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Abstract

Aims In stylar polymorphous species, the morph ratios are maintained by negative frequency-dependent selec-
tion through disassortative mating. The spatial context of a population is of crucial importance to maintain this
stylar polymorphism. Under particular circumstances, disassortative mating in such species may promote the evo-
lution of a dimorphism by gender specialization. We asked whether flexistyly can promote sufficient disassortative
mating, whether the female fitness of focal plant is affected by negative frequency-dependent selection at local
level, and whether the two morphs in flexistylous plants differ in gender specialization.

Methods We used open-pollinated flexistylous Alpinia mutica to compare fertility in anaflexistylous, cataflex-
istylous and dimorphic arrays. Second, we used neighborhood models to investigate spatial distribution of morphs
at local level within the population on reproductive output in the flexistylous, 4. blepharaocalyx. We quantified
the distribution of the morphs in terms of neighborhood morph bias. We then measured the effect of neighborhood
morph bias on open-pollinated reproductive output. Third, the reproductive characters were examined in anaflex-
istylous and cataflexistylous morphs of A. blepharaocalyx. We assessed functional genders of two morphs based
on their allocations associated with times-dependent mating opportunities and the mean number of seeds produced
by anaflexistylous and cataflexistylous plants with morph frequency in the population.

Important findings Dimorphic arrays have higher female fertility than monomorphic arrays, demonstrating the
flexistyly promotes inter-morph pollen transfer. Results from 4. blepharaocalyx indicate that at the neighborhood
scale, the two morphs have an aggregate distribution due to clonal growth. At this scale, focal plants showed no
evidence of frequency-dependent total fruits and seeds per plant or seeds per flower. These results do not support
frequency-dependent selection as a major mechanism affecting morph frequencies in A. blepharaocalyx within the
context of this study. There are no significant differences between two morphs in flower and fruit characters.
Functional gender analyses indicate that when illegitimate fertilization is negligible, the morphs are specialized in
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their later sexual functions, mediated by anaflexistylous morph through male fitness gained; however, when self-

fertilization is included, the two morphs are both specialized in their female functions due to the lack of inbreed-

ing depression in the formulas.
Key words
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Fig. 1 The effect of experimental array on the total number of
seeds per plant. A, entirely anaflexistylous, C, entirely
cataflexistylous; D, dimorphic. Bars indicate SD of mean val-
ues. Different letters indicate significantly different at p < 0.05
level.
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Fig. 2 Mean morph bias in neighborhoods surrounding
anaflexistylous (Ana-M) and cataflexistlyous (Cata-M) focal
plants. Bars indicate SD of mean values. ***, p < 0.001.
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R o AR SO A AT BT RIS S
FERG R AR At 1) 7E 2 A ASI, FhE
SRS REME I J£0.504 (95%CT = 0.492-0.515). A
i 1) AN [ RO R A o 0 28 1) PR D RE R AL T2
TRENE510.539 (95%CT = 0.529-0.549))] L2574 |7
T T R e A (G 2 DI BEPE 0,462 (95%CT =
0.451-0.474)). FiHEH DhaemENE 152G F 5 A
0.385-0.599. 2)47% 1& HAZIS, Fiff-F-34 o) gett )
J£0.571 (95% CI=0.566-0.578). 4 74 15 [ Wt 12k Ty i
Rl T TR 455 (R34 D RE 13 43 1 4 0.578
(95%CI = 0.571-0.585)#10.563 (95%CI = 0.554—
0.571) FIEEhREE A mE, BP BT AS R T R
BA/NT0.05 (BETEHI0.503-0.611). HAXG;
SIS A 02 1E H (Kolomogorov-SmirnoviY
FEAKIK, D=0.704 2, p < 0.000 1). [HA 0] fdFp
HAT i MER D BEPE R 70 A (414) s NR3TT AR, =
T R S R A7 A 226 25 A A R A 25 56 A 12 T
REM DTIRAE 2 o BRSO LU S R o Ak h A
SRAFEE G PE A E, B 28 TGP IE () e PE T g vt
BREE Ko (H RS AT BRAG 28T (R e PG A . 1 A
AT HE R PRI G R D o PRI e Y AT T 2
Fenfk — (A2 FOASE U, 9 28 EL AT T R Sl e A 11
ey, BP R 35 ) 8 g M oD S TR e A . 3K
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Table 1 The effect of (morph bias)”, morph bias, morph, neighborhood density and the number of flowers per focal plant on female
fitness of focal plants in 2007 and 2008, respectively, analyzed with generalized linear models with the log link function for quasi-
poisson variables

