al 2002; Motokawa et al, 2003). T3 AZ=7F+= 21489 #| 37](Eocene,
Tertiary period)®} 22 32 A](Oligocene) Aleloll A& Edslo] el@dH oz Ar)
& ®st7 glo] AAZAA EESkaL JdoH, 2VIERFO dAF =S AY
32 2 tH(Churchfield, 1990).
FEHtdor FHH (skul)S 7H=
F 5 UE EZAFAA E F de € H (lateral site)o] =

(zygomatic arch)o] £#138}# &+=th(Fig. 1). ttE EfF7ol B3] F7) oA

Ay

'S
[
)

=
i
=
.
e

F(braincase)©] 2Fir, %]

o
1
=
i
A

tha W7 x}x) sk BRo] A wkhHo] 3¢ (olfactory lobe)o] WEE o] gl
g, ol AEo oM A Aol 24 FHEEL F7to] FR3ITE= AL HY =

5elgt & 4 Ak (Churchfield, 1990).

Stool= % 3F9 WFFI/ BESIL oew o F AFZde= wH
Crocidura lasiura(Dobson, 1890)% Al¢|stil 2225 C. shantungensis(Miller,

1901), #AF%# C dsinezumi(Temminck, 1842) 2%o°] A 21%tH(Won and
Smith, 1999; Iwasa et al, 2001; Han et al, 2002; £ 5, 2007).

ofAlof x| ol A A sl= A2uF = AW ol dER AY, Fare] TH A9,
, &5 AFre 9 Ve FEAS
B ¥ 3t 9tHFang et al, 1997, Motokawa et al,
2000; Iwasa et al, 2001; Jiang and Hoffmann, 2001). #5384 o0& o}Ajo} =&

wH = FHY C osuaveolens®] “&& o] (synonym)o. 2 FFEE o] gfon) o i

5

%
&
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(L
k1
N
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2
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i
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Fefsta Ao XA Wolo tigh A4et FAFATA ATFES Foko C
shantungensis® ©] H ¥ v} ltH(Jiang and Hoffman, 2001; Motokawa et al,
2003; Ohdachi et al., 2004).

zZtew 7 gEd oz 43l A Kuroda(1934)7F AlFZol A A= 7HA)
= AF9FH C dsinezumi quelpartis= 7)1A 8k dlolA wZEFHCT 1 FA
Kuroda® & H & (morphotype)©] Y¥9 C  dsinezumiet 3$HHx=e C
shangtungensis®] S8l FHo=Z RIS, I %  Motokawa(2003)+=

Kuroda(1934)7} AlF®H 2 43 29 FH= I

=

g AHEE HAs)
o C. dsinezumi7t oV C. shangtungensis®) &5 &35t a1, o]9} f&Eo] A
T g Fe ERctA fAd g s Al7I8H]
al(2001)= AlF=olA AHE MAS FAFHEH #FAS Fste] ALuF o

C. dsinezumi 2%° A4} ® a3 b} Joh(Fig. 2).

. T3t Iwasa et

Hl
QL
20
o
F
”

Aol tstel ATE vk Jouk, 1 olF AFAA ARE AewAe] YEHA
S4o BE AT vFH Agoln

® ATel BAe A, BAS AR Hwg Fste] A
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Figure 1. Skulls of C. shantungensis(Soricomorpha, above) and Apodemus

chejuensis(Rodentia, below) compared.
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Figure 2. Photogragh showing overall morphological features of C.

shantungensis from Jeju Island.

Collection @ jeju



132E

124E 126E 128E 130E

Figure 3. Map of Korean Peninsula, Jeju Island and Ulleung Island showing

localities of samples used in this study were collected.
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Figure 4. The Map showing the localities of samples used in this study in Jeju island, Korea.
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o] Zol(tail length: TL), #¢ Zo](ear length: EL), Sltte]e] Zo](hind-foot
length: HFL)E A #}728 2] ¥ 2~ (Mitutoyo, 500-181-20, Japan)E ©]-&3}4] 0.0lmm
7ML &7 A th(Fig. 5).

