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FE LB TS99 BRI 40— 2R ZEFE T A 7 DA ERGE , Hrp A MR 3 E A 2, A8
A (Alectoris chukar pubescens) 12 /MHBFRRIHE 112 AFEAH LRI DNA #21H] IX (mtDNA CR) 1154 bp [F5IA915 BRFE T 4
XA A AR RE DT S B, 112 DA AL ) 28 AR S AL 8 T 29 FhEAAE A Hrb 12 S HUBIRPRE Y 50 MAEAIL S
PGS HL,8 AR R 16 FEA LS AR Ha b BRI RE (] A7 ZE B M B PR, ELRIRE DS pl Tt B 2 7 A B S 11
HEHE . D10 Tajima(D=-1.336,P<0.05) il Fu( Fs=-1. 720, P<0.05) 5t i1# 56 {8 M A% i 0 A 09 A0 R 0 S 35 A g A b W Ah 2
D37 RRREY 5K . A XSG ALY A HS 43 R 4 IC 43 A1 5 AR ok 2 0T KA — B, 35K kA T I TR R rP OB A 5 e
(0.027—0.06 Ma) . HEDHA 7k i JFL DI AT BE A - 1) B HH 1091138 [ A0 4t DX AT 2% A= RS VKON, 2) 7 780 8 D 1) e (i i
677 T AR EAL IRIR] TSR B, A (WD) AL T AR 5L A7 3G AL o B S b SR WD AT R
FOGTEARTE R — A EERERD | P IG 2E 25 T 7040 G

KRR A0 ZORR DNA; BRI ; R 5K FhiEShZS

Demographic history of Alectoris chukar pubescens based on mitochondrial DNA

control region
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Abstract; The chukar partridge (Alectoris chukar, Aves, Galliformes) is a polytypic species, with 17 described subspecies
globally. Chukar partridge has a very wide distribution, ranging from east Balkans and the adjacent Mediterranean islands to
central Asia and up into northeastern China. There are seven described subspecies in China: A. c. pubescens, A. c. potanini,
A. c. ordoscensis, A. c. pallida, A. c. falki, A. c. dzungarica and A. c. pallescens. Of the seven subspecies, A. c. pubescens
and A. c. pallida are endemic to China. The region which chukar partridges inhabit includes two distinct climatic types, the
arid and semi-arid climate region in the west and temperate monsoon region in the east in China. Chukar partridge is a very
important hunting bird in northern China. Currently, populations of chukar partridges in this desert area are threatened by
hunting pressure and human persecution on the desert area of northern China. Previous studies have focused on the following

aspects, such as phylogeography, introgression and genetic structure. These studies sought to address the scarcity of
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demographic information on chukars, in particular the subspecies endemic to China, A. c. pubescens and A. c. pallida. The
present study employed a direct sequencing method to investigate the past demographic changes in 112 A. c. pubescens
specimens sampled from 12 populations. A total of 1154-bp sequences of mitochondrial DNA control region data were
sequenced, and 28 polymorphic sites defined 29 haplotypes. The most common haplotype, H1, was shared by 50 samples
from 12 populations and the second most common haplotype, H4, was shared by 16 samples which came from eight
populations. The gene flow estimate revealed that high gene flow occurs among the 12 populations. No evidence of isolation
by geographic distance among the populations was observed. The combination of low nucleotide and high haplotype
diversity, and the shape of the mismatch distributions both suggest that A. ¢. pubescens has undergone a recent population
expansion. The recent expansion hypothesis is also supported by the common haplotypes ( Hl and H4) shared between
geographically distinct regions and by the non-significant mismatch distribution analysis indicating a demographic population
expansion. Neutrality tests also suggested that A. c. pubescens has undergone a population expansion. The combination of a
negative Tajima’s D (D=-1.336, P<0.05), Fu's Fs (Fs=-1.720, P<0.05), and a unimodal of mismatch distributions
of A. c. pubescens are consistent with past population expansion. Our results revealed that most A. ¢. pubescens populations
experienced population expansion during 0.027—0.06 Ma. Based on the expansion time, we speculate that the expansion of
the chukar, occurring in the metaphase of the late Pleistocene ( the fifth cold period) , may have resulted from two reasons
1) there were no large-scale glacier effect in north China during Pleistocene, 2) the uplift of the Qinghai-Tibet Plateau
resulted in the aggravation of the drought and desertification, both of which are suitable for population expansion of chukar
partridge. The chukar partridge inhabits Palearctic regions; however, the WD population, located in the Oriental realm,
may have been a founder population in this region. Therefore, this particular population should be treated as a stand-alone

