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W E. 2O E SR Gesneriaceae) TEFK FE R A W& W YF £ B B 54508 R LR b
E1 ,%Eﬁ%%ﬁﬁﬁbkﬁﬁ@{ﬁf{f‘ﬁ/J{t%@?@ﬁo /f‘%f%ﬁﬁ( mirror-image flowers) S AR S B R 5 , TE
BRI TR ROR R AT RE S S SRR SRR I S AE R A G, PR REE 5 T
ARG IR A L) N RGO AT s A ST DG TR B B R MR S Y R AU
S, SRR AR A E I AR I 1) 75 5 WAL ( Didymocarpoideae ) [ 7 A& , 7205 52 Bl 2/ &k
AT 5 ORI , KIEE E R (Rhabdothamnopsis) | F 1 1 & J& ( Henckelia) X AS 3 B & J& ( Didymocarpus)
BEARAERYAEALE 5 AT B MESE 0 001l 1) 22 A 000 fi e, O B EL AN B AR AE ; Wk B B B B (Paraboea ) 5515 H A
(Ornithoboea) \AEYE J& ( Saintpaulia) AR AL G Z 5 AEHEXS BN i 1) 7] B HESS (HEEAMBEIRAE ) 5 ik 1 B
J& ( Streptocarpus) BLSL 5 % W J& (subg. Streptocarpella Engler) W [RBF H88 T B4 AR B AMEAGAE . AR T HAzb
P AEY) (BSAL SR ZAETE R ), o B B B P R BAR AL R 2 AF A B0 00 A6 56 | DA R A e R B A 4K
25, AR EAMBEARAE N T 5 Ahn 3 LU/ N R T2 8 (Amegilla spp. ) FIAE3E ( Bombus spp.) 9, X SERFIRAYIE
PRER AR SRR AL B B, B i ARSI I, AT AR 0 1A M R S W A R AR AT . AR B — TS
H S NE S T RGO T Ik, s R B AN S SR EAMRE AR AE R SRR S A R e S
KRRy fd B i T BEAE T .
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LU Tao, LING Shaojun, REN Mingxun "

(' Center for Terrestrial Biodiversity of the South China Sea, School of Ecology and Environment, Hainan University , Haikou 570228, China )

Abstract; Gesneriaceae is a pantropical family with diverse floral traits and forms a diversification and endemism center

in Southwest China. Mirror-image flowers, a highly specialized pollination system, were discussed in Gesneriaceae with
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an emphasis on its diversity, systematic distribution, and evolution. Mirror-image flowers was found in seven genera in
the subfamily Didymocarpoideae, among which three genera have reciprocal mirror-image flowers ( Rhabdothamnopsis,
Henckelia, Didymocarpus) and other three genera possess nonreciprocal mirror-image flowers ( Paraboea, Ornithoboea ,
Saintpaulia) . Subg. Streptocarpella Engler of Streptocarpus contains both reciprocal and nonreciprocal mirror-image flow-
ers. Gesneriaceae was dominated by nonreciprocal mirror-image flowers with united anthers and hidden sexual organs in
floral tubes, distinctive from the typical mirror-image flowers in other families. The main pollinators to mirror-image flow-
ers in these species are small-bodied bees such as Amegilla spp. These unusual floral traits suggest the mirror-image flow-
ers in Gesneriaceae probably had experienced distinctive evolutionary history. Phylogenetic relationships indicate that
mirror-image flowers are restricted to the subfamily Didymocarpoideae, which is endemic to the Old World. According to
molecular phylogenetic studies, at least five independent origins of mirror-image flowers were found. The highly-special-
ized pollination mechanism associated with mirror-image flowers might facilitate pollination accuracy and consequently
accelerate speciation rate of Didymocarpoideae. It is suggested that molecular phylogenetic methods can be used to
explore the evolutionary relationship of reciprocal and nonreciprocal mirror-image flowers in Gesneriaceae to determine

the possible role of evolutionary transitions of these two types of mirror-image flowers in the family’ s speciation histories

and long-distance dispersal.

