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I thought of the long ages of the past during which the successive 
generations of these things of beauty had run their course … with no 
intelligent eye to gaze upon their loveliness, to all appearances such a 
wanton waste of beauty… This consideration must surely tell us that all 
living things were not made for man… Their happiness and enjoyments, 
their loves and hates, their struggles for existence, their vigorous life and 
early death, would seem to be immediately related to their own well-being 
and perpetuation alone.

Alfred Russell Wallace, The Malay Archipelago, 1869, vol. 2, p. 119

This is a book about butterfly behaviour. Specifically, the behaviours asso-
ciated with courtship rituals (described in Chapters 5 and 6) and mating 
and reproduction (described in Chapters 7 and 8). To understand the ways 
in which butterflies act as adults in search of mates, it is necessary to di-
gress a little and wander off into associated fields, including evolutionary 
ecology (Chapter 2), mate seeking and territoriality (Chapter 3), vision 
(Chapter 4), scents and chemical communication (Chapter 9), and, finally, 
wing morphology and visual signalling (Chapter 10). In this chapter, we 
take a brief look at the origins of butterflies, how they are classified, and 
survey some of the pioneering studies on courtship and mating that were 
carried out in the 20th century. Hopefully, this will set the scene for the 
following chapters detailing more recent investigations.

There are many excellent tomes – and websites – on butterflies, in-
cluding their biology and classification, so there is no point in duplicating 
them here, other than to include a brief introduction (below) to the main 
families and their origins and organization. Wikipedia contains species 
descriptions of most of the species referred to in this book, together with 
their scientific classification. Some old school lepidopterists may balk at 
relying on this resource, but I am firmly of the belief that most people now 
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want easily accessible, online information, and it is a pity that more ento-
mological societies and specialist journals do not make their publications 
available online. Another excellent online resource on butterflies is Adrian 
Hoskins’ ‘Learn about Butterflies’ (https://www.learnaboutbutterflies.com).

Welcome to the Superfamily!

Origins and evolution

Butterflies have been flying about in this world for a very long time; 
long before sentient apes like us evolved to appreciate their functional 
beauty. The Lepidoptera, i.e. moths and butterflies, are thought to have 
first appeared in the mid Late Triassic (Norian) epoch, about 212 million 
years ago (mya). The development of a proboscis (Figs 1.7a, b and 1.8) is 
thought to have played a major role in their evolution, and the ability to 
suck up free liquid must have given them a huge advantage in the hot, dry 
conditions in which they evolved, and this organ remains to this day, a 
remarkable adaptation. Day-flying Lepidoptera, i.e. butterflies, probably 
appeared much later on, perhaps in the Early Cretaceous, c. 100–110 mya, 
but it was only after the cataclysmic event at the end of this epoch that 
butterflies, like mammals, started to diversify into many of the species we 
see today. So, unlike the dinosaurs, for some reason – perhaps to do with 
the resilience of their eggs and pupae – many of these early butterflies 
survived the probable asteroid impact that occurred 65.5 mya. They did 
not escape this major extinction event completely unscathed however – 
c. 60% may have gone extinct – but compared with some other groups, 
theirs was a relative success story, and enough survived to carry the group 
forward and radiate into the diversity of butterfly groups we see today.1

Evolution does not always proceed at a steady rate, and almost cer-
tainly occurs in leaps and bounds, as conditions change, and new niches 
appear. One such period of rapid change in the evolutionary history of 
butterflies occurred during the Oligocene epoch (34–23 mya): a period of 
gradual cooling and drying following a time of high temperatures during 
the Eocene (56–34 mya) epoch, which came before. Many extant modern 
plants also evolved during this time. These changes in the environment 
allowed butterflies to take advantage of the new niches that appeared. 
During the Oligocene, decreasing CO2 levels and increased aridity fa-
voured the expansion and radiation of grasses, which replaced many of the 
dicotyledonous plant forests that existed before. The (C4) photosynthetic 
pathway used by these monocotyledonous plants was better adapted to the 
lower CO2 levels, so grasses increased and expanded in ecosystems around 
the world, producing extensive grasslands by c. 25 mya. This provided a 
huge opportunity for any species that could cope with the high level of 
silica in the leaves of grasses, which wears down the mandibles of feeding 
insects. Satyrine and hesperiid grass feeding butterflies – which had al-
ready been around since the Late Cretaceous (c. 80 mya ago) – underwent 
a rapid  radiation, with an explosive evolution of new species adapted to 
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feeding on grasses. This also occurred in concert with the diversification 
of the higher plants. Indeed, the processes driving the evolution of both 
flowering plants and butterflies almost certainly involved interactions be-
tween insect herbivores – butterfly caterpillars in this case – and the plants 
on which they fed. An evolutionary contest that has seen plants evolve a 
vast array of so-called, secondary plant substances – chemicals produced 
to deter caterpillars from eating them – and ways and means of getting 
around these defences by the butterflies (and other insect herbivores).2

