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Abstract

Aims Andromonoecy, the presence of both staminate and hermaphrodite flowers on the same individual, was
observed in Soranthus meyeri, a common early spring ephemeral perennial in the Guerbantonggut Desert of
Northwest China. The relationships between sex ratio (number of hermaphrodite flowers/total number of flowers)
and plant size and the flowering pattern of both staminate and hermaphroditic flowers of this species were studied
to determine size-dependent sex allocation and flowering pattern.

Methods The study was conducted from May to June in 2006-2008. Morphology, number and dry mass of both
staminate and hermaphroditic flowers were determined. Position of the two types of flowers and their flowering
pattern at the level of the flower, umbel and individual were recorded. Individual biomass was determined, and the
relationship between number of staminate and of hermaphroditic flowers and plant size was analyzed.

Important findings The sex ratio within a population of S. meyeri was 0.69 £ 0.03, 0.62 = 0.03 and 0.69 + 0.02
in 2006, 2007 and 2008, respectively, and there were no significant differences among the years. This indicates
that the sex ratio of this species is stable and possibly controlled by genetics. Staminate flowers produced less
pollen, and their biomass was smaller than that of hermaphrodite flowers, suggesting that staminate flowers were
less expensive to produce. Primary umbels produced more hermaphrodite flowers than secondary umbels, indi-
cating that the primary umbels are capable of obtaining more resources from the mother plant and increase female
fitness. Resources saved by not producing hermaphroditic flowers in secondary umbels could be reallocated to
produce more staminate flowers, thus increasing floral display to attract more pollinators as well as enhancing
pollen export and overall fitness. The sex ratio per plant was significantly, positively correlated with aboveground
vegetative organ biomass, and large plants allocated more to the female function than small plants. Thus, female
reproductive success is limited by availability of resources. Flowers in the primary umbel bloom first, followed by
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those in the secondary umbel five days later. All umbels of the same order flower simultaneously, and all flowers

within an umbel open centripetally. Separation of male and female phases through protandry is complete both

within hermaphrodite flowers and within umbels, thus avoiding interference between the male and female func-
tion and promoting xenogamy. However, there is an overlap of about one day between umbels of consecutive or-

ders, which can provide conditions for geitonogamy.
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BRI AP L (sex ratio) (Fisher, 1930; Charnov et al.,
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FEAERE IR F A7 B LA KO JEORIIL W A5 PR 55 45
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andromonoecy, ephemerals, Guerbantonggut Desert, protandry, resource allocation, sex ratio, Sor-

Bl H A7 ME M )RR R0 5 FR (Lloyd, 1973; Webb &
Lloyd, 1980; Pickering, 2001). M4 5 £k (Webb,
1981a; Caruso & Case, 2007) )% it 4> [7] ¥k (Webb,
1979; Lovett Doust, 1980; Webb, 1981b)2: 14 & 45,
M 152 asi Al . BRI AIEREE A5 D 2 K s, JEAN R 1k
R LRI H 2 FEAF R (Lloyd, 1973; Lovett
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AEHE T 2 AGE A FE B AT E 1 (Webb, 1981b;
Pickering, 2001; Davila & Wardle, 2007).
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R RACFHEACRTPI AL R AT AE P EEAR DR 22, n = 20)

Table 1 Floral traits of staminate and hermaphrodite flowers in Soranthus meyeri (mean + SE, n =20)

FiE TEAC HEES Stamen (mm) JEEE Pistil (mm) Tek H piRaet/k
Floral morph Length of petal AR WK K WHE Nllllmber qf ?liomass per
(mm) Length of Length of Length of Length of pollen grains ower (mg)
filament anther ovary style
PiTEAE 3.15+£0.05 3.09 £0.05 0.92+0.01 1.88 +0.43 0.72 +£0.05 21633 +634 12.10+0.28
Hermaphrodite flower
THEAE 2.89+£0.04 2.83+£0.04 0.85+0.01 - - 18 312 +£454 537+0.16
Staminate flower
F 16.99” 14.43” 27.26” - - 13.06™ 425517
* p<0.05;** p<0.01.
2007 - 2008
1000 r 1000 r =08536 .
r =0.8459 s
- ] r2=0.1911
800 b r2=0.0203 300 F
® P, < 0.01
g P, <0.01
) P, >0.05 .
= 600 P, >0.05 600 } ’
® o
S5
g
2 400 f 400 F
;é‘ A
200 A 200 co T
Y w3 =L U A A
# A
0 1 . 0
0 2 4 6 0 2 4 6 8

