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Nocturnal petal movements in the Asteraceae

C . H . S T IR T O N *

ABSTRACT

Nocturnal petal movements were recorded from 48 genera and 106 species growing in cultivation at the Royal 

Botanic Gardens, Kew and in the wild in Canada, Great Britain, France, Italy, Greece, Canary Islands and South 

Africa. Seven different night positions of petals, as distinct from day positions, are recognized and discussed.

RÉSUMÉ

LES MOUVEMENTS NOCTURNES DES PÉTALES DES ASTÉRACÉES

Des mouvements nocturnes des pétales ont été observés dans 48 genres et 106 espêces croissant en culture dans les 
Jardins Botaniques Royaux de Kew et en pleine nature au Canada, en Grande Bretagne, France, Italie, Grêce, aux 
lies Canaries et en Afrique du Sud. Sept positions nocturnes différentes des pétales, distinctes des positions diurnes, 
sont reconnues et discutées.

INTRODUCTION

O n e  o f the great differences between plants and 

an im als is that an im als are mostly m ob ile , whereas 

plants are essentially static organisms. W hen  plants 

do m ove, the m ovem ents are usually restricted to a 

particu la r organ or group o f organs. Such 

m ovem ents are usually subtle and slow, or rap id  and 

unexpected. It is these two qualities o f p lan t 

m ovem ents that have fascinated naturalists for 

hundreds o f years and , as this paper is evidence, 

continue to do so today.

A ltho ugh  the study o f flower m ovem ents, or 

anthok inetics, as some prefer to call it (G o ld sm ith  &  

H afenrich ter, 1932), has been carried ou t by 

am ateur naturalists and professionals a like , little 

attention  has been given to the phylogenetic 

significance o f such m ovem ents. Such studies have 

established the variab ility  and frequency o f 

m ovem ents o f flowers and flower parts, bu t have 

scarcely considered their ecological im portance or 

their evo lutionary  and adaptive significance.

Such ideas were very far from  m y m ind  w hen I 

m ade m y first observations on  petal m ovem ents in 

the Asteraceae. The earliest observations were 

merely visual impressions, bu t ones w hich gradually  

coalesced in to  discernible phenom ena . It becam e 

clear to me that the asteraceous cap itu lum  is a 

com plex structure w ith m any interacting functions 

and that a cursory inspection o f any single 

com ponen t is fraught w ith  pitfalls if generalizations 

are to be draw n from  data gathered about them .

This can be seen very clearly in  the w ork o f 

L epp ik  (1977). A ccord ing  to L epp ik  the most 

attractive floral patterns and specialized po llina tion  

m echanism s in  the Asteraceae have co-evolved w ith 

the sensory deve lopm ent o f  their po llinators. 

H ow ever, as B urtt (1975, 1977) has so clearly noted , 

the structure o f the cap itu lum  has to meet the
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dem ands o f bo th  the flow ering and the fru iting  

phases, and no t, as Lepp ik  (1977) suggests, the 

flowering state only.

It seems clear that if we are to understand the 

adaptive significance o f structures and their func

tions, we need to view the flower and inflores- 

cence/infructescence as evo lutionary  com prom ises 

between inherent genetic constraints and those 

constraints acting from  outside the p lan t (P o lh ill, 

R aven  &  S tirton , 1981). This requires a closer look  

at the com plex relationships that occur between 

com ponent parts, how  these change in position  and 

function  during  their different deve lopm enta l stages 

and how  during  such deve lopm ent they m ay 

com bine in  d ifferent sequences.

The study o f floral m ovem ents in  the Asteraceae 

has already provided fascinating in fo rm ation , for 

exam ple , irritab ility  o f the pollen-presentation 

m e c h a n is m  ( S m a l l ,  1919 ), a n d  in v o lu c r a l 

m ovem ents (B urtt, 1977). The present study 

continues in  this trad ition  and , a lthough a long-term 

study is needed before generalizations can be drawn 

o f the type discussed above, enough data has been 

collected to warrant a pre lim inary  descriptive 

report.

