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Variation in floral traits of distylous Primula poissonii (Primulaceae)
along geographic gradients
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Abstract: Floral traits are predicted to diverge in a species due to different selective forces acting along eco-
logical gradients. As elevation and latitude gradients are always indicative of drastic variation in plant com-
munities, elevation and latitude models should indicate how natural selection has shaped some floral traits
and/or how floral characteristics have adapted to local or regional conditions. The measurement of floral
traits among multiple populations can be used to observe floral trait divergence along geographic gradients.
Primula poissonii, a distylous species, is widely distributed in the core areas of the Hengduan Mountains in
southwest China. Distyly plays an important role in inter-morph cross pollination in P. poissonii. In this

Wik H #A: 2015-06-17; #:52 H#1: 2015-10-22

N T 9T 5 4 10 H (2014GA003)
" J@IRE# Author for correspondence. E-mail: wanghong@mail kib.ac.cn



748

£ ¥ % B M Biodiversity Science

study, we investigated 16 populations of P. poissonii in Yunnan and Sichuan provinces. We measured eight
floral traits (corolla, androecium and gynoecium) in short- and long-styled morphs of each population. Sexual
organ reciprocity was estimated by calculating the spatial distribution overlap between the height of sexual
organs. The spatial distribution of sexual organs was fitted by using the maximum likelihood method with a
normal distribution. Measured character and sexual organ reciprocity were tested to examine the floral trait
variation along geographic gradients by using linear regression models. Results showed that floral tube
opening width and anther height in both morphs and stigma height in the short-styled morph displayed a
positive correlation with increasing elevation; the petal length in long-styled morph flowers, the distance be-
tween the stigma and tube opening in long-styled morph, the floral tube length of short style morph, and co-
rolla width in both morphs were decreased along elevational gradients. However, petal length of the
short-styled morph, the distance between the highest sexual organs and tube opening in short-styled morph,
the distance between anther and stigma in both morphs, and the floral tube length and stigma height in
long-styled morph did not correlate with elevation. Furthermore, floral traits except for stigma height of
short-styled morph were significantly negatively correlated with latitude gradients. In addition, floral traits
vary along a longitudinal gradient. Differences in selective forces may contribute to the geographic mosaic of
floral trait variation and sexual reciprocity may be maintained while the other traits differential. We prefer to
conclude that floral trait divergence in P. poissonii is driven by flower visitors.

Key words: pollinator-mediated selection, reciprocal herkogamy, geographic gradients, Primula poissonii,
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floral trait divergence

FEAFR BRI N, Y22 ED AL
VIR 2 AN AR R, HOR A S R e i
FHAR 5 (Herrera et al., 2006). — &I =, AR
HhOEROBG REAR AL R E S b 8 Y Y B AT AR
(Antonovics et al., 1971; Macnair, 1993) LA & 474 ]
FHEAE FH (68 o 9 T B8 A £ 5 ) 1) 3 2 22 S
(Burdon et al., 1999; Thompson, 1999; Gémez et al.,
2009)f5 K. TERCRMIHER R b, FEYI—AL 8 E -3
358 6] AH ELAE FH 1A 2% 22 R0 i i 1) 22 S5 B0 A8 3R PR
KA 434k (Thompson, 1994, 1999, 2005). 1t #F4FE
E 57 0 A 55 v AN 38 — 1 3 B M A T e R SO AR
s BRI —E R A . AR RUE B, A
DN S5 Hfv 26 EB AR AE A A 1 A2 57 i 48 7~ 48 704k
H3E NPT FE(Hodgins & Barrett, 2008), 3k ifi
PRITIEAE DL R AR 25 R R (A p . ) e AE 3 vk
IR 2838 /5 FH (Herrera et al., 2006) .