At 2007 (n = 56) 2008 (1 = 89)
Variable fliviE p ftivhE p
Estimate Estimate
AL REU/BK Fruits/plant
(%4hi)* (Morph bias)® -0.4822 0.480 8 -1.4212 0.150 1
T4l Morph bias —0.2742 0.498 2 ~0.296 1 0.595 0
HARFEREIZ AL Focal plant morph 0.074 1 0.730 9 -0.500 9 0.093 0
4835 % &£ Neighborhood density 0.007 8 0.326 6 ~0.000 2 0.990 6
(T4 ) < HARHIFER Y (Morph bias)* x focal plant morph 04776 0.596 5 1.514 4 0.200 6
A= H ARMEER A Morph bias x focal plant morph 0.054 3 09147 0.178 0 0.788 4
H bS8 AR 1 7E40 No. flowers in focal plant 0.026 9 0.000 4 *** 0.0190 0.1120
KUK Seeds/plant
(%44hi)* (Morph bias)® -0.3623 0.597 6 -2.0380 0.1049
T4l Morph bias -0.169 7 0.671 1 —0.6349 0.380 7
HARFEEIZ AL Focal plant morph 0.1218 0.5749 —0.469 0 0.1637
4838 % &£ Neighborhood density 0.000 9 0.909 2 -0.002 1 0.896 7
(T4 ) < HARHIFE R Y (Morph bias)® x focal plant morph 0.076 3 0.9332 1.946 6 0.176 6
T i< H brtEARR A Morph bias x focal plant morph 0.1340 0.794 0 0.463 4 0.573 6
H b AR 1 7E40 No. flowers in focal plant 0.025 2 0.001 0 *** 0.032 4 0.018 6 *

P IELRREAS. *, p<0.05; ***, p<0.001.
Values in parentheses are numbers of plants sampled. *, p < 0.05; ***, p <0.001.

2 L N R B AR IE CP A E AR R 22)
Table 2 Reproductive character means for anaflexistylous (Ana-M) and cataflexistylous (Cata-M) morphs of Alpinia blepharaocaly
(mean = SD)

iyl 2007 2008
Morph FaE S ) A N3 P
Cata-M Ana-M Cata-M Ana-M

VAR UL 46.89 £ 9.54 47.84+10.13 0.59 41.24 £10.97 39.80 +12.90 0.43
Flowers/plant (69) (58) (39) (81)
R 2.11+0.46 2.01 +£0.45 0.59 2.67+0.34 2.47+0.26 0.13
Display (38) (33) (41 (38)
ey i/ H 78 300 + 17 500 82 000 + 21 900 0.63 - -
Pollen grains/morph/day (38) (33)
JRER%y A H 79 £20 76+ 18 0.78 - -
Ovules/morph /day (398) (33)
Fhy %/ 4k 8.24+5.02 9.56 + 4.68 0.31 3.54+332 2.85+3.80 0.37
Seeds/flower (€2)) (25) (45) (44)
A& B TR 14.00 = 7.56 12.29 + 8.51 0.43 6.51 £5.95 5.16+5.78 0.28
Fruits/plant (€29) (25) 45) (44)
SEFFEURE 378.81 +252.00 430.84 +238.50 0.43 159.84 +147.50 131.86 = 175.85 0.45
Seeds/plant (€20) (25) (45) (44)

S IME R R FEA L

Values in parentheses are numbers of plants sampled.