M ATERIAL AND METHODS

D ata  were recorded from  plants grow ing bo th  in 

the w ild  and in cu ltivation . Notes were m ade o f the 

position o f petals one hour before sunrise, six hours 

after sunrise, just before sunset and finally , one hour 

after sunset. The m ajority  o f  the species studied 

were grow ing in  open cu ltivation  in order-beds at the 

R oya l B o tan ic  G ardens , K ew , and were observed in 

two different sum m ers, 1978 and 1979. The 

rem ain ing  observations were m ade on  plants 

grow ing in  the w ild in C anada , G rea t B rita in , 

France, Sw itzerland , Ita ly , G reece , the Canary  

Islands and in southern A frica . O n ly  the m ovem ents 

o f ligulate florets were recorded, and care was taken 

to avo id o lder flowers as in  these some petals begin 

to adopt senescent positions w hich are often  qu ite  

d ifferent from  the n ight positions.
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RESULTS

The m ovem ent o f ligulate florets towards their 

n ight position  begins just before or just after sunset 

and m ay take one quarter o f an hour to three hours 

to com plete. L ikew ise, their return to the daylight 

position  occurs predom inan tly  after sunrise, often as 

late as m id-m orning.

A ltho ugh  seven d ifferent n ight positions have 

been found  (F ig. 1 .1—1.7) and figured, I have also 

seen three others, two o f w hich occur in  Gazania. In  

some species the ind iv idua l petals rem ain  horizon ta l 

or rise som ew hat vertically as in Position 3 bu t, 

instead o f rem ain ing flat, the petal m arg ins roll 

e ither inwards or outw ards (F ig . 1.8). F ina lly , I 

recall seeing an endem ic daisy in  the Canary  Is lands, 

in which the petals rolled upwards un til they rested 

on top  o f the cap itu lum  (F ig. 1 .9), that is, the 

opposite o f Position 1.

fl/f 1\\\

Fig . 1.— Nine basic night positions of ligulate petals in capitula of 

Asteraceae.

The three com m onest n ight positions are n u m 

bers 1, 2, 4 and 5 respectively (Tab le 1.). Position  2 

is significantly m ore w idespread than  any other 

position  and occurs in the tribes A n them ideae , 

A rc to teae , Astereae , Inu leae  and Lactuceae. Som e 

tribes appear to be charaterized by a single pos ition , 

for exam p le , position  2 in  the Lactuceae , A rc to teae , 

Cynareae and Ca lendu leae , whereas in  other tribes 

such as the A n them ideae  and the H e lian theae  three 

to five positions m ay be adopted .

B road ly  speak ing, each genus appears to have a 

defin ite  and characteristic n ight position . Exceptions 

are Argyranthemum, Chrysanthemum  and Erigeron  
which all have two types o f n ight positions. N o  

species have been found  which adopts m ore than  

one n ight position .

DISCUSSION AN D  CONCLUSIONS

The involucre is perhaps the m ost im po rtan t organ 

o f the cap itu lum  that moves in response to in terna l

and external stim u li. Burtt (1977) lists five functions 

o f the involucre w hich , if  considered ecologically , all 

involve anthokinesis. These include the protection 

o f young flowers, the protection  o f m ature flowers at 

n ight or during  inclem ent w eather, the attraction  o f 

po llinators , the protection  o f develop ing  fruits, and 

the release o f ripe achenes, or their enclosure and 

dispersal as a un it.

The second most obv ious organ that is anthokine- 

tic is the corolla . A s we have seen these m ovem ents 

are most pronounced  in ligulate corollas. A lth o ugh  

these are often  synchronous w ith  involucral 

m ovem ents, they usually occur at n ight or during  the 

day under certain env ironm enta l cond itions. It  is 

perhaps significant that those cap itu la w hich have 

weakly developed involucres are often  protected by 

the shift o f the protective role from  the involucre to 

the enlarged outer ligulate corollas. For exam ple , in 

Gazania  the involucre is robust and dom inates 

open ing  and tight closure o f the flowers, whereas in 

some o f the C a lendu leae the petal m ovem ents are 

m ore dom inan t. L igu la te  petals also he lp  in  the 

attraction o f po llinators , in their ow n right, or by 

exposing or cam ouflag ing  the UV-absorbent disc 

florets. Such day-time m ovem ents m ay have 

parallels w ith the night m ovem ents. Is it possible 

that Positions 3, 6, 7 m ay be involved w ith  m oth  

v is ita tion?

