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Population structure of even—year pink salmon (Oncorhynchus gorbuscha) from the Nemuro Strait, Hokkaido
determined with mitochondrial DNA analysis
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Pink salmon Oncorhynchus gorbuscha populations in the Nemuro Strait, eastern Hokkaido were examined using
mitochondrial (mt) DNA to evaluate their genetic structure. In 2014, even—year populations of pink salmon sampled from Rausu,
Shunkari—kotan, Kunbetsu, Shibetsu, Nishibetsu, and Sakura (a tributary of the Tohoro River) rivers of the Nemuro Strait were
examined in COI/ND 5/D—Loop regions. We observed no significant genetic differences between these six rivers’ populations
of the Nemuro Strait in these three regions of mtDNA. Also, we compared them with previously reported COI/ND5 regions of
pink salmon from Rusya River in 2008 and 2009, flowing into the Sea of Okhotsk. The Rusya population in 2008 and the
populations from rivers of the Nemuro Strait in 2014 did not differ, except vs. Sakura River in the ND5 region. All the
populations from the Nemuro Strait in 2014, in contrast, significantly differed from Rusya in 2009 both for COI and ND5
regions. These results suggest the genetic structure of pink salmon populations in the Nemuro Strait region have similarities
within the even—year linage. This similarity may reflect their frequent occurrence of straying in this region. On the other hand,

the two—year life cycle of pink salmon has resulted in odd— and even—linage being genetically isolated also in eastern Hokkaido.
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717 7 N~ A Oncorhynchus gorbuscha %, At#36° LIt < AT THAL - v Rtk EHICEERL MR - JRH,
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F A RHEIEIEEINO 7-DIZEFNINE - TL A%
BB mEREE) 2 b o Tw b DY (B 21X Hasler and
Scholz, 1983), # T 7 b~ AT RO R T HiRm
TG EES <, BINDSVCREIIT 2 XA DH G
WEMAS%H % (Quinn, 1993; Hendry et al., 2004), — T
MRS HHERER O LRI T, FFEO IR E -
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Fig.1 Map showing the locations of six sampling rivers of the
Nemuro Strait.

AL LTHW, RELERRE, #hEnh23
B L2SERTH o 72, IRERUEOREEHIX 12D 2 T3
NHERZTOA 29 25 10 A 22 H IS h T 7
b~ ZBAOMERD S b FIFIEAR T TR L2 F72, /D
DA T T < AOEINM EATFER ST 5 41RO
LA 7 FNTIE, 20144E9 H26 HE 29 HIC/- b % H
WTHATREL, BALBL, RELLERIZENE
N21ER, 10EETH - 72,

DNA#iH & PCR

PRI SN WEED—EH 10 mg Z YT D LY, Quick Gene
(Fuji film#t) Z MW T4LDNA ZliH L7z, it S hr-4
DNA %61 & LC, PCR¥EIZL D, mtDNA D Cytochrome
¢ oxidase subunit I (COI) %I, NADH dehydrogenase
subunit 5 (ND5) #HIK, D—Loop#EI % ¥lE L 725 NDS
I ICNDS-F (5-TACCCCAATTGCCCTGTACG-3’)
& ND-R (5-TAGACTCCCCGATTGTAAGGC-3’) %,
COIFHIBH 12 COI-F (5°~-TAAACCAACCACAAGACATT
GGCAC-3’) & COI-R (5’-TAGACTTCTGGGTGGCCA
AAGAA-3’) %, D-Loop #H18H |ZtRNA-Thr (5’-TCTT
GTAATCCGGAAGTCGGA-3’) & tRNA—Phe (5’—~AACA
GCTTCAGTGTTATGCT-3’) 2 774 ~v—& LTHW7
(Ward et al., 2005; Sato et al., 2001) o, V—~<IVH A 27 F—
121X ABI9700 (Applied Biosystems ) % Fi \» 72, DNA
W 1L, 2.5mM dNTP{A2.5ul, 10XBuffer (TaKaRa)
25ul, 50 M ® % 7 7 4 ¥ —0.5uL, TaKaRa Ex Taq
Polymerase 0.125U 2, #8&EAT25 pLil7% 5 X9 ISk %
INZ PCRBUGETR & L7zo Tz 94C20 TR S+,
BAENEAC30F, 7T == ¥ 7 57C308, MERIET2
C25 %3044 7 VTV, RFZICT2CTHOMERILE L
T, PCRIULZEFT 5720 PCREEW % 1.5% 70— A7)V
(NuSieve3:1, TaKaRa) TEXUKEIL, TFY 7 A70~
4 I & o THIREY OMERE L7,