management unit and further investigations into its ecology should be carried out.

Key Words: Alectoris chukar; mitochondrial DNA ; gene flow; population expansion; population demography

Bt RUSR VA FARL I AL G R ot A 107 17 FH 36 T SR 2R 43 A1 1) b BRASE =X R A 9, R 9 3 T
DA SRR A n B 2 R ST8ny RS 9K\£€LI{JIL$H$£FE$E’J%%7FIV#1& THEM R SRR 2 T
T AT LA DNA FEE P EA T4 %t DNA FPEIIE T R Geast A4 o3 it 25 7 A — RS, 224 00 5 b 244341 11
TR IR ARA b s Bos AR 2D T D RRES Y BEAL ST Y B SR B A I s il R
[Fi] o2 = DI ) PR B AT BB Ll B R SRR SE RN I T — BRI s o WAL S BT RT DABE— 2P Y R
HH R R R DRI A ASE 5 i 4 £ L

EX‘%(Alectorls chukar) 7345 Z ME/JH:*'%?E%‘&&H;* BAFSIE £ 5 3] 7 22 R AR L3 A oA

HABRBEMEFME " BN E . AR MR 2 e E E R T IHA 7 SR, EXL%ﬁéjlﬂ]Z
Mt (Alectoris chukar pubescens) 3R [E WFFA AR, 7048 1L TVGH e b2 il b vg N5t A m il L i 2
RS o S BT DT S =7 R e R N T [ S S 7 VK B0 P 3 5 ) S e 2
P AE LU U A s P RGP WiB s P M AR S S g

ASCUL TR [E AGHEAC TRl 12 D FEAE 112 DAEA N AERL 38 3 X A7 A ZORLR DNA $1]1X 1154 bp 5
GIBALAT B 3 AT R AR A XY AR () o g st Bl 2

1 #EFFAEE

1.1 FEARAES DNA FEHC P35 A
MA12 SRR 112 SO ALA B AEREAS (6 1 FIE 1), REBIFEARE T 95%RY £ BE s o] 5256
JETRAE-20°C PRAE FP AR A7, A EUREA TR (I K TS 05 SR FA AR AE Y 2R B -G 05 55 2 LE DNAL 519
PHDL(5'-AGGACTACGGCTTGAAAAGC-3") ) 1 PH1H (5'-TTATGTGCTTGACCGA GGAACCAG-3")"" T
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TSR DNA # IX T DXCRIER 43 11 DX A9 7 80 2R 47 47 385 A )5, 1400 (5'-ATTTATTGATCGTCCACCTCACG-
3") BRI PHDH (5'-CATCTTGGCATCTTCAGTGCC-3") P I TFXF i iA DNA Fas il X33 T DX A0 T IX. A4 91 ok
AT BEAN 0 AR () 1 45 - PCR R B ARFR R 50 L, I 7% 10 mmol/L Tris-HCI, pH 8.3,50 mmol/1,
KCl,1.5 mmol/L MgCl, , Taq [ 1U,4 ' ANTP 4% 150 wmol/L, 51414 10 pmol/L, DNA B4z 4) 100 ng, X
NiFE PE9700 #4 PCR AX Fi#kAT ., TEFAZSECH 95°C HAEYE 4 min, SRJ5 95°CAE1E 40 5,56°C 1B K 40 s,72°C ZEfif
60 s, 3t 35 M, B 5 72°CJFEEM 10 min £h5%, FRAIINGE th B IEEAE TAR ) TAREEARA BRA R 50k