So, the little skippers (Fig. 1.1) probably appeared very early on, about 
100 mya, but only really began to evolve into the large number of families 
we know today after the end of the Cretaceous (66 mya), undergoing a 
four-fold increase by c. 50 mya. The oldest butterfly fossil found to date 
is a hesperiid – Protocoeliades kristenseni gen. et sp. n. – from the early 
Eocene, c. 55 mya, in what is now Denmark. Other families of butterflies, 
such as the Nymphalidae (Fig. 1.2), also diversified during this period, 
although the subfamily Nymphalinae had probably already split into dif-
ferent types well before the end of the Cretaceous period.3

Fig. 1.1. Hesperiidae. Linna palm dart (Telicota linna) male, Thailand.

Fig. 1.2. Nymphalidae. Grand duchess (Euthalia patala), Thailand.
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Butterfly Families

The so-called ‘true’ butterflies occupy a taxonomic superfamily – called 
the Papilionoidea – that is made up of five families: Papilionidae (Fig. 1.3), 
Pieridae (Fig. 1.4), Nymphalidae (Fig. 1.2), Lycaenidae (Fig. 1.5) and 

Fig. 1.3. Papilionidae. Great windmill (Byasa dasarada), Chiang Mai, Thailand.

Fig. 1.4. Pieridae. Chocolate albatross (Appias lyncida), Thailand.

Fig. 1.5. Lycaenidae. Lesser grass blue (Zizina otis), Bali, Indonesia. (From: Creative 
Commons – Flickr.)
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Riodinidae (Fig. 1.6). Recent phylogenetic studies have suggested  including 
the closely related Hesperiidae (c. 3500 species) and Hedylidae (butterfly 
moths) in this superfamily as well, so I will treat them all as families, as 
shown below, based on the classification by van Nieukerken and others, 
published in 2011.4

Papilionoidea Latreille, 1802 (7 families).
Family Papilionidae Latreille, 1802 (32 genera, 570 species).
Family Hedylidae Guenée, 1858 (1 genus, 36 species).
Family Hesperiidae Latreille, 1809 (570 genera, 4113 species).
Family Pieridae Swainson, 1820 (91 genera, 1164 species).
Family Riodinidae Grote, 1895 (1827) (146 genera, 1532 species).
Family Lycaenidae Leach, 1815 (416 genera, 5201 species).
Family Nymphalidae Rafinesque, 1815 (559 genera, 6152 species).

Names and numbers

It is conventional to refer to a family, such as the Nymphalidae (brush-
footed butterflies) with a capital letter, but when referring to members of 
this family – i.e. nymphalids – to use lower case. There are 12 subfamilies 
in this family, including the Heliconiinae for example, which are referred 
to as heliconians. Within this subfamily, there are four tribes, including 
the Heliconiini, the passion-vine butterflies, which contains 10 genera and 
about 100 species. Species, such as the common postman, Heliconius mel-
pomene (Linnaeus, 1758) (Fig. 9.15), are usually described using genus, 
species and authority – the authority being the person credited with 
the first formal use of the name for this species. In this book I have dis-
pensed with using authorities, in the interests of keeping it as readable and 
non-technical as possible, but these can always be obtained by referring to 
the publication that is quoted in a note for each paragraph. I have also tried 
to include the common name – where these exist, because some species 
do not have a widely accepted common English name – where possible.

Fig. 1.6. Riodinidae. Common punchinello (Zemeros flegyas) male, Thailand.
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I have also, frequently included names for the family (ending in 
-idae), subfamily (-inae) and tribe (-ini) in parentheses after the spe-
cies name, where I have considered it necessary to indicate the taxo-
nomic classification and relatedness of a butterfly. Very occasionally, 
I have also included the subtribe (-ina). For example, the plain tiger, 
also known as the African queen, Danaus chrysippus (Fig. 1.16), is a 
member of the brush-footed family, Nymphalidae, in the subfamily, 
Danainae. N.B. milkweed butterflies such as this are now classified as 
the subfamily Danainae (milkweed butterflies), but the previous family 
name, Danaidae, is still occasionally used. Scientific names are continu-
ally being revised and changed; many of the butterflies called by a given 
name in the original publication now have a new name! I have tried to 
use the most up-to-date scientific name wherever possible, so readers 
may notice that the species (or genus) referred to in the original paper ap-
pears to be different. That’s taxonomy! Hopefully, the rate of change will 
slow down, but don’t bank on it, as new classifications and reorderings 
are happening all the time, particularly as a result of molecular genetic 
investigations. Returning to the plain tiger (Fig. 1.16), butterflies in the 
genus Danaus – which include many well-loved and well-studied spe-
cies (tigers, milkweeds, monarchs, wanderers and queens) referred to in 
the following pages – are in the subtribe Danaina. So, we can describe 
this species as follows: Danaus chrysippus (Nymphalidae, Danainae, 
Danaina). There are also subspecies, like this butterfly from Bali, which 
give it a triple-barrelled name: Danaus chrysippus bataviana. There are 
a few other such examples of subspecies in this book, including Pieris 
rapae rapae and P. r. crucivora (note the abbreviation). N.B. the term 
sensu lato (s.l.) is used to describe all the different types, subspecies or 
forms of polytypic butterflies like these.