— DR R B X T g B i T 2 A AR T
BN AEAE 22, FERT BEAS X b 2870 ) fe
MEIHBE AR PRI R . AL AS LS 1 2 S ] g
L AR s KNG o RIS KT 45 B B T g
PR TR R KN (2 HAZ: ¢ = —0.051, p =

0.960; #%FEHAL: t = 0.055, p = 0.956)FI{L/F K/
(AW E58t=-0.219, p=0.827; ZEHAZ: t=0.307,
p=0.759), BUAAELE R /M Dy BT o

BE TS 35 Tl O b A 2R A0 3 v B 7 2R )
REME S S et 5 L3R AH ) (0 RS . 20074F
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Fig. 3 Scatter plot between female fitness of focal plant and morph bias. Statistical details see Table 1. Ana-M, Cata-M, See Fig. 2.

R3 20074 PRAENE L EVEREE 5%
Table 3 Male, female and total prospective fitness for the morphs in 2007

e EEE WG WEPE A1 RIEAE
Morph Selfing rate Male fitness Female fitness Total fitness
TR Cata-M 0.385 0.485 (0.465) 0.415 (0.415) 0.447 (0.435)
28 Ana-M 0.249 0.659 (0.441) 0.409 (0.369) 0.514 (0.397)

B EVH I G B ATRAEAE AR (55 ) PIFE O 1& & BEMRIE SRS e KRR AEML . Ana-M, Cata-M, [F[E]2.
Fltness values were calculated both assuming negligible selﬁng and using selfing rates (in paprentheses). Fitness values were standardized according
to the highest value within each category. Statistical details see Table 1. Ana-M, Cata-M, See Fig. 2.

g R SR IR B TSR 45 R A — 2. 2008 28 AU [ R PE D) BERRAL o SROBIER MOBIRI L FRATAT 2%
TEI G5 R S W P R I PR AR Dh BESRAGIE LA RO I MENEE S LS, (RIX U 3L
WS I 225 R (R4) . AATINAFAE AR R SR A N T A1 Wﬁ‘éiﬁiiﬂi@ﬂﬁ@ﬁ?%?%
PR T BEMmMERE o FORE R 2R T S BRI HLASHCIN, SO MR8 % B e R A S 2
o NRAMWT R, AR EOEREPEIRICRM L A S EERE L B .
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Fig. 4 The cumulative frequency distribution of functional
gender for plants sampled from the population. M, G; = 0, for
pure males; F, G; = 1 for pure females. Values of the functional
gender were calculated both assuming negligible selfing (solid)
and using selfing rates (dotted).

4 20074FFI20084F EASTANF A BRI BEPERI( G, )
Table 4 Functional gender (a) of anaflexistylous and
cataflexitylous plants for 2007 and 2008

Frait] RAHA Ditetinl
Morph Morph frequency Functional gender
nx dx Gx

na + I’l(
2007
TR Cata-M 0.556 378.81  0.524 (0.565)
287 Ana-M 0.444 430.84  0.476 (0.574)
2008
FIER! Cata-M 0.561 159.84  0.610(0.615)
28 Ana-M 0.439 131.86  0.390 (0.468)

n,, FESRIECN ARG n, n, S0 ERSRUFR AR
FRREG g PIIRERRIT ™ (R4, DhRerEnl vt 57> 2k
HACHIAEAE A (3 5 ) PR O

n,, the number of either anaflexistylous or cataflexitylous
plants; n, n., number of anaflexistylous and cataflexitylous

plants, respectively; d_x the average number of seeds pro-

duced per plant. Values were calculated both assuming negli-
gible selfing and using selfing rates (in paprentheses).

