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Effects of floral morphology on flower temperature
increment in alpine plants
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Abstract: Low temperature of alpine environment would limits the development of reproductive organs and pollination
process, and thus flower structures that increase the temperatures within flowers and inflorescence will protect anthers
and ovules from the low temperature and then increase the reproductive success. In this study, we investigated the flower
and leaf temperature of 64 alpine plants with an infrared camera equipped with a macro-lens, and then calculated the
flower temperature increment ( FTI) by subtracting the leaf temperature from the temperature of the reproductive
organs. Based on these data, we examined the effects of phylogeny, flowers size, symmetry and color on the FTI. Our re-
sult showed that the phylogenetic signal of FTI among different species was weak, indicating that FTI among different

species might result from the various demands to temperature, independent of phylogenetic relationship. Furthermore,
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FTI increased with the increase of flower size, and FTI increased more quickly in zygomorphic flower than in actinomor-

phic flowers, but the effects of symmetry and color on the averaged FTI were minor across all species. Our results suggest

that the differences in FTI are great among different species, but the contribution of FTI on plant reproductive success

need to be clarified in future researches.
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Fig. 1 A. Picture in visible light photographed automatically with FLIR E4 when infrared picture was photographed ;

B. Infrared picture of flower and leaf Lil and Li2 indicate the line measuring temperatures of

reproductive organs and leaf, respectively.
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Fig. 2 Relationships between flower size and increase
of temperature of reproductive organs Dots and
open circles indicate actinomorphic and

zygomorphic flowers, respectively.
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Table 1  Effects of flower color and symmetry on

flower temperature increment based on two-way

ANOVA with flower size as covariate
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Fig. 3 Mean increase of temperature of reproductive
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Values with same letters indicate the differences are

not significant at the 0.05 level. The same below.

£ 18
£ 16 1 ..
814- .
L= 12 4 a .a
HE
s 8 T
082 ¢ A
tﬁE 4 ]
L 2 A L +
L
w . . r
"e %6 =)
Yel low Purple White

LBt Flower color

K4 RFEBE LR LR R R
Fig. 4 Mean temperature increment of reproductive

organs in flowers with different colors

A% EXTFR 7 I O, 8 S X5 Ak A 1) A6 T
JEFHE N 514 + 3.16 (n = 54) CEFYIEAREE 0
EEA R R, 1 R AN X FR AL ) A6 TR R R
3.60 + 2.29(n = 9) ;MU H BB AT, &
tt O LR TR LR Al 5.42 =
3.61(n =29) @ THiiE4.54 + 2.86(n = 17) flH
46 4.46 £ 2.35(n = 17), WHZE L4504
T FEAC K IE R AR TG BL T, 5 7 AN
AEBE DL S P 3 10 22 A FH A0 AR B AR B A

RFERW (1,8 3,18 4)
3G

R EEIIASREHEENABEH T2 — 81K
FREAEREEMEY A K LT, B Sk &
P ZFEIE 5 B RE 1 RN AEAT A, 1 17T PT i 23 R I
YA B i3 ( Bingham & Orthner, 1998 ;327 45 |
2012; falFF-,2005) , PRE, dnda) 3 o7 s i AR S R 5
PRI 2 A AT TE X — A 358 PN A 19 A A D 55
JIT TR PO R, b 2 v L AR A 285 O 9 1 B 2 Y
KZ—, Kenyts R & LA S R G EY R
T ZRER SR LG WARIR PGS . il iAo R
T B a1 LB R A% B e AR B0 i L L, R
e LA A B 5 3 IR PR 5E B HE 7T ( Dietrich &
Korner,2014) , B B HE R4 B LR T S 09
23 H HA PS5 T L, — 5 AR TR = 1Y)
TP REA AR R, O — R s IR G T AT
Y IRER HAT B A7 B2 (Hedhly et al ,2005) ,
SR, BN AR R A AR IR v A A
HAETE L, AU 65 s AR i 5 FE
AR R Y 64 AP A 4 SRR B, D A )
PR A ISR B 12 v T UL ELA T B A R R AE o [
FERORINZESR (0.5~15.7 °C) . FEIERRMZES
—J5 T AT RE S WA ] 0 R G2 G 2 O 1M 75— J5 T AT
RESCIL TN [FIAEA IR BT SR 25 5 SR, EEXF 46
TR RRHE TR R R B 400, AT A L
RN ARG K BES , RVEIREER R 22 7 ] 6k
N T AR R 5 2R 1 25 57, (s e 6 TR A 2R
25 SN ) B 1 T kA SGA TR B — 25 1Y)
SERIRHIE

