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Revision of the discrimination between two Bactrocera fruit flies, B. scutellata and B. ishigakiensis, found from a
monitoring trap for invasive fruit flies -Knowledge of the characteristics of intermediate form- Masayuki
Kitada and Ryosuke Kimura” (Naze Sub-station, Moji Plant Protection Station, 1-1 Nagahama, Naze, Amami-shi,
Kagoshima, 894-0036 Japan. ' Plant Protection Division, Food Safety and Consumers Affairs Bureau, Ministry of
Agriculture, Forestry and Fisheries.) Res. Bull. Pl. Prot. Japan. 53:103-110 (2017).

Abstract: The closely related species Bactrocera scutellata and B. ishigakiensis are native Tephritid fruit flies of
Japan. A morphological study and PCR-RFLP of the mitochondrial COII region were applied to 170 specimens
collected from 13 localities from Kyushu Island to Ishigaki-jima Island to re-examine the process of identifying the
two Bactrocera species. As a result, both species were clearly distinguished by the wing patterns and the PCR-RFLP
markers with restriction enzyme Hinfl in all localities except for Miyako-jima Island. Those distributions based on
the result agreed with reference information. However, several wing patterns were detected in the specimens from
Miyako-jima Island, namely B. scutellata, B. ishigakiensis and their intermediate. Meanwhile, wing patterns of several
specimens did not conform to the standard PCR-RFLP patterns of each species.

The results of PCR-RFLP analysis of Miyako specimens showed both haplotypes of each species. The results
obtained in this study suggest that B. scutellata and B. ishigakiensis coinstantaneously occur in Miyako-jima Island.
On the other hand, the intermediate specimen was distinctly different from related species other than B. scutellata and

B. ishigakiensis based on morphological characters. Intraspecific hybridization may also be listed as possibly causing

inconsistency between morphological characters and mtDNA haplotypes in Miyako-jima Island.
Key Words: Bactrocera scutellata, Bactrocera ishigakiensis, PCR-RFLP, Mitochondrial DNA
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HAOMWEHEBICIZ, 2o TCHEEEROY ) I NN
(Bactrocera cucurbitae (Coquillett)). I % ~ 2 I )N T (B
dorsalis (Hendel)) 2SR L. RIERREH O E B R 2%
Ex DS L 7o 1993 412 T AR o B T L 722 1%
(Yoshizawa, 1997), T 5 I NTHOFRAZ 720, HiM
i 5 & OBENT I OB U312 X o TBUE b 18 AZHGH
HEDRT LN TVD, BFEMATHHTLHEIHNICIE. s
HAREEINZOEPIZ, EREOIZY I N (B
scutellata (Hendel) : LLF. I AY) 2SRUG L. HZIZHER S
%o WEEHE, g EDALCsA L (BEHS, 2002), &
L LTH T AT VIE (Trichosanthes spp.) HEAEIZ T % A%,
Far ) REEZMELLFHGH L (LU, 1998 KEF S,

/11

2006), F7z. AHBEWERSTIEI ALY EFMED A
¥ A F I8N (B ishigakiensis (Shiraki) ; LLF. 4 ¥ F) 28
SGALTEY (BEMHS, 2002). I A VEBHEEICHERS N
%o
AR BAEE P, UHRERFET I AT DIEINI
A A F LML L 72RO BERC MAE O H 1 2 S A D
DRI E S N7z, WAOFENICOVWTIZINE TIC
Drew & Romig (2013). (2016). Ito (1985). Shiraki (1968).
Sonda (1972). & H - — 7 (1982), M= & (1984). Wang
(1996) 238 %5, Hl 5 £ T7OHFAEB L 2 DOREIZOWT
DRLBNE v ZOROMMKEEELRr — A2 LI LIED
bo 720 MMTIIAERT Z2D0OUNORAFEL LT, B
synnephes (Hendel) X B. tau (Walker) RSN TB Y (Fh
Z 3 Ohno & Tamura, 2008 3 & OF Ohno ef al., 2008), Z i 5

VEBEMOKIER T - A R B R
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HEINZHE DT 2T Y 4 TIZOWTHEET 5 2 & 138
ZEThAHIo