Key words: Gesneriaceae, mirror-image flowers, pollination, united anthers, speciation

P BB Gesneriaceae Rich. & Juss. ) 3£ 150
AJE 3 500 4% Fl (45 BRI, 2010; Weber et al.,
2013) . fegt b, E SR 2 A WA Burtt,
1963 ; ZEHRFAMEENEL, 2005) ; T M A5 KA 3
B & R} ( Didymocarpoideae Arn.) 1745 K HYy
KM WL ( Gesnerioideae Burnett, Outlines Bot.)
T 320 A 26 U AR DI 3R b X /b i oy A
TR R R 5 R AL ER 5 J5 A o A TS
AR DB BUTE K EEU . Weber et al. (2013) 4R
P F RGBT 148 Sanan-
goideae A. Weber, J. L. Clark & Mich. Moller ( 5.J&
A FEERA) o

TEBRHALET 000 7 TR IE TR SEM, 2
4 50007 -4 HCE AR e WA I, 3 T AR S T
A O SRR B E R (Perrett et al.
2012) , ZJa , fEHL B AR i A = XUAE T,
T A LR 2 W 1) P A A 2 AR U 5 RN R L )
Jey Bz b E gy (LA, 2017) , JFAE T E Y
BB A ICE HRAE R R BT R a4k S
AL (BN, 2004; 2R SEORE BN B,
2005; Tao et al., 2015)

FEH IHHE S A X, W S RHEY S5 A
] sh 9 DX R Wb ) Ak 7= A T 22 50 190 4% 493 3 17 HIL A

FIAETRRRAE , 0y 15 3 B 09 48 6 1 2 B0 AT Bk
AR VIR 48 A7 AR A s <1 4R 25 26 B (Harrison et al.
1999 Perrett et al., 2007 ; Martén-Rodriguez et al.
2010; Roalson & Roberts, 2016) , {5 ¥ FZH A HE T
5y Wi R H R R 5 H R HUAF (Harrison et
al., 1999; Gao et al., 2005; Perret et al., 2007;
Martén-Rodriguez et al., 2010; Roalson & Roberts,
2016; Ling et al., 2017), H o 544 (mirror-
image flowers ) /& —28 4 ¥ 5L A& ¥y R 45 (Jesson
& Barrett, 2002,2003) , BEIR AL G 7] —Fh A1)
AN B AEAT B 1) 70 B 1) A5 i 2 4E Al 2k, 2
AR PR 14 9 o A2 2 5 3 79 Ao £ 28 3 3o ) i ) 48
R A L e TRV B e A P 2 T AR B 2 A Y
SEAZAEHS (Gao et al., 2005; Ren et al., 2013 ; We-
ber et al., 2013) , RABTBARAEHBA — 5 A
DAl 77 16 R 2 A9 B 5, T Bk Ol < ELAMBE AR AL (re-
ciprocal mirror-image flowers ) ; {1 &k = 5 M g £€ #1:
AR AR, 0] A < AR B AN BE AR AE” (nonreciprocal
mirror-image flowers) (Jesson & Barrett, 2003) ,
BEARAE 2 e A B2 AR H i 1 A% by 3 107 AL
LI % B 58 A% 53 5 A8 AW Sy BURR B9 % By R 58
(ERUUIRAE, 2016) , AT AE 1L A5 B £ A 8T ) o
5 AR — AT Z R A (Ren et al., 20135 Ren,
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2015; ERUTHBAE, 2016) . i B FHEARAE S T i
BAET A T YA HE I 935 15 5 AL (Harrison et
al., 1999; Gao et al., 2005) , Al GEA & 2 ik ph 7
VR, TR A5 AE A B DL AL R T A
PER, B2 0 B AMERAE A (SR KB, 2004; Hk
FAEZLR , 2007) , 10 w7 B 5 FHR Z PR 0 AR
TENJE IR B ANBEAR AL, it = 55 76 A% X8 107 ) s 1) e
3 (Gao et al., 2005; FHEMITE, 2010) , B/~ HA
— BER 5 Ry 38 AL A A B sl AT RE R RS
B E R RS DR — AN E N A, AR
G B E B WAL RS RS
i EBAETRRE S5 G HLE], SR )5 MBS R AE D)
R R G 5B W oA 5 Bk i s, DL S
N E A WEMR R AR ) Z RN R AR YR b S
T R SRR T R A AT REAE T

1 B KR

I (e m o EE R Y ) (6 BRI A,
2010) ((HE I E BHE Y ) (2R TR BT,
2005) . Flora of China( Wang et al., 1990) (http;//
foc. eflora. ecn/) DA A the Gesneriad Reference Web
(http : //www. gesneriads. info/ gesneriad-genera/ ) , #%
e B B JE 0 AE TR AL, F)E A R R A H
A BARAE XA (AN AEEAMEARAE) .

