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Analysis on population genetic diversity of fall armyworm Spodoptera frugiperda in
Yunnan Province, China, Myanmar and Cambodia based on m¢COI gene sequence
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Abstract: In order to provide scientific guidance for effective management of fall armyworm Spodop-
tera frugiperda in Yunnan Province, the population genetic diversity, genetic differentiation coefficient
and gene flow of 542 samples were analyzed based on mtCOI gene, which four populations collected
from Myanmar, two populations from Cambodia and eight populations from Yunnan Province. The re-
sults showed that the haplotype diversity index of Myanmar population (0.273-0.396) was higher than
that of Yunnan population (0.047-0.214), and the average number of nucleotide differences of Myan-
mar population (4.643—-6.727) was higher than that of Yunnan population (0.791-3.636). In 11 popula-
tions, the value of Fu’s F test was significantly positive indicated that there were no recent population

expansion events in Myanmar, Cambodia and Yunnan. In 14 populations, there was genetic differentia-

FEBIUH : 2R FAW R (20191B007 ) , 25 44 AR 5 B AT 35 A= Wy bl [m) & €2 B 4 QT A BA , = R 8 2 AR R Sk A REFRITH
(201905C160041)

* W {5VEH (Author for correspondence) , E-mail: shenad68@163.com

Wk H 3 : 2020-05-01



790 iR/ B A= S 1 474

tion between population LS and other populations, the effective migration numbers of population TK,
MY, CP, MS, and KY, were 699.41, 682.50, 855.76, 684.56 and 701.31, respectively, it showed that

those populations maybe play an important role of “transfer station” in gene flow of fall armyworm.

Key words: Spodoptera frugiperda; mtCOI gene; population genetic diversity ; genetic differentiation;

gene flow

gt 5 E = A AL TR (), 2
[ B R IE R AR HUA R X (L et al., 2016;
Yin et al.,2017) . HLHLBTIK M, Spodoptera frugiperda
N FKFG L R SR R M L (Todde &
Poole, 1980) , J5t 7™ T & Yl #vily 5 L AR M X, T
2016 4F 1 H % AJEM (Goergen et al., 2016; Nagoshi
etal.,2018), T 2018 4-(L AGiif) . 1EELBISEIA Y
B P T , 40 ) 5 1 5 R AN M AR R E =
P Ve R L AR S F RN P XL
Ji 4 25 i, 275 3K T b B kB R T B R R )
(Z= K5 ,2019) o T it = P 8 HEHB DRI FRHE S5
AR B AN 8L 1 SR A B TS A R0 B
Pt .

B AR L 25 A T S A AL 2 8 R EE
[ EE PR 7 1] B A T SR R Gk B O R AN
L2 % K 5 (Huang et al., 2007; Dalmon et al.,
2008) . %Ki/ DNA (mitochondrial DNA , mtDNA)
B AT R0 AR G5 A3 B 0 Oy FRRIE 2 —
(Jung & Lee, 2011 ; 2145 4= FIR~%H7, 2011 ; Dong et
al., 2014) , & Hl mtDNA & [N 47 COI ., COIl .CYTB,
NDI . ND2 .ND5.12S RNA F11 16S RNA % (Liu et al.,
2012;Wan et al.,2012) , H:H COBER A4 R FH IR B
=, 9 H T4 IR Locusta migratoria manilensis
(Ma et al.,2012) P4 fE & ) Frankliniella occidenta-
lis(Duan et al.,2013) . X84 T\ Bemisia tabaci(Chu et
al.,2014; XIGEMRAE, 2016; KBF45,2016) (i 1 H &
Adelphocoris suturalis(Zhang et al.,2015) VI £ K
W& Ostrinia furnacalis (5 %5 ,2015) P /N 42 h2
Oedaleus asiaticus (%5 = e 55 ,2016) . K G &0 H
Leguminivora glycinivorella ( 2 #8545 ,2018) | KL b
I Loxostege sticticalis(WFIE PR A IK & ,2019) KA
KM Bactrocera minax (5K-H45,2019 ) %5 B HUF) Fp
BEAE Z RS . FEIESEHRIX, B 5 30 i A7
FARRUVFIAKFEHY 2 Ff A AL, AR W U AR e S WL X
PAIX 3, 75 48 BhZoki A& COI%E A (mitochondrial cyto-
chrome oxidase I gene,mtCOI) (Levy et al.,2002;Na-
goshi et al., 2006; 2008 ) SR T 1 544 il Tpi 55
o3 FFRICA BEWER X 43 (Machado et al.,2008) .

