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Abstract

Aims Flower longevity, the length of time that flowers remain open and functional, is an important floral trait
that influences plant reproductive success. Prolonging floral longevity can provide reproductive assurance under
unfavorable pollination environment, but may suffer some fitness costs. The theoretical models of flower longev-
ity have suggested that there is a trade-off of resources allocation between the flower longevity and attractiveness
traits. Flower longevity can adjust according to resource allocation. To understand the potential adaptive signifi-
cance of flower longevity, it is necessary to disentangle the potential relationships between flower longevity and
attractiveness traits (flower size and number) and their effects on female fitness of alpine meadow plants at the
inter-species level on the Qinghai-Xizang Plateau.

Methods In the alpine meadows of Qinghai-Xizang Plateau (2 900 m vs. 3 600 m), we assessed how the rela-
tionships between floral longevity and flower attractiveness traits of 11 species varied at the inter-species level
under different pollination contexts. And we quantified the relative contribution of flower longevity and flower
attractiveness traits to the female fitness of plants at the inter-species level at low and high habitats.

Important findings Results show that there is a trade-off between flower longevity and flower number in both
low and high altitude communities. And we found that both longer flower longevity and larger flower size in-
crease the female fitness of plants in low-altitude communities, However, the female fitness of plants is only
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associated with flower longevity in high-altitude communities. Overall, our results suggest that flower longevity is
more important for the female fitness in high-altitude plants than low-altitude plants.
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Wang YX, Hou M, Xie YY, Liu ZJ, Zhao ZG, Lu NN (2020). Relationships of flower longevity with attractiveness traits and their
effects on female fitness of alpine meadow plants on the Qinghai-Xizang Plateau, China. Chinese Journal of Plant Ecology, 44,

905-915. DOI: 10.17521/cjpe.2020.0130

675 i F AC DR B I EL B A Th R I [R] K
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AR, A ORUEAE By BT ) B2 1) B8 1 R (Primack,
1985; Ashman & Schoen, 1994). JBH NN, —FHE
TR IR ) 3 22 (A 0 B B 1 DR (A
. FEK/INEE; Primack, 1985; Gao et al., 2015)F1H:
A KIAE (M E L. 5 EE) S59E4E
PIGRLEE . B/K5%5) K % (Primack, 1985; Ashman &
Schoen, 1994)3L[FvhiE. thin, BABKMIERS]
FRAE(ED BA BRI RN/ B 22 T A6 380 H Y
Y, XU BA BRG] J, AT hn 71
SV VT ) IRk (Hegland & Totland, 2005;
Arista & Ortiz, 2007), ¥4/ 1 4E4 MAEZS T IS B
HM/BAEA FEAE K BRI &, IR A4 7Y
1757 (Rathcke, 2003; Giblin, 2005; Itagaki & Sakai,
2006). T KEHIFTTERY, FEAMEH &M AT &
e L PR T, RE Aa a w] 28 S KA T i ok M
WHYEZ VLB VIR Iz Bk, KA
N — b B S R [ R ) 1Y) % B R ) (Ratheke,
2003; Arroyo et al., 2013). X1, KIEH mEmE =
HI 2+ A< (Ashman & Schoen, 1997; Castro €t al.,
2008), W SGAEHIZEMS . PR DL R AEAR I A= 7 S5 A 5<
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eI BRI 5 4ERF O AT 1610 BRI AR 2 T8] A AT
(Ashman & Schoen, 1994; Schoen & Ashman, 1995),
H 16 T 675 fir BRI 7t 32 B8 TR AE A 75 w5 BEATLAS
A TR0 A% A9 A 5 1K) R 98 4 0 Y (Blionis & Vokou,
2001; Steinacher & Wagner, 2010; Arroyo et al., 2013;
T EWEE, 2018). RAFH I RIFLEKAE T 51
R SIRFE(HE KN 58 B 2 8] B B AL, RN
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HJR 55 (Sellera chamaejasme) LL & 44 LT RHEKH
7 H 1 2 (Geranium pylzowianum) . X L4 FE; Ty %
Y, FEH B E R . Horh
SURELL 2 DL E A N F IR A R B (HF 5%,
2013); = R B AN R H A FME 3 22 AR
RGO ENIAFEE 1, 2003); Sl AN A A
FEAGRE A TR & B R AR, 2013), HEE
N FACA R R O A7, SO L), 17 A
MR R eI SR DA K e Ll 55 9 AT A
H T B AR (E R R KRG, MRENERZ
ASEMYFh(Zhang et al., 2011). 6 22HE7H 11
HArid b FE KOS R FE 10N R (R 1) 7
H12BZTH25HbRid A3 KW 52 i Hhorf e
ML) A S50 I AR LE AN () A E 1)
AT,
1.2 EYFERNE