A A DAL B B P AR A T AR AL, DR,
Fofs JE2 S I 5 M 4 0] 34 855 )= 3538 )34 (local - adaptation)
MEB RS WEEIR TG, PR 5]
RAFVEY S PEAK, /K SR PR AR S B 36 I, fE 4
IR B AR 40 (Kormer, 1999; Hodkinson, 2005),
¥y B B 2R 2 B2 DL R UG 189 38 22 BRAIK
(Bingham & Orthner, 1998). B % 45 £ 1481k, B4R
H RGRS RIE A DL R AR Ry 8 AN = & FE R

AEAR4K (L et al., 1998; Silva-Montellano & Eguiarte,
2003). HULREINF, AR B TC . BE
TG« AEJE IR 5 B AR 45 K 45t mT e Bl JER ASE 52 T AR
1k (Mclntosh, 2002; Herrera et al., 2006; T — &A1
FKER, 2014). PRI, 345 [m] — P A ik AN () 2 s
HATAEAVEARAE 0047, RE SR s AE PR B H B A
FEAR S 1 ORI 48 78 1K e AR S R DR 5 R -

A F8 PR i b BB 2 R AR AR A IR T A A
AARTE . BT, AR RN R BE R ) T R T AR R
(Malo & Baonza, 2002)&4# > (Zhao & Wang, 2015).
Hnki%k 7 (Rosmarinus officinalis) i ik J& BE AL 1)
R TR 5B (Herrera, 2005) . S 4 56 -3 A &L
(Lavandula latifolia) & K & [t 4 F o vy 1 38 37 A2
K (Herrera et al., 2006). XM, FEAEATA AERMER
HE 5 M RS R B AFAE B OCIG, A B XL B
(Campanula punctate var. hondoensis) )4 &5 1R B
SRAEAN TR RS 1A B B TR R AN R, (B0 533 e
% (Nagano et al., 2014). fEiBMAR B 21k ]
A8 55 A% 7 8 AH R A =5 ) e 3 22 S LR 1 S 1)
P ¢ (Pailler et al., 1998; Maad et al., 2013; Zhao
& Wang, 2015). KHILLK, XF4mhIa] i 46 B 1 IR AR
J, BUE ANV R RN AR AT FUBONIR N,
XS AE B AR AR B (AR A . BB R
6% R 77 M FE 22 1A AR G R SR 2 % AR
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(Herrera et al., 2006)

TRIREAEAE W AE [ — A R AR A Y
(long-styled morph) %5 4% A (short-styled morph) %
PHAERE o KA BTG B S Ja A B A R4 24 46 T[]
— i ALK, T KA AL AR R A6 24 RN A R A (R b
AL TF AR AL K - (Darwin, 1877), H Mk
AL Z R AEAT R P A6 50 1 R 1) L ZERRAE (Lloyd &
Webb, 1992). Ff A PEZS B 7] (1) BLANEE 5 fE A N e A
TeH (1) 55 # A Jm A S A g 7Y A2 T =42 0 R A2 A 5%
(Keller et al., 2012, 2014) . % T [Al45 43 7 ) — B AEkE
YIS, FhiE R PE s B m R R S R R EORAS
[ 4 (Zhu et al., 2009; Ma et al., 2014). —HIfet:
T () PR 25 B HEF O 3 RE IR AN 3 BN S R R
GAL AT FHE AR R B AR T A%y B gk AT
TR Y [ 1K 4 #2 (LIoyd & Webb, 1992), X
13 HAETB AR 5 2 3 B RIE B MERH . A
IVHRIE T 3 BB S 45 4E (Chassalia corallioides) &4
B FHIAEEB PR AR 2 1A% 57 20 (Pailler et
al., 1998)LL 2 H T % (Luculia pinceana)ft #i MR FE
Hhy PR 2% 8] A2 A (1) AN [R] 20FE (Zhou et al., 2012) .

R A6 JE (Primula) £190% LA _E ¥kh g T — Y
TEREREYD . ZIET A Tt T b, T oL 3 X
Sy A bt (5 5 B, 1994; Richards, 2003). 24 A1k,
X 4 AR AL 8 HE A S D) 6 3 M R AR S ) T A AL
B SR HL(P. veris) (AL LR & AIEAE B NIAR Rk
A B E I RIE (Brys & Jacquemyn, 2015). #R1M,
2@ )AL MR 2 75 B o 1 T F 52 AR A o AN T
o B, JFHREZIEHEY) 2 JEREAE IR S L B
R G RN FERG B AR AT 7E A BT B A AR5
PR3 NAE AL o