AT ST R A KIS KRR 5 8
TEFR R & %Az (FFIBHRAE, 20195 RAFAF, 20205
TEMERE,2020) 0 HFTSC T4 BTSN 8L 2
FEVE i JCAH SCHRGE

N T FEAR R BT RN ) Rl A SRS A A A
SRR L 2R AT 20 A g RO 2
Tz 48 R 4.2 1 8 A FHHEIL 542 4 B 57
B A, 2 T mtCOI FHREITIX 141 HE ML 5T
LRI B 8% 22 REMEAE B 38 0 A R B SE I
T, I3 FIKEIFTE R M ST RO AR TR = 48
AR e IE A A A Ak, LAY 4 78 HUR X ) oA K
iR RLER AR S RE R B , I i A A X I
DiEEEiey) Tk Pttt oer 2 i

1 R 5T X

1.1 ##

P R 2 2019 4 4—8 A 723K [H = pe 4 4 )
AR ZE LR AL T 14 4> 50 b 5003 e b BRAP A, L
S42AFEA, o A 3R E = B4 40 )RR 2E 43
KA T 8 AR 2RI AL 35 337 170 FI 254
o HH ) SR B 1 14 4 B 1 5 3 I AP BE AR AN #E A T4 10
JEF S =, TIOKIAE RS, T-20°C F
e o

IR F1{Y 2§ : Tissue DNA &7 4 , 3% [ Omega
Bio-Tek /A ] ; 2xPCR Master Mix, /il & K Applied
Biological Materials /A &) . T100 PCR 1%, & [# Bio-
Rad /A 7] ; GT Cell KF-HLIKAY , 5[ Bio-Rad /A F
1.2 Ak
1.2.1 R K 1ANFP B W E] R4

A SRR ) B BT AU /N T 667 m?, DL/ WL
HI AN F, m A B REREAL T 2515
b ST A, RO ZE AN ) B SR AR R 2
(A il , JIT R AR 110 20 Ml 5 1 M LA 3 078 R 4 44 40y e oy
F, B ST 6 1S4 HL

20194F 5 H A gifa) J AR 52504 3 (95°39'36 " E,
17°3'4" N) ik 57 5L K 4 1 (96°12736" E, 20°8724"
N) i S8 4 3 (95°2324" E, 21°28'48" N) A 4
ke S2 8646 3 (96°56 24" E, 20°54'36" N ) 4 F FhAH )
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TR HH 2 BSR4 44 31,38 F1 57 /> L 5T
FEA, 433 45 0 ND R  TK R EE MY FPE AT TG
Pl 20194F 7 H T H) % 8 A W) A I FE AR i 5¢
44 Chirou Mouy X (105°3036" E, 12°1'12" N) Flf%
745 Chamkar Leu [X (105°18'36" E, 12°13'12" N) i%
v IR %) T K B rh 43 ) SR £ 24 S FT 1A R B
WAL, 53 4% Jy CP FREEAT TOFPHE . 2019 4F
4 A6 A HIRE 2 M4 2 R 5 5 105 F IR M T
TS AR ART (98°34712" E,24°28'48" N) (i i B
B A AR R (999157367 E, 2301348 N) JTITE
TEVTAE R T HI R (102°036" E, 23°3524" N) JFiE
SREGEATTAE AR (103°1424" E, 2393636 N) 5t
B BULE TR (100°42736" E, 2393336 N) V&
Lk e ) R A (102931487 E, 25°9'4" N) K &
B WS A (104°2436" E,28°37'12" N) 5
JK T TR AR 134 (9895248 E, 25°36/36" N) 4 -
ke 1Y T oK e rp 23 501 R 5 37,4353 .34.70. 30,
25 F1 45 A~ b ST RCEAE A L 43 i 44 S MS FREE
CY P YT FIHE KY FIEE JGAIEE FMBIEE (ZT Fh
RN LS FhEE,
1.2.2  FEHAREFEmCODE R ¥ 34 Fo il 5