— 5T BAEINTHEICHT 2RO YE0—D L LT
BCH DG & 2 MR REIAT AT DI, I N THOEEN
G RARBHS IR Y DOOH b, IATVEAL VHFOIH
TEARIZ DV T D mtDNA OB IR T IERLS O B A3 T b
N BONRFE SN T IR THLH I EAVRENT
W% (Lim ef al, 2012 ; Nakahara & Muraji, 2008). ¥ 7z, fi#it
L7 ERHI Ol 50k o572 DNA DL R 2 FIH L <,
PCR-RFLP %% Real-timePCR 12 & 584 % I Nl D7k
MEREHE SN, AHZEESRE SN TS (BES
2005 : Yu et al., 2005)

Z 2Ty SEIUND L ETE B ORI E TOXMIETHRE
SNTARITOWT, WA B 5 BT O f R I
5L THERT 2L Eb1C, WY A TORBAEEML, BREIC
X 2R J & PCR-RFLP T35 ML 516 & 0B A& IOV
THEF L 720 MR OBRIEICOWTH R MR85 2 LT
&L, BAERHAAB T 2O O FHfE S &R
M EEEs 2 EHMEICER D, DV TRFIZRRAREO R 2
M2 %05 THS )

ARV H, THEE TWE % - 72 MR bR o |
B & AT EREHEFT O FRELCK, 5B TO
P TR IAN T II W o 72 ST BRI B 3% S r - KL R
RORFIEFR, M2 TR0 7275 72 P RIREY) B 27T 7%
O NI B B 2 s e U LR B L [ 5,

WS LUTE

1. 5

P, 2011 4E 2 5 2013 SRS B X ORI T S O 43t
WC, 2B ITEEINENE INZHORAERH N7 v 7
(=7 W7 v A4b%) (S S N7z F 2B 170 44
L, INHTRTIEDWTINBIEREO#IZE L PCR-RFLP |2
X B BB TR 24T o720 B, BERHUIMRAT % £ CToM.
99.5% T % J — V2R LT -20C TH% L. DNA % Jilii
L72b D0 OMHREEARE Lz SREHE L X OGR4 %
Fig. 1 BX U Table 1 127”5,

2. HERRZREIC & B EEA

TEAZFIRHT % AT o 72 B3R 170 AR IZ D W TR E % Bilst
L. IATEAL VA FOEINEERRI,
OBg ik

iz E oy bCUIDEEL., #H - Bandara (1999)
WA FF NV LA TEHALTT LT — MERE L, KD
OHKIIZAAMRIIT Y v P LTHII LEAL L, SR
BIEITFRBEMEE Z TPV, o7 L85 — MERIZER
BT L LI, AR LICHGEERE L (I xT
~ v K : Nikon-DS-Fil. #ii2i# : Nikon-DSL-2 ).
0] 2k 23S DA

SRERIERE D BIERE, WAL EFEH (3 A Y Hendel, 1912,
A ¥ 7% : Shiraki, 1968) B X " Drew & Romig (2013). (2016).
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Fig. 1 Map showing localities where specimens were collected.
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Table 1

Specimens used in this study

Collection locality

Date Number

Kyushu Island (Part of mainland Japan)

Koga-shi, Fukuoka, Japan

Fukuoka-shi, Fukuoka, Japan

Kumamoto-shi, Kumamoto, Japan

Yatsushiro-shi, Kumamoto, Japan

Minamata-shi, Kumamoto, Japan

Kirishima-shi, Kagoshima, Japan

Kagoshima-shi, Kagoshima, Japan
Amami-oshima Island

Amami-shi, Kagoshima, Japan
Okinawa-jima Island

Uruma-shi, Okinawa, Japan

Nishihara-cho, Okinawa, Japan

Okinawa-shi, Okinawa, Japan
Miyako-jima Island

Miyakojima-shi, Okinawa, Japan
Ishigaki-jima Island

Ishigaki-shi, Okinawa, Japan

2013.VIL.10 - VIII.6 10

2013.VIIL.15-27 5
2013.VIIIL.17 5
2013.VIIL.19 5
2013.VIIIL.19 5
2013.VIIL.15 5
2013.VIIL.15 5
2013.VI.13-14 20
2013.VIL.11 10
2013.VIL.11 10
2013.VIL.11 10
2012.1v.10-23 50

2011.v.12 - 2012.11.2 30

Ito (1985). Wang (1996) (Z3E0 %, BHER. WWEE (WERs L O
BEET) . IO WTIT ) XM L7z2s, BoBEsst
WD AR 2kl 2 Mo b dh oz, 22Ty A
Tl r-m k3B X O° Costal band 53 OB DIRFEIZ DV THIZE
L. FEO#EN %475 720 MAADOBA O % Fig. 2 128”7,