H—E ey BB G, 1R
MZJR & 45 5 s« 48 A A8 8y — & 7E p [
M (http : //cnki.net/ ) FEATKE R, PRBUZ R 59
PR OG22 AR I8 3C, HI KT & D R 2 A BoA 5 AR 1E
KR, R)E, M Z s 0 T 45 58t
“flower” F1“ pollination” 7E Web of Science (http://
www.webofknowledge.com/ ) # 17 K 2 9& 3C SCHk , H
WA R B 0 ) R A BRAR AL SR AL, [F]
%454 the Gesneriad Reference Web F1H7 E A4 ) B 1%
J&E W3k (http : //www. plantphoto. en/ ) K 2 W) Fl iy 16
W, 2545 AE TR AR AR E — 20 25 S W A AT e
PRAE S LAY X B3> BEAZRAE Y0 R 74 3 2 5 A1 318
Fil B AH G AE FR &3 AIE (T 7 e S AL B R I
1k 2R B S A B HEAT X L 2 BT, DA 4 7 e
BAEAFZE B S 15 5 L S04 AR TR RR AR OC

2 HBAMEHERE ZA S

Har, EHWESRAE 7 BB, J)
K& & & J& ( Rhabdothamnopsis) | W & B & &
( Paraboea) . E- 19 E & J& ( Ornithoboea) . E &
J& ( Henckelia) \AE W 2 )& ( Saintpaulia ) A E &
J& ( Streptocarpus ) 2+ ¥ & & J& ( Didymocarpus ) ,
XL H R T R AR R A A Y R Y
FIRR P B (Burtt, 1963; 2% 4k 5 1 T BB,
2005; FHHMI, 2010; Weber et al., 2013) ,

2.1 KBEZERE (Rhabdothamnopsis)

KEE &R/ S PESAE, o6 T/,
JI BN B8 g A M 0 A R b X (TS RN
2010) . ixJEA 1Bk 1 SR HRE B AN (R AE (K
1:A) , AL PR e th # I8 AEWM xS Fr A8
LONHOREORL(ES), THBER 2 8.
W AL 224 TAE R L B2 64 BB (TR
NI, 2010) . H T4k 2 el A2 s A7 i S 4, &
BOEAEAL T A6 56 7 N B B84 570 00 T 5 A R AR
22 W A HE Bl 5 AE A8 24 O 1] 48 56 5 55— (=
AR, AN AEE) B L T BAMGE R AE . B2
ERE S A B A A6 R A O ARk S — Fb
BEE K21 em 1 REYE ( Bombus sp.) (/5
%, ANER)

22 EiFEEE (Henckelia)

R T REFH ARG R, MFEH R
BT 120 ZF0 JEAEEE R I E R 22 R
AFHEES B (Wang et al., 2011; Weber et al.,
2013; Mbller et al., 2016; VFAut%s, 2017), HA
BERAEA 7 FER I3 AT T E R VE ., 248 HAME AR
FECE 1: B) o FETE R BIREURIE ; B 5 (i A
A EHEOE S, 2 N, AR S
FESL I T A L F H AL, Bk KA,

2.3 KIHEERE (Didymocarpus)

K#E &R 180 & Fh Hrb 12 F B A B Ab
BARAE (B 1. C) H AL a7 20 fe AR e IR B
AETE N B R R L, E B RS, TF
MERS 2 AE 226 AR AL T TR 1.5 em &b, fE 245 %5 9k
R IRIHERS 3 AR, A T AT 1 em (6
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B, 2010) o T F HES R L2 5 AL L B0 T AE
TR, AR R

24 5 EERE (Streptocarpus) EI E =T B
(subg. Streptocarpella Engler )

VR 5 D 43 A T AR I A R A A R
AGE AR, A 180 ARl 1 £ B 7 i AE e 4]
WA RO, B ARE G, W FHER 2
B AE 22404 A2 0L T AL MR . %k & Sl Jo R

A KEEER
Rhabdothamnopsis

BEFEEBR
Henckelia

B

Staminode

AHHE
Fertile
Pisti

E.ENER

Saintpaulia

b

A 1

Fig. 1

2.5 EMERE (Saintpaulia)

A YN H T A 55 Ry A B L b R A bR |
FEAEYH AR 4 1 S 8 R R, 3k 20 A A, 4
P ELAE B RMEA% AE ( Harrison et al., 1999) . 3
B W RAEEE (K 1. E) , IERE R 85 x)