T PHERE A KT, Sk 5 B i e &)y e
I35 1.5 mL B A, % 1 Tissue DNA 2 & 15
AH A5 R AL Sk 1 1 5% 3 e 4y HL 1) S R 4 DN B2
J&i DNA T =20 CARA7& H o AR O AR FEH 9T 1
1% mtDNA Jt A4 K (GenBank Z 5|5 KM 362176) ,
BT 14 5 b 57 7 Mk mtCOT N 1Y 4 S vk 51 )
FAW-F (5-CAACATTTATTTTGATTTTTTGG-3")/F-
AW-R (5-CCATTACATATAATCTGCCATATTA-3") ,
GBI T E RV EMH AR AR ARG . 50 pL
PCR 4" 14 {A& 2 . B Hz DNA 2 uL . 5% FAW-F 2 uL .
71 %) FAW-R 2 pL.PCR MIX 25 pL.ddH,0 19 pL.
PCR IV #2 )5 : 94 C HUAE 14 5 min; 94°CAE 14 30 s,
55°CiE K 30 s, 72°CHEMH 60 s, 3 35 YRG5 72°C 1
FEMH 30 min, PCR Y& HUKAN G , Z 40t %
B ARA B2 R4 TIE 307 , £ ] Bioedit 4k
AT T AR I A A0 e P o g A e R 91 A
XF, 542 A b B MR AR ARAR 526 > meCOTHE
FE51) %o Lk A7 0 i e 51 e X BGE SRR R
785 bp JFEHNHATIE 25T -
1.2.3 140 R R I ID AP B 69 45 S AR 4

K Clustal W 4% 97 3 i 75 19 meCOI &
JP AT [RIVR LEXT e , >R DnaSP 5.0 F 43 H43 144~
b DT IRR R (4 2 ZSANT p5 B SR T i B B

BH PR Z RN R REAE TR Z
Jukes Fll Cantor % IEMH SFHIAZH R 2 5+ Tajima’s D
HPERG I I Fu’s FAGIR{H .
1.2.4 1435 305 7k W 32 FF B 04 1 4% A 57
¥ H ARLEQUIN 3.5 41158 14 4> B Hb 57 1%
U TR PN ) 8 AL L R F,. F, 2 % Rousset
(1997) J5 1 1 2 B 1l 5 1 B 14 /1 FhAE st A% 25
¥ s | B A% A fg O, RIS FL<O B, R 24
Fofrfee 22 1] 2 R S i 0 %5 5 25 0<F,<0.05 I, 3R 24>
FRE 22 18] Teist % 3 A sl st 5 40 A A 2 0.05<F <
0.15 i}, FR W] 2 A Fh i Z 18] v B2 434k 5 24 0.15<F <
0.25 I, W 2 AP Z 8] i3 B2 434k 5 >4 F,>0.25 5,
FHH 2 AP Z AU B 34k o
1.2.5 A TmtCORI 4R R IR IFAPBIL B IR HT
F TV R E = R A RS ZE AN 1Y 14 A
[ HE BRAP IR ALBE 77, R F MIGRATE 3.2.16 %14
T 144 R SRR R Z [ A PR AL V0 25
HEA BE A BRI B0EE A %10 MIGRATE
3.2.16 BAFFRE R . SIEAFTRE A REE A
BORAARGE B T i), B S B EAE X
S A B A T AE

