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Flower Duration and Reproductive Allocation in Different Altitudinal

Populations of Aconitum gymnandrum (Ranunculaceae)
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Abstract: We studied the flower duration and reproductive allocation of Aconitum gymnandrum in different
altitudinal populations on the Northeast of the Qinghai-Tibetan Plateau. Our results showed that: (1) The
duration of individual flower in the high altitudinal population was remarkably longer than those in low al-
titudinal populations,and there was significant difference in flower duration between populations. (2) The
biomass of flowers increased with plant size in the three populations. (3) The proportion of flowers in the
total above ground biomass (reproductive allocation) increased along the altitude gradient. Consequently,
we concluded that the importance of sexual reproduction in alpine environment was emphasized by the in-
creased allocation of biomass to flowers,and prolonged floral longevity of A. gymnandrum along the alti-
tude gradient suggested the mechanisms of compensation for the reduced pollinator availability and attrac-
tion to pollinators.
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Fig. 1 Flower duration of A. gymnandrum

SRR 43T 76 1 A ) I K 5 T L 8 T 7
AL A 4 T 0 A8 2 B B R

3 i
TS H Y EES R

5L 2 1 E R TR B 4% 1 B R 25 L
[ 24 T 228 I TR 2 ) T LR B
P B e R 5 T LA IR R TR L 1 3 2 R
T2 R0 P AT DR 5 0L RS P 4B AL R 10
25 LKL 038 3o 2 LB DR B 0 B sk Bl 2K 1 B =
TR 9 WA . 65 S 100 E K2 e 1L 4 4 ik
DB — i R 2k 28 LR A K A 5 TR X 1
B S MG U 2 4 3 0 4 B3 v e % L s B
HELD 9% A RS X 46 BRI 26 40 it U AT JLR
HETTRN T L0 R BEAE 4 L 5 205
WAL R S BRI T T AE D015 R f]
F BIF 5 5 S 42 W1 5 45 12 Sk B V4R T 7 FLAE T i e

s

3.1

O2:Stem [ "'Leaf M {tFlower

o
=5
STE 05
= .
in different altitudinal populations :_:_"é_:% ©
The different normal letters indicate significant difference B § = g 0.4
PR
among popuplations at 0. 05 level; The same as below \}J g % S 0.3
> i 3 1y 4 =
1 FEBREESLEROERSE 23,
Table 1  Characteristics of A. gymnandrum i 2% §
_zaen(.1]
in different altitudinal populations i g g_ HBHZ  #JLHB  HLEGL
B v L EENE s b% (2 640) (3200) (3960)
; 1 FEPR 1= LAMEY) o b
P()Eult‘fi()n Altitude Height Total above Eﬁ/(‘&ﬂi)

p /m Jem ground biomass/ g Populations(altitude/m)
H.Hy HZ 2 640 46.77+2.23 (30) a  4.160.50 (30) a B 2 A0S S [ B R B T A
#1t HB 3 200 25.23+£1.64 30) b 3.1420.40 (30) a Fig.2 Resource allocation in different altitudinal
B GL 3 960 13.3x0.41 (30) ¢ 1.6440.23 (30) b populations of A. gymnandrum

4r 4r
HWHZ #1tHB RGL
*
3] 3=0.2923x-0.047 6 ¢ 3r 3 »=0.5321x+0.1232
R=0.7772 »=0.261 8x+0.126 6 R*=09167

169 o
Flower biomass/g
[\S)

—
T

R'=0.793

AN [F i A b S 2R

Total above ground biomass in different altitudinal populations/g

B3 TRl 3R 0% A5 1 Sk i A O A M b S A i AR A i B R S A AT

Fig. 3 Correlation analysis between total above ground biomass and the corresponding

biomass of flowers in different altitudinal populations of A. gymnandrum



8 T HE U L A5 - T R G R D Sk TS TRV A T ) T AE S S ) S BRI 1579

[ RE G, HL vy v 4k SR 08 o A 2 ARV 4 B Bl s B 1Y)
215, [RIEE, BT 4 B R R LU B K AR S
AF I I 5 DT R R T 7 TR B b DX A% oy B R A A
FIARA A P T BRI
3.2 NERNNEES BN

A ) 1) BB 43 TC 2 — P %o A K P 45 0 0
TEREA AR N B8 b i ] R % O R AR Ak
SO/ PR R E A o NRSTRE 7 el 1 N B L
oK 2 38 A B DATE Wk R AR AL 8RR Sk A A
KNS TE I B A 4y T 52 56 245 SR e AR RN 5 2
Pl WIDE ST K7/ RN N R YR PN
e s EL ARG 178 S B 0 TC AT 17T v A /NS AR 110 B
B 43 TCAH X % E AF A DAAE AE ) BB A T Y 45
WL IR R e R A 2 S R i R
FEAR /N2 S 10 2 R 9 7 A 0 4 T 1Y) 5 B
) RS /NS 1 5 T ok e AR 1 U1 PR PR 7 5 i D ¢ 95
SRICR 58 43 P A6 — A A8 PR P9 1 AR AR L TR R
XA B 1) 6 U8 P R U % R BE IS S AR AR
TR R AR ) B TR Sh AR BB B LA EOR
BRI BE 1 T B S e MR B A7 IS AR K. Reek-
ie N Ay« A i T B A A R /N B R 2 s S S
BT Z A A BEA A /NG R ) — A B SR A
ARG AT LA 43 b A R Sy o S S A 45 0 1Y) 43 TG 1
. fEE TR XM AE S RS B EEHEY
23 BN A TN R T4 404 2 09 B B (IR Dy i