BT TR0 B AL I 104K & A 1685 A ik
MK R T IR TR B AR AT A s, Kb T
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R2 MM, B/ (loghtd) LR IFTERHARIE(2 900 m)FIi R (3 600 m)IEFE TR AL 5 f (X0 T AE 2
Table 2 Potential effects of plant height, flower size (log transform), and flower number on flower longevity of studied species in low (2 900 m) and high
(3 600 m) altitude communities

R Altitude K% Effect flTHESFRAE R 2 Estimate + SE t p

¥R Low altitude #BE Intercept 3.98+1.69 2.353 0.023
Tk Plant height (cm) 0.07 £0.03 2.183 0.032
Log ({f£X/]M) log (flower size) 0.21 +0.28 0.751 0.454
FF4E4H Flower number -0.25+0.11 -2.366 0.020

ek High altitude E Intercept 2.85+1.77 1.609 0.123
HIFR % Plant height (cm) 0.06 + 0.03 2224 0.030
Log ({£K/]) log (flower size) 0.49+0.24 2.038 0.046
JF#£%H Flower number —0.14+0.07 -2.065 0.044

18— ARk R S RS AR B R B A B (R ZR A B, RIS 22 53 3 (p < 0.05).

Significant differences are examined from general linear mixed effect models at p < 0.05 and indicated in bold.
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Fig. 1 Scatterplots of the relationships between flower longevity and plant height (A), and flower number (B) at low altitude plant
communities. Data points represent individuals, and each colored point represents different species. Red line indicates the mean
response across species.
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Fig. 2 Scatterplots of the relationships between flower longevity and plant height (A), log (flower size)(B), and flower number (C)
at high altitude plant communities. Data points represent individuals, and each colored point represents different species. Red line
indicates the mean response across species.

R R ENIEMHIRR R (Z = 3.380, p = 0.001; $#3; B H(@Z = -0.200, p = 0.841; E3)LAKIE KNz =
Kl4); 5Kz = 1.094, p = 0.274; $#3), JT —0.340, p=0.734; KW TLHHKKR.
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Table 3 Effects of plant height, flower size (log transform), flower longevity and flower number on female fitness (seeds number) of studied species in

low (2 900 m) and high (3 600 m) communities

W Altitude K% Effect flTHESFRAE R 2 Estimate + SE z p

¥R Low altitude #E Intercept 1.62 +0.46 3.545 0.000
TPkRIFE Plant height (cm) 0.01£0.01 0.856 0.392
Log (1t X/]M) log (flower size) 0.18 £ 0.08 2319 0.020
171 Flower longevity (day) 0.07 £ 0.03 2.213 0.027
JF#E % H Flower number 0.01 £0.03 0.101 0.919

ek High altitude E Intercept 1.89 +0.60 3.131 0.002
Ktk /¥ Plant height (cm) 0.01 +0.01 1.094 0.274
Log (167N log (flower size) (mm?) ~0.03 £ 0.09 —0.340 0.734
1751 Flower longevity (day) 0.16 + 0.05 3.380 0.001
FF1E4H Flower number —0.01+0.03 -0.200 0.841

BT BN GRS B0 X L R 3R w0, I ARORZ R B3 (p < 0.05),

Significant differences are examined from generalized linear mixed effect models with Poisson distributions at p < 0.05 and indicated in bold.
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Fig. 3 Scatterplots of the relationships between female fitness (seed number) and log (flower size)(A), and flower longevity (B) at
low altitude plant communities. Data points represent individuals, and each colored point represents different species. Red line

indicates the mean response across species.
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Fig. 4 Relationships between seed set and flower longevity at
high altitude plant communities. Data points represent

individuals, and each colored point represents different species.
Red line indicates the mean response across species.