3 iht

3.1 WSS IR LR

R A5 38 T S 0 e A (YRR R SRR 1) O
BT T AR R Bh e S FLAEFF AL . AEATA
PR AR B Fof R T LA R 2k 2R i) A 3 A i Y
AZHC . 2 P A AR PR B RN, 1
G 7 o S N RO R VI ST 1l w S S T B
JRSRE B, PR T R R R AR 0 A . Geih o i

IMZSE: TEREE PR 4R L ORerEnkett 835

SEOL VT H bR A8 AE R A T
(1) S AR PR A) TG 22 s H A AR AR ME P 3 5 B2 A 208
S AN SRR ML FEAVEH] -

Z B 2 SR I 34 AR A& 2E A
I I IR SC e A ARk e, B BAE AT A AT Sk
I e SR N WA @R AN ) 3 B VAT BT BRIy )
TEAER 5 5 A 1 (1% i 2 AR 28 [ Fe ok H5A T T 2 26 2k
1K1 (Brys et al., 2007). HIRAEAE PEAIYIAEAE N
FEAEATAE LA R 32 00 B ANGE 1, RS i AetEis
BN SRR ERE S (57 P A8 ] IS ] B3 m Al oty o iy 22
() (RO AT RAE Sk T 42 AR DT o 7 252 ) e 0y
DG W] ASE Ao 06 T ok 22 1) 4 fE 2 57 K (temporal - dio-
ely) BEMAE REERIAZ AL . =S SEI0 P2 Ui I A
A5 P R BR R P M 1 P A v T A 2 T R
FEE) . XA E2S B B N AL
PR o b2 R TRIE 1 S e 5T T HENE DhRe HAEAE S
AR MERED) RE 5842 0 B, BRI T A& R] A2 B AN
A o PRI b2 TR 200 AT AR R A ] e 5 A K 5 11 47 2
BRSAH DG . Y 28 RUMOEAT PRI AZ O ML S5 PRI A4
SHEIE 9 3 T FRD 5 P8 T A AN 2 ARG E AP AE o (H 42
RN AR B 2 T R AR A
PP A 22 (B 1) N EETAT B s 1 AT 56
G BAHLEs o bl o F R 1) N R R ) B AT
#(Sun et al., 2007). & FIEMH, JER IR ERZ ALK
T, AR LR N TR SE A7 IS ] RTMEHE 1 e K 2 R
FEEAT WU 1) PR AL FESI = A 35K 3 R hy
FAL B UK, N EE R MERE D REAE T
10 2= e e i el LV d S e V1 < 2 S
(R FE U AZAR LG B 8D, X IG T HE A ()
AR TR BN R AU ] S AR MR
TG FEARAE, (H SR i 20 A0 1 i A R A8 2 AR A
S e 0] e T Al P S R 10 15 FEE A 2K o DRI
2R S AR AR AR TR HE ROME () 75 2 B2
Tk Y IR 0 A T B s e e 3 PR SR T A,
U WY TR S AR A T LL 5, BOAERR R K
AT AR R BRAFAE I TR TT L I, A S Hy
e 5 24 (Sargent et al., 2006).

H YRR 2 () 45 0 5 AR AT 2 2 B 0 1 1) ()
R Z MBI 5T T BEAE Fh AR RIS AR AN 2 1) RO L gk
ATo BRI, S2M A A B0 B oy 1R A2 2 A F AT REAE 4
/N R 25 ) RO RE A O8 BE R R 24 (Spigler & Chang,
2008). Lutur, ph T B8 i i SR B A PR T R