=4 A5Hh
BONTHIBEW DS, KEIBDT T4~ — &0k
% 329 57290, Quick PCR Purification Kit (Qiagen
) AR L, BRL-MIEEYE T~ 7L —
F& LT, PCRTHW/ 27 F A1 ¥ — & BigDye Terminator
Ver3.1 Cycle sequencing kit & Fi\>C, [A#n0 70 k)
IZHEy, =7 Y AR EA T2 726 72 B D-Loop EIIZD
WTlE, PCR THW2 75 4 v — CHILES 7 — % Hd
FOBRONLDo720T, BoNI—EHOEIEES & B
HDJ 57 b~ ADD-Loop THIMDIEILELY] (EF455489)
Mo, #Hizily—r Y AMHO T 54 <—0GCRH (5-G
TGGGTAACGGCAATAAGA-3") %ifit L7z ¥ =7 v A



SCFEY) % DyeEx 2.0 Spin Kit (Qiagentl) TH#ELL, ABI
PRISM 3730 XL Genetic Analyzer (Applied Biosystems 1)
2 CELIKE L CHRARY % JuE L7z,

T — R

15 5 N 72t FERCH % Blast 94T (Altschul ef al., 1990) (2
XoT, 757 MY ADmDNADREEETH 2 2% il
N7z, EHALHIASH CLUSTAL W (Thompson et al., 1994)
WZEW T IA4 X MW EAT - 72, DnaSPVer4.10.9
(Rozas et al.,, 2003) ZHWTNTO ¥ A TO5HE T 72,
ZOBIZ, IHAS (2012) PMELTWEZNTEY AT
WhHbETHE AT, FICHBELNTT Y 1 71
BT 2T 72 W OBER L Z MET T 5 72
B, RTTAXDFa3Hr (Slatkin, 1995) #1772 F77,
TEIEMAEEIEE % AMOVA (analysis of molecular variance)
53# (Excoffier et al., 1992) 12 & D #iat L7z, £ D
BOBEL LT, daZ 07z, BIEREREEOREL L
TNTOF A THREE (Nei, 1987), YEILLHERE (Tajima,
1983), “FIHHELEL (Tajima, 1983) #3RKD7ze Thd
@ 4 B 12 13, Arlequin Ver. 3.1 program (Excoffier and
Lischer, 2005) % J\272, %38, COIFHI & ND5HIBO 5
FRIKILE S (2012) OF—7 b E&bET, Wil L7,
% 72, D-Loop FEIKDIE LAY % H v T, TCS verl.2.1
(Clement ef al., 2000) 12X » T, EHEEFI5% T/H710
YA T Hy M= EER L,

g L7IRERSI D) 5, IHHS (2012) 298§k L T
W 5 LLAL O COLHH IS O 35 2L L 51 % LC 050854,L.C 050855
T, F7-NDS#HIE O AEE S % LC050856~LC 050861
T, D-Loop #IRDIEIEALS| DT T F A 7 % LC050830
~LC050853 TDNA Data Bank of Japan [2&$k L 72,