=Sl FEEH SAS BAsS7] ddste] wEEA e ZEoEFH
Motokawa(2003)¢} Maldonado et al(2004)2] WS 3z sto] vy e
16719 F4dE& 43 ArHFig. 6).

1. FEgm-oy Alo]le] Zol(condylo-insicive length: CIL)
Hym el Hd 4 o](maximum skull length: MCL)
g H o = (maximum width of brain case: MWB)
i 8FAbo] Z (interorbital width: 10B)
T o] Z(width across incisors 11-11: WI)
AE A A o F YA 9] Z(width across Molars: WM)
AA T3 %] ¢ #E(width across unicuspids U3-U3: WU)
g ojgFyd e Zol(length of molariform tooth row: LM)

© o N g o~ W N

¢l x1d ¢ Zo](upper tooth row length: UT)

—
o

TRl Zol(palatal length: PL)

—_
—

. TNE Ho] Zo](post—palatal length: PPL)
ol g &l ¢] Z o] (mandibular length: ML)
ol ¥l x] & o] Zol(lower tooth row length: LTL)

— e
> W N

ol 8o FYE 9 Zol(lower molar row length: LML)
o} g Elm o] i=o](mandibular height: MH)
16. A F2] Z(post glenoid width: PGW)

—
o1

2 Zgrgdel Faol BAS FUAA VMR FEHE 2YTHF F
Mz WAY A% 219N Fusgon, AvE ¥ A} FRHon A
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Table 1. Collection sites and number of specimens used in this study

No. of specimens

Collection site Morphological ~ Molecular
Analysis Analysis
Jeju Island Yongsu, Hankyeong-myeon 2 1=
Keumak, Hallim-eup 2 1
Yeon-dong, Jeju—si 7 8
Ara-dong, Jeju—si 18 9
Kyorae, Jocheon-eup 3 8
Sunheul, Jocheon—-eup 2
Jongdal, Gujwa-eup 3
Sunsan, Sungsan—eup 1
Seong-eup, Pyoseon—-myeon 1
Sinye, Namwon—-eup 1

Ulleung-gun,

Ulleung Island 105
Kyungsangbukdo
. Haenam-gun,
Korean Peninsula 13
Jullanamdo
Sachoen-si, "
Kyungsangnamdo
Jinju-si, )
Kyungsangnamdo
Haman, 3
Kyungsangnamdo
Total 57 27

* wk were Kindly provided by professor Oh, Jeju National Univ. and by professor Song, Korea

Univ., respectively.
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[HBL

Hind foot

Figure 5. Ventral views of the C. shantungensis showing five external
measurements(HBL, Head-body length; TL, Tail length; EL, Ear length; HFL,
Hind foot length).

_‘IO_
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Figure 6. Dosal, lateral and ventral views of the skull and lateral view of the
mandible of . shantungensis. The photogragh showing cranial and

mandibular measurements of C. shantungensis.

3. @ 54 oy &4

AFE= WA e 5709 Jd3 FrH= 2 ostet=ol 16709 A
ste] o4 kel A K A7)0l (sexual size dimorphism) S EA3EATH

(student t-test, SPSS 12.0). ®3F A FH oz 33 FEEO d= HAT+ FH

m

of et dHAS mastn 545 W7l ffste]  FAE &4 (principle

_1‘]_
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component analysis: PCA)¥ A3 5 2A(canonical discriminant analysis:

CDA)S A A3t
4. DNA %3 9 PCR Z&Z

A A B S AFRolA AFE 27HAIE o] &35 tHTable 1). A H
gt MAES AFAR &A vkAS F diver)oly ad, SttE] <5 & 4
%331 Wizard Genomic DNA Purification Kit(Promega, USA)ES o] &3}
DNAE #3839t 482-bp mtDNA CwtB 73 A d#Ad ulst PCR T3
Maxime PCR Premix(iNtRON Biotechnology, Inc., Korea), CytB_F('-CGA
AGC TTG ATA TGA AAA ACC ATG GTT G-3)¢ CytB_R('-GCA GCC
CCT CAG ATT GAT ATT TGT CCT-3) Zete]w& o] &3k%lar, 3730
Thermal Cycler(Applied Biosystems, USA)® $%3t3itl. PCR &2 1%

