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Although previous studies on floral-color change have stressed the function of long-distance attraction, our simulation revealed 
that floral-color change contributes to decrease the successive flower probes of pollinators during a stay on plant, resulting in the 
reduction of geitonogamous pollination. The effectiveness of the color-change strategy is sensitive to the frequency of pollinators 
and the display size of plants. This may limit the generality of the color-change strategy despite of the functional convergence of 
this strategy over wide angiosperm taxa.

Introduction 

Question 

Floral-color change: Color-changed old flowers commonly have little reward (nectar and pollen) for visitors and sexual function has been lost.  
Maintenance of non-functional flowers has been considered as a strategy improving pollination success by providing signals for pollinators. 

How extent does it contribute to the  
pollen transport efficiency? 

EVALUATE the effectiveness of floral-color  
change strategy 

On which situation does it work well? 

Aim of this study 

Consideration at whole plant level  
through multiple pollinator visits 

Sensitivity to pollination conditions 

Retention of old flowers with color change in 
Weigela middendorffiana (Ida & Kudo, Am. J. Bot. 90(12):
1751-1757, 2003).

Pollinator attraction

Color discrimination effect

Discouragement effect

“Color discrimination” and “discouragement”  
effects may influence the pollen flow differently.  

Effectiveness of floral-color change varies 
depending on the display size and flowering 
pattern within plants (Kudo et al., Oecologia 154(1): 119-128, 2007).

Our previous studies (Ida & Kudo, 2003; Kudo et al. 2007) 

functional flower rewardless flower 

WHY do plants retain old color-changed flowers? 

High attraction ability by large display? 

Cue of color discrimination? 

Design 

Type 2 Type 1 Type 3 Type 4 

sheded flower functional flower floral bud 

unfunctional old flower with color change 
unfunctional old flower without color change 

Yellow: 100 
Red: 0 

Yellow: 50 
Red: 50 

Yellow: 100 
Red: 100 

Yellow: 50 
Yellow without pollen: 50

Field observation was conducted at a sub-alpine site on Mt. Aka-dake in the northern part of the Taisetsu  
Mountains, Hokkaido, northern Japan.  

We observed bumblebee behavior under  
the manipulation of flower number and   
flower composition in the field. 

Manipulation 

No retention Retention with color change Retention without  
color change  Small display Large display 

Type 1 vs Type 3:   
Effectiveness of old-flower retention with  
color change 

Type 2 vs Type 4:  
Effectiveness of color discrimination by  
pollinators 

Type 2 vs Type 3:  
Effects of display size on the effectiveness  
of floral color change  

Comparisons of bumblebee behavior between  
types 

We estimated pollen dynamics based on  
bumblebee behavior in the field and pollen  
transport within a plant among four hypothetical  
plant types.   

Overview of simulation 

Field observation 
Visitation frequency: The number of visits  
to individual plants per 30 min 

(191 visits to plants during 31 observation periods.) 

Successive flower probes: The number of  
yellow- and red-phase flowers probed during a  
single stay (1136 probes of flowers for 176 visits)  

Bumblebee behavior within a plant (i.e. 1 bout) 

} 200 boutsCalculate the pollen flow (geitonogamy [gi], pollen export to  
other plants [oi]) and residual pollen [R] during a single bout. 

no. flower probes flower color-phase 
(Bee preffered yellow- to  
red-phase flowers 9 times) (simulated per Type) 

PType: the amount of initial pollen number per plant (i.e. first bout). 

Simulation of pollen                            dynamics 

Cumulative pollen grains exported (O) =  

Cumulative pollen grains selfed (S) =  g i / P Type 
n = 1 

200 

∑   

o i / P Type 
n = 1 

200 

∑   

         We used an expornential pollen transport model (de Jong et al.  
         1992; Barrett et al. 1994; Harder & Barrett 1995) to predict  
the proportion of pollen transport (i.e. geitonogamous and outcrossing  
pollination within a plant during single bee visit (i.e. 1 bout).  
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Results Simulation of pollen dynamics (during 1000 replications) 

Bout
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Residual pollen grains  
in anthers [R] (%) 

Rapid increase

Gradual increase 
Type2 > Type 1,4 

Type2 < Type 1,4 

Obviously small 

Type  1 Type  2 Type  3 Type  4 * Pollen dynamics of Type 1 and 4 completely overlaps 

The retention of color-changed flowers accelerates pollen removal and export if display  
size is small, but decelerates if display size is large. 

The retention of color-changed flowers decreases the proportion of geitonogamous  
pollination, and this effect is obvious in plants with a large display size. 

Pollinator behavior in the field 
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* Statical analysis GLM in which Type 3 plants (grey boxes) are set as intercept. 

Similar visitation frequency among types  

Successive flower visits in Type 3 was  
significantly small  
Retention of red-phase flowers reduces  
           successive flower probes.  

Floral color change and display size DO  
NOT influence pollinator attraction. 

Discussion 

Color discrimination 
effect 

Discouragement 
effect 

Retention of old flowers with color change 

Pollen removal from the plant 
Acceleration Decceleration 

probe to functional flowers reduction of successive probes 

Pollen limited conditions NO pollen limited conditions 
Small display size Small display size 

Large display size Large display size 

Effective probes to functional flowers  
increase pollen transfer 

Color discrimination 
Discouragement 

Effective probes to functional flowers  
decrease potential mate diversity 

Strong discouragement effect may  
limit pollen removal 

Strong discouragement effect may  
improve potential mate diversity  
and reduce geitonogamy 

Color discrimination 
Discouragement 

Color discrimination 
Discouragement 

Color discrimination 
Discouragement 

>> > 

<< < 

Relative importance of effectiveness of color change strategy 

Floral-color change strategy may moderate the sexual intereference by decreasing geitonogamy, but it is highly susceptable to the degree  
of pollen limitation. 
Effectiveness of floral-color change strategy (especially discouragement effect) may vary depending on the  
display size.  

Effectiveness of Floral-color change strategy depends
on the balance between “color discrimination” effect and 
“discouragement” effects.  

Pre-change Post-change 

Bumblebee-pollinated 
Self-incompatible 
Red-phase (old) flowers have  
  no reproductive ability and no  
  reward to their pollinators.  

Weigela middendorffiana 