SE Wk

KIRWIT UK A5 55 AR 2 B8R AR R XU A
R SR AR B 7 3k T RE -t 2 BE 5 0 B Rl I AR
INTRTUBN I i R 22— et eenssd
3.3 BRMEESEHRIN

JRAE B 1 Sk 10 I A W T R VAR T A
(EL I A= A M b B AR R TR T Y LA TR 9
PR AR ACAS K 5 DR 0 5 R T 3 o A L v A
HERE S i b A Wy e SR A R L B 9 35 0R A . i
PO TR 3 b AR R 0 AR AR W LA 3 N
FLAEHF S ) o B IR i 44 A o » D6 A R 88 % Sk A
VAR X RE AR A 2 06 1B SR Ty IR AR RS
KT AR HERFECR I AE A dy LA AT kR AR i
FLE o 0 B0t DX B e BRI S T A R AR s i e
VAR R A A () AR S T RE I i — Rk B g AETT
JCERE L 3 T X A% by B A I ST RE 0T L At
PR A A B 2 30 b TG o e 22 1 A R SR
PR b o 8 5 Sk T g e A0 DAL A o 114 /0N T B XS
PRFF A o 19 A8 I RE A7 M) o 2 TR B 96 i b 7 4 O i
SIS Z e R m

FRAT A 45 2R 2 W] o 1 A0 8 55 1% K 9 B0 00 T
R T A AT /N T A 1o 10 4 3t XA iy 1) 5 0 2 TG
RAVIESSL RS 37 R A AR 7 B Ly i D -
BEAb 5 A0 P 4 3t DXRH B o 13 T A0 M DX HE A 19 AE - 2
WA T AR B U B S HEIN TG e e R Ry I
F1HRETT

[1] OGDEN J. The reproductive strategy of higher plants. [ . There productive strategy of Tussilago farfaral]J]. Journal of Ecology,1974,

62(1):319—324.

[2] HICKMAN ] C. Environmental unpredictability and plastic energy allocation strategies in the annual Polygonum cascadense (Polygonace-

ae)[J]. Journal of Ecology .1975,63(2):689—701.

[3] PITELKA L F,STANTON D S,PEECKENHAM O P. Effects of light and density on resource allocation a forest herb, Aster acuminatus
(Compositae) [J]. American Journal of Botany ,1980,67(6):942—948.
[4] SUTHERLAND S,VICKERY J R R K. Trade-offs between sexual and a sexual reproduction in the genus Mimulus[]]. Oecologyia 1988,

76(3):330—335.

[5] BEGON M,HARPER ] L,TOWNS C R. Ecology:individuals,populations,and communities| M]. London; Blackwell. 1990,437 —509.
[6] WESTLEY L C. The effect of inflorescence bud removal in Helianthus tuberosus 1. (Asteraceae)[J]. Ecology,1993,74(7):2 136—2 144,

[7] CHEPLICK G P. Life history trade-offs in Amphibromus scabrivalvis (Poaceae) ;allocation to clonal growth, storage,and cleistogamous
reproduction[ J]. American Journal of Botany.1995,82(5):621—629.

(8] BRKF. IS4 UM Jbat. & 540 Wk, 2000:10—14,32—38,

[9] WEINER J. The influence of competition on plant reproduction[J]. Plant Reproductive Ecology : Patterns and Strategies ,1988:228 —245.

[10] KLINKHAMER P G L,MEELIS E,DE JONG T J,et al. On the analysis of size-dependent reproductive output in plants[ J|. Functional

Ecology,1992,6(3) :308—316.

11 SCHMID B,BAZZAZ F A, WEINER ]J. Size dependency of sexual reproduction and of clonal growth in two perennial plants[J]. Canadian
[11] J p y P g p plants[J]

Journal o f Botany,1995,73(11) .1 831—1 837.



1580 [T A i N // M= S 34 4

[12]

[13]

[14]
[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[36]

ARROYO M T K,PRIMACK R B, ARMESTO ] J. Community studies in pollination ecology in the high temperate Andes of Central
Chile T [J]. American Journal of Botany,1982,69(1):82—97.