doi: 10.3773/j.issn.1005-264x.2010.07.008
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WG AR ), AN T R 0 U 5 4 PR 4 S JRy ks )
JUOBE BRI . AEABEZT, H AR R RS b py 2
(R 2 A I AR TR A 2, BT 285 ) 1 SR AR 40 A1
(B12) o 3X— 23 AT r S It 2 B 052 1) ot e A KRR
P, BIRE— SRR S L BR IRV RR A SR AR AR K o A3k
5 RN AR A o P 2R H B R AR M P 1 S R I S A
FH LS 88w 1)~ 7 55 H b Ak e 1 18 & 0 2 %
[FIEDCER, Ui B — RYREAROGT 21035 b ek fLE A4 ) AH X
Hrem FEAEUR, RIS AE 2R3 R B AN AE SR Ak
AR HE o IX e 2l FA S I HE P 5 52 570 3 HORS
() 326 B A0 FAT T 5T R AR S8 RS B FF AN A 5 i 7Y
LU AL IR = BEHL o BRATTA R AN 281 87 AR R AR R iZe
FER ] g R AL EE: DA/ NIRRT BEAE 24
TR PR 20 ORI 0 e RUBE AR, BAT T ik =
ZA A REE LA B, ek B i A 2t s
B AT fi R AEAEAN TR R IURUE b o FEAN A AR/
Xt Sabatia angularis®t F45FHE R W5 R AL, 75
Jey 3K b, AR BEAE 14 mR) 38 I i H AR R
(1) A8 R e 0 2 S s AR IR BE AR L mN B 0 45
FFEeH) WA XA S AT e B ikt B Yt 5
e R A AR /N R Y [ N (Spigler & Chang, 2008).
2)fh Z RS EE AR DI R T A o &I AN
RS2 Wi A6 53 2 B R VT AR, 5% i) A6 k) A% 326 25
(Aizen, 1997). B RACKI VA o LRI, SO
B EBEA PRI o AR AL A1 RS B R A
ANAE A B I TE) 5 SR R BE G R et .
3)AN [ () A%y 25 ] R AT s B BAT AN 1) )
Lk @, Zorn-Arnold 1 Howe (2007) % 5% Penstemon
digitalis T 55 JE 5 26 30 RN, RIVARERK
HHLAh R Z K5 1 (Bombus  fervidus, B. penn-
sylvanicus ¥ Xylocopa virginica) ik £ % £ 15 K 48
WL /M AR S ) RAT A, AR /N HH A B
IFIINLBN P 9 5 (B, bimaculatus, B. griseocollis
HIB. impatiens) {5 JE 5 /NGB8l A7 8 ey 1R 7 U A
#,
3.2 ERBIZALSThEEMER

BT AR i v Ay BLAEP/O L B ) 22 S
(Wang et al., 2004), PannellfllVerdu (2006)A 473X 1]
REE7m 1 MR BE I RE A . AR 7l 22 B FeAT:
G rEAE Y, B2 AR R P/O W E T
NEEAY, WangZ5(2004) 45 e HE LA A R A Ak
T DA ] A ) Al S R AR S 1) AR S« Takano
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&5 (2005) 1 18 T AR AE A5 M 14 AH W) Alpinia  nieuwen-
huizii 1) PR MVRE AL )8, 2 b 2% BRTE 1) e i i 17
N EER AL D) RE R E . X PRI B B S 1)
Ry B AL EP AR M FEI IR . )M T B4
RERR, N B R AR BRI AR RN 22 IR R4
K& R R P b 28 B R A B AT 52 1) 2 Y A
BT, RN A BEAG T T i 2 A AR 1 1 T
fig, P AR [R) 2R A AR b A1 (8 S e ) R A8 A
T B Dhae ki . A Y5 Batemanik ), #EPE D e
2 Wb 52 BRI PR, A Th e 0 52 T AR B AL
(Burd, 1994). 7t 7 R i1 55 BANE Y Grayia Brandegei
PRI B, S IR TR HE 1 D i A 2 o T AR
e N AS ALYVl DN dBvivk: = 3 AN I PS TR Pl Y
J8 ) 1) 2 S AEAR O RE B b )3 &5 T 1k 2 BT AN A
D EPE D fE o XA U5t PR X e St A 2R B D i
TEFE T BT B0 21 Ml A S ol o A 4 e MR AR
PEIRZS Ty AL A M2 55 B (Pendleton et al., 2000). 2%
1M, BT TUI A A I PR BAE B AR AR A A7 A 2
o IXIRINEEIEARE T, o] H RIS O I
AR I 2 B SR D REPE AL R )