TEXBEIThRE AR B FE A EE T — X%
WERWR G, 5 mE RS R m ek
0% (Nilsson, 1988; Campbell et al., 1996; Alex-
andersson & Johnson, 2002; Armbruster & Muchhala,
2009) . AR T % £ — B AR A HE A g AL AL B (P
poissonii) A~ & s HE 43 A (164 B BEHEAT I 72, #R 1T
LA IR 1 b 2 AR S A 2 D R b Py Y () S5 4%
B 8] BAME AR R . B g2 S
W51 A% B HUAH S AR PR (P8 6 R /NI E G
JEE) A6 A2 BEAL M R B BB VAR (P i T R
N, ERERRE, R4 Bk, e EEAE
PITETEE T OB, TR SL B PR ), 4>

SR M EHAT AT, BT
A (L)HANTE IR 88 B B AN AL JE R W) 2 15 4
FEARE 2 ()40 30 MR A2 75 B A Hh BB R A AR
10?
1 &
11 fARMRFEREE

WEALIEIRE N2 F AR B A B AR,
AT TREWT L X, ZE oA T2 Fg vE AL AP )1
A, A KT e A LR e . FEEA
MR E LN EE (D2 A EE), mEn1545
cm. BANEE H2-65 ALY, M H3-9E. 1t
o RIRA AR, LRSI O R, 5
HE B B R PR E Y, e B A£1.8-3.0 cm, f£
IR EO T, S iR2EE. EI5-8H, R H9-
10H o« KAEFERVEAEAE 73 A 2% F110%1F) 5 22 SR Al
(Richards, 2003),

AWFRRE T = Bl T IEAE B DL
DU 1] 5 98 R0 A BL 1 16 S ¥ AL A8 0 R BE (R
2,624-3,475 m, 1), Hh L Mg BB HLG). &
BAT(YZC) . SCiHE(WH) . BB K] (HSH) AT A i 3
(MDQ)E#E 5L &M I e 214T & % (P. beesiana)
[F3 50 A0, Ak LA 1) 22 A (ANC) JE B 5 T A AT
51k (P. anisodora) [FlHE /0 1ii; &g HEfiH £ A%
(ZXGL)FIKE TR (GZH) J& B 5 £ & (P. secundi-
flora) [F)35 7347 »
1.2 TEEPMERKNE

TERRAN JE A Bl AL 326 936 3 P 1 B (1 AL 2530
™, FEREAME PR bRl AL B 1 26 B A = RO &
FEAB AR O FE0.01 mm) o ARYEAE B IR S A4 T
TERIDIRE 2K, BEaAE I E8 MR (BIL). SfEkr &
W51 A R IALHE: (1) 4676 K /N (6 56 55z o 2 [A] )
FEES, CW); (2)FEIRA E (f6 e zs i 21 FF AR ) R
5, PL). SEMBCRIHA RIS Q)LEE T
FIR/NTOW); (4)fed B K FE(FTL); (B)462h = L
(T B2 P i B, AH); (6)H: ki B (T
P B B S T R B ES, SH); (7)8 e e A% B 5
15 I L H BE 25 (DHOY); (8) 48 24 Ak Sk 7] ) 2 25
(METE A7 O FE 5, DSA) o I B 45 A6 0 1 35 I AR
TIEALEE WK, JLIE T 944554E(K ).
1.3 HEERBPE
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Table 1 Populations locations and the sexual organ reciprocity (SOR) for each population in Primula poissonii

St SRS E41);3 3k KA AL AT EANE A R E

Location Population Latitude  Longitude Altitude Long-styled Short-styled SORy SOR,
code (°N) (m) morph (n) morph (n)