F1 BEBERTH 2 MEMENREREERZEFREAERSEY
Table 1 The information of the sampling sites and haplotypes, nucleotide and haplotype diversity of 12 chukar populations
PR/ FCHS Hh P

Population/Code Location N N v k7% Uks% g h

M/ HY 2R AR i BH T 11 6 2 54.5 33.3 0.00154 0.800
%/ HB WAL g 5 4 3 80.0 75.0 0.00035 0.900
ks TS HilEHE 9 5 1 55.6 20.0 0.00116 0.833
7/ Qz HilaHmE 16 8 4 50.0 50.0 0.00124 0.800
PR3/ QCH Hor A PRI 10 4 1 40.0 25.0 0.00127 0.778
)i/ TC Hl P B 9 6 3 66.7 50.0 0.00250 0.889
i/ PK HlETE 15 3 0 20.0 - 0.00033 0.362
&GP LRz R-REIIE=Y 11 7 1 63.6 14.3 0.00164 0.909
T/ HT Hiligfesi 9 6 3 66.7 33.3 0.00087 0.700
B/ XK HNERE 5 3 1 60.0 33.3 0.00149 0.889
HAR, WD Hok&bera 6 3 2 50.0 66.7 0.00173 0.600
£L[n]/ HH TR B 6 3 2 50.0 66.7 0.00173 0.600

N. ¥t A & Number of samples; Nh . P f% BRI %L Number of haplotypes; U AT BT TR Unique of haplotypes; F'; P R R Frequency of
haplotypes ; UF : %47 BAfE RISF 3R Frequency of unique gaplotypes;h : S5 RI ZREM: ; A TR L REM:

1.2 Bdaoth

XoF FJEAG 8 A (R R ) i 7 (51385 Conting R4
PP 3 Clustal W A0FS X e 5 b A7 HES1 .
Oy T BB AL AT B MEGA4.07 -8 8 L HE B i
LA UL K 45 g LY ( R = Transition/ Transvertion, R=
Ti/Tv) o FAEAE DnaSP 5.0 i 156 B3 560 I 4 B fs

42.5°N

RIZFENE (h) IR Z M0 () JFIEATAE I 0 A 2
(Mismatch distributions ) 53 #¥7, H Arlequin3.0 %X 141 102° 122°E

HRMBE R E(Fse) FERFL(N,m) IR @y meesxsmrmnsmcrmgmsezm s Lk
HIZE T DAY 5KAT(6,) 597565 (0,) FIAHXSFI#E K Fig.l Map showing locations of sampling sites (The abbreviations
/N, Arlequind.0 B e B M b ME R B0 A kg see Table D
A1 X A8 L A K & B RE BE AT b PR AS g . W] B
Arlequin3.0 FRAFAL T (1 43 A5 5 43 BT R P % A0 0 K A SRR JE AT 43 F 28 543 BT ((Analysis of Molecular
Variance, AMOVA) , F§ Network 4.5.1.6( www.fluxus-engineering. com ) ${4-#4) F PALA% Y ) 25 4] |

FORED SR R AT H R AR e=7/2u (u HAHS mDNA FEH] X A 58 AR 303 ) 20 S8 AR S o 3¢ T THT 1Y
BRI ESAT B M A d= (w+wR) /m( o w AR A G 75 [8] (B A, R R A X5 7 91 i) 46
SR m A0S mDNA 4555 X580 BB ) T A s i A% IR AR, B k=d/2T(T A
R IR AT R B 43 At ), 7E A6 5 R 1 & B0 T S S i i A XS A f ) HE AR SO 7 = 2.0-2.5 Ma fE
R A RN AT RE RIS 114 53 I T34 X8 — AN R AE— M B AR A IR AR R IR ] [=kg (Hoh g
ARG IR 18] ) TR AL IR 6 i — AR SR R f D B R A AN w=ml, X —i5
GEAR AR J7 I AE Randi %l Huang 5 (38 S0Pt ffi st
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2 %R
2.1 LA B4