How many butterflies are there in the world? No one knows for sure. 
New species continue to be discovered and described – perhaps 100 
or more every year – but others are disappearing, going extinct, before 
anyone has even discovered them. Higher-end estimates suggest there 
may be as many as 20,000 different butterfly species, but most current es-
timates place the figure closer to c. 18,000.5

Pioneering Investigations of Butterfly Courtship Behaviour

Publications with observations on the courtship and mating behaviour 
of butterflies go back many centuries. For example, Maria Sibylla Merian 
(1647–1717) was an early naturalist and superb illustrator, with an interest 
in lepidopteran metamorphosis and behaviour (Fig. 1.9). Nevertheless, 
I have not attempted to do a historical review, but instead have concen-
trated on some seminal studies carried out in the 20th century, which pro-
vide significant foundations for further, more modern studies, described 
in the chapters on courtship behaviour (Chapter 5) and body language 
(Chapter 6).6
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Tinbergen and the grayling

The pioneering Dutch ethologist Niko Tinbergen and his students famously 
studied the courtship behaviour of the grayling, Hipparchia (=Satyrus) semele 
(Fig. 1.10), at Hulshorst – a sandy site now located in the De Hoge Veluwe 
National Park, in the province of Gelderland, in the Netherlands – during the 
summers of 1938 to 1942. They were studying what was then called releasing 
mechanisms, i.e. stereotypical behavioural responses to stimuli. In a classic 
series of experiments, they investigated the effects of colour, shape, size, dis-
tance and movement, using butterfly models mounted at the end of a rod 
and line and dangled in front of, mostly, male graylings. Shape was shown to 
be of little consequence, but size mattered: larger than normal models were 
followed more often by male graylings. Movement was especially important, 
with a dancing – i.e. continually turning – motion, eliciting the greatest 
 response. The function of androconial areas on the forewings of the males 
(see Chapter 9, this volume) was also studied in relation to mating success.7

(a) (b)

Fig. 1.7. (a) Stately Nawab (Polyura dolon) with yellow proboscis, Thailand. 
(b) Brimstone (Gonepteryx rhamni) with proboscis in flower.

Fig. 1.8. Red Admiral (Vanessa atalanta) showing vestigial forelegs, Spain.
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The grayling, H. semele is a so-called, lateral basker – meaning it 
holds its wings and body at right angles to the sun to warm up – and 
rarely opens its wings, other than during courtship attempts and flight. 
Tinbergen famously called the grayling, ‘bark with wings’ and it is re-
markable how well camouflaged they are, especially when resting on trees 
(Fig. 1.11). Tinbergen also observed the so-called, ‘startle’ response in gray-
lings, i.e. when the forewings are suddenly lifted and flicked upwards, 
to reveal the apical eyespot, or ocellus (Fig. 1.12a, b). This is a defensive 
move, probably intended to startle, frighten or at least distract would-be 

Fig. 1.9. Maria Sibylla Merian Metamorphosis insectorum Surinamensium, (From: 
Maria Sibylla Merian, public domain, plate LX. 1705 Wiki.)