FRREEER

Paraboea

TEA
Mirror-image flowers in Gesneriaceae

1% (Amegilla sp.) (Martins, 2008) ,

WAESER T N LE, I E 2 T8
( subg. Streptocarpus Lindl.) | B 3. % % W J&
('subg. Streptocarpella Engler) ( Smith et al., 1998)
HAHEXWIE S M REGRAE(E 1. D), H
i Streptocarpus pallidiflorus C. B. Clarke J&3F B #p
BAGAE , oAy 4 AW o8 B AN 15 A€ (Harrison et
al., 1999)

C. KHEER
Didymocarpus

D.BREEREVE=TR
Streptocarpus
(subg. Streptocarpella)

G. EREERE
Ornithoboea

P BB AE

PRECIE S P PR B2 S 50 a6,
MRS 2 M, T 4, A6 225008, AB 2580k 40 fif
e MESE LB AL BT, AT ARG LT ALE
e AR 2 mm &b MR AEREES G, AL R g TR
¢ ( Martins, 2008)
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2.6 SREEER (Paraboea)

WREE B R AR R O LR A K A L
Hoo T AR T AREE WAL X, A 100 A2 Ff ( Triboun
& Middleton, 2012) , i 15 F B BE 44k (& 1.
F) AR AR B ANGE AR AR - AEAE B TR AR
ek e PR RE A oty T s 5 2 MO RT A 22 B e
TAETE LT A, £ 22 S #F R A XF
FRAEE RS Waiaa, THEBES, GhnEhR
%% ( Bombus sp.) . TCHIE R (Amegilla sp.) 7w
1 J& ( Nomia sp.) %5 (Gao et al., 2005)
2.7 EEBEEE (Ornithoboea)

EWESERARBWEZ A KA LKT, FE
AT E R A R e SR, 3t 17 R A
HAMEBRAL(E 1. G) o ALTERMIR , BMIXS B, 46
PO S AN R U S R N = BN o R A S R
BB, TH MR 2 MO, E A T AR 1~3.5
mm A A6 225 K SCT5 Ak 3 X B2 07 T 48
W (BN, 2010) , ARy AR,

3 EE &R AR

3.1 EEMERIESNLE

TER TR, HANE R AE AR BoAME AR AL
B UL (MR IR ZLR |, 2007) o X E R O BAMEE
BAEH —A> 5 AL A0 i 7 1) AR S, B AR Y 7] F
&, AT AR 31X — 76 — A5 1Y il e 5 B A A W) AR 1Y
Z B E ARG Ry, SEI T 5 52 AL B ) Rk AT 5 i AR
HAMEAR AR B 2 X A% R i B AT B HE RS 15
HERA PR A 1 5% 58 1R 4B ( Barrett et al., 20003
Jesson & Barrett, 2002, 2003) . P, 7 #ME1%
TR RN o BT ABAE (SRR ) 1) B AMEARAE
A 1 ] B B, e 2R AR BV JE S B E IR A
(Jesson & Barrett, 2002, 2003) ,

SR, A BB B AR AL LR B AN BEAR A
FAREAMEAR AL T 53 AN Mh IE 2 T H
MEGAE (25 Fh) (K2 A), X ATRERIE EAME
BAETE S EH R RA W 1Y 3E N S, 1 4G, X
AR ACAT N g 2i7 oA 149 365 1 I 4% a3 4 17 A8 5 %k
Y ELA)FE (Duiberger, 1981) ik H 285 4
Tk 2 DL 4E 7 AR BANBE AR AE I AETE (Jesson &

Barrett, 2003) , UK, JE B 4 A HE S /AL 25 0] LU
L5 22 W A AR By o, B I AE R 9 4% 2R AL by o 15
AR AT B ECRL T AR AL Y T A M U AR
FEAR AR I ], 8 1 R Sk 42 A% 4 2 IR R ALK
AT BETE (Jesson & Barrett, 2003)

60 r

A 0O &% Anther—united
50 B LB Free anther
o
5 40t
= 8
12 o 30}
" 4
[o]
® .20
o
=
10
0
25
B O 41/4% Red/Orange
= 5 Blue
20 == 2 Purple
g OB White
%)
gy
i 7]
%10}
2
5t