2 BEREHMH

2.1 EMS A E BT A AL SRR

TE 14 B ST AN RE D, ZT AR (LS R A1
TO FhEERY A5 RN 1, e S BU R el
HE 1A S SRR R 280 B3 17, R
A B R 17, SRS R B4R 2, RIOK A A AT
FoRA giifa) i ND FhEE  TK FPEE MY FiEE TG Fh
FERALE R ZAREVEAN T 0.273~0.396 2Z 6], A% R 22 K
P TF0.005 9~0.008 6 Z [8] , AZ AT R 22 L Jukes Al
Cantor K IEH A T 0.006~0.009 2 [i] , - 4% 1% 2%
SBUN T 4.643~6.727 2 [A] 5 B FE A CP R PLAS
RIZAEE R 0.344 2 TR 246440 0.007 5, B TR
Z FEVE Jukes Al Cantor 12 1E{H 4 0.008 , -4 4% H iR
25540 5.851; mFAA I MS FEE LCY FIEE YT F
B KY FOEE JG RHEER EM R RE SAAS R ZREVEA T
0.047~0.214 Z[d] % H R ZAEMEAT0.001 0~0.004 6
2Z 8], ¥ 1 R 22 #E 14 Jukes F Cantor #% 1IE {H 4 T
0.001~0.005 Z [A] , *F- ¥ 4% 1 1R 22 7 B0 T 0.791~
3.636 2 [H], YA T o 37 € 0 4 ) 520 by 53 7 e A A
(#%1),

4 48] %) ND A  TK R HE MY FRHE TG FEY
Tajima’s D K EE (A 0.483~1.974 Z 8] ,Fu’s
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47%:

FRRAEA T 12.914~15.757 2 [6) ; B ZEMY CP R
i Tajima’s D WP PEARGEG(E R 1.023,Fu’s FAGE{E R
12.845; =48 1 MS FfE .CY FPE YT FPHE KY #
BE JG FRHERD FM FREER) Tajima’s D H A6 58 (A

IEAE ELAE 0.01 7K 1 BA 2, UL e 57 00 8
WA AR 2 i) RO AR 2 4, X e XA e
o ST BRI AR R 22 Dy R sk A, B
I [5] PR RS, 30K 6 3l DX ) 3t 5 G0 b R R A5 454

F-2.558 ~—0.419 Z [i] ,Fu’s FRZIH A T 5.643~  TWRES LA, N T LRI (1),
10315 Z [H] , 3X 11 DD ST AP Fu’s F N
F1 BT mCOIERFINEEREE ARMARUHERN 14 M B X RIBF B R 3 & SRR
Table 1 Genetic diversity index of 14 Spodoptera frugiperda populations in Yunnan Province of China,