T2 Bl S CTRIE S NMEMAEICIE Fig 3R T X9 12,
Costal band & r-m (2B T O FeB % fEE o & 4
7 (Fig.3b,¢) AEFNTWiz,

Costal band JG¥iid, BEHO 2 2 Y BERCIK (Fig. 2a). 4 ¥
EFHIR (M) ~NE2YS (Fig. 2a) 2. 5 & ok
oI 3EMREDOFHMN LRSI ALNZ, £ T, Fig. 4
DEBYSERICEM L, a. b ZHERIK (Oval), ¢ d. e %
JEA3% B D (Expanded) & L7:26

—J rm OBERIE, I AT B L (Fig. 2b). 4 ¥4
¥ BMDH Y (Fig. 2b) TH DA il BOMARIIBEALD 7
W OP LR OB S O F Tl L LRI A SNz, B
WMOBAMICE DT V757 IdWEETH %5 2 & 25, Nikon-
DSL-2 Z W CHRDMEZME L, ZOFREIZL D Fig. 5
EBY BB F LT BERDIEAY 200um A O a.
b Z#¥A 7 L (Absent) & L. TNl EDc, d. e ZHWDH Y
(Present) & L7z,

r-m & Costal band {2 X 2 3 HH D AE R, r-m \ZBERA 72 <\
Costal band J5¥ 23K 3 2 i1k (Fig. 3b). & 2\, r-m 12
BEAL A4 L Costal band JGiu ASBERCIR DK (Fig. 3c) @ &
I\, WAL O4FE 2 pEE o K 2 R EA  (Intermediate)
L L7, 2L T, ZRSHEMEMKIZOWTIE, Drew & Romig
(2013). (2016). Ito (1985). Tseng er al. (1992). Wang
(1996) % ZEZZOMOFEDO W FEMEIZOWTH M L7z,

3. BTEME

PEEH 170 AR O WT, HE S (2005) D iEBHEI,
mtDNA @ CO I #ik% x5 & L C PCR-RFLP % % jiti L.
TtonTuy 47 QHEHRERICE LN FXF— O
AbbE) #E L7,

(D DNA #li35 X 0 PCR i

DNA $ili i ix, s oM 1~2 K % H v, Osakabe et al.
(2002) DFFFNHE LT 5 720 RBOERIZIZ E — XKW
RSB Y 2 A F < AT —F — b ONAF AF 4 H)VH
AV R) R, 25172 DNA RS &2 200 11 O
D AR KISV IR L 72

PCR 2 X % DNABIEIZ RO EB Y TH b, S HEIT
20ul & L.y 16T & I28H DNA W 1ul. Ex Tag DNA
Polymerase (% # 7 28 4 %) 0.15u1. dNTP Mix (2.5mM)
1.6 41, 10xEx Taq Buffer 2.0 u1 (20mM), PCR 7 5 f < —
(10pmol/ 1) £ 0.5ul B X CRH A K 14.25ul &N 2 720
B, PCR 774 <=3 5 (2005) 2LV gkatshr:
BCO2F1 3 £ U BCO2R # i\ THT - 72,

PCR i, ¥ =~ 4 7 5 —GeneAtlas S02 (7 A7 v
7)) #AWTITW, 90T5 5o sk, B (90T30 7).,
T=—=Urr WC30H) BLUME (65C0OH) 0K 2
Ty TRIFAZINELTA WD EL, S5I265CT55
DOMERG % 1T - 72%. 4C TRAEL 720

2 RFLP fi##

PCR T H#i 1 L 72 DNA (&, il BR B 3% Tagl (78 %k B4
TCGA) B XU Hinfl (FEFRECY] : GANTC) 12 & - THi 1k
L. BRKBICE>TROENENY FNNF =V RPHS
(2005) THESNIWMEDONY 8% —> (IAY 1 Tag 1 -



Fig. 2 Typical wing markings of B. scutellata (Left) and B. ishigakiensis (Right).

a: Apex of costal band like an oval. a”: Apex of costal band expanded to vein M.

b: Dark spot on vein r-m absent. b": Dark spot on vein 7-m present.