Ho b gRads B A

Aboveground vegetative organ biomass (g)

Bl RAC TR B AE S S Hob B8 9% B A R 9 R (2007-20084F) s 1y, WTEAEHIMISCRELG ry, MMM R L. w,
PITEAE; A, HEAE. SEERRIRPTETERRE Y SN, B R AR A = 1R A

Fig. 1 Relationships between total number of flowers and aboveground vegetative organ biomass of individual plants of Soranthus
meyeri in 2007 and 2008. r|, correlation coefficient of hermaphrodite flower; r,, correlation coefficient of staminate flower. m,
hermaphrodite flower; A, staminate flower. The solid lines represent the relationship between the number of hermaphrodite flowers
and aboveground vegetative organ biomass of individual plant, and the dashed lines represent the relationship between the number of
staminate flowers and aboveground vegetative organ biomass of individual plant.
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FERREE 257 (p < 0.01), —HE AT NS4
T AV LRI 8 7 7E  25 22 57 (p < 0.05).
BRI A RRSE A 911K, —. ZHERE
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Fig. 2 Relationships between sex ratio (number of hermaphrodite flowers/total number of flowers) and aboveground vegetative

organ biomass in individual of Soranthus meyeri in 2007 and 2008.
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Fig. 3  Arrangement of flowers and umbels within the
inflorescence of Soranthus meyeri. A, Distribution of umbels
on an individual plant. B, Distribution of staminate and
hermaphrodite flowers in an umbellet. a, primary umbel; b,
secondary umbel; o, outer flower; ©, intermediate flower; o,
central flower.
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Table 2 Number of umbellets ( umbels ) and staminate and hermaphrodite flowers of one umbel in Soranthus meyeri (mean + SE)

MMFESE Ttems 2006 2007 2008 F
-JE AT DI E 154+£0.8 148+ 0.8 16.2+0.6 0.37
Primary umbel Number of umbellets
AT AL R S 0.7£0.3 40+0.8 0.7+£0.2 15.51%*
Number of staminate flowers in an umbellet
B TEAR T W 1 TR 5K 153+0.5 13.3+0.8 163+0.6 5.78%*
Number of hermaphrodite flowers in an umbellet
TRE AT BATEIE 5 4.0+£03 3.0+£04 3.7+04 2.05
Secondary umbel Number of umbels
TE AT A5 44+03 42+03 43+03 0.17
Number of umbellets in an umbel
R TEAE A 3 74£0.9 8.7+0.9 6.7+1.0 3.46*
Number of staminate flowers in an umbellet
[ AL P T 5 9.0+1.0 6.1+0.9 93+1.0 3.58%*

Number of hermaphrodite flowers in an umbellet

* p<0.05; ** p<0.01.

ShEITE
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DO 51B

B 175 Bud  m MM Male O M Quiescent WEMERA Female

B4 BT MG TEACF A IITE R A, JEFPKF. B, HATEAE KT

Fig. 4 Floral patterns within an umbellet and an umbel of Soranthus meyeri. A, At umbellet level. B, At umbel level.
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Zx(Anthriscus sylvestris)H, RIMEAMAR /N L ik
ISR AT A4k, AR PRI A 5 HEL L L 4
ZARFE N 14, U0 A B b 32 B 52 10t A% 45

Harper (1980)1HF 5045 AR —S, WAL T H#E
A4 A IR LU AR RS 1R, 1T RS2 st A% DR 2= 455 o

TR L TR R AL IR T AR S
B R 2 1] (K] L (Charnov, 1982; Elle, 1999)., 18
WA KR B R R R IR U A PR ), )
PC &5 JE— D REIA BRI NIy, 3R 25 S B AC