& R

COI
MRE IR CHREE S L2 7 7 b~ A 136 ERIC

WEREICBIT 2777 b~ AOBIEREE 19

DWW, COIFHEIRD 486 3H LS % e L7z (Table 1),
Blast S DOFEH:, DNAT—F 1NV 712888 TWb T
7 7 b AD COIHIRDIELNAS L ARRIMEA S <, HIyD
IR DR IERL T ATF S NIz & 3o 720 MINEBH 72
3~SfoNT Ty A4 THHB L7z, AFFEE IS (2012)
THONINTa s 4 TOMBBEEL RS L, Vvl
THHELZNTO I A TAPSTER LD HIEL 72
(Table 1)o %72, VI ¥ JIICHBIL TV AL DONT
O % 4 7K (LC050854) &L (LC050855) 23R L 72
(Table 1)o NT'H % A TEHEREE1L0.547~0.733, FH3R
B 5513 0.600~0.867, 35 R4 £ 13 0.00123~0.00178 T
Holz (Table 1) ZNSDMEIL, BERONV Y ¥ IDh
7 MY AOMEEIFIZFEMETH -7 (UHS, 2012), 4,
155 N FEES &V 2 v )11 2008 4E & 20094ED 5 T 7 b
< ZADYEIEEH) & W TRT T A X Fa oMt w47 o 724&

(Table 2), 20144 & 20084EICRES NN 57 b~ R
MR EIRE BN R hr o 720 —J7 T20094E 12V Y v
JICTERYE S N7 ER & O BRI BB % 2R
572 (Table 2)o 20144EIZHRE L 72ERIE VY v )lIlD

Table 1 Haplotype frequencies based on the sequences of
mitochondrial COI region by sampling site.

Sampling sites
SHN KUN SHI SAK

Haplotype RAU NIS RUS08 RUS09

A 13 16 12 11 18 2 51 17
B 0 0 0 0 0 0 0 58
C 8 6 12 11 8 3 32 0
D 0 0 0 0 0 0 0 11
E 1 2 1 1 4 1 5 0

F 0 0 0 0 0 0 0 3
G 0 0 0 0 0 0 1 0
H 0 0 0 0 0 0 1 0

I 0 0 0 1 1 0 1 0

J 0 0 0 0 0 0 0 1
K 2 0 0 0 0 0 0 0
L 0 1 0 1 0 0 0 0
Total 24 25 25 25 31 6 91 90

Parameter

H 4 4 3 5 4 3 6 5

HD 0.612 0.547 0.560 0.633 0.598 0.733 0.565 0.539
K 0.732  0.687 0.600 0.753 0.800 0.867 0.704 1.463
z 0.002 0.001 0.001 0.002 0.002 0.002 0.001 0.003

Sampling sites: RAU, SHN, KUN, SHI, SAK, NIS, RUS08, and RUS09 indicates Rausu, Shunkari-kotan,
Kunbetsu, Shibetsu, Sakura, Nishibetsu, Rusya in 2008, and Rusya in 2009, respectively. Data of RUS08
and RUS09 reffered to Yamada et al.(2012). Parameter: /, HD , K, and 7 indicate number of haplotypes,
haplotvoe diversitv. average number of nucleotide differences. and nucleotide diversitv. resoectivelv.

Table 2 Pairwise estimates of differentiation for mitochondrial COI haplotypes in collections of pink salmon from rivers of the
Nemuro Strait, eastern Hokkaido. Fsr values above diagonal and Fsr p values below diagonal.

Sampling sites

RAU SHN KUN SHI SAK NIS RUS08 RUS09
RAU -0.023 0.001 0.005 -0.014 0.037 -0.013 0.427
SHN 0.802+0.037 0.026 0.020 -0.020 0.071 -0.010 0.421
KUN 0.360+0.043 0.252+0.030 -0.032 -0.009 -0.047 -0.009 0.463
SHI 0.252+0.042 0.243+0.041 0.937+0.028 -0.010 -0.049 -0.003 0.458
SAK 0.496+0.028 0.723+0.029 0.387+0.049 0.459+0.053 -0.021 -0.015 0.443
NIS 0.243+0.031 0.153+0.033 0.432+0.054 0.550+0.046 0.514+0.036 0.013 0.458
RUS08  0.595+0.045 0.496+0.034 0.432+0.047 0.405+0.037 0.757+0.043 0.369+0.044 0.487
RUS09  0.000+0.000** 0.000+0.000** 0.000+0.000** 0.000+0.000** 0.000+0.000** 0.000+0.000** 0.000+0.000**

**indicate significant differences after sequential Bonferroni correction. Sampling sites: RAU, SHN, KUN, SHI, SAK, NIS, RUS08, and RUS09 indicates Rausu, Shunkari-kotan, Kunbetsu, Shibetsu,