SHETHEARKE MDQ 27.6776  100.6753 2,886 30 31 0.4376 0.7786

Mudiging, Ninglang, Yunnan

RN XYB 27.6969  100.7543 2,894 31 29 0.7385 0.6718

Xiaoyuba, Ninglang, Yunnan

L EREKE YSsz 26.9997  100.1826 2,708 30 30 0.5827 0.6567

Yushuizhai, Yulong, Yunnan

R K] HSH 27.1348  100.2527 2,857 28 30 0.7187 0.7373

Heishuihe, Yulong, Yunnan

= E R YzC 26.9998  100.1617 3,136 30 30 0.7740 0.9096

Yizucun, Yulong, Yunnan

ZHEERE WH 26.9778  100.1757 3,139 30 30 0.7889 0.5449

Wenhai, Yulong, Yunnan

B ERSCHESE L WHHS 26.9825  100.1764 3,210 31 29 0.8032 0.9151

Wenhaihoushan, Yulong, Yunnan

ZHEERMES HLG 27.003 100.1818 3,239 30 30 0.8718 0.5529

Haligu, Yulong, Yunnan

ZHEER K YSL 27.0072  100.1749 3,475 30 31 0.6110 0.9032

Yunshanlin, Yulong, Yunnan

TR R e ANC 27.6169  100.0398 3,057 30 30 0.8641 0.7651

Annancun, Xiangri-La, Yunnan

ZHEERER T 2 A% ZXGL 27.9021 99.7239 3,323 30 30 0.5584 0.8841

Zhongxianggonglu, Xiangri-La,

Yunnan

ST R g i GZH 27.9111 99.7184 3,329 30 30 0.582 0.8764

Gezanhe, Xiangri-La,

Yunnan

SRR LBG 27.951 99.7013 3,376 30 30 0.7314 0.6099

Labenggu, Xiangri-La, Yunnan

VY )1 £ Y5 11 BT SR 0 Qs 27.8688  100.8081 2,624 30 30 0.7982 0.6436

Qiansuodoulehe, Yanyuan,

Sichuan

VY1 E5JE PE S 5 A XC 27.5345  101.7239 3,172 20 24 0.8815 0.8805

Xichangyakou, Yanyuan, Sichuan

I ) 1R Bk L HE ML 28 100.7167 3,371 28 32 0.7696 0.9010

Taobayakou, Muli, Sichuan

e EANE A AR 2 (RATAETEZ0) A A SR (KAEAEAT ) R AN, AIRAE EANEE N ARATAEZ (KAEAEAEZ9) IR AL A S (A EAE SR I EAME

SORy represents sexual organ reciprocity of higher level organs (higher level anther and higher level stigma), and SOR_ represents sexual organ

reciprocity of lower level organs (lower level anther and lower level stigma).

B B REHAT U AE RIS . 34N JE B 70 7l & YSZ
(2,708 m). HLG (3, 239 m)FIYSL (3,475 m). HiF
VA6 B U M BRI, WOR I TE R B N BEHLAT A&
Frid AR AR V4 B U 7 vk, S A A B
10:00% FF18:00. Vi€ B bR A7 [m] S2 50 % BEAT
Y58, FHor AT EE Y E R A A U i) AR 2 A AR
JE B (B A 2 5 o
14 Zitoh

18 3 Pearson #H 5 2 £ 73 ) 43 B P9 B A6 2 1 A
HPIR 2 TR AR G . P B A B s 1 2 () 40 AT
B [ AN OR R 4% R) B AR FE (sexual organ re-
ciprocity, SOR)RJ DA% #Efff h e e — RUFE AL A ) J

FEN TR E R ELAS /& (Lau & Bosque, 2003; Zhou et
al., 2015), [Kitt, K LaufiBosque (2003)(K) /5 %K
VA B R A AR (R B A B 0 BAMERE: R AR
ABRER I 23 Sl KT A 2 AR 3k (1 v B R AT IEAS 2 AT 4
&, HiHE R AR RAIEe20) F s A A Sk (K b
TERESR) ) EEAE, 1330 & 67 T4 (SORy); it
SEARALAE 2 (KAEAEAE 25) MR AL AL Sk (AL AEAE 2K)
WE S, F2MCA EAME(SORY) . #EIMNEEH]
HEBEMIFHE AR A SOR = Overlap (ij) = Aj/A,
HAGERRIAIES A th &R =S, ARRI
IR ATHIE TR, {E 1.