A  dom in an t feature o f m any Asteraceae are their 

brightly co loured flowers often  o f intense yellow  and 

orange hues. Is it possible that the ligulate florets o f 

these colours are w arn ing  devices against herbivores 

and not as is generally accepted, attractants for 

po llinators? C an  they be a com b ina tion  o f bo th?  

A n d  what abou t the deep pu rp ling  often  present on 

the undersurface? Does this assist in cam ouflage 

w hen the flower is closed? H as it a protective role in 

preventing dam age by U V -rad iation? Involucres 

may also be brightly  co loured and/or deeply purp le  

on their ou ter surfaces and so have sim ilar attractive 

and/or protective roles.

These few observations and  com parisons between 

the involucre and ligulate florets suggest that on ly  

careful observations that d iscrim inate how  and what 

functions are shifted from  one organ to ano ther w ill 

be useful in draw ing generalizations o f  b io log ical 

significance.

D ifferences between the day and n ight positions 

o f ligu late florets strongly suggest that the day 

positions are related m ore closely to herbivore 

avo idance, po llina to r attraction  and protection  

against inclem ent weather. The com m on  phenom e

non  o f sun-tracking, considered together w ith  the 

dusk and daw n m ovem ents , strongly im plicate light 

and tem perature as prim e causal stim u li. Baagoe 

(1977) has rem arked particu larly  on  the constant 

occurrence o f h ighly specialized ligule ep iderm is 

types w ith in  d ifferent taxa and suggests that they 

must be ‘genetically fixed func tiona l adaptations 

rather than  ontogenetically  developed structural 

eventualities’ . H e r da ta  is fu lly  supported by K ay , 

D ao u d  &  S tirton  (1981) and S tirton  (1981). 

A lth o ugh  it is still too early to draw  any conclusions 

about the possible corre lation  o f floral m ovem ents 

and the m icrostructure o f floral parts, there does



TABLE 1.— Distribution of different night positions of petals in ligulate florets of Asteraceae according to tribes and genera
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Tribes / Genera

Num ber o f species found w ith each type o f  movement 

^ 1 °  2 Y  3 ' V  4 Q 5 6 ~ T ”  7

Num ber o f 

species

1. Anthemideae
Achillea 2

Anacyclus 1

Anthem is 3

Argyranthem um 4 1

Chrysanthem um 8

Leucanthem um 2

Ursinia 1

Arctoteae
Arctotis 1

Berkheya 1

Arniceae
Arnica 1

Astereae
Amellus 1

Aster 2

Beilis 1

Brachycome 1

Calotes 1

Chareis 1

Erigeron 2 2

Grindelia 2

Calenduleae
Calendula 3

D im orphotheca 2

Osteospermum 1

Cynareae
Carduus 1

Centaurea 1

Heliantheae
Bidens

Coreopsis 3
Helenium 2
Helianthella 1

Sanvitalia 1

Tridax 1

Verbesina

Inuleae
Helipterum 3

Lactuceae
Andryala 1

C ichorium 2

Crepis 5

Hedypnois 1

Hieracium 9

Hyoseris 1

Hypochoeris 1

Lactuca 4

Leontodon 2

Picris 2

Scolymus 1

Tolpis 2
Tragopogon 1
Urospermum 2

Mutiseae
Perezia 1

Senecioneae
Ligularia 7

Senecio 2
Tageteae

Tagetes 1

T OTALS 14 56 2 17 13

48 genera

24

2

1

13

6

2

10

3

34

1

1
106
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seem to be ground for further investigation, 

particu larly w ith  respect to d iu rna l m ovem ents , not 

recorded here, bu t which are essentially the same as 

nocturna l m ovem ents and usually correlated to low  

periods o f  po llina to r foraging. The possibility that 

those daisies which rem ain  open  at n ight cou ld  be 

m oth  po llina ted  should sim ilarly be investigated.
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