FERBICH, PIF TV 5 0 = HE i D g
P J31) I B R [R] 7 D) R e A 3, R R AT T
ST A I — P AT ECABE I, T S R T A 1T
2 P o X — Dy BRI AR A AR T B
b 2% T (R D e A B a ), X — )
e e £ T LU Pl o phade 200 A2 TC T B 1) A0 26 4K
WUEFEAT Ko 2 B F MO N IR 28 R PR
SEHMEPE I RE A DRk, IXFRIhREME SRR L&
AR Be P A R AL S A O, T H, =
P B 5t [ A T 1) 2 ) 2R 4 43 A ml = R R
(1) 2R L i 15 1 A7 A0 258 A4S (1) 328 38 33E 1717 5% W) 4 1)
BEIF 53T -

My RetE N vH L e E AT N, B R 7 i
PR, X SEATHE A XA EHEA
A, FATRE B AR LR . fEAAFAEEAL
TEIRINE, [ AT HG A AR B P 3 5 FEE () N, 92> 4
P25 RS S RG IR ER B AR, ARPEILAE REF
(1) S, IR 2 P RS A AR 1 A 3L IR (Sun ex
al., 2007). JEACFER AT SRR B A1 I &
A BETASE T B8 1 0l ) 53 VA0 RE 43 A th 42 m) 22 8% 5
TN BATEAR R B A BT R X — R
FIREARANIER o [RII JRAT AR BT AT V1 55 v 0 22 23
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G - n,d,(1+s,)
‘ nad_a(1+2sa +ra)+ngd_g(l—sg)

o, o ERSTURI AT EC I LA o 289 P A TC G
PEE A BT BRI REMEYE o FEA6 it A A i 7Y
MEDh e d SR EANE, BT DAY PN AS T LAt v] fE A7
PR SN P N RSy W o 17 VAT Rl i
H(re > r), BB AECAFAERS, N EER D) ae e
PR o T AT TR 284 i) Y P A8 T PR 2 e ] 4
FEMBE ST i ShRe M S o 7R P AZHC AT BT G XUE T
AT (PR o SR AR A A A ) B Tt A A O S R A
Pk BB, I8 RUE T AZ (biparental  inbreeding)
DR KR AL &K A R (fine-scale) - AE 4 Fh
T o B) 3624 45 40 5 R AL Ky Bk & 1 — > 4 R
(Eckert & Herlihy, 2004) . X1 AS X AMAIE £ 5 H
AAHE X SCE R — D510, 26 J8 8] 1 A2 B 9s /b 5+
EBALACHY, B> A L. 5177
i, A fa AR i TR A8 T AR A LR I,
IO AT LS. R, A EC T RE T Al
MW RE LU AR, ah, BT os A AS &0
B, X BE S A IEI Y o 53T 7E Aquilegia
canadensis T TR W], A SEAAEDIR HAS #
TEAEAER )28 St (Eckert et al., 2009). AR HEHIEhA
AR Ak S 3 78 AT TC oA D Bk ) PR A A N B
SIS BEAT S — 5T

X TAEATE A MV () 4 e A Dy ee il 9, R
I TAE R RIS . A Jadt— Dt i 2 sy Y
YN AZBC R LG o [R]INF 22 AR FNRI A Y AN 7K
% REWFFARATE 2 R YERENLE . Dy REME I AT
7 IS 5 FE I N T, I SR AR TR
SRS VRIS S R, BRI TR D)
A S0 0 A AR ] e 28 A8 I 1) A 45 R0 A 2R R
T e ) A T ) O A R B 1) T e
Buft B REAEFHAFEE30225007) A F E A
ZFrreg AR 73 B T8,

S 3k

Aizen MA (1997). Influence of local floral density and
flower-phase sex ratio on pollen receipt and seed output:

empirical and experimental results in dichogamous

Alstroemeria aurea (Alstroemeriaceae). Oecologia, 111,

IMZSE: AeHEE PRI 4Ry Lo RerEasstE 837

404-412.