Fig. 1.10. Grayling (Hipparchia semele) male, Galicia, Spain (9 September 2018).
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 predators. Sometimes both apical and anal eyespots are revealed by this 
motion (Fig. 1.13). The forewings are then lowered, and the spot is hidden 
when the butterfly feels that it is no longer threatened. The sudden ap-
pearance of the eye-like eyespot – with its white pupil – breaks up the 
camouflage and probably has a startling effect for this reason. Tinbergen 
observed that smaller animals, like flies and wasps, are driven away or 
warded off by wing fluttering, and females also flap their wings in order to 
ward off males. Tinbergen noticed that the eyespots of females are much 
blacker, and their centres more striking, than those of the males. This was 
remarkably prescient because these butterflies are quite variable in form, 
and such differences are not always obvious to the naked eye. Indeed, it 
has only very recently been proven that there are such subtle differences in 
the sizes of the eyespots – including the white pupil, black spot and halo – 
between the sexes. Females have disproportionately larger wing eyespots 
than males, perhaps because, being larger – and hence more desirable to a 
predator – they need to produce a bigger startle response in order to deter 
their attacker!8

Fig. 1.11. Grayling (Hipparchia semele) male on a tree looking like ‘bark with wings’, 
Galicia, Spain.

(a) (b)

Fig. 1.12. (a) Grayling (Hipparchia semele) showing the apical eyespot, or ocellus, 
Galicia, Spain (19 September 2017). (b) Grayling (Hipparchia semele) showing the 
apical eyespot, or ocellus. Rather worn individual. Galicia, Spain (19 September 2017).
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Tinbergen and his students also famously studied the courtship be-
haviour of graylings, and meticulously recorded the sequences involved, 
using words and drawings. The detailed courtship behaviour of H. semele 
and other grayling species is described in Chapter 6, this volume. Suffice 
to say here that the courtship sequence is divided into five main stages: 
quivering, fanning, antennal spinning, bowing and clasping. Of these, 
bowing (Fig. 6.12) is the most iconic and widely quoted behaviour. 
Essentially, the male grayling stands directly in front of the female and 
flicks his wings forwards, thus bringing the female’s antennae into contact 
with his androconial (scent) organs. Using Tinbergen’s 1948 terminology, 
this movement by the male acts as ‘the releaser’ necessary to ‘secure the 
female’s cooperation in coition’. This pioneering study has now been sup-
planted by more recent studies of courtship behaviour in several grayling 
species and is presented in detail in Chapter 6, this volume.9

Crane and ‘irrelevant actions’ in tropical heliconiids

Jocelyn Crane from the New York Zoological Society – now known as 
the World Conservation Society – carried out research on butterfly behav-
iour at the Tropical Research Station in Trinidad, between 1954 and 1957. 
Using outdoor insectaries, Crane studied what she referred to as ‘releasing 
mechanisms’ and ‘social behaviour’ (essentially courtship and mating) in 
six heliconiid species – Dryas iulia (Fig. 6.2a, b), Heliconius melpomene 
euryades, Heliconius sara rhea (Fig. 7.15), Heliconius ficini insulana and 
Heliconius isabella isabella – in large, open-air, wire-mesh, insect cages. 
The terminology used, i.e. releasing behaviour, followed that current at 
the time and originally formulated by Konrad Lorenz. Social releasers 
were described as being external sensory stimuli – visual, chemical and 
tactile – which could release innate response chains in the organism that 
received them. Crane found that the similarities in the courtship  patterns 

Fig. 1.13. Grayling (Hipparchia semele) female showing both apical and anal 
eyespots, Galicia, Spain (14 September 2017). (From: Creative Commons – Flickr.)
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of these species were greater than the differences, and she described 
their behaviour as consisting of several distinct stages. In the first (aerial 
phase), flying males typically approach perching females from the rear 
and induce them to take off, without touching (but called nudging). There 
then follows a flight stage, where the males chase and then fan the females 
from above with rapidly vibrating wings. In Heliconius erato (Fig. 2.6), 
the male may brush the wings of the female on the downbeats of his wing 
flapping, and ‘spread the products of his scent scales’. The second (sed-
entary) phase of courtship begins with primary fanning, where the male 
fans the female on the ground, and she flutters her wings and elevates her 
abdomen. The motion, colour and air currents produced by the fanning 
wings of the male are important visual and sensory cues, or releasers, 
to which the female responds. Next follows secondary fanning, where 
the male changes position and the female extrudes her sub-terminal scent 
glands. Odours released by both sexes were recognized as chemical cues. 
Finally (in alighting and engaging), the male alights beside the female 
and, as she closes her wings, he curls his abdomen around and engages 
her abdomen with his ‘harpes’ (=claspers, see Chapter 7, this volume). 
Crane continued her investigations of courtship behaviour with a later 
study of the crimson-patched longwing, Heliconius erato hydara, where 
she noted that the latter phases of courtship may be curtailed, or even 
omitted, if the female is highly motivated. She also gives a detailed de-
scription of the abdominal scent glands of H. erato – which are bright 
yellow in the female – and tiny stink clubs (see Chapter 9, this volume).10