Agarose gel oAl H7lste]l glstar, Al & DNA A ZAA e o] &3t

AFe Z2oAe] 744 ddAd 4= fd mtDNA =499 HES 2
Be

bp Aol tigk PCR &S AA T

jd
i
ol\
|
o

i dye-termination DNA sequencing ¥H o2 7|98 AAsgt 97144
22 MegaBace 1000(Amersham Pamacia, USA)S ©]&33 o™
al(2002)9] ®i 5 7]&E A Azet nlustr] fste d4gd HE T CytBH
Az 50 59 402-bp 99 AEE AEste] GenBank database “delA BLAST
program® = Hdl FAF AEdS A8 dE=d ALEd BAY A =
Hd9 MES CLUSTAL W program(Thompson et al, 1994)°. 2 t}z4 =A%
% PHYLIP package Woll 4] neighbor joining(N]) treeZE 2HA 81

_12_
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AT B e Fol o
Aol Qo], old A EAFAEE 7IHE ol&ste £AE AT F U
(Iwasa et al, 2001). AAFH 7=
e 2E MAe LA =2 YER

L SR EEE IR
) AFE Agse FeRAY 4F & AR FuUty 54

RE JRAlel thste] 570 FFEE S8t kit R FEEH 54
S vusdth AFES FA] HE 64+029mm(35-89mm), PAS Ht
6.1+0.29mm(4.2-9.1mm), ™ wEe] Heol= FZl°] Fit 71.00+1.13mm
(57.71-82.32mm), YA H 67.82£1.80mm(51.29-74.59mm)= YEIGeH 1
9] RE Vs TAFLENE 45 T Aol HAE 93 A4S ST AT
(t-test, F=1.34, p>0.05), #lgl¢} #&° Zol(t-test, F=2.05, p>0.05), g2l 4
ol (t-test, F=0.22, p>0.05), #1¢] Zo](t-test, F=0.00, p>0.05), Sle] Zo](t-test,
F=0.20, p>0.05) 2= FdelA 5 2 793k Zol= AT (Table 2).

AAFE Qo w % 3k Arle] AHA7elq BAL Kol

e

J

e

ke

o
T

&v

o] t}(Pankakoski, 1989; Motokawa et al, 1996; Motokawa, 2003). <1+ A3}
AFLo AAstE 2euF e oF Fed 54 Qo] oI 1F Feold Ao+

gglon, the AR v B4 Astsh fAsHG

_18_
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Table 2. Descriptive statistics(mean+SE), number of specimens(n), ranges(in

parentheses) and statistical differences(t-test) of external characters in C.

shantungensis from Jeju island

Character Male n Female n p value
Bod (@) 6.4+0.29 o 6.1+0.29 6
Oy massia (35-8.9) (42-9.1) "
Head-body 71.00+1.13 67.82+1.80
22 17 ns
length(mm) (57.71-82.32) (51.29-74.59)
] 46.57+0.67 44.89+0.62
Tail length(mm) 22 17 ns
(41.88-54.15) (40.46-49.96)
7.71£0.17 7.68%0.17
Ear length(mm) 22 17 ns
(5.23-9.17) (6.07-8.77)
. 12.80+0.15 12.51+0.16
Hind-foot length(mm) 22 17 ns

(11.76-14.59)

(11.35-13.84)

ns: no significant.

_14_
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2) Aemd TAZY FHGH 54

AT AALES s FAANA ok ghell A elP s AT 29, AET
W -gk] Apo] o] Aol (CIL)oll A b3kl Fol gk ZFol7F A Stk (t-test, F=5.656,
p<0.05) WA FAoM= Fold 2ol7h vEbbA] e Skt (t-test, p>0.05). A5
o MAsts JHAIe] Fole dEe] dAAr|old ol FElEtA UEhA]
gokown, olE git: B S5 Tl XA up e A A skE WAL FARE
AE yepdtha 3 4 o (Motokawa et al, 2003).