1 FH 28V [ A A R X 8 AN AL S PR DL R PR B
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Long-styled morph

El 8MEBERELMERMUEREE. CW: LEKX/N; PL: HWKE; TOW: EEFOKN, FTL: EEEK

TR
Short-styled morph

&

AH: TEHEE; SH: #3k5E; DSA: HLMEHERES; DHO: e ERBIEEEAOMES.
Fig. 1 Eight floral traits measured in Primula poissonii. CW, Corolla width; PL, Petal length; TOW, Floral tube opening width;
FTL, Floral tube length; AH, Anther height; SH, Stigma height; DSA, Distance between stigma and anther; DHO, Distance between

highest sex organs to opening.

[F) P 2 7 S FERSR E b f38 S kAT 20 AT, %t (Rl e
PR HEAT ARG . T AN 2 10 75 22 20 B o R R A
SERIRTHRABUE A, SO RAETE . FAETE &
s B H S EARAL S T =S T o DA
PR A&, ROy 3R E A gt 7 ER
BAE3.1.2A (R core team, 2014) N#EAT, 1/ T
psych R¥K {4 44 (Revelle, 2014) F1MASS R 14 £
(Venables & Ripley, 2002).

2 R

WFF R, ALIER G KB A PR 2 [ A7
TE 5035 IR R (3R 2) o KAEAE P A S AN 24 8] 1) B
BEERAD EEFOKADN, EEEEE.
him . Ao BIHAE B T D AR R B R AT
725 F AR (P < 0.05), H 510K, £
FEBAMIR 2 18] (A S R 235 (P > 0.05); %
FE A% B B T DR B SR T 0 RN
HM6 IR E R E M S5(P < 0.05). FEAAEHHE kL
ANAE 24 [a) 1) BE B8 5 46 56 8 I 1 /N AR 24 1 FE T
AMERARIEAEA S PE(P > 0.05), B 58K/ 18
MR R EKE. AR EMNR S EESE 2
AL T 11 i 59 B 42 2 AH 5% (P < 0.05)

R A6 T 1R A 24 e B R R Sk v B R 45 1) 40 A

R IR A, b m b e 24 m B n 38 E p L 36
N7.15-8.54 mm, HxifEZESLIE H 0.44-1.19 mm;
AT AR 24 = BE 3 A p2 3 B D 2.43-3.36 mm, #%
HEZ 02175 50.25-0.82 mm; AT Sk i 4 4H 13
(1) 9 7.09-8.81 mm, A5 #E 22 63 13 [l 2 0.48—
0.78 mm; A% A7 AT Sk 1) 35 i ped 1) 1 [l 0 2.81-3.43
mm, FRUEZE0ANITERI40.31-0.97 mm. IESMA)E,
eI A A% B A) ) ELAN B Dy43.76%-88.15%, MDQ
JE TR IR EL AN B A, T XC I AR A EL AN B (1)
AL %% B 18] 1) . #b B N54.49-91.51%, WHJE R
HAMERAL, MWHHSERE AN femi (R L) 1
BTt RN S T RE P IR [0S 2 A e, 2R [ AR AR R
FAL(P > 0.1), TCilJ& Ml a8 B I B AR Bk 2 AR
PR EANE AR SR ARG TR A e
Z((P>0.1).
WEALTEIRE V16 B AR AR S gk
(HE 1% (Bombus) Fll % 1 (Anthophora)) . - & i £ K i
(Macroglossum). YSZJ& # 1 3= B 15 {64 b g F
T o5 V5 A R EL163%, M5 R27%; 155 = it
e K16 B B Le i 7t my, WIHLGHAIYSL)E B
WS 1 B3 99 15 56% F158%, 1T b it A1 < ik 43+
G VAR IR EL ) 37%H140%
XFAEIBPEIR 28 Mk [l H 4 SRR i 7R KA
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R2 BTERBEIMERE RS AL L AL (n = 476), JALT AR = 468))
Table 2 Phenotypic correlations among floral traits in Primula poissonii (long-styled morph above diagonal (n = 476) and
short-styled morph below diagonal (n = 468))