TE R AT v K BHER SR Ay A ) 4
KV (Rejskova et al ,2010) , i 46 L BE 0% [ 5 — A9
K BHEE 5 (5K &7 5%, 2008 ; Koski & Ashman, 2015)
PRt R B AE e R 8 S 5 B 22 1) #R e 4R TR B AR 1Y)
LR E , T B0 B A6 2 A = A A R R
R, AR G5 R R W AC B B 58 K/NMEFEIE
HXXR, MX —FREGRSCH IR —
(Dietrich & Korner,2014) , 4k, RS 55 (1) 45
RRIATE T FR GBI R %A B &N
S {E 00X A 1) A6 ek BE FR BR L S X R AR



7 3] SREIMSAE . LA AE I AR A AR B AR B 827

BT 33— 445 SR 2R B VA0 X R A X I B A B
TR, BN, A6 IR B 2 AL P L 25 15 45 3 1 — b
e ( Seymour et al ,2003 ) , Tl BN X k48 A% Ky
LU 58 5 X FR AL B8 & Ak ( Faegri, 1979; Gong &
Huang,2009; J& 7 5, 2014 ) ; PR b 75 16, 3 A4 1Y 36
b PN B AL AT 38 Ao B L A6 A TN AL B 2 AP A
SR LA 5| 4% B 5 A AL K i) ( Sapir et al,
2006) .

CA MRS R R, i FA L B & DR
XA R B RE S A7 78 22 5, PR IR I 1) 23 € BE A
—EFEEE I N A AL By & (Wardle, 1978 5 Zhao
et al ,2016) . BIUN, 21 () AEE H H DK, e 25 4L
Py A0 B B S0 — AN D 210 M2 A R
T B 11 B R AL T B 2 A% A0 7 A R R v £ HLAE
WA TFHk (K B, 2003 ; Fenster et al,2004) , 7E3
MTRTIFZE DX 8K, RE e 2 A ) 7 22 () 4% oy 2, i e 2%
LA B — R A AV (T & X1
42003 ; BEIC L4, 2007 ; Duan et al, 2009 ; 7k fift
,2012) , FH T AE W 5 0 28 X A Y 7 SR R T
(Heinrich,1975) , 5 I i 3 9 25 L HUAE K3 AR 1Y
ACIR R R AT B A AR 25 5%, X 26 22 S REfE — 72
JE 138 3 78 AN [R] A6 20 € i AR 4 P AR B Ok, (AR
WFFE RS0 145 S 2 B AS 5] 260 A6 19 3 B FR 3R 0%
WL X85 U AR B B XL R E D)
REREIL 5 1 VE R/, RIS [ 46 4 1 A6 5 B B R A A
Y B A BN AT e TE 2 i iR e %
Wya S RAE

TER AR R Ge v, 48 0 A TR R X A 4 1 i
TR B B B S B ) A LA R L, AR
FE LA 98K o S AR A IS A v S B ) AR A 191, 00 A0 R
BT AR E R 5 KN AEXFR 5 L B 4B B £
[ PR RH B G 2R 5 SR 3 R A T AR R AU 5 AR/
FELE W2 I IEAH DG OC 2R | A2 AR X R 5 R (8
FISEMAE /DN, (B A5 T A 2 AR B 5 O AR A i BT 9
KA EE R, AR E5E ) X B S5ER
JERRA AT — L R0E, BAh, RIE Y R 4E
TR R 22 5 5 A AR RRAE (AnAEAE K ) 1
KR R R AR .

B RS FEAFREsLSEEGALR
Yo R AT 35 6 A4k TAEA B A I 5 TAE 4G
B Fad Bl |

SEHR

BINGHAM RA, ORTHNER AR, 1998. Efficient pollination of
alpine plants [ J]. Nature, 391 238-239.

BLOMBERG SP, GARLAND T, IVES AR, 2003. Testing for
phylogenetic signal in comparative data; behavioral traits are
more labile [ J]. Evolution, 57: 717-45.

DIETRICH L, KORNER C, 2014. Thermal imaging reveals
massive heat accumulation in flowers across a broad spectrum
of alpine taxa [J]. Alp Bot, 124, 27-35.

DUAN YW, ZHANG TF, HE YP, et al, 2009. Insect and wind
pollination of an alpine biennial Aconitum gymnandrum (Ra-
nunculaceae) [ J]. Plant Biol, 11; 796-802.

