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Species status of Bemisia tabaci complex
and their distributions in China

Yin-quan LIU, Shu-sheng LIU "
Institute of Insect Sciences, Zhejiang University, Hangzhou, Zhejiang 310058 , China

Abstract: The whitefly Bemisia tabaci is widely distributed in the tropical and subtropical regions of the world. In the last 20 years,
some genetic groups of B. tabaci have invaded many parts of the world and caused serious damage to crop production. While the ge-
netic diversity and complexity of this whitefly have long been recognized, its species status, in particular whether B. tabaci is one
species containing many biotypes or a complex containing many cryptic species, has been a subject of debate. In recent years, sub-
stantial progress has been made in studies on the phylogeny and systematics of B. tabaci, and evidence suggests that this whitefly is
a species complex containing at least 31 cryptic species. However, data on reproductive isolation are yet insufficient and the results
of phylogenetic analyses have been questioned because they relied on only the CO] gene. While most scientists in the whitefly sci-
ence community have rapidly accepted that B. tabaci is a whitefly species complex, some scientists continue to use the concept that
B. tabaci is composed of many biotypes. In China, 13 indigenous and two invasive whitefly species have been recorded. The indige-
nous species occur only in the southern and south eastern parts of China and the diversity declined from south to the north. The inva-
sive cryptic species Middle East-Asia Minor 1 (MEAMI ) , formerly referred to as " B biotype" , entered China in middle 1990s, and
the invasive cryptic species Mediterranean (MED) , formerly referred to as " Q biotype" , was first found in China around 2003, and
thereafter they displaced rapidly the indigenous whiteflies in many regions. Both MEAM1 and MED whitefly occur sympatrically in
most provinces of China. However, data from extensive field surveys indicated that MED has been displacing MEAMI in many re-
gions after 2005, probably due to, at least in part, the higher level of insecticide resistance to neonicotinoids in MED than that in
MEAM1. The difficulties in the classification and nomenclature of this species complex and the likely biases of field sampling are al-
so discussed.
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J)A53 B Bemisia tabaci ( Gennadius) , SLFRARHY
mlal H 2k El%, JE -3 H Hemiptera 3 @Bl Aley-
rodidae , J&— W 2 125 19 /NRL RS oL, Tz A3 A
TR FNE A X . o TR 2R INME , HAS[R]
FCRE ] 5 72 AR W7 e AR TE ] I 22 5 5 ARk
oS KA LIRAE 22 4 i, AR SCHEIR T I 4F
KA TR GE A A 10 35 A% = Ik 30 R A B e 5 A 5
UEFE , HUAERY B3 28 b A7 1) T 5% 0 8 R AT 2585, [
I 28 AR TR R A 20 A 1 O o
1 EHERNEERELFEEN

A T — A 22 Dy BRI e U (36 4 4% )
1, 38 A 4 W S O IR A I BBk B
U o B 1R HURT RO IR B C AT A, oA A I A
HURIRA, — BT LR T OR . M L
v BRI R BCR AR R 0 8 35 R TR TS
T RERE Y 5 LSS R A B o 25 07 2 fe
B AETT AL R SR AAE B (IR 2R 45, 2005 5
HEMAESE,2011) .

VR —Rike £ Pk B b, Mk mR A 19 D R
RIBic s, 7 20 22 80 ARACLLHT, A e —2E [H 5K
A Ry ER 7 f B AR I 5, (R T HUR—
KA 20 2 80 RN R, BEE R IR T
ZRA/INTE A H DAY BT IR B AL MRk B2 | T
AR SE PRV, FETITAAR I, A0y LR T
SR T A% 5% 5< 1 ( Brown et al. ,1995; De Barro
et al.,2011) , B 27" MKy WZE L+ B 2 A
b DX B O™ A 28 Pk, [ B o 2
AR T)¥) Science F1 Nature 43 5| 7E 1991 1999 Fi
2006 AR H sy B S HE I A 0UAR i 35 1 B0 ™
FEWAT T 14038 A1 IF A (Culotta, 19915 Dalton,
2006; Moffat,1999) , B “B %" M A A=
ALl R, M 80 22 4 8 S UK, 5 B AR PR K
(International Union for the Conservation of Nature and
Natural Resources ) ¥ H:41 A 423K 100 Fit f5e /™ 8 (19 A
{24:#) ( Global Invasive Species Database, 100 of the
Worst, http: /www. issg. org/ database/ species/ search.
asp? st =100ss&fr = 1 &str = &lang =TC) ,,