R CW ERETTHR B PL

WREEKE HZE AH HkREE SH MK AMEZR fmom BOHAE

/N TOW FTL IR DSA F{EEETF O
FEEE DHO

1K/ CW 0.35" 0.79™ 0.52" 0.23" 0.33" 0.16" 0.26"
FIARN =S ANpN 0.25" 0.09" 0.48™ 0.22" 0.34™ 0.22" 0.08
/N TOW
TEIK S PL 0.66" 0.19” 0.27" 0.16" 0.21" 0.07 0.35"
K 0.70" 0.17" 0.42™ 0.43" 0.52" 0.30" 0.39"
FTL
=% AH 0.43” 0.137 0.54™ 0.61" 0.43" -0.04 0.23"
FESk B SH 0.22" 0.26™ 0.20™ 0.32" 0.52" 0.74" -0.22"
FELANTEZ ) 0.30" -0.01 0.46™ 0.46™ 0.78" -0.04 -0.33"
FIEEES DSA
R BT 0.337 0.46™ 0.33" 0.42" 0.15" 0.09" 0.20"

FTEE T

[l DHO
CW, Corolla width; PL, Petal length; TOW, Floral tube opening width; FTL, Floral tube length; AH, Anther height; SH, Stigma height; DHO, Dis-
tance between highest sexul organs to opening; DSA, Distance between stigma and anther. *, P < 0.05, **, P < 0.01.

R3 BUEREESERGER. SEMEENDAER L EDTZRH(B)

Table 3 Linear regression model and the regression coefficients (5) of floral traits with elevation, latitude and longitude

TR AR 4R Elevation 4% Latitude %% Longitude B Model
Morph and trait ﬁ [3) ﬁ) [3 ﬁ [3) U?ﬂ@ RZ Ad- [= p
justed R

K44 Long-styled morph
1K/ CW -0.001 0.01 -0.89 0.005 -1.93  <0.001 0.09 17.26  <0.001
e PL -0.001 <0.001 -0.45 0.002 -059  <0.001 0.08 14.74  <0.001
EFF O KN TOW 0.0011 <0.001 -0.59 <0.001 -0.63  <0.001 0.38 95.31  <0.001
RS FTL -0.0002 0.33 -0.51 <0.001 -0.63  <0.001 0.10 17.68  <0.001
eZimE AH 0.0002197 0.03 -0.14 0.009 -0.15 0.004 0.05 9.80  <0.001
FESk R E SH 0.0003 0.09 -0.34 <0.001 -0.22 0.009 0.06 10.61  <0.001
Sk AL 2 (8] BE 2§ DSA 0.0002 0.19 -0.37 <0.001 0.009 0.91 0.03 6.116  <0.001
o S A E PR EE 0 -0.0007 <0.001 -0.43 <0.001 -0.09 0.33 0.08 14.13  <0.001
MBS DHO

FEFEAE Short-styled morph
"R CW -0.001902  <0.001 -1.77 <0.001 -1.926  <0.001 0.17 33.73  <0.001
e PL 0.00009082 0.67 -0.65 <0.001 0.3793  <0.001 0.07 13.21  <0.001
R ETF KA TOW 0.001 <0.001 -0.61 <0.001 -041  <0.001 0.39 102.3  <0.001
WHEKE FTL -0.0007 <0.001 -0.87 <0.001 -053  <0.001 0.18 34.77  <0.001
2% AH 0.0004 0.005 -0.54 <0.001 0.17 0.02 0.09 15.86  <0.001
ki SH 0.0003217  <0.001 0.02 0.68 -0.1303  0.004 0.06 11.54  <0.001
Sk ANEZG A EE RS DSA  0.0001468 0.25 -0.70 <0.001 0.3729  <0.001 0.19 38.83  <0.001
B B A B #4000 ~0.000008 0.51 -0.51 <0.001 -0.2248  <0.001 0.14 27.11  <0.001

R DHO

CW. PL. TOW. FTL. AH. SH. DHOFIDSA}.%2. CW, PL, TOW, FTL, AH, SH, DHO, DSA see Table 2.