Sakura, Nishibetsu, Rusya in 2008, and Rusya in 2009, respectively.
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2008 4F & 2009 FE DM % — D DM & L T AMOVA 5H#T
AT o 2R, RHIMOZLEOEE13359% T, darld
035922 D0LVEEICKRERMEE L -7 (p<0.01),
F 72, 2014 4E12HR4E L 2 4E[ &V 2 1 11D 2008 4E D18 E
L, Vv ]l2009EDEFHEDELEME L TAMOVA
ST EAT o 7o R, EHIHOZEROEE1E53.9% T, dor
120535 2D 0L WABEICKERfEE o7 (p<0.01),
E 51T, 20144FITHE LERD A TAMOVA G 21T o
ToRER, ERBOEROEEIE—-057% T, FERKIZ
—0.00568 £ 72, 0L DV HELMEICLE S Lh o7,

ND 5 815,

134fERIZ DT, NDSHHIBO 431 IEEEH 2 g L7z,
Blast 7HT D#E S, DNATF—F NV 7128 ENTWDE A
77 b~ ADONDSHIROIEIEES & AHFEMEAE <, B
DEBOYEEEEHN DG DN L350 o 720 TIE
H7:20, 4a~9foNTay L THRHE L (Table 3), &
fFze L IS (2012) TELNINT B 4 TOHBE

Table 3 Haplotype frequencies based on the sequences of
mitochondrial ND 5 region by sampling site.

Sampling sites
SHN KUN SHI SAK

Haplotype RAU NIS RUS08 RUS09

1 17 17 15 13 15 2 68 29
2 0 0 0 0 0 0 0 39
3 3 2 5 2 2 0 6 0
4 1 2 1 4 0 2 6 0
5 0 1 1 1 8 0 5 0
6 1 2 1 1 4 1 3 0
7 1 0 0 1 0 1 2 0
8 0 0 0 0 0 0 1 0
9 0 0 0 0 0 0 1 0
10 0 0 0 0 0 0 0 1
11 0 0 1 0 0 0 0 0
12 0 0 0 0 2 0 0 0
13 0 1 0 0 0 0 0 0
14 0 0 0 1 0 0 0 0
15 0 0 0 1 0 0 0 0
16 0 0 0 1 0 0 0 0
Total 23 25 24 25 31 6 92 69
H 5 6 6 9 5 4 8 3
HD 0.451 0.537 0.583 0.717 0.697 0.867 0.445 0.511

K 0.885 0.967 1.167 0967 1.449 1.200 0.748 0.528

b3 0.002 0.002 0.003 0.003 0.003 0.003 0.002 0.001
Sampling sites: RAU, SHN, KUN, SHI, SAK, NIS, RUS08, and RUS09 indicates Rausu, Shunkari-kotan,
Kunbetsu, Shibetsu, Sakura, Nishibetsu, Rusya in 2008, and Rusya in 2009, respectively. Data of RUS08
and RUS09 reffered to Yamada et al.(2012). Parameter: /, HD, K, and 7 indicate number of haplotypes,
haplotype diversity, average number of nucleotide differences, and nucleotide diversity, respectively.

BErxRsE, VIx)IITHELINTTSY 4T 1~10 &[H
Lo B L7z (Table 3), F72, VX JIITHIELT
WRWelDONTT Y £ 7 11~16 (LC0O50856~LC050861)
AHE L7 (Table 3)o NTHY A TEHEIL0.451~0.867
TdH 72 (Table 3), “FHIEIEEIELIL 0.885~1.449, I
ZHEPE130.00205~0.00336 TdH > 72 (Table 3)0 TNLEHD
fiEix, ROV YO H T 7 b ADHEEIZIZFEBET
Hotz (IHHS, 2012), 40, f55N73EHEEFE VY ¥
JI12008 4E & 2009 D% T 7 b < A DIFHEFH| % Fv TR
T I A XFsti 247 o 7o/ R, 2014407 FNE Vs v
JII2008 FE\CHRE SN2 h T 7 b~ AERIM CE R 5=
BPROHNZH (p<0.01), MOMAEGHLEIIET R
H o7z (Table 4)o —J7, 20094E120V T v I TEREES L7z
S & O EINIZBIZN 2 228D H - 72 (Table 4)
2014 4B \ZHREE L 722 & L ¥ % 119D 2008 41 & 2009 D4
M % —2DEME L TAMOVA S 247 - 72458, 4EM]
MOEROEEIL173% T, BEEHHIZ0173E4 D0
TOVEBICKRERMEE 2> 72 (p<0.01)o F 72, 2014
EIRE LB E VY X D 2008 FEDMEELE L, Vv
J112009 SEDFHBAED LR & LT AMOVAGHT %175 72
FE, EFBOERROEE1327.86% T, ¢crld0.279& 7%
DOXWAEEICKERBEE 2572 (p<0.01), 512, 2014
AR WG = I THREE L 72 4EH D & T AMOVA
O EAT o 7 RER, EHEOEROEE122.52% T, [#
EFREI20.0252L %0, 0L VEELREICRS LT,