TEFE T, X Ay U AY Je B i S 2 7 20 4D 40
AR (R LA S FE RN 3 LU 2 20 42 90 4F
USRS B B MRk EUAY T2 AR IT 6 9 %

FETE (W5 2002; Qiu e al.,2003) , 2003 4
HIJe A YR T bl 7 AR AL AR i DX Q 2 A A
ATITEAT 12 A= 545 1 ( De Barro et al. ,2011) ,
AAZF ] 1 B[R] R 244002 2003 4F (#4555 ,2005) .
LA, 6 2 A 0F 58 /N1 B A1 R A 3R B, B
A7 QB R BV AR IR EIRR VU | T R A
DR X AN A4S IRV 22 3 ORI IS
FPER NG 4 M EL(Guo et al. ,2012; Hu et al.
2011; Liu et al.,2007; Pan et al. ,2011; Qiu et al.,
2007; Rao et al.,2011), A2 MKy AR B 12 B
B, I T AT 22 AR 95 7 ™ B e 5 R | R g R
WAL SE T B A TEEY . 19140, 2009 4F fy AR 5 E
A S 00 T 50 A 5 F 0 A 3R R A T
RARTEARZ 20 J7 ha, (5 4 E R AL A 20%
PLE, EARZ VIR 5 550 10 /2o AR (hip: //
www. ampen. com/news/detail /57365. asp ) , 2009 4F
PUGZEAE A0 ih 0 2206 £ & 4E 25 PG 40 X, 78
BV B A 1 R AR . AR A A R
FWT, AAR ARy B B L BT A% 5 1) 22 ol XU AR s 7 AT o2
A Ja B EE Y A = b AF0R, % ) B R AT A
2 AR S S AL
2.1 MBS EMMAZENHARLESIR
M T A )0z, st A G Ak i) Z2 R R A2 %
PR EBECH: P 2 A, 0 AR B3 i
—ME 2 AP R (biotype ) BIRR 8 R — L
VFZ BBl (eryptic species) 1 #) # 52 & 14 (species
complex) 3T A AFR— FELIAZ P . FIRAEIA 1 —
FECAE 2, AR RN T AR A, — AR N AR R AR
PP 2 TN A AE AR T B B 5 Bl RS b ek 2
IR, — PR A R B 2Bl X S iR
SRIETEAS T ICTE X 43 (A B 22 (A1 AE A A e R B, i
PR S S B s s e e L T
FIBLIR , EAESR C A 2 e P SCZEid ik T 428 (De Bar-
ro et al. ,2011; Liu et al. ,2012) . AL FEFERPE X 2
T ZRR , XA O N 2SR A A, DUARSE
HARY Bl 7T 1889 4F 78 4 Jil A M ¥ 30 5%,
WO FR A AR R B, IS Y 100 AR ] HiE T 22 A4
Bemisia J&WNIEZA . BT AT T 04 mUsk e 2326
Y E BB ASFRIEAR D, K22 805326 TAE T 2R 40 th
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Ui BT SRR o (ELIS Rl A B, [) — ooy LAY JE
AFHIEMK Y AW S5 IR S5 A [m] T A2 AR AR R, il
ZAERVFZAEARAEY) ERAT Rk B, S W) 41
AR AR, SEFR b a] g2 [m]—Fh o [k, Ay 8o
e F N JE R B 224 TE 1) 21 A Bemisia i A
SR B R4 B 44 (Mound , 1963 ; Mound & Hal-
sey,1978; Rosell et al. ,1997) , ZEMIREKFEMNH,
T sk b PR 1 B D DR R, JC IRl HL il S £
HRARANF ] HI T 450 b 5 v] S RO IE S RHE ( De Bar-
ro et al. ,2011; Gill & Brown,2010)