GBIV A miDNA $241X 1154 bp JEHEIE &R . T 32.1% .C 27.4% A 26.4% .G 14.1%, A il C
FE BB & T G AT Ay H ] s 25 i St — o B P . 112 MAEA miDNA #E i X 4 P 91 4 28 A8
SO B ST 29 FhEAATAY (5 RAEAR IR Y 25.9% ) (% 2) , HAP SR HI 12 A HERRRERY 50 M EEA L
N BREART 44.6%) A5 R HA 8 DHEFRFPRER) 16 DAL (5 SRR 14.3%) , MR R
P B VR KRR A B B B 22, ok 8 RN 4 A B 5E CET T 21 MU SRR A A9 SRS RV B /D 3
A H B O RO A SRR (R 1) o RIS R Y SRR RAST 4RI A B AR 3R 0 e ey, 8% o P R P S e 1

(R

R2 ABELTHHAERSHRERMLS

Table 2 Haplotype distribution and variable sites of A. c. pubescens

AR S 1, Variable sites LSR5 A Haplotype distribution
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22 mEZHE

A BEAR AT IR Z A ME S 0.00144  BARERIZREME K 0.779 (R 1) , £ FhEE, i BERIRE AY SRS 1 2 4
PR A 0.909, Uk Ay [ 37 B RE B9 0.900, 25 5 B A %) B A% Y RN A% 1 R 22 FF 1 30 5 A1, 4300 ok 0.362 Al
0. 00033, Tiii Al )1 Fh R A A% 11 R 2 FE Ve i 0.00250 (3% 1) . AMOVA 3BT 718 89.6% 14 A8 57 A 7E b B A
N, 10.4% 1728 5 A= e b AP ]
2.3 FPEEY Ik SR

AT RGAEAC T R A FBREA ) Fu's F AGHH Tajima’s D A3 (3 3, 18 2) A AT Fhae sz Mhed ok
FERI(Fu's Fs=-1.720, P<0.05; Tajima’s D =-1.336, P<0.05) , XJ 4% H JF Fp #2547 oo M A6 36 22 9 . HY
(Tajima’s D=0.168,P>0.05) .QCH(Tajima’s D=0.143,P>0.05) #l WD ( Tajima’s D=0.243,P>0.05) $6 4 Fh it
POk AR ((H3X 3 A HUEFPRER Fu's Fs B3 R 0E, 258 -1.867, P =0.097; -3.057, P = 0.036<0.05;
-0.475,P=0.292) , HAr 9 DRIFER 2 MIED sk (32 3) . & FhHE D PK FPEEAY 7 (/) HH FHERY
EI R (£ 3) . R FIREREE B0 (B 3) SRR 59 ik A — 20, M BRFPRE (B A LR (N, m) FE7E
AR A BE R AR, N, m (H A 0.751 BITE55 K (K 4) o AR ARTHE BB B RS d =
0.048(tw=11, R=4.02, m=1154) It L BUE] T8 H A & BTERITE 0.98x107°(T=2.50 Ma) % 1.23x
107°(T=2.0 Ma) Z [i], [FIBHEAE A2 X ) HEACET E] Sk 2a, 00 44 B4R 58 28 3 R (9 I AE 1.96x107°51]2.45%107°
8] FE R M, A DA (4 SR T FRTE 2.26X107°—2.83x 107 2 [f] . AR R30S G745 3 A5 3 ) A v AL
SRS P RE 9 B K I ] 43 90 R HY  (0.042—0.052 Ma) , TS F1 HB (0.027—0.033 Ma), QZ (0.027—0.034
Ma) ,QCH (0.027—0.034 Ma), TC (0.068—0.086 Ma) ,GP (0.041—0.052 Ma) ,XK (0.022—0.028 Ma) ,HT
(0.033—0.041 Ma) ,HH (0.11—0.14 Ma) ,WD (0.071—0.089 Ma) . HittA] LAFE A7 WAL Fh & FhRER D
ik EE KA AE 0.027—0.053 Ma,