Barrett SCH, Jesson LK, Baker AM (2000). The evolution and
function of stylar polymorphisms in flowering plants.
Annals of Botanty, 85 (Suppl. A), 253-265.

Brys R, Jacquemyn H, Beeckman T (2008). Morph-ratio
variation, population size and female reproductive success
in distylous Pulmonaria officinalis (Boraginaceae).
Journal of Evolutionary Biology, 21, 1281-1289.

Brys R, Jacquemyn H, Hermy M (2007). Impact of mate
availability, population size and spatial aggregation of
morphs on sexual reproduction in a distylous, aquatic
plant. American Journal of Botany, 94, 119-127.

Burd M (1994). Bateman’s principle and plant reproduction:
the role of pollen limitation in fruit and seed set. Botanical
Review, 60, 83—139.

Cuevas E, Parker IM, Molina-Freaner F (2008). Variation in
sex ratio, morph-specific reproductive ecology and an
experimental test of frequency-dependence in the
gynodioecious Kallstroemia grandiflora (Zygophyllac-
eae). Journal of Evolutionary Biology, 21, 1117-1124.

Cui XL (H#%JE), Wei RC (BE#H), Huang RF (%K)
(1995). A preliminary study on the genetic system of
Amomum tsao-ko. Journal of Yunnan Univerisity (Natural
Sciences Edition) (B K% 24 (AR FE/R)), 17,
290-297. (in Chinese with English abstract)

Eckert CG, Manicacci D, Barrett SCH (1996). Frequency- de-
pendent selection on morph ratios in tristylous Lythrum
salicaria (Lythraceae). Heredity, 77, 581-588.

Eckert CG, Herlihy CR (2004). Using a cost-benefit approach
to understand the evolution of self-fertilization in plants:
the perplexing case of Aquilegia Canadensis (Ranuncu-
laceae). Plant Species Biology, 19, 159—-173.

Eckert CG, Ozimec B, Herlihy CR, Griffin CA, Routley MB
(2009). Floral morphology mediates temporal variation in
the mating system of a self-compatible plant. Ecology, 90,
1540-1548.

Gleiser G, Segarra-Moragues JG, Pannell JR, Verdu M
(2008a).  Siring
heterodichogamous Acer opalus. Annals of Botany, 101,
1017-1026.

Gleiser G, Verdu M, Segarra-Moragues JG, Gonzalez-Martinez
SC, Pannell JR (2008b). Disassortative mating, sexual
specialization, and the evolution of gender dimorphism in

success and paternal effects in

heterodichogamous Acer opalus. Evolution, 62, 1676—
1688.

Graff A (1999). Population sex structure and reproductive
fitness in gynodioecious Sidalcea malviflora (Malvaceae).
Evolution, 53, 1714-1722.

Kunin WE (1997). Population size and density effects in
pollination: pollinator foraging and plant reproductive
success in experimental arrays of Brassica kaber. Journal
of Ecology, 85, 225-234.

Li QJ, Kress WJ, Xu ZF, Xia YM, Zhang L, Deng XB, Gao JY

doi: 10.3773/j.issn.1005-264x.2010.07.008



838 AWML Chinese Journal of Plant Ecology 2010, 34 (7): 827-838

(2002). Mating system and stigmatic behaviour during
flowering of Alpinia kwangsiensis (Zingiberaceae). Plant
Systematics and Evolution, 232, 123—132.

Li QJ, Xu ZF, Kress WJ, Xia YM, Zhang L, Deng XB, Gao JY,
Bai ZL (2001). Flexible style that encourages outcrossing.
Nature, 410, 432-432.