3 it

31 TEHFEMEHWSIFFHEMXAR

BANEAFRERMIAE T, BT 79K
HPITEFF iy 5AEM S RFIEI X R o 45 Sk B 1)
1675t 5 S RHAE TR B A K, Y 3R
SYC SR BE I —0 5, RV AR dr Bk T H 54
W 51 ¢ AiE 2 18] 75 9% V5 4 B b 9 AL T (Ashman &
schoen, 1994; Schoen & Ashman, 1995). XViHH, A
LA 75 i A5 2R SR Tl A v v A [F) 0 i ] () 46 75
W GIREZ RN R R, NAEAF i B B2
HOPNAREE R R M v S

RS R TR, FERDN AR ED A S,
TEYIIAE 7T a3 ST TR R H A G R R, IX— 45
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RIFF T AT F e S A L4 W]
HIALET )R i (Ashman & Schoen, 1994; Schoen &
Ashman, 1995), BIFE#IRKF L, M1 571
T H 2 [AAFAEAE BRIRRUET « 4675 b 52k i mT 48
P 7 ] DAASEAE P38 AN [F] AR R IR, DROA e ]
PAE— DA IE G B, E A e R LT
KRS, GEAEIAE AT dr, A/EAEIE & AN R
HAH XS B IR AR ALK 26 A T, 2> K AL 5 A
(Ashman & Schoen, 1994, 1996). 1R £ #h AT 5T .4
UER, B e Ae g (TE 42 RN EL A 1 1 4 RF (W I AN
7% ¥ 25 ) 48 4> JH FE ¥ JH (Ashman & Schoen, 1994,
1996; Teixido & Valladares, 2014). {HJ&7F & FEE 15
H, ARIR R R GO GENS, WA ZE 15 46
TEM AL FE B K (Arroyo et al., 1981). R, #E7
9 R ST RO AR, BT AR
SE ALK 2 U 1) 3 AR 7 BN 2, R A ik ] 9
HIERAETS i R AR o S (£ R W 4R, 2018)0 XAGE
KA FH ISR BAR I AL R A, (Hil T
TR AERRHFERLIK, MBS R O AR
R IPEETE . AT, ez 7 R8N
], A 2 T SR M A AR e, R R 2 I R A
FH A 2 (Ashman & Schoen, 1994; Schoen &
Ashman, 1995) % HFh 11X & (Ashman & Schoen,
1994, 1996). LT, REIHE YL mr-1e3 B
LA (1) 32 B AR 3 TR0 ) (RIS R B )

SR, 54875 iy i 38 A AL U (Ashman &
Schoen, 1994, 1996)fH % ()&, TE @ik LS+, HH
WIAE 5 56 R/NBIEA GG R . X ] BE/R7E 5
MR IR R, ARSI ALK 25 U 1) P Be 2> 9 ka4
AMEITAE R 3 IR 55 1 54, AT IR 58 B 51 g )
TERAE ()3E P (Zhao & Wang, 2015). 148 K/NEAE
W 5 REAE I — N L EL A BG4y, SR IIE Tk
IAE R 2 Gy A Ry IR o Ak, FE RNl
TR (e A FIAE 2 B AN = B A E AR OCOR &,
T A5 K 5 5 A K L AR I RN A K /N R T SR 11
(Dukas & Roal, 1993), A3 ik R A mE
WIS . MR E B CEIESE, 1R/
T H 2 MR R R, I E LT RZH
INE, BEATFF/D Y KA (Spigler & Woodard, 2019).
[EI, 76 s FERRE, (R 1516 1 4EFF R T
SHAE R 1 BIE \ (Arroyo et al., 1981). I, 7E
EEIR IS, A i PR B AR5