A AGEE HawEAs7] fste] sid, AR, A5, §ek A9E sk
St A|go =z XAt th(Table 3). f1€lolaUd Y Zol(one-way ANOVA,
p>0.05)E Alelsta HF 5w -y Alole] Aol(one-way ANOVA, F=39.928,
p<0.05), W&l we] Hr) Zol(one-way ANOVA, F=35.789, p<0.05), A= el =
) Z(one-way ANOVA, F=16.426, p<0.05), F3Alo] Z(one-way ANOVA,
F=10.736, p<0.05), 7 %Y<e] Z(one-way ANOVA, F=11.503, p<0.05), ¢ A
o3 YAlole]  Z(one-way ANOVA, F=28784, p<0.05), Ax THX =
(one-way ANOVA, F=4917, p<0.05), $8x<del Zol(one-way ANOVA,
F=10.602, p<0.05), 77 ¥<2] 4ol(one-way ANOVA, F=56.979, p<0.05), 77 %
ol Zol(one-way ANOVA, F=10.823, p<0.05), olsielmwe] Zo](one-way
ANOVA, F=31.466, p<0.05), clHE XL ZAol(one-way ANOVA, F=49.725,
p<0.05), olefElo]F g ] Zol(one-way ANOVA, F=17.946, p<0.05), o}z &l
o]  zol(one-way ANOVA, F=14705, p<0.05), #HAZ}F Ko Z(one-way
ANOVA, F=20.724, p<0.05) & ZE FZAAAM Al A AAxE 3 F3 2ol
et QltE o]t 32 Schefféel Bonferroni®] + 7FA A7t A

o

B AT E e HolE A% Be FHNA AlFE fATS ANt
S} e MATEY Avs= ARde] lEATH(p<0.05). Wl kol 2

= A

r—u
>

o]

rr

wE Gl dste] fol@ Aol7k ¢l THp<005).

_15_
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Table 3. Cranial, mandibular and tooth measurements(mm) of C. shantungensis from Jeju

Island, Korean Penninsula, Ulleung

Island
Jeju Island Korean Pennisula Ulleung Island
Character

Male(n) Female(n) Male(n) Female(n) Male(n) Female(n)

CIL 19.43+0.09(7) 18.71+0.15(11) 17.62+0.27(4) 17.28+0.29(3) 17.67+0.11(3) 17.35+0.36(4)
19.12-19.83 18.03-19.35 17.15-18.17 17.05-17.60 17.59-17.79 16.82-17.64

MCL 18.48+0.15(8) 17.92+0.15(11) 16.84+0.26(4) 16.60+0.21(3) 16.92+0.28(3) 16.61+0.43(4)
17.65-18.96 17.20-18.50 16.35-17.45 16.42-16.83 16.71-17.24 16.04-17.09

MWB 8.54+0.07(8) 8.34+0.05(11) 8.01+0.10(4) 7.98+0.10(3) 8.24+0.04(3) 8.08+0.14(4)
8.23-8.82 7.91-857 7.84-8.31 7.88-8.07 8.21-8.29 7.87-8.19

OB 4.09+0.04(9) 4.06+0.04(11) 3.86+£0.01(4) 3.84+0.10(3) 3.92+0.09(3) 4.00+0.11(4)
3.85-4.23 3.85-4.26 3.83-3.89 3.73-3.94 3.81-3.98 3.86-4.12

WI 1.95£0.03(9) 1.80+0.02(11) 1.76+0.02(4) 1.66+0.09(3) 1.70+0.06(3) 1.70+0.04(4)
1.71-2.10 1.69-1.88 1.69-1.79 1.58-1.76 1.64-1.75 1.65-1.75

WM 5.45+0.05(9) 5.34+0.03(11) 5.06+0.04(4) 5.02+0.04(3) 5.13+0.03(3) 5.15+0.12(4)
5.11-5.62 5.15-5.50 498-5.16 4.99-5.07 5.10-5.16 5.05-5.29