DUAN YW, ZHANG TF, LIU JQ, 2007. Pollination biology of
Anisodus tanguticus ( Solanaceae) [ J]. Biodivers Sci, 15
584-591. [ BT, sKHENE, XId4x, 2007, IR (AR
HFRE 2 (1], AR ZAENE, 15 584-591.]

FAEGRI K, 1979. The principles of pollination ecology
[M]. Oxford; Pergamon Press.

FENSTER CB, ARMBRUSTER WS, WILSON P, et al,
2004. Pollination syndromes and floral specialization [ J].
Ann Rev Ecol Evol Syst, 35, 375-403.

GONG YB, HUANG SQ, 2009. Floral symmetry; pollinator-
mediated stabilizing selection on flower size in bilateral
species [ J]. Proc Roy Soc B, 276 4013-4020.

HE YP, FEI SM, LIU JQ, et al, 2005. A preliminary review of
studies of alpine plant breeding system [ J]. J Sichuan For Sci
Technol, 26; 43 -49. [ fi] i V-, &b K&, x| 4, 4,
2005. @& I LY EE REM TR [T]. WML FHE,
26, 43-49. ]

HE YP, LIU JQ, 2004. Pollination ecology of Gentiana straminea
Maxim. ( Gentianaceae ), an alpine perennial in the Qinghai-
Tibet Plateau [J]. Acta Ecol Sin,24; 215-220. [ fa[\V3F-, X1 2E
A, 2004, 75 J6 e Ji e LA W0 RR AL U I A5 B A 2 2 E Y
[J]. A=35244R, 24 215-220.]

HEDBERG O, 1975. Adaptive evolution in a tropical alpine en-

[ M ]//HEYWOOD VH.
ecology. New York: Academic Press.

HEDHLY A, HORMAZA JI, HERRERO M, 2005. The effect

of temperature on pollen germination, pollen tube growth,

vironment Taxonomy  and

and stigmatic receptivity in peach [J]. BMC Plant Biol, 7.
476-483.

HEINRICH B, 1975. Thermoregulation in bumblebees: Ener-
getics of warm-up and free flight [J]. J Comp Physiol, 96:
155-166.

JIN DM, LI Y, SUN SC, 2008. Principles and applications of
phylogenetic comparative methods: an overview [ J]. Acta
Ecol Sin, 28: 1247 -1256. [ 4 4 #§, Z=WF, #1517,
2008. ARG R IEH B KN [T]. ARAR A, 28:
1247-1256. ]

JOHNSON MTJ, STINCHCOMBE JR, 2007. An emerging syn-



828 I = 7|

37 %

thesis between community ecology and evolutionary biology
[J]. Trends Ecol Evol, 22. 250-7.

KEMBEL SW, COWAN PD, HELMUS MR, et al, 2010.
Picante; R tools for integrating phylogenies and ecology
[J]. Bioinformatics, 26: 1463-1464.

KORNER C, 1999. Alpine plant life: functional plant ecology
of high mountain ecosystems [ M]. New York: Springer-
Verlag Berlin Heideberg.

KOSKI MH, ASHMAN TL, 2015. Floral pigmentation patterns
provide an example of Gloger’ s rule in plants [J] Nat
Plants, 1. 14007.

LIU SW, 1996. Flora Qinghaicia [ M ]. Xining; Qinghai
People’s Press. [ XI5k, 1996. HigfYE [M]. 4T,
HE AR AL ]

LU NN, ZHAO ZG, 2014. Flower symmetry and flower size varia-
bility; an examination of Berg’ s hypotheses in an alpine
meadow [J]. Chin J Plant Ecol, 5; 460-467. [ BT 5, #X&
Wi, 2014, FEXTFRIE SAEPIAL I NI AR Sk« 7 8 FE R f A
YIRS Berg (MBUE [J]. HEVIES A, 5. 460-467. ]

MENG TT, 2007. Plant functional traits, environments and eco-
system functioning [ J]. J Plant Ecol, 31: 150-165.

MOLES AT, WARTON DI, WARMAN L, et al, 2009. Global
patterns in plant height [J]. J Ecol, 97; 923-932.

OHASHI K, TAKASHI TM, ARIKAWA K, 2015. Floral colour
change in the eyes of pollinators; testing possible constraints
and correlated evolution [ J]. Funct Ecol, 29. 1144-1155.

OMORI Y, OHBA H, 1996. Pollen development of Rheum
nobile (Polygonaceae) , with reference to its sterility induced
by bract removal [ J]. Bot J Linn Soc, 122 269-278.