www.plant-ecology.com

(R RAERIG I A&k & R 5] o SR, AT it
R, R G ALK & 2 Rete s, 1k
WAL TR Te 4 F o LR, SEma AR 35 15 1) (1) 32
BORBER T S (WIHHAEH FESS), AR/ N FEE T8 1E
FRH 040 55 ) X A K 3 U 1] () 5 i A X 5 55 (Lazaro
etal., 2013). Primack (1985)#2 i —/MEi%k: £ K/
it A dn 2 A2 IEAH G R R, BKINES 15 1e
T ORI, R A B B B P A ) T U A B A A
Ko X2 HAFELE T AN F 0 (Stratton,
1989; Zhang et al., 2017). FA 45 R B CFF 71X —
k. Bk, RE RIS B A SR SR,
AE SR AS S, B TGRS B4R AL
fK(Arroyo et al., 1981), HEMFAE IR FLER A
A5 TR K e KA & A B

T BRI -5 A6 73 i R OC 58 72 5 i fiE ) S 0
R e RN A A B Y — b B8 ZE AL (Primack, 1985;
Rathcke, 2003), X 7E A% ¥ # U 1] 5 2K A/ 5 Z 58
FRA = R AR T N E L, SRR 2 W A 2
W& 1 AR 77 dw 5 IR R B0 2 8] (Y B &R (Ashman &
Schoen, 1997; Abdala-Roberts et al., 2007). fff 7145
TR, G RANEHRE & SRS, Y AETE
i SHEPIPAEM S S 2 R ENEMHCKR, X5
Abdala-Roberts % (2007) < T Cohniella ascendens{t
ZF a5 R IR AE R — B . AR E R
Vs BOANHA E (0 = FE IR B vl ) B R Dy
% 3 ™ 5 46 R PR (Arroyo et al., 2013), 4
T8 T S e A KA SR N4 52 A o )
MRS, 13E PR FEAE ) 1 B AE (Arroyo et al., 2013;
EERWEEE, 2018). R EKALH i il LI FEBTUA,
{HARXT T M ¥ 4E, e AE 75 dr i B R N b
(Arroyo et al., 2013). K, T 2R Yk
i, PR EERZ, EYRE 2 IR T
1e7F am e, DL AL 3 B A 2 s 0L R,
R F DT IR AL 2, FEERE SRS T RIE &
& (Rathcke, 2003; Abdala-Roberts €t al., 2007).
32 TeHarANTL R 31 HFE X B 1% 1E & E R4 X
Tk

MR R BL R, EREEKT b, ek as
T ) M 1 3 A B2 3R 459 2 [B) A7 AE 5 AL AT (Ashman &
Schoen, 1997; Castro et al., 2008). [j7ELEH; PR 1l
MR, 1675 5 AE Y RMEVE & A R X R BT ¢ &R
A B AR A3 A X B 55 (Arroyo et al., 2013). 2 FHEEK
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P R FEUESE, 7R AR IR ] B AR iRk 25 AN BT i
TIPS A, A8 5 I8 v] 98 b G K AR 7 ik AR
Fi %5 (Rathcke, 2003; Castro et al., 2008; Arroyo et
al., 2013). fHZhaoflWang (2015t 52, Trollius
ranuncul oi dest i 7£ 76K BIR i 1) =y €A B e £ 50
AW TIH AR R OR PR B o 3 Ui W £E AN A]
WAL I, 1654 an AR 5| R e #0 A B T8
VISRISIE G R . RATEYFOKE B, BT 6754
FIAEMR 5 AR IE & FE AR XS DT#R . 45 SR B,
Tl 2wl PO RARMF IR YR V& T, A6 75 e iE
VIMEPEIS & XA BB R IE S X 5 e FiAE
Wi G B T8) B AU 1 T30 (Ashman & Schoen,
1994, 1996)fH % . X H] RS F A, 6 m 5 FJ0
W RO ARG R A 5, FEA35 52 3 7™ 8 1) 4R
H BRI (40, 2010); T FEAL Ry M58 EL A 5 1 1y
FELEE R, FERR ST IR A) 5 FE V& B 4E S B L
SR, XX AL BT % 06 H # (Zhao et al.,
2020). BPBEAE LA A AE K, S0 7 ALk UiTER)
Mles, MIfRBE 7THEY R EE. X517 2 MK
[FIRF 75 45 5 (Rathcke, 2003; Castro €t al., 2008; Ar-
royo et al., 2013)— . (H72, M2, 1£RiERAH
girh, EYIESE R 55 mA K, MR
WEih, WY MErEE S EAN S EM e f
K, 1 & 5HEPNE RN R R ZE R IEAHIR KR,
KR, EEERAET, HEY 8 ] 2t KA
WDAE T o R AR B A, L6 A% K B T B AR S Tk
TR T AEW SRR oT ik, AR A e b, HE
) IR A B R ) ER A R e AR R 5] R 3 [ ok
PLIE o