Liu M (X)), Sun S (#MZ), Li QJ (ZFK%E) (2007). The
relation between stigma position and receptivity in two
flexistylous gingers. Biodiversity Science ("EMIZ M),
15, 639—644. (in Chinese with English abstract)

Lloyd DG (1979). Evolution towards dioecy in heterostylous
populations. Plant Systematics and Evolution, 131, 71-80.

Pannell JR, Verdu M (2006). The evolution of gender
specialization from dimorphic hermaphroditism: paths
from heterodichogamy to gynodioecy and androdioecy.
Evolution, 60, 660—673.

Pendleton RL, Freeman DC, Mctrthur ED, Sanderson SC
(2000). Gender specialization in heterodichogamous
Grayia brandegei (Chenopodiaceae): evidence for an
alternative pathway to dioecy. American Journal of
Botany, 87, 508-516.

R Development Core Team (2008). R: a language and
environment for statistical computing. In: R Foundation
for Statistical Computing. Vienna, Austria. http://www.
R-project.org.

Ren PY, Liu M, Li QJ (2007). An example of flexistyly in a
wild cardamom species (Admomum maximum (Zingiberac-
eae)). Plant Systematics and Evolution, 267, 147-154.

Sargent RD, Mandegar MA, Otto SP (2006). A model of the
evolution of dichogamy incorporating sex ratio selection,
anther-stigma interference and inbreeding depression.
Evolution, 60, 433-444.

Sarkissian TS, Barrett SCH, Harder LD (2001). Gender
variation in Sagittaria latifolia (Alismataceae): Is size all
that matters? Ecology, 82, 360-373.

B, Calsbeek R (2006). The

physiological,

Sinervo developmental,

neural, and genetical causes and

consequences of frequency-dependent selection in the

www.plant-ecology.com

wild. Annual Review of Ecology,
Systematics, 37, 581-610.
Spigler R, Chang SM (2008). Effects of plant abundance on

reproductive success in the widespread, native biennial

Evolution, and

Sabatia angularis (Gentianaceae): spatial scale matters.
Journal of Ecology, 96, 323-333.

Stehlik I, Casperson JP, Barrett SCH (2006). Spatial ecology of
mating success in a sexually polymorphic plant.
Proceedings of the Royal Society of London-Biological
Sciences, 273, 387-394.

Sun S, Gao JY, Liao WJ, Li QJ, Zhang DY (2007). Adaptive
significance of flexistyly in Alpinia blepharocalyx
(Zingiberaceae): a hand-pollination experiment. Annals of
Botany, 99, 661-666.

Takano A, Gisil J, Yusoff M, Tachi T (2005). Floral and
pollinator behaviour of flexistylous Bornean ginger,
Alpinia nieuwenhuizii (Zingiberaceae). Plant Systematics
and Evolution, 252, 167-173.

Wang YQ, Zhang DX, Chen ZY (2004). Pollen histochemistry
and pollen: ovlue ratios in Zingiberaceae. Annals of
Botany, 94, 583-591.

Wang YQ (L 5¢5#), Zhang DX (3K B43#H), Chen ZY (iL%%)
(2005). Pollination biology of Alipinia hainanensis
(Zingiberaceae). Acta Phytotaxonomica Sinica (FA4) 532
274R), 43, 37-49. (in Chinese with English abstract)

Zhang L (7k), Li QJ (Z51K %) (2002). Flexistyle and its evo-
lutionary ecological significance. Acta Phytoecologica
Sinica (FAYAZ22R), 26, 385-390. (in Chinese with
English abstract)

Zhang L, Li QJ, Deng XB, Ren PY, Gao JY (2003). Reproduc-
tive biology of Alpinia blepharocalyx (Zingiberaceae):
another example of flexistyly. Plant Systematics and
Evolution, 241, 67-76.

Zorn-Arnold B, Howe HF (2007). Density and seed set in a
self-compatible forb, Penstemon digitalis (Plantaginac-
eae), with multiple pollinators. American Journal of
Botany, 94, 1594-1602.

SIS XA TTEHE: B M



