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Chapter 1 
Introduction 
 

Colour plays an important role in nature. Evolution has favoured the production 
of visual organs and, consequently, systems that display colour have appeared. 
Natural and sexual selection have driven the production of such systems that 
possess a diversity of physico-chemical properties. For the study of colour in 
nature, the insect order Lepidoptera is perhaps the most attractive since there we 
encounter a large diversity of colour producing mechanisms. For the research on 
butterfly wing colouration presented in this thesis, a number of accessible 
butterfly species have been investigated. Particularly, species belonging to the 
family Pieridae constituted a rich source for this research, since their wings 
possess multiple, both chemical and physical strategies to produce colour.  

Interesting optical effects and patterns are present in various butterflies, serving 
different purposes. To illustrate this, Fig. 1 presents several examples. The pupae 
of some species have a metallic appearance, either gold or silver, as in Euploea 
core (Fig. 1a). This is achieved with a large number of layers, up to 250 pairs, 
with different refractive indices, in the endocuticle of the pupa (Steinbrecht et al. 
1985). The shiny cover thus acts as a mirror, and in that way protects the pupa 
from predators during the most vulnerable stage of the butterfly. Pretending being 
part of the foliage, the pupa goes unnoticed.  

A quite different optical protection mechanism is the coloration of adult Monarch 
butterflies. The caterpillar’s diet contains a poison that makes the adult 
unpalatable. A predator with a first bad experience will in a next encounter 
recognize and avoid the distinctive orange-black pattern of the Monarch (Fig. 1b) 
(Brower et al. 1968). Some other butterflies have “eyes” on their wings. A 
striking example is the Owl butterfly, Caligo memnon. Big circular patterns on its 
ventral hindwings resemble the eyes of an owl (Fig. 1c). Hesitant predators will 
think twice before attacking the butterfly, and that precious extra time is what 
gives to the butterfly the possibility to escape. Another way of colouring butterfly 
wings is iridescence, a reflection phenomenon, which changes in hue and 
intensity with angle. This optical effect is especially prominent in Morpho  
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butterflies, whose intense blue colour covers a large area of their wings  (Fig. 1d). 
During flight in a sunny day, flashes are produced, which dazzle a persecuting 
predator. They will also permit recognition of conspecifics at long distances.  

 

 

Fig. 1. Use of colour and patterns that 
butterflies apply. a Shiny pupae of Euploea 
core. b Male Monarch butterfly, Danaus 
plexippus. c Wing eye pattern of the Owl 
butterfly, Caligo memnon (right) compared to 
an actual owl eye (left). d Morpho didius 
photographs with normal (left) and oblique 
(right) illumination. The silver colour of the 
pupae in (a) is due to a graded system of 
multilayers in the cuticle that efficiently 
reflects light. Due to the mirror effect, the 
pupae  resemble their surroundings, and thus 
they can go unnoticed. The similarity of the 
eye pattern of the Owl butterfly and the actual 
owl eye in (c) is amazing. The wing colour of 
the majority of Morphos is highly dependent 
on the angle; changing from blue (d, left) to 
violet, until disappearing (d, right), leaving 
only the pigmentary brown colour of melanin, 
located behind the iridescent scales. 

Fig. 2. a Photograph of part of a 
dorsal forewing of Morpho 
peleides. Inserted in a circle is a 
microphotograph that shows the 
arrangement of scales on the wing. 
b SEM image of a wing substrate 
with the arrangement of the  
sockets and a single scale that was 
not loose. c Bristle and socket of a 
ventral hindwing of Pieris 
brassicae. d Two androconia 
scales of a dorsal wing of P. 
brassicae. Scales are encrusted in 
the sockets on the wing substrate. 
Bars: 20 µm (b, d) and  2 µm (c). 
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The previous examples show the two forms of producing colour in butterfly 
wings; pigmentary and structural. To have a better understanding of these two 
processes it is necessary to analyze the wing anatomy. By observing with a light 
microscope, we see that a butterfly wing is composed of an aggregation of tiny 
structures; the scales (Fig. 2a). Electron microscopy allows studying the 
superficial structure as well as the inner structure of single scales. Scales thus 
appear to be attached to the wing surface by sockets that are organized in rows 
(Fig. 2b). Adjacent scales overlap and thus are distinguished as cover and ground 
scales, usually each with different optical properties (Figs. 2a, b) (Ghiradella 
1998; Vukusic et al. 1999; Vukusic et al. 2000). Other structures are also part of 
the wing. Hairs and bristles are often much longer than scales and are highly 
structured too (Fig. 2c). Androconia scales are modified scales present in males, 
which liberate chemicals that have a role in courtship (Fig. 2d).  

Although the elements that compose the scale depend upon the species, we can 
identify general structures (Fig. 3). Typically, ridges compose the upper layer of 
the scale, running along its longer axis, which are usually connected by crossribs 
(inset of Fig. 3a, and Fig. 3b). The ridges are structured, to a certain degree that 
depends on the species, forming the lamellae (white arrows in Figs. 3b and 3c). 

At both sides of the ridges are microribs (black arrow in Fig. 3c), which 
sometimes specifically scatter light. Pillars, or trabeculae, join the upper and 
lower laminae of the scale (Fig. 3d, white arrowhead). The lower lamina is 
smooth, and sometimes producing thin film effects.  