JAEAE G 2503 27 VR A N B\ 73 26 1 i 3]
TIREE HE e S AR R R, V22 A0 by L ol
TEZ B AR W2 R P 22 S AR R, AT AR PR B A Ry LA
SE— IR RS T 2R 1993 ARSEEE
H275¢ Perring et al. 3 AR IEF B B My mUF
1A R AR AT T ARSI AT WL A
PRIZH S H A, e B o 22 ) ELAT 58 4 0 A= Bl PR 5
WCTE LR | Bellows er al. (1994) K A{R“B 74~
fir 4k — A F R, B4R i 8y B Bemisia argentifolii
Bellows & Perring, 1 Tk BN )12 , 515 451
S22 HZMEAER , Perring e al. (1993) i LEHIESY
HALHE T 2 s RE i BB dn 44 00 & B —
EARBRZERATINAT . H T2 (R ) IR 5 B
J5 10 Z24F, B M2 TP N, Bl 224 A ) 2 e
N T] B AR A LR R L AR CO T 3 DAY (g H At Ak
) TP 90 AN [w) 1) SR 28 iy 44 S AN ) < AR ALY 3
2010 4F, =/ D44 17 37 DAL, TR &M
FRIBRTE , A W) B i 24 BOR BOR AL, A RITE: — 7
i, 83 2 A A g TR B, A FE TR BB B A a5t
FERE, SEBR b 2 AN W) (8 o, 20475 B L A= )
B 5 5 —J7 T, VF 2 B BRSO AR ] A 2 4%
MR, BN ARt B RS A 2R
JIRA, L LA A ) A (Liu et al. ,2012) o AR
B, A= )27 3K — AR TR AR Ny EUAS [ A4 1) iy 44
H BB PR A 1, DT P BEL A 1 A7 S AR Ry LY
WA

R ELAY SR T DA 2010 4ETFHR P, Dins-
dale et al. (2010) 38 1A M BURD F & Az B9 0F
AR XIS DA SR BUR R kAR
IIAH L, A PRI - (1) 0 LA 1 2 i 4 i