D-Loop #E 1k

12912 2T, D-Loop 3K 1300bp % PCR H41fiE
L7zo BRKENL72L 25, BREDRL L2 OMIGEY)
H o726 D-LoopTHIRICE S DENIZL B L ¥V FAATH
TIRI=NHbLEZONIZ, 2T, Ewbnri
WHDIZDOWTEFMMOBEEZ B L7225, Zdhdro
7z (Fig. 2)o RIZ, THOOEEEYD S B 106MAMICD
WC 558 HEFEFLA & L %E L 720 Blast 3 HT O i, DNA
T =N B EFENT WD AT 7 b~ ADD-Loop
IR OIRIERCA L AAHFEEAE <, HOFIROIE IR

Table 4 Pairwise estimates of differentiation for mitochondrial ND5 haplotypes in collections of pink salmon from rivers of the
Nemuro Strait, eastern Hokkaido. Fsr values above diagonal and Fsr p values below diagonal.

Sampling sites

RAU SHN KUN SHI SAK NIS RUS08 RUS09

RAU -0.024 -0.026 -0.019 0.040 0.211 -0.014 0.367

SHN 0.811+0.027 0.000 -0.024 0.008 0.165 -0.011 0.358

KUN 0.793+0.047 0.378+0.050 0.006 0.044 0.206 0.023 0.372

SHI 0.694+0.049 0.928+0.020 0.297+0.033 0.015 0.087 -0.005 0.354

SAK 0.099+0.032 0.234+0.043 0.081+0.029 0.189+0.034 0.122 0.046 0.351

NIS 0.009+0.009 0.027+0.014 0.027+0.014 0.144+0.039 0.072+0.023 0.258 0.572
RUSO08  0.730+0.050 0.658+0.033 0.189+0.032 0.432+0.038 0.000£0.000**  0.009+0.009 0.345
RUS09  0.000+0.000** 0.000+0.000** 0.000£0.000**  0.000+0.000** 0.000+0.000** 0.000+0.000** 0.000+0.000**

**indicate significant differences after sequential Bonferroni correction. Sampling sites: RAU, SHN, KUN, SHI, SAK, NIS, RUS08, and RUS09 indicates Rausu, Shunkari-kotan, Kunbetsu, Shibetsu,
Sakura, Nishibetsu, Rusya in 2008, and Rusya in 2009, respectively.
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Oy A4 73L6TREL OGP N, #NEFhb1
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FEEIRHUL1.876~4.667, HILLHEEX0.00325~0.00841
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Fig.2 Size compositions of control region on pink salmon
amplified by the PCR method. S:short; L: long
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Table 5 Haplotype frequencies based on the sequences of
mitochondrial D—Loop region by sampling site.