WU 2.56+0.03(8) 2.47+0.02(11) 2.25+0.06(4) 2.27+0.09(3) 2.61+0.58(3) 2.26£0.08(4)
2.40-2.68 2.35-2.58 2.10-2.39 2.16-2.33 2.20-3.28 2.18-2.37

M 4.77+0.06(9) 4.67+0.03(11) 4.43+0.06(4) 4.36+0.09(3) 4.40+0.09(3) 4.47+0.09(4)
4.50-5.03 452-4.81 4.29-4.54 4.27-4.45 4.31-4.50 4.39-4.59

- 16 -
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Table 3. Continued

Jeju Island

Korean Pennisula

Ulleung Island

Character

Male(n) Female(n) Male(n) Female(n) Male(n) Female(n)

UT 8.3510.09(8) 8.05+£0.05(11) 7.53£0.10(4) 7.50+0.13(3) 7.59+0.11(3) 7.50+0.11(4)
7.87-8.61 7.75-8.29 7.34-7.80 7.38-7.64 7.47-17.70 7.34-761

PL 7.61+0.01(9) 7.32+0.06(11) 6.77+0.08(4) 6.70£0.07(3) 6.52+0.05(3) 6.70+0.22(4)
7.33-7.90 7.06-7.59 6.63-6.93 6.62-6.77 6.49-6.59 6.48-6.94

PPL 8.74+0.12(8) 8.36£0.09(11) 8.01+0.09(4) 7.99+0.02(3) 8.17+0.18(3) 7.87+0.19(4)
8.02-9.07 7.79-8.85 7.86-8.16 7.97-8.01 7.97-8.30 7.61-8.06

ML 11.65+0.12(9) 11.37+0.09(11) 10.71£0.19(4) 10.55+0.12(3) 10.67£0.34(3) 10.49+0.29(4)

11.09-12.06 10.92-11.80 10.37-11.06 10.42-10.66 10.36-11.04 10.10-10.78

LTL 7.51+0.08(9) 7.38+0.04(11) 6.91+0.10(4) 6.83+0.10(3) 6.92+0.17(3) 6.87+0.13(4)
7.10-7.87 7.18-7.59 6. TS 6.74-6.93 6.76-7.1 6.67-6.97

LML 3.88+0.04(9) 3.80+£0.02(11) 3.67+0.06(4) 3.51+£0.10(3) 3.62+0.08(3) 3.69+0.03(4)
3.64-4.07 3.68-3.90 3.52-3.80 3.40-3.60 3.54-3.7 3.66-3.73

MH 4.48+0.07(9) 4.35+0.04(11) 4.14+0.06(4) 4.06+0.16(3) 4.20+0.11(3) 4.01+0.09(4)
4.09-4.74 4.04-4.56 4.05-4.29 3.96-4.24 413-4.33 3.87-4.09

PGW 5.55+0.06(9) 5.34+0.04(11) 5.08+0.04(4) 4.91+0.10(3) 5.27+0.07(3) 5.06£0.10(4)
5.22-5.84 5.05-5.59 4.99-5.18 4.81-5.01 5.23-5.35 491-5.13

measurements are presented as meantSE(range, number of specimens in parenthesis).
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Figure 7. Plots of factor scores for the first and second principle component

axes from PCA.
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AFE, e aea 5% JRATIe] A AolE wHsty] 918k

M Fdo| tste] =R (CDA)SATE A HA A s4(CANT)
o] eigenvalue 4.939, + WA #AHE3I(CANI)Q| eigenvalues 0.076°.2 E}
gtk F 16709 e ¥d 5 CANId dste 7M8 =2 SEdA%
(discriminant loading)S WEWE dd2 oy x4 o] (discriminant
loading=0.894), o}# €l o] Z o] (discriminant loading=0.868), ¥&4=1# -2k A}o]
o] Zo](discriminant loading=0.866) =o|™, AE o] & Z oz eyt CAN
ool disted 7k =& WBAARSE dedes 4 7839 2o
(discriminant loading=0.552), o}zl &} X] & 2] Z o](discriminant loading=-0.449), °}
e ol F g e Zol(discriminant loading=-0.395) <=9 & eyt T AHE
E gl 23 A J 1 FHgtHgor FEE Aolrp S ATHEFig. 8). #
kol oste] HA Eo 838%7F AgstA FREJSH, AAEEE AF
T P AS B9 ZEI 100% HAEEA TFEREAL, Tl &
7} 71.4%, 60.0%7F 838 - % lth(Table 4).
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Figure 8. Plots againts the first and the second canonical axes based on the

cranial characters of C. shantungensis.
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Table 4. Classification results from the canonical discriminant analysis for C.