The notion of so-called irrelevant actions – or displacement  activities – 
was also in vogue at the time and was thought to occur as a result of a 
conflict, e.g. when an organism is motivated to carry out two conflicting 
behaviours (such as fight or flee). Crane identified disorientated wing fan-
ning and antennal palpation as irrelevant actions – i.e. not part of the 
normal behavioural repertoire of the organism. Crane was aware of the im-
portance of antennal chemoreception but chose to categorize these behav-
iours as ‘irrelevant actions’ because they occurred in the latter stages of 
courtship, when males were thwarted by unresponsive females, and thus 
engaged in such displacement activities. I think we would now consider 
these as being stereotypical courtship behaviours, which are, in many 
cases, frequently repeated in sequences that often do not result in copu-
lation (see Chapters 5 and 6, this volume). Crane also identified what she 
thought were two other, so-called displacement activities: proboscis un-
curling and ‘excessive, rapid, undirected flight’. She considered that these 
behaviours occurred when a ‘strongly activated sex drive’ was denied ex-
pression. This sounds rather Freudian to me! Nevertheless, uncoiling of 
the proboscis, and using it to touch the head and body of the female, 
probably occurs in many species – for example, in skippers (Fig. 1.14) – 
and is particularly well-known in wood white butterflies (Fig. 6.15a, b). 
Prolonged courtships in Leptidea species occur as a result of a failure by 
males to recognize females as being of their own kind (i.e. in cryptic spe-
cies) (see Chapter 6, this volume).11
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Crane also investigated the spectral composition of the colours pre-
sent on a wide range (n = 41) of butterflies from Trinidad. She showed 
that whilst females, as well as males, of black and red race of Heliconius 
erato, were stimulated by the colour red on the wings of these butter-
flies, females were in general less influenced by colour changes than 
were males (see Chapter 2, this volume). It was already known in the 
1950s that butterflies were sensitive to ultraviolet (UV) light, but Crane 
found that only a minority (5/41) of her test species – those like Morpho 
butterflies (Fig. 10.1 and 10.15), with iridescent areas – had a significant 
level of UV reflectance from their wings and bodies, which suggested 
that this property might be involved – or in her words, had an ‘adaptive 
value’ – in intraspecific behaviour. She also investigated how the spec-
tral reflectance of iridescent Morpho wings, changed with the angle of 
incidence – i.e. the viewing angle – relative to the sun, and remarked on 
how this would generate different colours in the eyes of other butterflies, 
passing from blue-green to blue to UV, as the butterfly flapped its wings. 
These  subjects – butterfly colour vision (Chapter 3, this volume) and the 
generation of colours (Chapter 10, this volume) – have progressed enor-
mously since these early, pioneering investigations.12

Stride and the danaid eggfly

George O. Stride carried out behavioural experiments in Ghana in the 1950s 
on the danaid eggfly, or diadem, Hypolimnas misippus (Fig. 1.15a, b), very 
much in the tradition of Tinbergen. Hypolimnas misippus males – whilst 
perching on the ground – fly up to investigate passing objects (birds as well 
as insects!) in a similar manner to that of the common grayling (above). 
Darker subjects, i.e. similar in colour to that of the female, are almost in-
variably investigated and ‘frequently harried for some distance’ by the 
males, according to Stride. In other words, a behaviour more suggestive 
of mate searching, or mate seeking, than aggressive territorial  defence, 

Fig. 1.14. Lulworth skipper (Thymelicus acteon) courting pair male with extended 
proboscis, Galicia, Spain.
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as Denis Owen suggested in his 1971 book, Tropical Butterflies. The fe-
males of this species are mimetic, closely resembling different forms of 
the African queen, also called the plain tiger in Asia, Danaus chrysippus 
(Fig. 1.16). There are three different forms of H. misippus in Africa, which 
are mimics of the three forms of its model, D. chrysippus. Although not 
all models and mimics may be present in a given location, the existence of 
this multitude of morphs implies – as Denis Owen suggested – that there 
might be a considerable level of complexity in terms of the courtship be-
haviour amongst these mimetic assemblages. N.B. the monomorphic male 
of H. misippus, is very similar to that of Hypolimnas bolina (Fig. 2.1).13

Stride used cardboard models on the end of a long bamboo cane to 
investigate the ability of male H. misippus to recognize and court females, 
similar to the method of Tinbergen. The painted models were moved in 
front of free-flying males ‘with a gentle dancing motion’ in order to test 
their response to different visual stimuli. He had already demonstrated 
that the males respond to the females with a ‘characteristic sequence of 
courtship reactions’, notably a courtship flight, where the female ascends 
high into the air with wings quivering (see Chapter 5, this volume). When 
the female is ready to mate, she lands and holds her wings open; closed 
wings are a sign of rejection or unreceptivity in this species. Stride’s ex-
periments were remarkably detailed, and he came to a number of con-
clusions regarding the preferences of males and the importance of visual 