Myanmar and Cambodia based on m¢tCOI gene sequence

BAT MR 2 e

%?f%ﬁ GO A g o Jukes Fil Cantor %ii’%‘ﬁ?”r Tajima’s D Fu’sF
. JEEs - . T B Rr moshs ISP e
ki No. of A #H ZHETE Nucleofid Nucleotide A R VO
Population o0 No. of No. of  Haplotype ue eot} ¢ e §0t1 ¢ Averageo Tajima’s ues
polymor- mutations haplotypes  diversity diversity diversity with nucleotide D statistic test
phic sites Jukes and Can- differences statistic
tor correction
ND Flifif 17 17 2 0.333+0.073 0.007 2+0.001 6 0.007 5.661 1.430 15.757"
Population ND
TK Al 17 17 2 0.396+0.078 0.008 6+0.001 7 0.009 6.727 1.974 15.704™
Population TK
MY Fli 17 17 2 0.273+0.082 0.005 9+0.001 8 0.006 4.643 0.483 12.914™
Population MY
TG FRE 17 17 2 0.294+0.066 0.006 4+0.001 4 0.006 5.006 1.095 15.614™
Population TG
CP Fiit 17 17 2 0.344+0.099 0.007 5+0.002 1 0.008 5.851 1.023 12.845™
Population CP
MS FhE 17 17 2 0.105+0.066 0.002 3+0.001 4 0.002 1.787 -1.845" 5.963"
Population MS
CY Fiite 17 17 2 0.047+0.044 0.001 0+0.001 O 0.001 0.791 -2.558"  2.997"
Population CY
YR 17 17 2 0.109+0.056 0.002 4+0.001 2 0.003 1.851 -1.565 6.801"
Population YJ
KY Fitf 17 17 2 0.214+0.085 0.004 6+0.001 8 0.005 3.636 -0.419 10.315™
Population YJ
JGFhEE 17 17 2 0.159+0.056 0.003 4+0.001 2 0.003 2.703 -0.694 10.085™
Population JG
FM Flifif 17 17 2 0.095+0.061 0.002 1+0.001 3 0.002 1.617 -1.915 5.643"
Population FM
TO FhfE - - 1 - - - - - -
Population TO
ZT Rt - - 1 - - - - - -
Population ZT
LS i - - 1 - - - - - -
Population LS

TR N Bl 2 * | 2R R ORTE P<0.05 . P<0.01 F1 P<0.001 /K257 W3, TO, ZT AILS FhEEK A H
TAAE VRS OSBRI AN GETTA . Data in the table are mean+SD. *, **, *** indicate significant difference at P<0.05, P<
0.01 or P<0.001 level. There is only one haplotype in TO, ZT and LS populations, so the other parameters cannot be calculated.

2.2 BRI E I Fh B S ST ND FhEE TK FPEE MY FREE TG R (8] H B T
14 ST PR PR PR 2[RI R 91 4, 1 oA B oAk, FL 43 90 R 0.188,0.279,0.149 Fll

H A 15409 F AT 0.103~0.279 2 Ja] , # 5 2 5
FHE 63 4 (P<0.01), £ 13 4 #Y F, 4+ T 0.039~
0.195 Z ], B 3 & T He 63 ALFh i (P<0.05,%2) .
TE 14 FhAE D LS FVE AL B i, v 5 4 ) 11

0.143, 5T ZE R CP RVIFI B 434k, F, ol 0.251, 5
T EH =B A MS FPRE . CY FPEE YT R EE KY Fh
HE JGFEE FM R 8] 19 AL FE BEHRAIC, F, 50 )
470.036.0.001.0.033.0.111.,0.054 #10.028(2) .
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Table 2 Pairwise F values for 14 Spodoptera frugiperda populations in Yunnan Province of China, Myanmar and Cambodia

ND TK MY TG CP TO
i FRORE O RREE ORREE O RWEE O MREE O FREE BRREE ORREE FREE FREE FREE AMEE
Popula- Popula- Popula- Popula- Popula- Popula- Popula- Popula- Popula- Popula- Popula- Popula- ation
tion ND tion TK tion MY tion TG tion CP tion TO tion MS tion CY tion YJ tion KY tion JG tion FM