shantungensis from Jeju Island, Korean Penninsula and Ulleung Island

Jeju Korean Ulleung .
) 9 Correct
Island Penninsula Island
Jeju Island 20 0 0 100
Korean Penninsula 0 5 4 714
Ulleung Island 0 2 6 60.0
Total 20 7 10 83.8

* incates that percentage for grouped cases correctly classfied.

2. mtDNA 24949 AEL o8& 24 A 7=
Han et al(2002)9] RHildAMe AFE ZAew#7E gd 2AFERA zlo=
Byt o, & mtDNA CYTB #84 Mo fd@dds 7= A9 43

= AT #Zewd Jude How 4709 cluster(Fig. 9, J1-J4) AR ol
I glgo] FelHEdth o] F J2 clusterdl A= Han et a/(2002)2] H.aLo) A
EAE MEEY LAY 74 MEEe] &dstd o, J1, J3, J4 52 7]

F9 Rud MEEHRE U2 AEES] SJAHAJG J1, J2, J3 clusterdl A= Al
]‘

N
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\\ Sarax mrnuius
M2-1 Kyorae, Jeju lsl, W
M2-16 Ara-dong, Jejulsl,

| M2-22 Yeon-dong, Jeju lsl,
M2-13 Ara-dong. Jejulsl,

M1-21 Yeon-dong, Jeju lsl,
&B077082sh Popov Is,, Russia
&B077278sh Popov |s,, Russia
&B077081sh Putjiatin ls,, Russia
SB077080sh Putjatin ls.. Russia
EUT42593sh Lazovskii Matl Park, Russia
EUT42589s0 West Hingan, Mongolia
EUT42530sh West Hingan, Mongolia
EU742591sh West Hingan, Mongolia
AB077079sh Kyungju, South Korea
AB0YI0T6sh Wlung |s,. South Karea
&B077152sh Mt Maejang, South Korea
M1-25 Kyorae, Jeju lsl,
FA1-22 Kyorae, Jeju lsl,
M2-12 &ra-dong, Jeju lsl,
= r2-15 Ara-dong, Jeju lsl,
M2-20 Yeon-dong, Jeju lsl,

M2-6 Yeon-dong, Jeju lsl,

M2-11 Ara-dong, Jejulsl,
M2-23 Yeon-dong, Jejulsl,
k4-1 Yongsu, Jeju lsl,

M-8 &ra-dong, Jeju lsl,

ABOTTIRIsh Mt Halla, Jejulsland, South Korea
ABOTIOTIsh Mt Halla, Jejulsland, South Korea
ABOTI07Esh Mt Halla, Jejulsland, South Korea
M4-9 Keurnak, Jaju |sl,

M2-17 Ara-dong, Jejulsl,

M1-23 kKyorae, Jeju lsl,

M1-20 Kyorae, Jeju lsl,

M1-24 Kyorae, Jejulsl,

M2-21 Yeon-dong, Jejulsl,
Me-8 Yeon-dong, Jeju lsl,

M2-5 Yeon-dong, Jeju lsl,
M1-27 Kyorae, Jeju lsl,
ME-10 Ara-dong, Jeju lsl,

4‘ M2-14 Ara-dong, Jejulsl
M2-19 Yeon-dong, Jeju lsl,

J4

J3

Jz

A1

Figure 9. Neighbor-joining(N]) tree of the mitochondrial cytochrome b gene

sequences(402bp) showing genetic diversity of C. shantungensis from Jeju

Island.
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