W BT 8N IR IR 1 [ A AL 34 s 7 (P < 0.001,
AR (1976 FE JL0.03%10.38; 73). 17 & 11K/
itk BIEAHE, BIEEE R BT+ s 0 O/ g
HR(P<0.01, KI2). [FIFEH, 18245 R R A R
Frrm R EAKP =0.03, K2). Hx, 166K,
T BE AN AT Sk B B T R B 5 2 B

HIAR, BRI, RN K
FEANRE Sk BIAETE 4 T 1 B B #LE I/ (P < 0.01,
K12). Bl 26 R g AL n, 8 M Er TR AR BE 2
A2 /INP < 0.01, E3) KAETERIFETE K/ AL L
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Fig. 2 The variation of eight floral traits among 16 populations of Primula poissonii along an elevation gradient. DHO, Distance
between highest sexul organs to opening; DSA, Distance between stigma and anther. Solid line and closed circles, values of long-styled morph
individuals; dashed lines and open circles, values of short-styled morph individuals.
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(P < 0.01, El4), AL FA1E 24 R i8R 5 DL R AE Sk 2
TF R BBl 22 B AR AR AR A . TR AR AR,
FIT A 8AN T B PR 1 [m] A 4SS B 35 37 (P < 0.001,
PR30 FE ML0.06%1/0.39; #23). T8 FF IR/
AR —FE Sl 2 IEAR O, RIBEE R T &
TF K /NZ B K (P < 0.01, 1K2). 1625 5 B AEE Sk
e PEE B A MR R v & T AR K (P < 0.01) 0 fE56 K
NFTETE K iR B G, RIAE e bl 5 ik
(T R AS /NP < 0.01), 76k K B2 bt #5417
E B AR (P < 0.001, FE2). FEMEKE. HESkAN
A2 18] (1) B0 55 DA R A6 24 31 4656 5 11 1) 7R 25 B v
I AEZEP > 0.1, K2). BkEsk sk
(AT ANAEEB I IR 35 B 26 443 FE A R 3 A 17 38 7 sk /) (P
< 0.001, F3). FEMEK . 1824 0 B DA KR AE 25 e
Sk ] F7 P B9 B 45 2 P (R 39 i A2 K (P < 0.05, El4);
B2 AR, HARMSA MR I BE 5 28 5 035 I )
/NP <0.001, [&l4).
3 g

S B AT AR ) A B (1 7 A5 BT e R P B o AE
fic 2 45 (P67, B a) PR 38 B 1 BN e B A A
Y45 LLERR I B R & (Zhou et al., 2015). MEME L
AR OR R BV ALK RS B AR, (3 TR BEA
BN S . fE R, S e
8] ) ELANFE X T M 4R G B R R, W
SRR N RN B IAD ) BN B ORAIG 23 0 AL R
B, BEAS BY [A) f6 4 1 2k, 5 BTG A FE B AG
(Keller et al., 2012). HAMYIMEMER AL AERFAL )R )]
TR TR A A A DG B F (de Vos
et al., 2014). AWHFLH, I BB AL B BAR
FERUIRAL 2 B FANE R =, RHERE N AR BAL
i 54 £ 54 E, X 5LauflBosque (2003) K Zhou
25(2015) (M Fe 485 e — 8. or % B TR 19 B RD B
SORKFIRAL 2% B 18] (1) H. 4N EESOR 35 AN Bl 45 4K
HE RN RS T AR Ak, 1K AT REIE R B 2% R 1R
(1 EAMEFEAEF N ORIFE — B . ABFFIK
DL, BT R AL R A Sk v B S A S AN AR 24 A () B
BIRMITRZ A1, KAEAC R AEAE H 16 24 7 B R R: Sk
i FE 38 5 At ) 18 S P OIR A 2%, 3 FF Keller 2
(2012). BrysAlJacquemyn (2015)f45 %, iX i B —
TR 5 A AL TR R A O