TEF e i E YRS, A B 3
TEH BRI (F 40, 2010), i B A6 T ek i b BR ) A
VIMEYEISE & RIS E ER K2R A L. F21E
Yy#p N 7KF(Galen & Newport, 1987; Dudash et al.,
2011) A A a] /K T (Lazaro et al., 2013) I 58 & U,

TE RN XS DT AT AN ME P 3 B2 B A SB35 R IE RO,

RUECR e B A BRI RN, Mk BA
RG] J1, TS T AR Ui R A, 1
Ak Byg ERemE, R AR mE YR
5§ i P (Hegland & Totland, 2005; Arista & Ortiz,
2007; Bauer €t al., 2017). [, B RMIEEGES
IR ER(Gao et al., 2015), DKL, FER/PNXHHE YT
FEE A 1IE RN (Galen & Newport, 1987; Lazaro et al.,

S TR A e R R AT i S RN SR G AR S G MEVE BB RO 913

2013). RIKAE B BE & AT 7= S AR AR R0 R R
I, Wk | YR (Harder & Johnson, 2009), iX
5 Lazaro%(2013) W 5T 45 R — 5. SR, 7k
WEE, MY RN G R = A B A
PE X P REAE N, TEm P8R, YA T IR E
A, B B 3 B S TRl A T S AR
MM EE RSG5 MY T 5 5 )
() EE O R, REAIE  nT S e K AR T iy A
I H A 1 SRS R AR B 25 (Spigler, 2017). BRI, fH
VINIE A R EZ RN ES . FE, RS
(2018) L&A UESE, E HARB M 64 F, =ik
(A6 B K TR A . X Ui B 7E SR A
i, FEY) B BE A B S (Ashman &  Schoen,
1994, 1996). #R1M, HBORBIAENE I — 2 W InAE ) (1)
BHARA . it BT R~ R 1 B A ]
R GV HAT R NIE & A . R R B — DR se
B HEAT IIE
33 it

TATHIRE T 45 FAESE TR FE MRS, #)
FhK- A6 75 i S5 A8 51 FRAE P Fe 20 B ) Z (B A7 AE
GRS B IR, AE7F A2 A P85 S R A B
B RVE A SE 3. R, B IESEAE IR IR R
B, R (R BB BRI R FR AR /NG T A
5] E [); TAE R AR PR, A6 55 fard T
FE M BTHRIZ K FAEM 51 RRAE F Dk W 2B IE KA
T VR g — b B S R = SE R RV TP B
FA TN - R, 75 (R, Mttt B
A2 S AP SR %o AR i b [ 38 1 gy L DX 5 A Ay
IR, (AR R PR B S A T Be MK SR AR
WG T S B B ) S R B (ff] S 4§, 2005,
Goodwilli et al., 2010). Kk, 75T Hk
T 1) 22 TE 22 Gt B o) A M o 1A AR RE B2 9 N 53 A
b, KA BT IRATT O L B e R R R TR
X ANERE I H TS5 1 0 2 6 556
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