(a)

(c)

(b)

Fig. 1.15. (a) Danaid eggfly (Hypolimnas misippus). (From: Creative Commons –  
Flickr, Tarique Sani.) (b) Danaid eggfly (Hypolimnas misippus) male, Madayipara,  
Kannur District, Kerala, India. (From: Uajith [CC BY-SA 4.0 (https://creativecommons. 
org/licenses/by-sa/4.0)].) (c) Danaid eggfly (Hypolimnas misippus) Female, form 
inaria. (From: Ajith U [CC BY-SA 2.0 (https://creativecommons.org/licenses/by-sa/2.0)].)

https://creativecommons.org/licenses/by-sa/4.0)
https://creativecommons.org/licenses/by-sa/4.0)
https://creativecommons.org/licenses/by-sa/2.0
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stimuli during the early stages of courtship. He concluded that ‘stimuli 
arising’ from the hindwings of females had a greater effect on the behav-
iour of males than those from the forewings, and furthermore, that the 
presence of white on the female hindwing has an inhibitory effect on male 
courtship behaviour. Thus, negative sexual selection was thought to be 
the reason for the rarity of the white hindwinged form of H. misippus. 
Stride has, however, been criticized for his small sample sizes and conse-
quent lack of statistical analysis. Nevertheless, his observations of court-
ship and mating in H. misippus remained amongst the most detailed for 
some time. Researchers have continued to use coloured model butterflies 
in choice experiments; for example, to investigate male and female prefer-
ences and choices of wing colours.14

Magnus and the silver-washed fritillary

In a series of experiments, over nearly a decade, German ethologist 
Dietrich Magnus investigated how male silver-washed fritillary butterflies, 
Argynnis paphia (Fig. 1.17a, b), responded to optical stimuli. Magnus rec-
ognized that optical stimuli attracted the male during the zigzag flight, 
carried out whilst searching for females. The courtship behaviour of 
the silver-washed fritillary is particularly striking: the female flies in a 
straight line and the male loops over and under her, showering her with 
pheromone scent-laden androconial scales (see Chapter 5, this volume). 
Magnus reported that similar zigzag seeking behaviour occurred in other 
species, including the dark green fritillary, Argynnis aglaja, and the brim-
stone, Gonepteryx rhamni (Fig. 3.2).15

There are two, differently coloured, female morphs of A. paphia: 
the normal (or nominate) fulvus-coloured form, paphia, and the much 
darker, rarer, greenish-grey coloured form, valesina (Fig. 1.18). It is only 
the females who are dimorphic: male valesina are indistinguishable from 
normal males. Male paphia form silver-washed fritillaries are a brighter 
orange than the paphia females, but both sexes are fundamentally the 
same colour (or hue). Although, the valesina morph is relatively rare in 

Fig. 1.16. Plain tiger (Danaus chrysippus bataviana) male nectaring, Bali, Indonesia.
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the UK, c. 5%, it becomes commoner towards the east, in Europe and 
Asia. Magnus found that the valesina morph was preferred by males only 
10% of the time, but this lack of visual interest in the darker form appears 
to be overcome by the attractive effect of a female pheromone. The ad-
vantages of the valesina female forms – which presumably maintain the 
presence of this rarer morph in natural populations – are not, as far as I am 
aware, definitively known, but might include: (i) a thermoregulatory ad-
vantage in some warmer climates, (ii) decreased predation due to better 
camouflage and (iii) an avoidance of harassment by males. For example, 
valesina form, A. paphia females, studied in Corsica, appeared to have a 
higher heat tolerance; e.g. remaining for longer at feeding sites during the 
midday heat, whilst paphia females departed to the shade.16

Magnus investigated the attraction of male A. paphia to stationary 
pieces of coloured paper, in an effort to determine flower colour prefer-
ence. To attract the male, the target had to be coloured, and of a similar 
orange/yellow colour to that of the base colour of the butterfly wing. 
One colour – Ostwald colour paper No. 4 PA (a now discontinued colour 
system) – a beautiful, bright orange colour, proved to be most effective. 

(a) (b)

Fig. 1.17. (a) Silver-washed fritillary (Argynnis paphia) male, Dereköy, Kırklareli, 
Turkey. (From: Zeynel Cebeci [CC BY-SA 3.0 (https://creativecommons.org/licenses/
by-sa/3.0)].) (b) Silver-washed fritillary (Argynnis paphia) males. (From: Pixabay.)