¢: Dark marking on vein dm-cu interrupted anteriorly or present. South ¢”: Dark marking on vein dm-cu conspicuously continuing.
of Okinawa-jima Island rather conspicuous and continuing.

a b < y
B. scutellata Intermediate

_l".-_
i

Fig. 3 Intermediate wing markings between B. scutellata and B. ishigakiensis based on the specimens collected from Miyako-jima Island.

a: Costal band oval, r-m spot absent. b: Costal band expanded, r-m spot absent.
c: Costal band oval, r-m spot present. d: Costal band expanded, r-m spot present.
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Fig. 4 Patterns of the apex of costal band as seen in the specimens of Miyako-jima Island.

a-b:Oval. c-e: Expanded.

Fig. 5 Patterns of the dark spot on vein r-m as seen in the specimens of Miyako-jima Island.

Under 200 4 m (a, b): Dark spot absent. Over 200 u m (¢, d, e): Dark spot present.

429, 182, 6 (bp). Hinfl : 334, 243, 40 (bp). A ¥ # ¥ : Taql :
429,182, 6 (bp). Hinfl : 334,212, 40,31 (bp)) & Lb#EL 72

W NOBIBRERLI S FOSAE R 10l &L, 1R,
120.2ml PCR F 2 — 7% i L7z Tagl ORBLTIE, A7
B K 5.0ul. 10xBufferl.0 ul. 10xBSA0.5 1. il BR B % 10U
(% 55354 %), PCR HIEMHEY 3.0ul %. Hinfl OB TIZ,
W A K 5.5 ul. 10xBufferl.0 u 1, HIFREESR 10U (¥ 5 5
A %), PCR¥IEEW 3.0ul ZMA. F—<NVH A2 5—%
WT, Tagl 13 65°C. Hinfl i 37°C TE N2 3 W DL R
L7ze Mok 25bp 55—~ —h— (547572 /1
Y—X) kL {iZ. DNARNA ST~ A 7 aF v 7Bk
Th%EE MultiNA (B BUERT) & v CESIKE) 2 17 - 720

B R

1. SIERREIC K B REDHT

PR OMOBARZBIZE L, ZOKESITEY 5 BB TR
L 7245 % % Table 2 12783

S & AE S % B < MR o 41X $ X T Costal band  (Fig.
4) 2aF721E bl r-m (Fig. 5) da I blZaidoh,
INHIRIAYINTLHW SNz, —F, FEBOMEEZ,
Costal band 2%¢c, dv el rmidd E ik ellFiF o, 4
THFINZLHAW SN, SO ik, BRI D B R
D5AEE =B LTz —H Bl RO T L 72 50 a4k

DH)H, IAVI AT (Fig. 3a) 298, 1 > H*¥ 417 (Fig
3d) 10 BT A r-m IZBERIAT% <. Costal band JEHi A¥HE K
3544k (Fig. 3b) 558, r-m I[ZHAL%Z 4 L. Costal band JG3
HPBEACROME (Fig. 3¢) 6 BOHRIEMAKET 1150 (22%) 25
A Nhiz,

T2, INSHEEEICOWTIE, BRICHEHENEAL
7258k D B B B synnephes, B. tau STV it B\ A il kA B
% B. arisanica (Shiraki) (Wang, 1996) %5 3CHk LFRsko H % Iris
TEEMB L2 OMOIE 2 K L7205, —33 AHid%h -
70

2. Ef=zFe
@© Taql DIFHTHER

R S (2005) 12 X AUE, WFELE Tagl TR N R348 —
> (429, 182,6 (bp)) Z/RT I EHIWMEEINTVD, KIS
BT, AL 170D 9 5 167 BHIZF LN R8sy — >
(Fig. 6a) Z/_" L. WAEICBTBERW NS F8F—2TH
HEEZ LN, RO IFHIIENEFNINE 38 S 3H
DN k3% — 2 (Fig. 6b,c,d) Z”" L7 (Table 3)s % B.
WA BN PRy — %R L7z SHOIEIBREIZTRTI AY
E—FH L7,
@ Hinfl OIFHTHEF

R S (2005) 12 XA, Wifd i Hinfl THEZ L1258 7% %8
YRS F = (X AV 334,243, 40 (bp). 4 ¥ A 1334,
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Table 2 Results of discrimination based on two wing characters for two Bactrocera species collected from Kyushu Island to Ishigaki-

jima Island

) . Apex of costal band r-m spot Species
Collection locality =~ Number I R —
Oval  Expanded  Absent  Present B. scutellata B. ishigakiensis =  Intermediate

Kyushu Island 40 40 40 40

Amami-oshima Island 20 20 20 20

Okinawa-jima Island 30 30 30 30

Miyako-jima Island 50 35 15 34 16 29 10 11
Ishigaki-jima Island 30 30 30 30

"' B. scutellata is basically with apex of costal band oval and -m spot absent.
2 B. ishigakiensis is basically with apex of costal band expanded and r-m spot present.