FUERAT IR EL COL P31, AP TR AR 55 4 T 3l
PRI T Dby LR B A% 2 R, b 28 6 AR 20 o Aot g
BT FE S WA TS T AR AR D (2) X 4%
TR T B BN AT (R AL B B LR AT, R
A L ISR (putative cryptic species) 45 i T
— G S R, RUAR B[R Zekifk COT JE[A
A 25535 3.5% L I, Dinsdale et al. (2010) {{E
OINTEER RIS B — IR AR, 20
E24 AN RF(F 1), Xu et al. (2010) F1 De Barro
et al. (2011 ) X 2 i {H: 5544 iy A7 S U A5 TUAS [7) o A
AR B B I A2 5 o0 A, R BLE AR 11 A
HEM B A Z [ HEAT T 30 NG i 2238105, 45 1
L IX 11 A BR8] AR 501 o2 B B B A
M. Hu et al. (2011)4K#E Dinsdale et al. (2010) ¥
Dk, AEFR B A RAH LB Ry 5L COT B
AL LR L, o S AR LB b R R AR AT AR SE
OIAT, ORI A4 AN BE R, DA A 8y ) 4
FaAbigms) 28 (3R 1) . ZJa XBhZefe 24D
Bl Z B AT T 2R 5186 A 52 PE AT D9 WLEE (Sun et
al. ,2011; Wang et al.,2010.2011) . % HAj M Ik,
A FOTE 14 DHEM R RN Z [ 4T T 54 MG
A, Horh 7 AN S TR AT o A HL
e BRI R C AU A S Y 14 A eI G Ao
Z 0], 85 EH G 22BN AR AT 2 52 (M) 71X,
AV U o/ O A (B L AW N = i Ha BN
&N, KRBT Z A A FE b b 2 sl A R B Y
M ANTE AR bS5 T M mUR — L 2= 0 28 A
BRI SR RIHEIE (£ 1, Liu e al.,2012)
SEHCAT R GRS H H — B W, AR B b e R R
N Z AN RESS T, B A2 e iy AR 58 B 5, A8 A
[Fi) B o M T A R 22 [ 2 R 3001 % U0 ) SR ARV T
A (Liu et al. ,2007 ; Luan & Liu,2012; Wang et al. ,
2012) . 2012 4EFILASRE  ARHE I A0 5 Wb i
FEOPRIE , TR RTARAE | PG 58 ) R B 8 45 b 4
IE 7S 22 A A S A A I KRR 244 0
BN Al 28 i) 31 4~ (3£ 1, Alemandri e
al.,2012; Chowda-Reddy et al.,2012; Marubayashi
et al. ,2012; Parrella et al. ,2012) , W LLTR UL, Bl
BRI R N S 2R A AR BT R, B 22 A AR LA
I B R B I
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Table 1  Putative species groups and cryptic species of the whitefly B. tabact complex
s - 0 BB R ) St Reference

Species group

Cryptic species

Biotypes ( haplotypes)
designations associated

B/ TR A/ /N 403
Africa/Middle East/ Asia Minor

Frkbli New World

543K Uganda

WAL LR AE M
Sub-Saharan Africa

FOAH Ttaly

Ru
MY T —Ep B
Asia I -India

WY I Asia 11

WM Asia 1M
H1[E China

PRI Australia
WA/ B 15 5

Australia/Indonesia
W 1 Asia 1

* i H i Mediterranean

*PR—/NIEARE 1 Middle East-Asia Minor 1
K —/NIE 4 2 Middle East-Asia Minor 2

E[EE¥E Indian Ocean
* KB New World

B oKiti 2 New World 2
* 543k Uganda
A HLLAFEIEY 1 Sub-Saharan Africa 1

S A LAEF AR 2 Sub-Saharan Africa 2
WA P ARG AEM 3 Sub-Saharan Africa 3
BRI IR 4 Sub-Saharan Africa 4

* EIH Traly

Ru

PN 8 Asia 1T 8

CAEPNI 1 Asia 111

W 2 Asia 1T 2
A 3 Asia 11 3
W 4 Asia 11 4
I 5 Asia 11 5
W 6 Asia T 6
A 7 Asia 1T 7
I 9 Asia 1T 9
WP I 10 Asia 11 10
I Asia 1T
*tfi[E 1 China 1
H1[E 2 China 2

F1[E 3 China 3
TIRKFE Australia
TR/ EEEJEPE . Australia/Indonesia

A T Asia 1
Wi I —ERE Asia [ -India

Q, J, L, Sub-Saharan
Silverleafing

B, B2

MS

A, BR, C, D, F, Jatropha,
N, R, Sida

K, P, PCG-1, PK1, SY,
ZHJ2

ZH]1

G

Cv

ZH]3

AN

H, M, NA, PCG-2

Dinsdale et al. (2010)

Dinsdale et al. (2010)
Dinsdale et al. (2010)
Dinsdale et al. (2010)
Dinsdale e al. (2010)

Alemandri et al. (2012)
Dinsdale et al. (2010)
Dinsdale et al. (2010)

Dinsdale et al. (2010)
Dinsdale et al. (2010)
Dinsdale et al. (2010)
Dinsdale et al. (2010)
Parrella et al. (2012)
Dinsdale et al. (2010)

Dinsdale et al. (2010)

Dinsdale et al. (2010)
Dinsdale et al. (2010)
Dinsdale e al. (2010)
Dinsdale et al. (2010)
Dinsdale et al. (2010)
Dinsdale et al. (2010)
Hu et al. (2011)

Hu et al. (2011)

Hu et al. (2011)

Dinsdale et al. (2010)
Dinsdale et al. (2010)
Hu et al. (2011)

Dinsdale et al. (2010)
Dinsdale et al. (2010)

Dinsdale et al. (2010)

Chowda-Reddy et al. (2012)

BT A AT i B

* Cryptic species that have been tested in crossing studies.