Sampling sites

Haplotype RAU SHN KUN  SHI SAK NIS

1 2 1 1 1 1 0
2 0 1 0 0 0 0
3 3 3 3 5 5 0
4 0 1 0 1 0 0
5 0 1 0 0 0 0
6 6 6 4 3 13 1
7 0 1 0 0 0 0
8 0 1 0 2 0 0
9 1 2 1 1 3 0
10 1 1 0 1 0 0
11 3 0 3 0 1 0
12 0 0 1 0 0 0
13 0 0 1 3 0 0
14 1 0 1 0 0 0
15 0 0 1 1 0 0
16 0 0 1 0 0 0
17 0 0 1 0 1 0
18 0 0 1 0 0 0
19 0 0 0 1 0 1
20 0 0 0 0 0 1
21 0 0 0 1 0 0
22 0 0 0 1 1 0
23 0 0 0 0 1 0
24 0 0 0 0 2 0

Total 17 18 19 21 28 3

Parameter

H 7 10 12 12 9 3

HD 0.838 0.876 0.930 0.919 0.757 1.000
K 2250 2471 4.667 2600 1.876 2.250
b4 0.004 0.004 0.004 0.005 0.003 0.008

Sampling sites: RAU, SHN, KUN, SHI, SAK, NIS, RUS08, and RUS09 indicates
Rausu, Shunkari-kotan, Kunbetsu, Shibetsu, Sakura, Nishibetsu, Rusya in 2008, and
Rusya in 2009, respectively. Parameter: H#, HD , K, and ~ indicatenumber of
haplotypes, haplotype diversity, average number of nucleotide differences, and

nucleotide diversity, respectively.
B
SHN S

KUN

Fig.3 Haplotype network constructed by the TCS program among 24 haplotypes for the D—Loop region of pink salmon.
Numerals in the graph indicate haplotype (see Table 5). The relative size of each circle presenting the number of
individuals. Each population is indicated black, dot, horizontal line, vertical line, right shadow, left shadow. RAU, SHN,
KUN, SHI, SAK, and NIS indidate Rausu, Shunkari—kotan, Kunbetsu, Shibetsu, and Nishibetsu, respectively.
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Table 6 Pairwise estimates of differentiation for mitochondrial D—Loop haplotypes in collections of pink
salmon from rivers of the Nemuro Strait, eastern Hokkaido.

Sampling sites

RAU SHN KUN SHI SAK NIS
RAU -0.00328 -0.03017 0.00064 0.0095 0.06194
HAR 0.369+0.042 0.04629 0.00359 -0.02138 0.06792
KUN 0.829+0.027  0.108+0.026 0.00011 0.05507 0.0105
SHI 0.396+0.024 0.414+0.047 0.342+0.026 0.03294 -0.02006
TOU 0.297+0.041 0.748+0.047 0.063+0.027 0.090+0.030 0.13154
NIS 0.252+0.035  0.144+0.034  0.532+0.029  0.586+0.049 0.126+0.031

No significant differences were found after sequential Bonferroni correction. Sampling sites: RAU, SHN,
KUN, SHI, SAK, and NIS indicates Rausu, Shunkari-kotan, Kunbetsu, Shibetsu, Sakura, Nishibetsu.

T HWTRT T A X Ea T AT o 7245R, 20144ED 5 5
7 b A BRI G R 2o 72 (Table 6) o 2014
SEICHRIE L 7EF 2 —D DRI E L CAMOVA ST 2475
7L Zh, EHMOEROEAEIZ1.10% T, ¢erid0.011
EBRDOXDVAEBIIKELETIELD2 72 (p>0.05),

EE

20144 DFITARZ IR R OWITRES NI A 7 7
b~ ZBHAERIE IS DWW T, mtDNA O 3D DFE DG
sl % T IHERBE O BZ b e iR e 2 A F
BAEIFROS NS, WIHEFM CIEEEN 22T LW
EWHL DRI o7, T2, BRI 7 7)1 % # R
FICFH LBRBFAEELZHEYREL VL EEZ LN TN
LD (Torao ef al., 2011) &, MO E IS F
OFNNZ 3 2 4ER] & BRI L EITRO SN Do
72 L2 L, H 7 FNNTH BT ARG BRI RE
ABOFNNI M E T AEERE O IR 5720, 414,
S REEOBWIAEREOEEY - — Bl2E, <A
a7 74 FDNAXRSNP’s) 2T ELICHRETT 5
VERD L,