Fig. 4 shows transverse sections of the wing of a Brimstone, Gonepteryx rhamni. 
In the scanning electron microscopical image (Fig. 4a), the longer axes of the 
 

 

Fig. 3. SEM images of an 
isolated ground scale of P. r. 
rapae. a The scale with an 
inserted a magnified image of 
the structure that shows clearly 
the ridges and crossribs. (b-d) 
General scale structures: b 
Ridges (white arrow), and 
crossribs (black arrow) on the 
upper lamina. c Lamellae (white 
arrow) and microribs (black 
arrow) forming the ridges. d 
Pillars, or trabeculae (white 
arrowhead), that join the upper 
and lower laminae. Bars: 20 µm 
(a), 2 µm (inset), 1 µm (b, d) and 
0.5 µm (c). 
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scales are parallel to the plane of the image. The light microscopic section of Fig. 
4b is perpendicular to a vein and also to the longer axes of the scales. The scales 
on the wing thus overlap, and therefore the final colour of a butterfly wing is due 
to a combination of optical effects of the overlapping scales. Two scales on each 
side (dorsal and ventral) together with the wing substrate form a system of five 
reflecting layers, which together can achieve a reflectance of up to 70%. 
Considering the small thickness of a typical scale (~1 µm), as it is the case for the 
wings of some Pierids, this is a remarkable achievement.  

The general structures of Fig. 3 are usually modified in a more or less extended 
manner in order to produce different optical effects. The lamellae, for example, 
can become elaborated to produce an interference multilayer system that scatters 
light coherently; that is, iridesces, as in the Morpho scale type (Fig. 1d) (Vukusic 
et al. 2000). Pigments, contained in the cuticular material and absorbing in a 
certain wavelength range, also colour the wing. As an example, Fig. 5 shows a 
reflectance spectrum of the tip of the dorsal forewing of a male Purple Tip, 
Colotis regina. The figure also shows diagrammatically the experimental setup. 
The male Purple Tip is especially interesting because it displays the three basic 
physico-chemical phenomena that produce the variety of colours in butterfly 
wings. A white light beam is focused on the sample. The reflected light is 
collected and transmitted to the spectrometer. A blue reflectance peak, around 500 
nm, is due to the constructive interference created by multilayers in the ridges. 
The pigments contained in the scale beads absorb light in a broad wavelength 
range: UV-blue-green. The remaining part of the spectrum (red light) is scattered 
incoherently, thus causing, together with the blue iridescence, purple as the 
resulting colour.  

 
 

Fig. 4. a SEM image and b microtomed light- microscopical image of the side view of the wing of 
Brimstone. The longer axes of the scales are parallel to the plane of the image in (a) but 
perpendicular in (b). Cover and ground scales are easily distinguished in both images. The cross 
section of a vein can be seen in (b). Scales cover also the vein. Bars: 50 µm. 
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1.1   Outline 
In Chapter 2, the methods used during the research are described. Necessary for 
spectrophotometric studies, is the ability to manipulate single scales. A procedure 
to catch single scales is therefore detailed. The equipment and optical setups used 
for spectrophotometry are also described here. The anatomy of scales has been 
investigated with electron microscopy; the preparation of the samples is 
explained. 

Chapter 3 presents a recurrent model using the multiple reflection of light in a 
stack of scales to explain the colour of the scales in situ. Denuded and semi-
denuded wings were studied using an integrating sphere. Experimental data are 
compared to theoretical predictions.  

Chapter 4 presents a study of the two subspecies of the Small White, Pieris rapae.  
The sexual dichromatism observed in the Japanese subspecies, which is not 
present in the European one, shines new light on the discussion about the role of 
pigment granules in the scales of Pieridae. 

Chapter 5 presents a study of the gradual development of the structure in single 
scales of pierids that causes also a gradient in optical properties. Artificial 
gradients have been created by the extraction of pigments with aqueous ammonia. 

Fig. 5. Diagram explaining the way 
reflectance spectra are measured using a 
spectrophotometer, and the three physico-
chemical phenomena that produce the 
variety of colours in butterfly wings. 
Bright white light is emitted by a light 
source and focused on the sample. The 
reflected light is collected and guided to a 
spectrometer, which splits it in the 
different wavelengths that compose it and 
displays a spectrum that shows the 
relative intensity of each wavelength. For 
the particular case of C. regina, the 
multilayers produce a peak due to the 
constructive interference of certain 
wavelengths (blue); the pigment contained 
in the scale structures absorbs light in a 
given range of wavelengths (UV-blue-
green) and the rest is scattered 
incoherently (orange-red). 



 

 

10 

 

 

 

 

 
  Thesis - Version8 

Butterfly wing scales - pigmentation and structural properties 

 

Spectrophotometric analyses of manipulated overlapping scales show that this 
gradient has functional consequences for the wing reflectance. 

Chapter 6 is a study of the spatial distribution of the light reflected by five 
different types of scales. It explores the optical and structural properties of single 
scales, which combine absorbing pigments with coherent and/or incoherent 
scattering. The assumption of Chapters 3 and 4, which states that white beaded 
scales of pierids behave as an almost perfect diffusing reflector, is positively 
evaluated.  

In Chapter 7 a special case of wing coloration is described. The optical properties 
and anatomy of the silvery scales on the ventral wings of the Silverspot, Dione 
juno, were studied. The light reflected and transmitted by single scales produces 
in the far field a linear pattern perpendicular to the direction of the ridges. The 
transmitted light shows a strong diffraction pattern. The optics of intact silver 
areas was also studied. The pattern broadens and becomes white due to the 
superposition of single scale scattering patterns.    

 
 