22 EMEYMFHESHESEMMARLZERRAE
Il Y A} = (2]

IR AR Ry TP A S R D R A R R
G T C UL I (BTSSR TH i i 22 ¥ i F
FE% ( De Barro,2012; Liu et al. ,2012) , filUnf &
O A5 A A A0 g e ] A 4 s 25 1) T 0475 B AN
AR HHTC7E 14 e B Fh Z [ 3547 1 4232830
5 (X 54 AL AE 31 A B R n] 21 i) 843

MG AR G /Ny . EOR B X S
We A 22 [0 (14 A= 5 By B R 8, YA O 2 X0 i A ] B 1Y)
HEHATEL, (B BT C A B IE 2 KD, IF
Z RSB , A 17 S HED R R AR AT A
S, FSE X 31 AMHE RS E T 13 AasE
¥ (genetic group) , H i A7 44 301050 s 19 14 4>
Pt H)E T 9 M steHE, A 4 s LR (Ru, Asia
Il -India, Asia M, Australia/Indonesia) & H —4>



4 4

VGRS A5 JR A 20 28 M K A v [ A 40 A - 251 -

Fafh 2 5 42388 (£ 1, Liu et al.,2012) , [
W, AR A W0 AR T 22 () HE I B f 22 18] R 17 A 52 1K
5, P EN R 2 5 20 2 ~3 AN A
AR, FITAS I X 70 D0 [ e ] 194 24 5 ol 5
FREE , A A R AR RE UL R 77 (HIEAE B T
Z2 X 4 2 JH Ry BRI AAR ARy BB, R 3 4 2%
Sy T A ST FRRE AT A S, Ok B M

AN, iRy B A A S IR Y b 2R % AR At T
V- 2 18] & ( De Barro,2012) ., H1 52 B 440 R 5
(R, H TSR A 2 & AR A AU T €Ol
R, BR T A 0 AR FE B e R B,
COT FEPHI 7 41 AT il 8 4 2B 43 B 4F T G Ao 2 i 57
(4 H i T2 S g B W R i AN RR IR H
U 28 & A 53 B BT HE I %) i A B b A 2 ST 1Y, 7
SYBRFT AT RE AL T 2R, REGEATIL
TR AU — A B PR P 91 AT R 28 A 4 i
T LA 1) 1l s e )35 R 4k (Avis , 20005 De
Salle et al.,2005; King et al. ,2008) , K, HA W
FHEE Z 5L ., a4 B A% L R, %o 4 A U b &2
BT HETIZIRARF R LA 500, A T g
WA T #1252 G AR I 1 R AL RN & SR Z 8] 1
S S

DL BB Fh R KRR 28 T MR EUE &
T o S BERT B 3000 EUY 23 2R 9 i o —
AT sy , KDy P TR i 44 0 — A 2 BT 1Y
[ R, AR B Ak B A3 2R AR & K Gill & Brown
(2010) Byl , H B, My BUA7 22 A4S [F ¥ 544, 1F
22 YN E 24 AR A R B N 4, B 0 PR
WE KX B[] S 4 A AT A B 7 AR R mURR R AT
G IR R G W 8 A 78 43 i e O A A Rl 5 A
UER A BRRh AT IS, ART AR R B4 250 A 1Y
MM R 2 —E XA 4, LA T4 T hRic 48 1)
PRAS REAAE AR AR A DRAF S5 0] R, #4075 22 [ P Ab
[T INELRTHE
3 WHEARMEXRENS T