PENG DL, ZHANG ZQ, NIU Y, et al, 2012. Advances in the
studies of reproductive strategies of alpine plants [ ] ].
Biodivers Sci, 20; 286-299. [ #1447, ko, 98, %,
2012 @A ST AT S (], A 2R,
20 286—-299. ]

POCKMAN WT, SPERRY JS, 1996. Freezing-induced xylem
cavitation and the northern limit of Larrea tridentate [ J].
Oecologia, 109, 19-27.

REJSKOVA A, BROM J, POKORNY ], et al, 2010. Tempera-
ture distribution in light-coloured flowers and inflorescences of
early spring temperate species measured by infrared camera
[J]. Flora, 205. 282-289.

SAKAI A, LARCHER W, 1987. Frost survival of plants: Re-
sponses and adaptation to freezing stress [ J]. Perspect Polit,
4. 583-584.

SAPIR Y, SHMIDA A, NE‘EMAN G, 2006. Morning floral
heat as a reward to the pollinators of the Oncocyclus irises
[J]. Oecologia, 147, 53-9.

SEYMOUR RS, WHITE CR, GIBERNAU M, 2003. Heat
reward for insect pollinators [ J]. Nature, 426; 243-244.

SUN RY, LI QF, NIU CJ, 2002. Fundamentals of ecology
[ M]. Beijing: High Education Press. [ #Migiik, Z55F, 438
IR, 5, 2002, BefiliS5 [ M. Jbat mSEEE ik ]

TSUKAYA H, 2002. Optical and anatomical characteristics of
bracts from the Chinese “ glasshouse ” plant, Rheum
alexandrae Batalin ( Ploygonaceae) in Yunnan, China [J] J
Plant Res, 115: 59-63.

TSUKAYA H, TSUGE T, 2001. Morphological adaptation of in-
florescences in plants that develop at low temperatures in
early spring; the convergent evolution of “downy plants”
[J]. BMC Plant Biol, 3: 536—-543.

WAGNER J, MITTERHOFER E, 1998. Phenology, seed devel-
opment, and reproductive success of an alpine population of
Gentianella germanica in climatically varying years [ J]. Bot
Acta, 111, 159-166

WARDLE P, 1978. Origin of the New Zealand mountain flora,
with special reference to trans-tasman relationships [ J]. New
Zeal ] Bot, 16: 535-550.

WEBB CO, 2000. Exploring the phylogenetic structure of eco-
logical communities; an example for rain forest trees [ J]. Am
Nat, 156. 145-155.

WEBB (O, ACKERLY DD, MCPEEK MA, 2002.
Phylogenies and community ecology [J]. Ann Rev Ecol
Syst, 33. 475-505.

WEBB CO, AGRAWAL AA, 2006. Integrating phylogenies into
community ecology [ J]. Ecology, 87 1-2.

YANG Y, KORNER C, SUN H, 2008. The ecological
significance of pubescence in Saussurea medusa, a high-
elevation Himalayan “woolly plant” [J]. Arc Ant Alp Res, 40;
250-255.

YANG Y, SUN H, 2006. Advances in the functional ecology of
alpine and arctic plants [ J]. Acta Bot Yunnan, 28. 43 -
53. [#45, $MIL, 2006. & LS BAE Y A= A5 T e 5L iE
J& [T]. =Rk, 28. 43-53.]

ZHANG C, YANG YP, DUAN YW, et al, 2012. Effects of the
yellow barbs of the staminodes on reproductive success of Del-
phinium caeruleum ( Ranunculaceae) [J]. Biodivers Sci, 20;
348-353. [k, Mok, BOUIC, 4, 2012, HiRAE R
P B e R B B i (1], Y2
P, 20 348-353.]

ZHANG DY, 2003. Plant life-history evolution and reproductive
ecology [ M]. Beijing: Science Press. [ 5K /B8, 2003. %)
A S S A S (M. et Bl . ]

ZHANG F, YU WB, WANG H, 2008. Flower heliotropism of al-
pine plants and its adaptive significance [J]. Plant Sci J, 26
197-202. [ 5K&F, ARSCHE, LT, 2008. @Il iEi i Hig
S RIHGERE X [J]. PR EER, 26: 197-202. ]

ZHAO YH, REN 7ZX, LAZARO A, et al, 2016. Floral traits
influence pollen vectors’ choices in higher elevation commu-
nities in the Himalaya-Hengduan mountains [ J]. BMC Ecol,
16 1-8.

ZHU XB, COX RM, ARP PA, 2000. Effects of xylem
cavitation and freezing injury on dieback of yellow birch ( Bei-
ula alleghaniensis) in relation to a simulated winter thaw

[J]. Tree Physiol, 16: 2138-2140.



