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Summary 
This thesis treats a wide range of different aspects of flower coloration, that is, the optics 

underlying coloration, the significance of pigmentary coloration vs. structural colours, 

iridescence, fluorescence and polarization for pollination, and the fertility of clonal plants. 

Chapter 1 introduces the concepts of flower coloration, i.e. wavelength-selective absorption by 

pigments and backscattering by irregularly shaped inner components of flowers. In addition, the 

mechanisms of structural coloration are introduced.

Chapter 2 presents a quantitative optical model that considers flowers as a stack of layers, 

where each layer can be treated with the Kubelka-Munk theory for diffusely scattering and 

absorbing media. In this chapter the flowers of the Chilean bellflower, Nolana paradoxa, serve 

as an exemplary case. The presented model allows quantitative insight of transmittance and 

reflectance spectra and will aid in understanding the optimal pathways for plants to achieve 

bright coloration. 

Chapter 3 outlines the optical principles of flower coloration. Floral pigments can be localized in 

the petal in several ways and the thickness of flowers also differs between species. The effect of 

different localizations of pigments as well as the thickness of flowers on the overall visual signal 

of flowers is illustrated and quantified using the model described in chapter 2. 

Chapter 4 shows an in-depth study of the coloration of the glossy flowers of buttercups 

(Ranunculus spp.). Using various spectrophotometric methods, anatomy and optical modeling, 

it is shown that the buttercup’s gloss is due to the petal’s upper epidermis that acts as a thin-film 

reflector. The upper epidermis furthermore contains a carotenoid pigment that effectively filters 

the light backscattered by the underlying structures, that is, the starch layer and intercellular 

air gaps. These measurements together with the optical model presented in chapter 2 allowed a 

quantitative understanding of the contribution of the flower’s different components to the visual 

signal.
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Summary

Chapter 5 studies the contribution of structural coloration, including iridescence, to the overall 

visual signal of flowers. Imaging scatterometry was used to study the spectral and spatial 

reflectance of flowers, and casts of flower surfaces were used to separate the reflection by 

the petal’s surface from the petal’s interior. Smooth flower surfaces reflect light directionally, 

whereas conically shaped surfaces reflect light diffusely. Under laboratory conditions striated 

surfaces can create an iridescence signal, but the iridescence vanishes when illumination similar 

to that in natural conditions is applied. 

Chapter 6 shows that floral iridescence is unlikely to be a biologically relevant cue in plant-

pollinator signaling. Measurements on flowers of key species that were previously claimed to be 

iridescent reveal that in all cases the iridescence signal is overruled by the visual signal due to 

pigmentary coloration. The biological relevance of (minute) visual signals to the overall visual 

signal of flowers is discussed.

Chapter 7 investigates the importance of flower color and pollination system in a large plant 

community. An exhaustive, previously published database was used to determine the degree of 

competition for pollinators among plants in a Dutch nature reserve and the spectral characteristics 

of flowers of pollinator competing and non-competing plants were compared. Pollinator-

competing plants were found to be more dissimilar in floral reflectance than non-competing 

plants. 

Chapter 8 outlines the fate of sexual traits in clonally propagating plants. A literature survey 

revealed that a decrease in fertility, specifically pollen fertility, is the most frequently observed 

form of sexual trait decay in clonal plants. The evolutionary mechanisms behind this observed 

trait decay are discussed.

Chapter 9 discusses the biological relevance of (spectacular) visual signals in plant-pollinator 

interactions. Under laboratory conditions, flowers can be found to fluoresce and feature a 

polarization pattern. Similar as for the iridescence signal of flowers, fluorescence and polarization 

signals must be considered to be negligible compared to the visual signals due to pigmentary 

coloration. 