*3 . . .
Intermediate crosses these wing characters between two species.

212, 40,31 (bp)) Z/RTIEIWEEIN TV D, KHFEIIBW
Td, HRA LA 170 BT wIhh—H DNy F23y — 2 (Fig
6A, B) ZRL7z. FNEFNOMEAIIRTINY K87 — U
SRR L 72FE R Table 3D EB Y TH o720 BOBERT
IAVERPI LI, BRRE. WAARE (ARSI
OfEIZ, N Py = TRTIATVZRL, BT
A HFEHENLAESOMMAKIZ. 1EHEZREE, N P
=V I RNTA X %R L7z BINTH o7 1HIZ, I A
VDOINY Y — YRR,

—J, BHEOEEI S, IAVEAL YA FWMMEONY R

(LM}

NG — UDRERE NI, ENENOEEIE. A ¥ 12
LI LTI AYIBHD KA 3L » o 72 (Table 3)o
Hinfl O3 7 K85 — 2 L0 X 2 3k Us R % Jeig L 74 5=
X Tabled D EBY, WHDONY F8% — i, BOREEIC &
D IATFEIA VAT KB E RS X O R RO W
FTNPO BRI NIz, L L, #BBENY F28F — V3T
Ld—HEd., BHBEoMEIE. @BEIC X 558 F & Hinfl
2 & B MBI — U WA S E T Tz,

[oe]

(UM}

RhEs
£ eacs:

N LA ENEaem |«
L

e =L T

[ ¢
&

[ %]
Ln

(LM} -

Hinf1

Fig. 6 Gel image of MultiNA for DNA markers of mtDNA COII gene digested by Tugl (Left) and Hinfl (Right) in comparison between

B. scutellata and B. ishigakiensis.

a: Typical banding pattern of B. scutellata and B. ishigakiensis.

b - d: Intraspecific variations detected from Kyushu and Miyako and each value measured by MultiNA as follows: (b) 327, 190, 112 (bp),

(c) 221, 208, 190 (bp), (d) 279, 177, 131 (bp).
A: Typical banding pattern of B. scutellata.
B: Typical banding pattern of B. ishigakiensis.
UM: Upper marker. LM: Lower marker.

Ladder: 25bp ladder marker.
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Table 3 Banding patterns of PCR-RFLP analysis performed by two restriction enzymes for discriminating between B. scutellata and B.

ishigakiensis

Tagl Hinf1
Collection locality ~ Number 1 — — 1 I
429, 182, 6 (bp) Intraspecific variations 334, 243, 40 (bp) 334, 212, 40, 31 (bp)
Kyushu Island 40 38 2% 40
Amami-oshima Island 20 20 20
Okinawa-jima Island 30 30 30
Miyako-jima Island 50 49 17 38 12
Ishigaki-jima Island 30 30 1 29

! Fragment size referred to Nakahara et al. (2005).

Tagl (429, 182, 6 (bp)): common to both species, Hinf1 (334, 243, 40 (bp)): B. scutellata, Hinf1 (334, 212, 40, 31 (bp)): B. ishigakiensis.
 Two specimens of Kyushu showed different banding patterns 327, 190, 112 (bp) or 221, 208, 190 (bp) detected from electrophoresis of

RFLP products.

" One specimen of Miyako showed different banding patterns 279, 177, 131 (bp) detected from electrophoresis of RFLP products.

Table4 Comparison between morphological characters and
RFLP markers of Miyako specimens

o RFLP marker™
Species Number T
B. scutellata B. ishigakiensis
B. scutellata 29 24 )
B. ishigakiensis 10 7 3
Intermediates 11 7 4

" Discrimination results among Miyako specimens referred to
Table 2.