Fig. 1.18. Silver-washed fritillary (Argynnis paphia) female, form valesina. Bentley 
Wood, Hampshire, UK. (Photo by Charles J. Sharp [CC BY-SA 4.0 (https://
creativecommons.org/licenses/by-sa/4.0)].)

https://creativecommons.org/licenses/by-sa/3.0)
https://creativecommons.org/licenses/by-sa/3.0)
https://creativecommons.org/licenses/by-sa/4.0
https://creativecommons.org/licenses/by-sa/4.0
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Male silver-washed fritillaries were attracted by the coloured paper 
models, but they lost interest when they got close (within 10 cm) to them 
and did not attempt to copulate with them. They did, however, remain 
interested – and were sufficiently aroused to attempt to copulate with the 
models – if a female was hidden under a stationary dummy, so that her 
scent was present. The response to this bright, orange/yellow colour was 
thought to be innate.17

These experiments with silver-washed fritillaries were repeated in 
a PhD study by Alexandra Freeman, at the University of Oxford, to in-
vestigate whether males are innately attracted to orange, paphia, females 
or whether they learn a preference between the two morphs by experi-
ence. Freeman’s results confirmed the earlier studies by Magnus, that 
male A. paphia were attracted to very bright orange, and at close quarters 
appear to be able to differentiate between the sexes (presumably via the 
female pheromone). Additional experiments carried out by Freeman in 
Crab Wood, near Winchester, UK, in 1997 – using, pinned, dead females of 
each form – confirmed that males significantly preferred paphia females 
to valesina females (which were present at about 7% in the natural popu-
lation of A. paphia in Hampshire at the time).18

Magnus discovered that the males were most powerfully attracted to 
what he called ‘super-optimal’ – what we would now call supra-normal – 
stimuli. For example, when the colour surface was as large as possible, 
and appeared and disappeared – like the flapping wings of a butterfly in 
flight – as quickly as possible. In other words, the males were responding 
to a very large, fluttering patch of colour, in preference to butterfly-sized 
models. The key finding was that male butterflies responded more strongly 
to brightly coloured, strongly reflecting ‘models’ with simple black mark-
ings, than to the normal, realistic wing colours of females (and males) of 
the paphia morph of the same species. In other words, the natural black, 
fritillary wing pattern, and wing shape, are not key stimuli for the males, 
and there were no shape preferences.19

To investigate the effects of flapping or wing fluttering (optical flick-
ering), Magnus attached paper models to the end of 6-ft-long arms, on 
a rotating merry-go-round, so that the butterfly models appeared to be 
flying. Males responded to the size, colour and flicker frequency of the 
models. In another experiment, he used a rotating cylinder, orange on one 
half side, black on the other. Male A. paphia preferred flashing stimuli, 
at wing strokes of 20 Hz, increasing to 140 Hz; beyond the flicker-fusion 
rate of the eye and much faster than the normal flapping frequency of this 
species. Another supra-normal signal it would seem.20

Brower and the queen butterfly

The courtship behaviour of the queen butterfly, Danaus gilippus (Fig. 5.17), 
was systematically investigated by Lincoln Pierson Brower (1931–2018) 
and colleagues in a landmark study, carried out in Florida and Trinidad, 
in the summers of 1959 to 1961, and 1962 to 1964, respectively. Clearly 
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a remarkably comprehensive investigation, carried out over 6 years, and 
published in one large publication. Lincoln et al. used laboratory-reared 
females and wild caught male D. gilippus butterflies. The investigation was 
comprehensive, with 187 courtships, involving 40 different females, ana-
lysed in one year (1960) for example. The courtship sequence was broken 
down into four main components, consisting of nine different phases. 
These can be summarized as follows (from table 1 of Brower et al., 1965).

 1. First aerial component: aerial pursuit and aerial hairpencilling.
 2. First ground component: ground; hairpencilling; hovering and striking; 
copulation attempt; copulation.
 3. Second aerial component: post-nuptial flight.
 4. Second ground component: insemination; termination of copulation.