T RIS, RN BRG] Rk

hge, dEmidememn A S, s mE
e BT IE A BE, DRI AE RN 5 52 A Ky B U
1% (Galen & Newport 1987; Ashman & Morgan,
2004; Harder & Johnson 2009; Lavi & Sapir, 2015).
TR I, WAL B A KNI A AR
K BBl E R T S TN o RIS, W ALTE R
VA6 B A 2H R AN = R R A R T S T AR A, i
U7 1] (1) L A5 8 A A ) s T G K, T e A A g
)7 I LeAG A Y 3 B T s o AR R
(R A 768 R /NP AT A8 1R A6 R R 1R v s A S
AJ B A2 HH AL K o R B I 4% e ) AF I AR 22 = 11
iR N, AW 5T HRGE R X (Campanula
rotundifolia) 1 % ¥ & HLRE 6 1 A4 B 7 o g 4K A8 15
FEOK, AHRHh, FAETEAE S IS K (Maad et al.,
2013). UMb, PREEERER)E AT Ge AL fE iR A
TERANA IR R 22— BilangfedioR, Kok nr
Rem bR, 25 H B IS A B2 (Strauss & Whittall,
2006).
1568 I 1 K/ (Campbell et al., 1996). 1£ 76
K J& (Alexandersson & Johnson, 2002; Muchhala &
Thomson, 2009). £ 14 & (Nilsson, 1988; Johnson &
Steiner, 1997), LR A2y AL 47 B (Muchhala &
Potts, 2007)fEM% fM &4 ¥ HAE M ThREMERE &,
SNBSS . AT, LR IRERN R
B R /IN M v T2 T O, T AR 24 v A
FE Sk v FBE 350 i A Y A P v TR B A o AR BRI
WIERE, IALTEARE AL B AT A, 7T RE &
Y LA W 1) W IR A Ry s T A e R
W, A0 e B R T R, T R A 3 R R X R R 1
Kbk, AREFURIL, 258 M4 & b & it
AR R TTRE, PTAE A X LR R Sk AR R R
[ N (Pailler et al., 1998); & - XV AL 76t 7 1 B
18 DA B A Ko 2 Ak RS I 5 B 1A T v 1 1S K (Maad
et al., 2013). (ERREERERE, IRAIIEIRE ITEL
AT Sk ) e FE RIS, T AE g AR S B, FE 25 A Sk
() BE S v, A BT B U ) I 4 fik 2148 24 AN A
Sk, AR B AT DR 3R 0 R
[FINF, AW TR I, BEAE AR 03 =, KA e BT
SKE AL ST O IR B AR B8N, 1X AT R B
T MEPE Dy RE A SE IR .
HHERATRIWE L RT LA, Bl G 45 BE AN FE () A
1, WAFEHRE AR IR R AR . SRT, H
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TRFEE Bl R R/, AN & DLIE SE F AR H IR TE
S FERL L E AR . R AL TE R AR ST
MOIRBEE IR . i ME B L8 —E MR H %R,
{H L BEWS PRI A8 57 R BRI FEE — E R IR, B4
T AEAE T T 0K/ K (8] U A A R% 1 0.30 A
Ab, HABKIIIANF0.03-0.18. EARERH K. <
% BEUR DA R AR YR VA 2 R S A A5 R 1 Bl o R 3
J£ ) A 4K Fie 0% 52 M) A4 5 B VIR 1) 32 57 (Arroyo. et
al., 1982; Maad et al., 2013), {H & iX ¥4 25 K111
YA B ERRG B AR — s Bk, Bk, fE
PR MR B (ARt — 2 e 4 R 2R M.
Nagano%%(2014) & Bl &K BE XUV B AL SR AE AN ]
IR R IA—FE, (B SIRA G HEA REN
FHGPE, 115 A&k 3 R B /N BB ARG, thab
[F) 355 3 A (R BA FF A 1) 30 25 i (8] (1) 58 4 0 18350 14 4R
() 38 & 018 =5 ZE (Armbruster et al., 1994, Grossen-
bacher & Whittall , 2011). FRATHIWF T &I, AL
1B S ISP R AN, TRk & 5 5
e THVER, T REAAR A6 IR K AR IR B AR
(character displacement)fl /LR & £ HdE). Kt
ZEIR. 2 IR AR BE AT AR R L &
TEADAEH 45 10 it R AR S B X, T 4 7 3 30X 2
A kRS 77

BUbt: At BAL IR R AT AT I AR A
A RREALA R oE TAEANR E IS TAE P AR
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