R3 HBEAHEFEPEREGESEREREERSITR
Table 3 The statistics of mismatch analyses, the test of selective neutrality , SSD and Raggedness Index

SR ER L

4 2 S
%ﬁaﬁﬁ The test of selective T 22 J5 il § e e
- Mismatch neutrality Sum of b=l HLRETE 5L LRSS %L
. - square P AE Raggedness P1H
Populat A
optiation szﬁfﬁu % %}“iji)ﬁ O Tajima’s Fu's Fs deviations ~ SSD P value  Index(RI) RI's P value
T ¢ Ur? A tcr. D statistics (SSD)
expansion expansion
HY 2.350 0 12.578 0.168 -1.867" 0.02673 0.3300 0.0883 0.6100
HB 1.500 0 99999.0 -0.817" -2.251" 0.08795 0.1700 0.4300 0.1900
TS 1.500 0 99999.0 -0.383 -1.252 0.01616 0.5200 0.1451 0.4700
QZ 1.547 0 99999.0 -0.710* -4.167" 0.00219 0.8300 0.0640 0.6300
QCH 1.527 0 99999.0 0.143 -3.057" 0.01557 0.6200 0.1017 0.5600
TC 3.873 0 9.980 -0.526 -2.550" 0.01035 0.7900 0.0478 0.8600
PK 0.465 0 99999.0 -1.002* -0.077 0.00506 0.5700 0.1924 0.2900
GP 2.336 0 99999.0 -1.367" -2.903" 0.00798 0.7100 0.0711 0.5900
XK 1.277 0 99999.0 -0.816" -1.938* 0.00764 0.8900 0.1100 0.9200
HT 1.867 0 99999.0 -0.520 -1.784" 0.00499 0.8500 0.0741 0.6500
HH 6.486 0 1.486 -1.002* -0.918 0.08925 0.4600 0.2044 0.7500
WD 4.004 0.00176 2.859 0.243 -0.475 0.26415 0.0600 0.7378 0.0500
L3Ry
Ajﬁéiffpt 2.394 0.00015 66668.2 -1.336" -1.720" 0.00048 0.9724 0.0172 0.9595
s¢ s
# P<0.05, HARIK P>0.05
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2.4 YRR

AXGAETE T A 12 A B R R K (TS) (£
(PK) ZL[8] (HH) FIZXHR (WD) FhBER) Fu's FoE AR
WEPEAAE(P>0.05) , AR AR Fu's FyfHAH
TE H Ik B K- (3R 3) , XS R R R e e &8
T S E LT TG S BRI PE | DI A AR
3 N HBFRFPHESN LAY O A HIFEAP LAY Tajima’s D (3R
FE (3R 3) (AAEE (HT) M (TC) K (TS) ARk H]
W 12 A HUERAREE () GE AR 56 I oK 25 O 5 vk 0 T
P BRI AT SORRE 55X ( Raggedness index) 2H , £1 3% O diffemnclj 20
AEU W R A3 Fh B 17 s %) 25 A e 1] o AR 3 < A AR
(K3,%3),