Population

MS CY YJ KY JG FM LS

ZT
P o
P Popula-

7T tion LS

ND Fhf -

Population ND

TK i -0.019 -

Population TK

MY Fff -0.017 0.001 -

Population MY

TG F R -0.017 -0.004 -0.021 -

Population TG

CPFpif -0.033 -0.032 -0.026 -0.027 -
Population CP

TO Fpitf 0.089 0.140 0.054 0.065 0.103" -
Population TO

MS FifE 0.069" 0.127" 0.029 0.043" 0.079 -0.024
Population MS

CY Fitt 0.129 0.206™ 0.086" 0.093" 0.162" —0.045
Population CY

YJFhHE 0.077° 0.141" 0.034 0.048" 0.088 -0.020
Population YJ

KY Ffiff 0.001 0.034 -0.022 -0.011 -0.005
Population KY

JGFhHE 0.042" 0.095 0.006 0.020 0.043
Population JG

FM Ffiitf 0.081 0.143" 0.039° 0.052" 0.094" -0.027
Population FM

ZTFhHE 0.152" 0.226™ 0.115" 0.116 0.195"
Population ZT

LS Fiift 0.188" 0.279" 0.149™ 0.143" 0.251™
Population LS

0.024

0.000

0.000

0.000  0.036 0.001

-0.012 -
-0.023 -0.003 -
-0.002 0.046 0.001 -
-0.012 0.015 -0.010 -0.016 -
-0.026 -0.015 -0.021 0.005 -0.009 -
0.018 -0.010 0.018 0.081 0.039 0.013 -

0.033 0.111" 0.054 0.028 0.000 -

* xR IFORTE P<0.05 F1P<0.01 K225 3, *, ** indicate significant difference at P<0.05 and P<0.01 level, respectively.

2.3 EMEEEARIEMEZ BHNERR

TE 14 4> B Hb 50 7% i A B v, 4 ) 179 ND R
TK A HE MY BT TG Rl A A 8GT 8
43918 65.91.326.05.400.05 F1299.28, A4 % A
435 341.02,.373.36.,282.45 F11307.99. B 4 %
() CP A A TO FpRE 4 EACA RGE A 800 51N
484.03 F1227.70, A ZE A E B8 371.73 Al
306.66. = A 1 MSFPHE . CY FPBE . YT FPHE  KY
FPRE JGFPHE FMANEE  ZT A e AT LS A A AR
BROT B 918 363.17.304.41 .241.67.441.29.,
400.63.236.99 .338.06 F11 183.30, 44 &5 A% 5351
h 321.39, 304.42 ., 248.14, 260.02 ., 241.72, 303.12,
284.23 f1366.31, 7E 14 FpREH  TK FHE MY Fp
B CPRNEE MS FIREFI KY FhBEA RGTE AN EORIA
AT A Bz MR L 4 6l D 699.41 . 682.50.
855.76.684.56 F11701.31, [K L HEI 33X 5 4~ F7 41 57 %7

B R A DX ] %) o R A Y P 2L T e il Y
ER(ER3).
3 it

T Y78 R TR A P RIR |, Tpi BEIR L COT
PRI A 800, R 2 A 1 B b B 13 i 2 b A= My P ) 4 58
A1 (Nagoshi, 2012; 245 ,2020) , 7638 [ Jing et
al.(2020) T COIN Tpi 43 FHric B AR £ 1 K
BB ST RI A, . AT ST 25 R o, 4 fa) | D3 28
TN 2= e 48 b S ORI R XA A 7K AR R A R K A
2R A A (B R b 5 A0 0 A ) AR R A B 1Y)
FREHY

Nagoshi et al. (2019) i i X >R H BB g JE Al
ZR AR 0 M 5 R MR A T AR 84 S5 AL 3 AT R
L, EPEEANAE S R AR R AER A R R
A ) 3k L b B S U T [R] — Fh fE . Nagoshi et al.
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(2018) T COI 73 THRICRIBTFE A R R WA RN A P
i MR BRI L6 SHRJE A Z AR LA [ Y
R SRR AP i 2 LR R AT TR A (0
PR, A5G [ Bl 22 B R RE S —/ N AR i
] e il B PRI AR U . 4 o R P 2 R A
DL IR ) R R R T D R DU 4 ) ) 2 YR
Mo, FRIA )RR AN 25 B AR EOR TR B B — IR
AR BRI AR EA . R ARSE(2018)