3.1 REREMEARMRESR

TR Y AT O A A B AN A 1S A, R
13 A AP AT 2 DN 2ERARFN (% 2,Hu et al.,
2011) o X TR BUAS M A A IS8 AR KRR B A5 25
T AAZF R A, A FE AR R R A TR E Z 51, 4H
B EUEAR R O AR, (BIF A — A A F o, Jf

ARG Z K B A ECR X JUT R i 3
AR B, A M b G A7 7 S AN Y 4 5 B
DX, AR 22 55 A TR A8 1 B 52 300 5 ) 1) b IX. 32
R AE MEAM1 B&Fh (Qiu et al. ,2003) , 7F 2009
~2010 4E3 Tz () —fe JH A v, X 16 M4
186 153 FH IR HURE 1 3750 Sk ARy mUAAS A G, XoF LE
A8 L IR T 300 KA J28 1 AR AT DX IR A B A
AL, S5 2R s, R S R Y T SR 3 DL AVR
TRy 3 T S 8 AN B 8 i R 118 10 DX 8 A i
TARBRER BN A M, I8 LB T 2 DA HLEE A (Hu
et al. ,2011) , 3% FZIEd T AEFE B A G
Bl WA AR F B I 12 A5 R AR AN 13 25 3
PR IBAA A (Liv et al. ,2007) . 21 42 HHR,
4B ZANE5E /N M ST T v B b o A B, 3R
Hy AP B I8 Z RPN e, AR RN 235 13
N(F2,Guo et al. ,2012; Hu et al. ,2011; Qiu et al.
2007 ; Rao et al. ,2011; Zang et al. ,2006) , TEAA )
ARHuFfH, China 1 73 A de )z, 42 10 8 A
I8, Asia T 1. Asia IT 3 Asia Il 6 Asia 1T 7.
China 3 fl Asia [ 3 AERITE S ~7 M4, 7 Hbib Ay
6 A TE 1 MEPRI (R 2) . FREAMF
B3 AT AR R T LA e B 5 Y R R B T T 2R T
L IX, BE A A 22401 e R T G BRI (% 2, Hu
et al. ,2011) , XL HY B AT GE-5 e &8 M AR
T XIS B 2 FEPE RO 5 A G, FRm B b5 4
TR, A Ao AR AL 7 B4 W] i BAA A
R PP RGT 24 P T XE LA AEAE 5 IR = ST AR T A
B (Hu et al. ,2011; Lin et al. ,2007)

NARFPAE IR [ 0 73 A1 F0 & AR B A R 98 Y B
FAE L 20 gl 90 4EAR I B4R A TR Y
MEAMI [Eff, 75 bl 5 A 3] 10 4 09 I ] 5L, 7R 48 K
W B A0, I 2 WA s B R, 5 45 A 34
#1437 (Guo et al. ,2012; Hu et al. ,2011; Liu et al.,
2007 ; Qiu et al.,2007; Rao et al.,2011), #KIf,
MEAMI Faffre 36 1 73 A 09 26 XA B E MED f&
FREY AR M SZ 2Pk . M AR TR [E & B MED [
T 2003 AESGE , JEHE 5 AR A A YIS [A] , MED [
TEAEVFZ X E S0 (RS, 20115 £,
2009 ; Chu et al. ,2010; Guo et al. ,2012; Hu et al. ,
2011; Pan et al.,2011; Rao et al.,2011; Teng
et al. ,2010) , MED & fh35 4+ B MEAM1 B fpn]
e 5 HBTZ5E T iR A & (Horowitz et al. ,2005; Rao
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et al. ,2011) , ¥R A I E M 2 S AR A [ i
FEPLLGPEIEATING, KX 2 A B Ao SR L 4G TR
8 | BT 2 BT 2R AR A IR T TR0 2K 2 SR b 7 Tk Y B
AFARL, AEL X5 it sE Bk 55 35 AR 288 A% H R0 B 22 =
i, MEAM1 X587 48 58 2 2% 1500 38 AR 850k, 1 MED
PUPEC AL %S E A A% (Luo et al. 20105 Rao er
al. ,2012) . @A AE RIS Crowder et al. (2010) %
PR BFIAE MED FgRf Fll MEAM1 FE0Rf () 55 4 B