— W3{A Exp
---o-- WI{E Obs

e
w

& Frequency
>
[\)

e
-

AAAAAAA

2 RAYRERBTABEITMETAHERNERS 7 E
Fig.2 The observed pairwise difference and the expected mismatch
distributions under the sudden expansion model of the control region

haplotypes in A. c¢. pubescens
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025 AR 05F | REPHEE 04 NG
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Fig.3 The observed pairwise difference and the expected mismatch distributions under the sudden expansion model for the 12 populations

of A. c. pubescens

3 e

MAEVE ZFIRE b0 & 20 e 1) L =2 B AR B | st B AR R Sl — S BUIR R G R AR s X — 15 Bl
R PRI 28 UK REXE I i) S 5K O I AR A% 2 B (R A L S B AR R ) S R 2 W Rl R Pk
S EA A 507 0 PR R AR S 000 D7 s i 22 7 T RSN, AR Y, ELA i st A 22 R (IR B L 2 B AL
) RUIFEEA RO AR 5 SRS DI R4S, A XSAEICERD 12 S Hb3APHE 50 A I 2 s A 7Y
HI =2 AR RUR IR 44.6% , 37 I3 26 i SR 2 00 S0 R — 2L [R] A 2SR ED 5K TR . mtDNA 42 11 IX £
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PP R R 2% P (18] 4) S Hh AU AR S Al R R 48 A TR A o D L2 B T 1L, SR I A 3G AR L W o 2
L [ A AL B R H 22 HOE Ay . [RIRFBAT 8 > PR IL =2 B0 ) HA  AH R A A7 LA s B AR L
SRR ARG (3R 2) AR — LU A XS AR C b 25 Pl (] A AR R BRI (R 4)

R4 ABELTHEZHFOAEREEHES(L=M) SEER(T=M)

Table 4 Population pairwise Fst-value (above the diagonal) and gene flow ( below the diagonal) for comparisons between chukar populations

Pojzfiom HY HT TC QZ HH GP QCH WD HB TS PK XK
HY -0.0779 0.0464 -0.0376 0.1391 -0.0125 -0.0395 0.0300 0.1372 0.1198 0.1695  -0.0120
HT inf 0.0852 -0.0514 0.0667 0.0266 -0.0083  -0.0232 0.0573 0.0585 0.0917  -0.0471
TC 5.131 2.682 0.1417 0.2765 -0.0004 0.0435 0.1720 0.2831 0.2785 0.3996 0.1462
QZ inf inf 1.514 0.1073 0.0744 0.0005 0.0012 0.0927 0.0755 0.0662  -0.0575-
HH 1.547 3.497 0.654 2.080 0.2461 0.2267  -0.0286 -0.0091 0.0762 0.1051 0.0498
GP inf 9.166 inf 3.112 0.766 -0.0152 0.1461 0.2521 0.2244 0.3329 0.1090
QCH inf inf 5.491 555.2 0.853 inf 0.1322 0.2462 0.2117 0.2930 0.0444
WD 8.091 inf 1.204 216.0 inf 1.462 1.641 -0.0091 0.0558 0.0587  -0.0345
HB 1.572 4.115 0.633 2.446 inf 0.742 0.765 inf 0.0601 0.0873 0.0517
TS 1.836 4.023 0.633 3.063 3.033 0.864 0.931 4.227 3.907 0.1496 0.1097
PK 1.225 2.477 0.376 3.527 2.130 0.501 0.601 4.012 2.615 1.421 0.0367
XK inf inf 1.460 inf 4.773 2.043 5.375 inf 4.583 2.029 6.062

inf: F/R T K

H17
02—0H8

610

H25

H24

H26 ©

4 RI\ABEILTHH mtDNA #5=H X g L 558 Mg E
Fig.4 Haplotype network estimated from chukar control-region data. Small black squares indicated missing haplotypes that were