 Typical RFLP marker of two species was determined according
to the result of HinfI analysis.

z =

RFAEDORER, HHBIIEIATDENICA Y FHIAEL
TBY., Tz, WHEOPHMEREERS 2 FICHRT 2k E
E 2Nz, UTFIZZFomitz kx5,

JUNA B IS F COMICRE S N R 2 3mEUc X 1k
ML 72REE, ARSI OMEIZI AP TH Y, AIHEDMH
KIZFTRTA HFTHo7z (Table 2), fiEG2OENZTN
DY (Fig. 2) QEIEFICLELTB Y, T b koML
FARMHHN X Y Wil 2P CE B & EZ bhiz,

F7:. PCR-RFLP OfiHF b, T o HigDIE & A & Ok
BFENZENROMDONTT ¥ 47 (Fig. 6a & Fig. 6A 7213 B)
ZR L. BOBENER L~ L7 (Table 2 3 X UF Table 3)o —
W WMo 2 (5%) THHOIOL R ELZNTOI LT
(Fig. 6b F 721% ¢ & Fig. 6A) &R L7275 Zh oz, 4t
WMIERED S ZNEN I XY OMAZER L S iz,

—Ji. AEEBO1EH 3%) LEERBROZ L OB TRE:
BIET OB R K L b o7z FH, Bl EomEkT
3. BOBMIIBWT, IATVEALATTFOIENICILE
(22%) ASWFEOPRIERE (Fig. 3b,¢) Z L7 (Table2)s =
NS E B oMk PCR-RFLP ORI, 18 2%) T
BT a 5 47 (Fig 6d & Fig. 6A) HHER SNz
M ENLSE. wIhh—FofonNTa s 4 TERL7:
(Table3)o LA*L. I AVHBHVIEA ¥ XFORREL R MK

AT LERENOoONTO Y 4 TE2RTZ L% <,
1290 (24%) TS X AR5 Ly A
WD NT T8 4 THRIEL T W7z (Tabled)o Zh 5 TBHE
EEETA L R WEEN I ATV LA 7 F DAL o s T
BRI TRV &b, AHBEEHBIIBY
T WFEE T S DERHERIC L A ERDPAELTHEDT
BorwrtEzohb,

k. A T AFIE AEEBEZ ST AREILBEEORS N7 HiE
ORI Ly Bl B O 1d 2 (Sonda, 1972 1
M- —, 1982 BEHLS, 2002), oI &k, IHH B
BFEPT (1988) O ) INTORRERERMAICS T2 F T >
TREORKRE ST 5, BEWAEE, IAVEA VI FE
FiTEF2TNTEHCTEEBEBT N7 v THELEIT
W FREEENETRTOINZHIZOWTHRI L T BI2H
PHHT, 4 THFORFIE V. LA L, FEFIMRE R
H£LRED, WBDO A 55 A (Trichosanthes ovigera Blume)
MRS, AV AF, IAVBIOTEMEKEZR T2
(Miyako Is., Okinawa, Japan, 30. VI - 1. VII. 2015, M. Kitada
leg., em. 16 - 22. VII. 2015, B. scutellata 5 & ,2 % , B.
ishigakiensis : 5 & ,5 % , Intermediate : 12 &' , 4 $)o TNHD
TEMH. A VA FIF 1988 AE LRI E W B 2 IR L7z
LEZOLNDD, BA - EED, WO, EOXHITLTRRET
MOV TIE, BN TIEIAHTH 5,

NEHEEEI Py FY T7HF~Y—h—OFR—EB LU
BOAFTEE, FIFCERT 2 WO L > THHE NS
b L, FEEIS, ik I N ZHHO K L IR ORI
THLHG I L DO0DH D, Pike et al (2003) D B. tryoni £ B.
neohumeralis % F\ 7238 HERRER O A F 1L, BT 1) CEEGHT HE 72
FHRAAEE L, MO IZRE O — I ML v 1Y 72 KR AT BL
Nz ELZRLTWDS, 72, Santos et al. (2001) D Anastrepha
JE 3 M % W7 AR R A S . MRS 1 AU R 7 1
AR L, sCHMIIM B O TN 2 EREEZ R T 2 & 2k
LTwWd, IAVEL TYHFIZOWTIE, mtDNA FHI2» 55
LRl s, KB THL T ERPICH O L 25T
B Y (HJE 5, 2005 ; Nakahara & Muraji, 2008 ; Lim ef al.,
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