WIE (1991) (&, AbiEEILoFERIN, BRI, B
JIIT19834F & 19844 ICHRE L2 T T P ADT A VH
A LGHTOFER, F—FEARFEN T30 I E R 72T
PERRENE EHREL TS, TDX ) RIS
W, 757 b ADOANLAMEBRFETIIRL LM
NP T LN T WD, 2D EDIEMD
BHENGERZSLIUET SR T2 EER LD 5, T
FRHEFICB VT, 8B AN R 5 ERISETZN
GERNPAEL L 0120E, M EFFHOE NI X 2 FERE
P, BHNEYRIC X 2 W 2RREEsSLE L EZ b b,
#1177 b= AINERE R T r BAEHO R TR
AR AR ENZ E A 5 (Quinn, 1993; Hendry et
al., 2004), dLKkDOH T 7 b ATIIEELEAIZL DT
BT 1 R RS G B8 it A E U C\w b (Gharrett et al.,

1988; Shaklee et al., 1991: Hendry et al., 2004), JtiEEER
TOHT 7 M ADENIET BHAEP D5, HR—
v 7 WA OFEN P SRR SN h T 7 P ATiE, *k
AEDPEFIZEm Do 22 P MEI R TS (HEE,
2011)o F 7z, MREWWISEAIIT S AT O % A HHERR
ENTEBY (EBR, 2012), Z0IZ & DHE MG
RS A LR OB RS —EOER L s> TWnD
RS H B, —HT, MBEICBITEHT T I<YAD
WHEBY L T IR 2 FEA R S (BB S, 2008),
N E > TEEAEDROLNTWE (BB S, 2008 ;
TH S, 2010; Ando ef al., 2010) Z X225, FRSe0 70 Mk
BEHEZER L CWLIEELH S (BEFS, 2008), bk
T, RADPDHBIZH b T EBEMIIETYZ 7 b
T ADBIZZERIFZO O N7-FH D H Y (Gharrett and
Smoker, 1993; McGregor et al., 1998), A DMJIBREE~D
T & O DERG S LT\ 5 (Gharrett and Smoker,
1993) o AWFZETxIUE & L 7= I 4EFIE TldEmiy 2 2252
RO SN o728, LilED S T 7 b~ A DEHE
EEWHOPICT B 720121F, FICTH Y Ve LT
Bt d57% 8, X)FMEBRESLETH S,

(IS (2012) 1X20084E & 20094ED )V 3 ¥ I THEE S
N7=5F 7 b= 2D COIFE & ND 5 58I O K 2B A 547
ATV, W T b AR LR BUE TEIZIC R R o
TWBLEHELTWS, ZDOREEAIIETH22014
EORERELBL 225, NDSFIBIZBWTLY v
20084E &7 FINNTEND - 72705, FOMOMAEDHLE
TIEED o7z —T, RIFFETHE O NIZ2014F D%
&V v )112009 FE DT TOMAEHE TIIEHI D
L7z (Tables 2&4). WG (1991) (&, ZFEUFE LAREAE
THESND A T 7 b~ AEFITRE CHEIEMICHEL
TWBEHELTED, 0k REREEEOBZN %
SEEdEk, v TENON T T MY ATOHE S TW
% (Aspinwall, 1974; Beacham et al., 1985; Olsen et al.,
1998; Hawkins ef al., 2002) o AWFFEORERTE, JbiffEE R
DIEWHIRT A T 7 b~ 2 DEEERTE & SFHERTEC



LB BIEMERPFETAIEZRLTVE, 2Ok
M5, dLEEEEHICB VTS, EEAIEICBT 4590
ILDOEANE Y, W EEREIC X 2550 (k) OF4
VOFIFRNZ EREZ LN D, RIEOIZETIE, 5
EMBEL D L HFEBERBENTOBENEREIRE VL
D (Seeb et al, 2014) bdH VY, 41k, ILEEEHEO
HBEEDT VTN EED T, KWL FRE % BT 21T
LD SHITHEET BN D B

A OE

AKWFEEATI D20, BT 7 MY ADERREICT
72220 7 — AL FE AR EEA S - £ T8
EhaB LB O 2 1R CEHT 5o AR OJ5R
IZHE % T 2B - AT RE=RREM L > ¥ —
B DR AL L D EH R L 1T 5,
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