ARROYO M T K,ARMESTO J J,PRIMACK R B. Community studies in pollination ecology in the high temperate Andes of central Chile II.
Effect of temperature on visitation rates and pollination possibilities[ J ]. Plant Systematics and Evolution ,1985,149(3/4) :187—203.
BINGHAM R A,ORTHNER A R. Efficient pollination of alpine plants[]J]. Nature,1998,391(6 664):238—239.

BLIONIS G J,HALLEY ] M,VOKOU D. Flowering phenology of Campanula on Mt Olympos.Greece[]]. Ecography,2001,24(6) ;696
—706.

KONER C,PELAEZ M R S,JOHN P C L. Why are bonsai plants small? A consideration of cell size[ ]]. Functional Plant Biology s
1989,16(5) :443—448.

MENDEZ M, TRAVESET A. Sexual allocation in singleflowered hermaphroditic individual in relation to plant and flower size[J]. Oeco-
logia,2003,137(1) .69—75.

FABBRO T,KORNER C. Altitudinal differences in flower traits and reproductive allocation[J]. Flora,2004,199(1) .70—81.
HAUTIER Y,RANDIN CF,STOCKLIN J, et al. Changes in reproductive investment with altitude in an alpine plant[J]. Journal of
Plant Ecology .2009,2(3) :125—134.

SU M #).QI W(F% B, YANG M(# ) ,et al. Altitudinal differences in flower traits and reproductive allocation of Delphin-
ium pylzowii (Ranunculaaceae) at east Qinhai Tibetan Plateaul J]]. Journal of Lanzhou University (22 K 2% 244, 2009,45(2) . 61—
65(in Chinese).

WANG Y(E£ % ,HU L JO#H#i %), DUAN Y W(EJG30) s et al. Altitudinal variations in reproductive allocation of Bergenia pur-
purascens (Saxifragaceae)[]]. Acta Botanica Yunnanica ( = Y% ,2010,32(3) :270—280(in Chinese).

SPIRA T P,POLLAK O D. Comparative reproductive biology of alpine biennial and perennial Gentians (Gentianaceae) [ J]. American
Journal of Botany,1986,73(1):39—47.

ASHMAN T L. Reproductive allocation hermaphrodite and female plants of Sidalcea oregana ssp spicata (Malvaceae) Using 4 Curren-
cies[J]. American Journal of Botany,1994.81(4):422—438.

PRIMACK R B . Longevity of individual flowers[J]. Annual Review of Ecology and Systematics,1985,16:15—37.

BLIONIS G J, VOKOU D. Structural and functional divergence of Campanula spatulata subspecies on Mt Olympos[ ] ]. Plant Systemat-
ics and Evolution ,2002,232(1/2):89—105.

ABRAHAMSON W C,GADGIL M. Growth from and reproductive effort in goldenrods (Solidago: caompositae)[ J|. American Natural-
ist,1973,107(957) .651—661.

BAZZAZ F A,CHIARIELLO N R,COLEY P D,et al. Allocation resources to reproduction and defense[ J]. Bio. Science,1987,37(1):58
—67.

SHEM-TOV S,GUTTERMAN Y. Influence of regime and photperiod treatments on resource allocation and reproductive successes of
two annuals occurring in the Negev Desert of Israel[J]. Journal of Arid Environments,2003,55(1):123—142.

ZHAO ZH GG ERD , DU G ZH (K E #) , REN Q J(E7 #). Size-dependent reproduction and sex allocation in five species of Ranun-
culaceael J . Acta Phytoecologica Sinica (Fi4¥)H: 2524k ,2004,28(1) : 9—16.

ZHAO FGE  J7) . YANG Y P(# 7K F). Reproductive allocation in a dioecious perennial Oxyria sinensis (Polygonaceae) along altitudi-
nal gradients[ ] . Journal o f Systematics and Evolution (Fi¥) 5 25#4%) ,2008,46(6) :830—835(in Chinese).

PICKERING C M. Size-dependent reproduction in Australian alpine Ranunculus[J]. Australian Journal of Botany ,1994,19(3) ;336 — 344.
REEKIE E G. An explanation for size-dependent reproductive allocation in Plantago major[]J]. Canadian Journal of Botany,1998,76
(1) :43—50.

WANG Y F(E—1%),LIU Q QX B #5) ,PEI Z Y(FEPFF) set al. Correlation between altitude and reproductive allocation in three Sau-
ssurea species on China’s Qinghai-Tibetan Plateau[]J]. Journal o f Plant Ecology (Rt 5% 4) ,2012,36(1) : 39— 46 (in Chinese).
HARDER L D,BARRETT S C H. Mating cost of large floral displays in hermaphrodite plants[J]. Nature,1995,373(6 514) :512—515.
KONER C. Alpine Plant Life-Functional Plant Ecology of High Mountain Ecosystems[ M]. Berlin: Springer-Verlag. 1999:259—290.
DONNELLY S E,LORTIE C J,AARSSEN L W. Pollination in Verbascum thapsus (Scrophulariaceae) : the advantage of being tall[J]. A-
merican Journal of Botany,1998,85(11):1 618—1 625.