BN 0.827 7; F T4 (2016) BFZE 45 3 /R AR E248 1
Wy EURRE A0 BT R 2 REMERR BOM 0.838 s PRI R A
IR (2019)WF 5T 25 5 32 B o EFRE A LA A 2 B
PEFEECR 0.760 , 3K BERF ST 1) BT 1 2 REVEFR BORIY)
Folr BRI B8 o T AT, H R R — Ty T ] R S
TR AE 40 ) | R R AR ] s A o A (]
S, IR T A SE B BN 5 55— 7 T AT BESE A
R4 ] (AR R AR /D, BRI S 2R AR

ST 3T v NGRS I L R IR A e g e
#3 EFmCOIERAFINEEZEE ARAMMRHEMN 14N Eh R RIHEFEEZ AN FRERAH
Table 3 Effective number of migrations among 14 Spodoptera frugiperda populations in Yunnan Province of China, Myanmar and

Cambodia based on mtCOI gene sequence

ND TK MY TG CP TO MS CY YJ KY IG FM zT LS

4
s FPRE  BREE RREE ORRRE ORRRE OBMEE RREE ORREE RRRE O RREE RREE OMREE FRRE AR '}ﬁ/\
. otal
Population  Popu- Popu- Popula- Popu- Popu- Popu- Popu- Popu- Popu- Popu- Popu- Popu- Popu- Popu- i
lation lation tion lation lation lation lation lation lation lation lation lation lation lation .
ND TK MY ND CP TO MS CY YI KY JG FM zT Ls &@on
ND Fi - 39.24 4471 18.34 3790 1597 4.65 38.68 2243 3529 18.15 32.75 30.26 2.65 341.02
Population ND
TKFiHE 204 - 30.70 37.16 64.68 26.36 30.65 4249 18.08 4091 26.61 2295 9.53 21.20 373.36
Population TK
MY Fiiit 449 4547 - 646 5.13 828 4583 4345 268 4555 2559 1495 26.72 7.85 28245
Population
MY
TG PP 1.64 33.67 32.66 - 31.09 544 5753 516 2029 3552 13.78 27.15 30.56 13.48 307.99
Population TG
CP Flii 295 37.16 62.58 3340 - 25.85 57.69 42.83 837 6.61 3511 29.25 523 24.70 371.73
Population CP
TO Fitf 1.52 31.78 3540 2434 49.07 - 21.56 645 3423 27.16 19.63 3.87 26.18 25.47 306.66
Population TO
MS FiHE 599 11.50 22.10 21.92 19.26 16.12 - 28.78 32.22 41.56 41.42 36.71 36.88 6.93 321.39
Population MS
CY P 1891 17.55 30.54 27.77 48.63 2494 374 - 2392 4750 7.72 943 3724 6.53 304.42
Population CY
YJIFiHE 1029 11.83 2286 7.77 53.10 15.16 15.73 2745 - 3.15 3573 1648 13.30 15.29 248.14
Population YJ
KY Fiff 4.84 3542 586 627 1233 27.09 1474 3876 427 - 4485 1472 35.67 15.20 260.02
Population YJ
JGFhHE 2,18 11.26 17.48 23.70 24.52 17.18 40.00 1.68 1043 39.85 - 9.59 18.94 2491 241.72
Population JG
FM Fiff 1.02 19.69 4.73 34.19 4948 1.88 1021 441 28.68 5893 4090 - 2991 19.09 303.12
Population FM
ZTFhHE 547 16.75 45.61 2259 33.60 2425 42.79 340 31.75 277 4345 11.80 - 0.00 284.23
Population ZT
LS P 4.57 1473 4482 3537 5524 19.18 18.05 20.87 432 5649 47.69 734 37.64 - 366.31
Population LS
S 65.91 326.05 400.05 299.28 484.03 227.70 363.17 304.40 241.67 441.29 400.63 236.99 338.06 183.30 -
Total
emigration

BTN B R AR RE B A 0 I R7s IR RELE B A RER A 20141, Horizontal row means the
effective immigrant number from other populations to this population, and the vertical column represents the effective emigrant

number from this population to other populations.
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