not observed
AR ARG Y SRR 5 (B RE A/ MR R SR RURR | A AU [ B AR R IR, AR F I 1 AR AR
R Z FEE YA I HE Ak ik R ook PR AR b7 A ) — B AE Y, 7 — o R EE b OB T R Y ARV
Sy AL TR miDNA B <AL F B2 5 7 12 AP BT 20 AR, 0L
RAEAE Z AR . BEART miDNA B RR AR (r 8 A BRI 22 25 FE BE 10 T B3 8 A5, o (R A Z4F
PEFRRE L 5 AR By H B R A BR AT XS (Alectoris graeca ) " F K AT 3 (Alectoris magna) '™ K HiAl 1
615 (A SRR, £ 0T OB 50 5 B (0.0014420.00014) 821, (AT HO B AL 4
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P B SR PR AT BB« 1) 7E S BT I O R At TR E S T AR R A Y L 7R X, AR 2RI LIk T B
SRR T 580 B K A B RNV A ) B A 8 i B A 22 RO TR AR 0 X0 o B I 0 28 0 (2411 k) B S 7E
PRVTRNTH T A8 YA AR 5 2) R T NS A8 7 SF 118 56k DK IR A8 85 R 0 (8 A A B 7 1 B A A0 X ) 4 RS b R B
W T B8 53 ) A XS AL o = B0 A7 A T X AR T SR 2 T 104 8 v D DX A A 45 1 S S A

BARAIARZAT IR 22 FEPE 5 o % 1y e = A 80 DL SR IR 43 A1 1 B i S R B W AR b SR By A WS 22 10 1 3
WIFRERY 9k (21,363, 2) . AR¥EY - TRAF ], AL Fp A9 Tk & A= 0.042—0.053 Ma, Ab7E B 55 T H 4]
FR5E T IRV 1] (0.027—0.06 Ma) )t B A [ 45 350 K R o 303 & 2 B Isf T AR B0 At TE 20 A 23 B T 20 47 R 4
WRP A I FREZ T T — A REY 5K A0 R (36 3,181 3) , FlED 3K & 2E 7 0.027—0.053 Ma, K24 T 15 5 57
TSRS TR 1(0.027—0.06 Ma) ™ iX— S, Hb [ A S A R FE T 5, i b i AR bR
FARDLE2E AR AR IR IE Al N T R TR IR A S A A, LB &, i 1] 2 ARIZL [ ) A RS
WAK ARG HAI (0,3 3 A B AFRE A9 B 9k S A 6 I TR T e U0 940 55 DU I 3 (B4 0.06—0.15 Ma) (%
3) , 3K — A B AR R TR R, ARME MDY R F R AT, BT T A XSGR 1L, (EA A 1A 3
rp G FRE FIZL [] Fof  F0 XO (1 22 H  98) 00, 3¢ B 3K 7 A o FEE 2 a0 500 7, 4 D00 G 2 A1 ] >
1) 3K AN TR A A 38 43 A Y B A 2%, B T 0 A X0 T 1T 5 HL e R R B o A R R A K, T R A A
5 HE AR U 0 1L B S 5 2) AR T AR RS, 1 A0 A 2 LY ) oy U R S A 1 BH A XS i ER R R T B
FEIRVEF— AR AN R A A2 21 24 S A IR 5E S5 F (0 2 0 A T AU8ON 3 5 3) 21 (|1 R ] e A2
F) 16 20 oA R AN 1920 4736 J5 R RR 152 00, b 7% (8 75 21 [m] 47 38 R 50 2R T B, = A A
5P TSRO

HRPERG IR IS BB AV EER) Fu's-Fs & Fs-P A8, ZBUEF R FVRELEIT AT oY sk a7 | 4 1 & Bl A X fedt
EFPEEARR Fs fH9-1.720 (P<0.05) ,{H4 b BEAPHErh BR HH WD TS \PK A 47 ik 1 3 E AR A 2 W 2 (P>
0.05) , HATFPRE R I B M ka3 (P<0.05) (£ 3) ., {H Tajima’s D {H 278 HH FFRER WD FREE T
AR A H 3 5 3 NP 28 D7 R SR AR — 3, 1 DnaSP 43 B 80 2R A 7R 43 A R, 2%
WA S TR SR AT S 300 b R B e A i R R Yk , 2 DT PP R 2 A AL TR R RS (| 3)

B JFI TR BOHLSE Sl L HTHE JEEAITR 5 AT B B 1 RO P 4 T HEBD RIS
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