75 H

(Lovett Doust, 1980; Lovett Doust & Harper, 1980); b L RE R TP, A0 M A7 AE A — Fh B A AU

T AE e 2 [F)AK (1) 7311 8 (Solanum)FEH) 1, AN/ DFhAE
S0 18) T A R P P A B A0 AN [R] J A R0 AF 47 8] A7 A1
52 IR 55 17 5% W % K (Solomon,
1985; Diggle, 1993; Elle, 1999). #54¥ fEkkk - W
PELCFIHEAE AR AE AN RN AR 4 (] A7 AE 2% 2 5, (H
IR AP R 1 L3 920w 2:3, A 1 1) Gl 25 Pk
5, %R S Lovett Doust (1980)F1Lovett Doustfll

W S, L
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K Z(Charnov, 1982; 7KK, 2004). fE5ZIAEY) Bt
P53 TC R 25 P DR 25 v, AR R /N I8 0 BN Ay e
(IR 7, e AN M R YR A5 TR B A BT A
T TR 43, 340 5 Wi A5 AR A E A L e TR 7 08 5
'H (Stocklin & Faver, 1994; Irwin, 2000). %4t T HIAK
TRHELC ARy B M AR R AR S L PR AR IR 2, 1 ]
H= AR L= A PP E R PR R ot s b fE— 4

“H >N
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HAAAL & SRR B o % DI SC . NAE
FAEHITFIBNPE, M — R TEAE P W] B b — 2%
RATEAL T T AE 5., & A6 R A1 A8 EL N 48 5T 1
B W R E Ay LS AL AN EE R B R
T NEERRAT 2 B 2 1 BEUE T R TR M %
TEFF NAONAE R B I, MBERRIRTG 1) BRI 4D
N T RER AR IR BTG E, RARER
At T A B 2 1R A R G I e A
T W6 5 7 (1) A P A ME PR 3 5 P 08 BRI IR AT 42 1
T 7 A 5 2 I A K R A FL AR MEVE D e BN
PRV B, 150 LA H A S ek B, AN T 2 e TR A
1G4 & (Lovett Doust, 1980; Lovett Doust & Harper,
1980; Webb, 1981b; Bertin, 1982). [FJf, #AE ALk
ek QA B 5 2/ (1) B (MEDE ) L e ) — AR
(PR (P PEAE) BT RESR A by B 28, AT 32 pe A
PRI HEVEE &, 1% 5 Spalik (1991)%} 2 ({14157
ZEREBUN . MRSk, AR CIRIE TR R R,
P LU (B /) K 22 A 1H 52 #4:1 (Cruden, 1976; Lloyd,
1979; Lovett Doust, 1980; Lovett Doust & Harper,
1980), TIEREAE T, JLPPEAL Hufl KT Rk
T, T 50 A AL PR 32340 A 7™ I PR VS M g P 5
Ik T FC SR MR T RE 8] 1K) 20 lC 22 5, AT R
TN ARA, AT TR R

TEAC T RE R 7K T R T R R I A 30 A A A
YrE ) RIEAC R R(p < 0.01), (HHERECS MAAE
PrEABARKNE(p > 0.05), B/ NAS R A1
oXof MEME T e 1R BRI P BT AR R], 8K R AN 0]
PE Iy fE £ R, T T EUIL M B R AR AR e
(Charnov, 1982; Thompson, 1987; Bertin & Kerwin,
1998). 1X5Thompson (1987)%f Lomatium grayiltJHjf
Rk R —5, HRPEBateman (1948) W fi, &AL A
FRYE 2 S0 R T i 32 L R U BRI K, vk %
B BTN 5 22 M2 )T HAS B AT FC L 2s, R kIR I
XFANTRIPE D e R BRI 20 T, A B K R 3 5 B
i (Charnov, 1982).
32 FEAFRIENEX

Tf 4 [ AR A 2 9 A A R R A 110 37 B B G T
URE I 22 o 3 EULAE S0 b I i 4 AN [R] (7K
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e B RS PEAE L A A8 P L R REAETT IO, A8
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