Details of some of these courtship phases will be discussed with reference 
to other danaids in Chapters 5 and 9 of this volume. Brower et al. de-
scribe the courtship sequences as following a ‘stimulus–response’ chain: 
one behavioural act by the male – such as brushing the female with ex-
truded hairpencils – followed by another behavioural act from the female, 
e.g. folding her wings, if she is receptive. Absence of a positive response 
from the female can induce the male to initiate the courtship sequence 
once again. Queen butterflies do not mate until the male has brushed his 
abdominal hairpencils over the female’s head and antennae, transferring 
the ‘love dust’ particles containing the male pheromone (see Chapter 9, 
this volume). This pattern of repetition of one or more elements of the 
courtship is a feature of sexual interactions in many species, as will be 
shown in Chapter 5, this volume. Female queen butterflies can reportedly 
mate up to 15 times – a record for butterflies.21

Notes

1 Wahlberg (2006), Wahlberg et al. (2009), Zhan et al. (2011), Heikkilä et al. (2012) and van 
Eldijk et al. (2018). N.B. the Cretaceous-Paleogene (K-T) mass extinction occurred 65.51 +/− 
0.3 million years before the present (Jablonski and Raup, 1995).
2 Ehrlich and Raven (1964). Butterflies in the subfamily Satyrinae feed on monocotyledonous 
plants (Ackery, 1988) and the bulk of species (tribe Satyrini, c. 2200 species) almost exclusively 
use grasses (Peña et al., 2006; Peña and Wahlberg, 2008). Hesperiids also diversified as a re-
sult of evolving an ability to feed on monocots (Sahoo et al., 2017).
3 Wahlberg et al. (2005, 2009), Wahlberg (2006, 2009), Heikkilä et al. (2012), De Jong (2016) 
and Sahoo et al., 2017).
4 Peña and Wahlberg (2008), van Nieukerken et al. (2011) and Heikkilä et al. (2012).
5 There are close to 20,000 described species according to Kristensen et al. (2007), c. 18,768 
known butterfly species according to van Nieukerken et al. (2011), 17,698 according to Hoskins 
(see Annex 1), 17,280 species according to Shields (1989), 13,750 species of true butterflies, 
i.e. excluding skippers (Robbins and Opler, 1997), 15,900–18,225 butterflies including skippers 
(Robbins, 1982) and 17,500 (Ackery et al., 1999).
6 Maria Sibylla Merian began a study on the insects and plants of Dutch Surinam – now called 
the Republic of Suriname – in 1699, at the age of 52, and published a beautifully illustrated 
book in 1705, called Metamorphosis insectorum surinamensium (Etheridge, 2011).
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7 Kruuk (2003).
8 Tinbergen (1941, 1972), Tinbergen et al. (1942), Tinbergen et al. (1972) and Dapporto et al. (2018).
9 Tinbergen (1948, 1972) and Tinbergen et al. (1972).
10 Crane (1955, 1957). Lorenz (1935) is described by Tinbergen (1948) as putting forward the 
idea of social releasers. These are stimuli sent out by one organism (the ‘actor’) that are re-
ceived by another (the ‘reactor’). The original William Beebe Tropical Research Station, located 
at Simla in the lower Arima valley, Trinidad, was donated to Asa Wright Nature Centre (AWNC) 
in 1974.
11 Crane (1957).
12 Crane (1954).
13 Owen (1971).
14 Edmunds (1969), Stride (1956, 1957 and 1958) and Owen (1971). The different colour 
forms of female H. misippus, and its supposed model, Danaus chrysippus, are shown in Smith 
(1976; Imafuku and Kitamura, 2015, 2018).
15 Magnus (1950, 1963).
16 Magnus (1958) used males that originated from populations in south-west Germany, where 
the valesina morph was, and perhaps still is, rather rare. Vane-Wright and Boppré (1993) com-
mented that the involvement of a female pheromone in the courtship sequence of this species 
is probably a rare exception amongst butterflies, generally (Brunton et al., 1990; Freeman, 1998; 
Smith, 2014).
17 The Ostwald ‘scientific colour organ’ was a collection of 680 pigment powders, created by 
Wilhelm Ostwald in 1925 (Bridarolli et al., 2016).
18 The experiments of Magnus (1950, 1954 and 1958) – published in German – are described 
to some extent by Freeman (1998) in her PhD, and comprehensively by Bastock (1967). I must 
admit that I used Google Translate to read the German!
19 The ‘fluttering patch of colour’ was described by Kral (2016). Male A. paphia followed con-
specific females (with wing areas of c. 20 cm2) less frequently than much larger (2–4×) models 
with wing areas of up to 88 cm2 (Magnus, 1958).
20 The flicker-fusion rate for butterflies is around 100 Hz (White et al., 2014, quoting Rutowski, 
2003). The flapping frequency of A. paphia wings is about 8–10 Hz according to Kral (2016).
21 The work on the queen butterfly by Brower et al. (1965) was also undertaken at the same 
laboratory in Trinidad where Jocelyn Crane had carried out her investigations a decade or so 
earlier (Crane, 1957). Brower and Jones (1965) described the complete sequence of behav-
iour involved in the extrusion of the hairpencil glands in the queen butterfly, Danaus gilippus 
xanthippus.
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