EBAME &L
Nonreciprocal mirror—
image flowers

BRI
Reciprocal mirror—
image flowers

HEBR MM ELEBRIRTE
Two types of mirror—
image flowers in Gesneriaceae

Bl 2 WEERAFEZRBGEGRALT
T (A) HEE(B)
Fig. 2 Anther types (A) and corolla color (B) of

mirror-image flowers in Gesneriaceae

A 7 €230 R W 5 | R 7 2 A% R A
AEFPRRE (R K BE, 2004 ) , B ARMEIRAELL SR AR
F(I5F YR 60%) , AE B AN AR AL EE N
EA0(24 Fh) (21 Ff) 2300 H 44% (38%
(F2:B), —MIMH, % B QRN FEDE
B N2 (Grant, 19505 5K KB | 2004) , R E
HRHMEBRAE DG T RE E Rk, H TS
BRI MRS T X — A A A E E R R
U T Bk B T A% R 2 A Jo ki s B
(Gao et al., 2005; Martins, 2008) , TG & B it
PRAVE /N 5 ) 2 38 % B A 25 0T 6 4R
#r AL 24 46 25 v B A K (Barrett et al., 2000
Jesson & Barrett, 2002, 2003) ,
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WEBRERSZ 4, % 2 K2 ik
MERS (£ CRE, 1990; ZE4RF M L EIEL, 2005)
X 2 K2 J Y A AR AR A A AR A — R (B
) —XFR AL ) , B B ERHE Y — A 2 R
(ZEHRFM EEIEL, 2005; fFWR, 2008), 7FH
HBREANEESR 7 B, T ELGE A 4k
BB EE R, BEIEEAMERIE R — L) Fi
I T AR A AE 255 AR AT LUK AR N AE B
RETER —A25 (07 8 485 TR & e
(AT REPE S E 1, P RE SRR AL TR 9% 3R R A%
MR ) — PPl R (fE B, 2008; Ren & Tang,
2010) .

T EERHG AR 2RI R T MR A SR
FEAE R 4V AE A T2 fioh lf e 5 B 36 0 4k 5 A€ 25 A AR
SV E (EBI, 2008; Ren & Tang, 2010) , 1fij H.
AR GG AL 6 1 PN BE B 1 A FE 2 A i — 2P
FRIRRLE B T AR TR B AR Bk
— P BEAR T AR IR B (AR, 2009) , X AT HE
SR B AMSEARAE (1= 55 A0 X 704 1) B 58 ) £
W A6 25/ A9 1 M A2 A9 25 1 — R i
3.3 B R A 1L 7S 12 70 79 6K A M A S

REBUGAZ AL 0 A6 56 2 FF X ) B8 e A6, i
FoFNHE RS A A S AP (PR E FNIE S5, 2007 ; Ren
etal., 2013) . WEHFBEGMEEEAE W B
AR T, ELAE R 5 ME S8 22 PN BCZE ) 9, A Sk S0k
2551 T Ak 56 B8 FF 11 Ab BRORS 55T A 6 0 5 AN IE D
R V18 A 568 BT M 38 440 e, 20 T A A0 IR S 2 L ME
s AMi

A6 13 T R R AR i o B B R B AN AR AR
By 0 — B N o A6 TR IR K E R/ 5 3 1)
REAE T & 18 A U7 6 B e, BRI T 2 A6 N 0 U
16 R R AR AE N 2, 3 v T A% R e 1
BEAR TAEM IR 3% 0 A T 38 N AS — FE A R B IR
TR LSRR, i EE R A E S
J& B A 99 1 5 I 1 A e R T TR i R A 28 R A
TR REE, MKEES R R EEERS =
RO &8 A BB S8 AR, AT RE S N TR B AR R Y
ELa, U T 53 Ak ek £ S SOHE A 5 A 2
g E RS 75 I mENEN HES

WEE AR — B A R L B B U (buge-
pollination) ( Martins, 2008) ,

i RHBLRAE 19 R R S R 2 T AR
ek i A i A T Wk S ok A A5 A% ) 2 A 2T i A AE T
P EBA BB R 2 B AL By FIAE 5, AR IR T A8 V& &
1B BB R ARG 1 PN B O A 5 0 a5 T
V5 A ek T I 6T Wl e 25 3 A P ) B 5 T 3
T HARACH Z B £ 0 — > H 225 ] ( Duiberger,
1981) . ZiGT 5 , PN HOE ME S T e 5 46 e i — i
TR Y HE R A5 M o S0 S BRI AL by U5 4B AT A
T4 25 A5 0 R0 9 A PR 45 5 AIE (floral syndromes) |
REfEE TR EAMR AR AETE W E B R e S
HEHF

4 HE B RERIL N E

T S RMEAR AL AR P BULE ) A TN A
B B 5 WAL (Harrison et al., 1999 ; Gao et al.,
2005) , A HE 2O RE, BIESEERRGE
BRR MGG R GRS B oA, 40 55
BAETTREAE W B & WA P & A T 2 5 o 7 it
(1 3) .

