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Plant scents modify innate colour preference in foraging

swallowtail butterflies
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Summary of thesis contents

Plant scents modify innate colour preference in foraging swallowtail butterflies

Many pollinating animals exhibit a foraging strategy known as flower constancy,
which is the tendency to exclusively visit flowers of a single species (or morph within
a species). To identify these target flowers, pollinators can use several different cues.
Flower colour is one particularly useful cue, because of its diversity. While many
flower-visiting insects can learn to associate a colour with food rewards, many also
exhibit innate colour preferences. Although learned foraging behaviour typically
dominates, innate preference may have a strong indirect effect because it shapes the
animal’s initial learning experiences.

The Japanese yellow swallowtail butterfly, Papilio xuthus, is a predominantly
visual forager that mostly pollinates reddish flowers. Despite extensive studies on the
visual abilities and retinal organization of Papilio butterflies, the reason for this
preference towards red is unclear. Therefore | have investigated the mechanisms
underlying foraging behaviour in Papilio.

| established a behavioural protocol to characterize innate colour preference: |
presented four coloured discs (blue, green, yellow and red) on a black background to a
naive Papilio butterfly (i.e. one with no foraging experience) and recorded the colour
of the disc on which it first landed with its proboscis extended. | found that the
majority of individuals (both males and females) visited the blue disc, indicating that
Papilio innately prefer blue.

This preference for blue is at odds with their tendency to visit reddish flowers in
the wild. However, this apparent contradiction can be resolved if we consider another
sensory modality: olfaction. Many foraging insects make extensive use of olfactory
cues, but how this information interacts with visual perception is poorly understood.
Therefore, | investigated the effects of olfaction on innate colour preference by
introducing one of four floral scents (orange, lily, lavender and Hibiscus) to the
experimental room, and repeating the preference test. The preference of females
shifted from blue to red in tests when orange or lily flower scent was present. The
scents of lavender and Hibiscus were less effective: the butterflies continued to prefer
blue in these trials. These results suggest a “bootstrapping” scheme (in females at
least) where the animal's first visit would be to a red flower, because of the influence
of floral scents. Assuming that it obtained nectar successfully from this flower,
learning would then reinforce the behaviour. How males come to visit red flowers
remains unclear.

Females must not only feed but also lay eggs, so the odour of the larval host plant
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may also be a salient cue. I investigated this issue by performing the colour preference
test with hidden potted Citrus unshiu plants present. Unlike in the floral scent test, the
preference of females shifted from blue to green, indicating that different odours can
have qualitatively different behavioural effects. Furthermore, to confirm that these
effects were indeed caused by olfaction via the antennae, | tested female Papilio
whose antennae | had coated with mascara. As expected, animals with blocked
antennae preferred blue despite the presence of flower / plant odour.

To investigate which particular volatile organic compounds affect innate colour
preference, | synthesised mimics of orange flower and C. unshiu odours by mixing 10
and 11 authentic samples, respectively. In all preference tests with these synthetic
mimics, Papilio butterflies continued to prefer blue. The failure of the mimics to
reproduce the behavioural effects suggests that minor components of natural scents
may play an essential role.

In contrast to females, males' preference for blue remained unchanged across all
odour conditions. It could be that females are more sensitive to odour because their
reproductive success depends primarily upon finding flowers for nutrition and leaves
as oviposition sites, whereas males are mostly concerned with visually finding
females with which to mate. Because no clear sexual dimorphism has been found in
the visual system of Papilio, the sexually dimorphic colour preference behaviour we
observe presumably must stem from differences between the sexes in either the
olfactory system, or in the integration of the two sensory modalities.

The phenomenon of particular scents modifying innate colour preference has not
been reported before in any animal, and thus offers a new insight into the mechanisms
of foraging behaviour. In particular, it may provide a fresh perspective from which to
understand to co-evolution of flowers and pollinators.
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