W SR . A SE 6 2 B it ARRAE N 2F F M9
(TR B B 1) 5 4 I G 22 B X2 4 5t A 55 1Y)
TRAFIHE, 7EARME A B A B, MEAMI [ 28
1t 5 AR 58 A B MED Bl 1 (58 FAS ) vk 52 17
M bRk BE 2T A IS, 42007 2 ~ T AR, MED [ s
SHUR MEAMIT Bafh (F5 A 3) o Bk, K
AR AT S ), AR T RE AR 2 MED R Xt
MEAMI [ i B

®2 PEMAHRRMHEESHXE

Table 2 Cryptic species of the whitefly B. tabaci and their distributions in China

p{ﬁﬁ] . ﬁi%’ﬂ R ELA T HIE X 4346 Distribution in China *

Cryptic species Biotype e

Mediterranean Q BRVEmE T H O AR G T AN A > All provinces except Tibet, Ningxia,
Gansu, Jilin, and Liaoning

Middle East-Asia Minor 1 B BRVURE T 2 A A 7 ALl provinces except Tibet, Ningxia and Qinghai

Asia II 1 ZHJ2 W AR V. 5. 52 M. #7 7T Hainan, Guangdong, Guangxi, Taiwan,
Guizhou, and Zhejiang

Asia I 2 YI.75 Jiangsu

Asia I 3 ZH]J1 VY BT WIE WL 5L Guangxi, Taiwan, Hunan, Zhejiang, and Hubei

Asia I 4 J7 %% Guangdong

Asia 11 6 =R TVE AT AR Yunnan, Guangdong, Guangxi, Taiwan, and Fujian

Asia 11 7 Cv JoR TV BT fEE VT75 Guangdong, Guangxi, Taiwan, Fujian, and Jiangsu

Asia 1T 9 ## Hunan

Asia I 10 J7 % Guangdong

Asia Il £ 5% Taiwan

China 1 ZH]3 R AR VSN BIRE TIPS WRVL DI HE PR AL 8 Hainan, Guangdong,
Guizhou, Hunan, Jiangxi, Zhejiang, Sichuan, Chongqing, Hubei, and Anhui

China 2 J” % Guangdong

China 3 = IR L R WL L R Yunnan, Hunan, Jiangxi, Chongging,
Zhejiang, Hubei, and Anhui

Asia | WM =) 6.4 ST Hainan, Yunnan, Guangxi, Guangdong, and Taiwan

* FHEARYE SCHK Guo et al. (2012) Hu et al. (2011) Pan et al. (2011) \Qiu et al. (2007) [ A,

* This table is mainly based on data in above references.

3.2 JEMYEBRFh S0 E BT I A (8] B

H1 TRy BV AR CRe S o i AR
i) A LG EEL) T, P A] A IBORE T AR S, Fn E AR
By EURRFIAS BB S T S X 43, FEACR IS0 50 % )5
I I3 FHRICE Sk S, 1A MRy U A
(IR A MERE DR o F 52 1, 4 [ Rl (%) A A LB
o), 32 2 AT BRI LSR5 /N e T . H T,
R 7L A TLIR R IR S LA O i S 2 AR
HEAT I B R G A TR VA A A1, A4S 03 (14 SR A B
AR BB O 2 (P 8 55, 20115 fR 4,
2009; Chu et al. ,2010; Rao et al.,2011), XFhHL
FERUA R — VAT E 2R et i A 25 3 B0 R S B0
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