F7EAEP IR )8 5 B = WE R Gk
EAa S E YA | A N R e N | B S
FBGAL, AR 2R A JE B AMEIRAE (K 3)
MACTERFE R F , B 7 22 R M AR R 5 h
VT ABL, HRE AT 1 AL T 1T |7 R Y AR A 5 {H B A
B2V SR 00 R T A £ O T AR W R Y
WEMESE SN R . X PSR Lok A T HA A R
1G4 W) L R 41 5 ( Moller & Cronk, 1997 ; Harrison
etal., 1999)

KEEARSEWERBNREKRET LRE
I, e R A BEGRAER R (K 3), B,
RS P 5 1 55 AR A 28 AU A (], AR 40 e 15 2 12 D) T
PLIA R 31X A4 1) B AR AEAT T e 2 AL [F] R, 7
FEEE B A AN R AL B & B R AR B AN
GBI KW EERBMIEEARBRIEERE LT W
AR BE LT gy B A (1B 3) Al RE TR A A AL Y
Ak,

R AR AR 0 4k T s 5 A ) b B
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A EEHEEIE

Nonreciprocal

{

—

By

(

{
4
{

BREEIR Streptocarpus
EMER Saintpaulia
KA EEB B Rhabdothamnopsis — /\  (2/2)

Kaisupeea

EEEERE Ornithoboea A 17117
Senyumia

Spelaeanthus

EFHEEE Boea
Orchadocarpa

Emarhendia
[ | _|: BE¥E & & Henckelia
YEEEBRE Paraboea
BEEER Trisepalum

Phylloboea

HEHRLER
Other fruit-twisted taxa

EEEE Conandron
BHEBR Chirita

_|: KIEEER Didymocarpus /A (13/180)

HESTRETER

Other taxa of didymocarpoideae

RETTR

Gesnerioideae

Sanangoldeae

AN (5/180) T
A (19/19) Africa

(7/124) M
Asia

> >

(15/103)

=i
0ld World

57
New Wor Id

I REMECA Moller et al. (2009, 2011) , FHINN LT BA BRAEY M B/ %8 KPR EL
Note: The phylogeny tree is revised from Méller et al. (2009, 2011). The data in the brackets are the

number of species with mirror-image flowers / No. of total species of the genus.

K3 swEARMEREN R G A

Fig. 3 Systematic distribution of mirror-image flowers in Gesneriaceae

SO R GERS DI S U AE G, W E & AR
SR P AT R 2R, A I IR PN =2 ] ) K
PR R o, SR 22 B A AR TR R AR 5 AL R 1 B
BL . JCHOZRZEW M, i T3 K s ZU1E
SRR X N/ F IRV EN & S AT EEE Y 4:h
P H G (LM, 2017) , 10 5 7838 I SR 35
A B (JUHIE A KA H3)  [F AL b 35 28 AL 1Y 38
PEE T oA 32 & 6 SR 4R AE RS 8] 1) B AR AL
KRR, 2013, FHE%, 2017), —8)
A AN 4 2 A ZE R & ( Hiptage ) W55 15 46 7] BE
I8 IO 3 B AR IS [6) PR 28 5 48 3 (R e B T

PRAEFRRFAE 14 73 A 38 17, 5 BUAE Ay Bl g A ) b o
ft.(Ren, 2015; VTS, 2016) , HE AR HE
WAFTESE B Wy Fh o A B

iR, WEE VRN RESRAE FEEEL
AR FARAAEEAL FE T BRI RE A A2 5 Yl
SR, wEE R EAR R E SR
2 | P HOME R SR | B S A T £ AR AL R 4R A E, B
A E SR R BRE N T B, e
AR AE H PG R A K L X O B T Rl 2 A
PES R ol W 7E SR R B 2R B A B A
EFENRAEYF, BB R e m R4
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SRR 73 A 1ok 46 i X ) b 22 B R B JE B 4R
VIR A% Sl S5 A B L, SR A S
gt, LAl S RS A B AW I BN S AR
HAMNGHRAEAE R B IY  $8 R B 1R
FEIX — AL A5y 28 0 1A T A ] 38 A Dy s e
XIS AT BE AR, A A o [ P R A0 K
DXV B 1 R b 22 A R A 0 B S A
HLAH

SE .
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