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Doubling
Moths need to survive in a
dangerous world, with many
predators out to get them.
Emily Burdfield-Steel and
Bibiana Rojas have started to
reveal the stunning chemical
arsenal that helps the wood
tiger moth defend itself.

down

T

HERE WAS A TIME, BEFORE WE
started working with moths, that
when we thought about the
winged insects we pictured
those drab little creatures that
eat away at the clothes in our
grandparents’
wardrobes:
the not-so-graceful sisters of majestic
butterflies. But today we know that
not all moths are like that. All moths
have their own fascinating patterns,
but some day-flying moths, like
the wood tiger moth, Arctia
plantaginis, could match any
butterfly’s beauty.
But nature is rarely concerned
with just looking pretty. Colourful
animals are usually colourful for
a reason, whether that is to attract
mates or to signal their status to other
individuals. In the case of the wood tiger
moth, their bright colours are a warning
signal – advertising to would-be predators that
they are unpalatable, and not worth the trouble.
This strategy, known as aposematism and used across
the animal kingdom, relies on predators learning the
association between certain colour patterns and a bad
experience, such as a bad taste or burning sensation
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produced by chemical defences, or a minor injury caused
by a physical defence. In this way, whenever those
predators encounter the same prey again and recognise
them thanks to their colouring, they will avoid them, not
wanting a repeat of their previous bad experience.
the Predator-Prey Interactions Group at the University of
Jyväskylä, was doing a preliminary experiment looking
at the effect of these fluids on ants, and what she found
would set a whole study in motion. Wild wood ants in the
Finnish forest happily drank droplets of sugar water, but
when abdominal defensive fluids were added, the ants
changed their mind. Previously, studies had focused on
the role of bird predators, which the group knew were
deterred by the moths, but this opened up a whole new
world. Invertebrate predators reacted to the fluid, and
could have had a role in shaping the moth’s evolution
- had we been missing something by focusing only on
visually-hunting predators? These questions troubled
Johanna Mappes, the head of our research group.

© Bibiana Rojas

While chemical defences are found in everything from
insects to frogs, and even birds, wood tiger moths take it
one step further by having not one, but two different types
of defensive fluid. The first is produced from its abdomen,
and is likely formed from ‘left-overs’ of the process of
metamorphosis. The second is released from specialised
glands right behind their head, or to put it more simply,
the ‘neck’. During the early evening in summer, yellow and
white male moths take flight in search of females. If one
of them is unlucky enough to be grabbed by a passing
bird it will instantly release its neck fluids, straight into
the mouth of the unsuspecting predator. Birds that get a
taste spit out the offending moth, which is, miraculously,
almost always unharmed, and can continue on its way.
A few years ago, Kaisa Suisto, a laboratory technician in
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In order to investigate this we needed to set up controlled
experiments testing both the abdominal and neck fluids
with both predators. The first challenge that we faced
was finding the right kind of food that would allow us
to offer the fluids to the birds. We attracted blue tits
to feeders at Konnevesi Research Station during the
winter, when other food sources such as insects
are difficult to find. Because of their high energy
requirements, these birds are attracted to the
peanuts we use to bait our traps, which are fatrich and tasty. However, because of their high fat
content, peanuts do not soak up any liquid. In
fact, anything applied to them is very likely to slide
away from the surface. That is when we came up
with the idea of using oat flakes, the same kind we
eat in our breakfast porridge.

Left and below:
Wood tiger moths
found during the
project. Above: Blue
tits being trained to
eat oats.

Soon it became clear
that they really disliked
the oats soaked with
neck fluids, shaking
their heads and wiping
their beaks in disgust
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Oats were ideal for our purpose because they absorbed
any liquid we put on them. But, they are notoriously
boring and tasteless, and they don’t have the high
caloric content favoured by small birds trying to survive
the cold Finnish winter. So while the blue tits gleefully
chowed-down on fatty peanuts they turned their beaks
up at soggy oats. That meant, before doing any exciting
experiments, we had to go through a training phase in
which we would teach the birds to like these flakes. Not
all of them did — some refused to eat them altogether
— but with those that would eat oats, we assessed how
distasteful the fluids were by recording how many of the
three flakes we offered they would eat. Soon it became
clear that they really disliked the oats soaked with neck
fluids, shaking their heads and wiping their beaks in
disgust, but they had no problem with those coated with
abdominal fluids. We also realised that when offered the
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oats soaked in neck fluids, the birds also hesitated before attacking
them - hinting at a repulsive smell coming off those fluids.

© Francis C. Franklin

The blue tits had told us that they were responding to the moths’
defensive neck fluid. We knew that the ants were put off by the
abdominal fluid that Kaisa had given them a few years ago. Could
each fluid be a targeted defence? We needed to see how the
ants would react to neck fluids too. In a forest near Jyväskylä we
searched for ant nests. Searching amongst the rocks and pine
trees, we looked for the large mounds that indicated their nests. We
identified ten of them, and, after finding at least two trickling trails
of ants leading out of each nest, we placed discs with drops of sugar
solution – some containing the defensive
fluids – for the ants to find. We counted how
many times ants would drink from each
droplet, and how many times they would
taste the droplet only to reject it straight
after, wiggling their antennae in what looked
like annoyance right before scuttling away.
What we found was strikingly clear: ants were
repelled by the moths’ abdominal fluids, but
seemed to like the droplets with neck fluids
even more than the sugar alone! A possible
explanation for this, we suspect, is that the
neck fluids could have extra compounds,
such as certain amino acids, that could be
nutritious to the ants, although this is yet to
be properly tested.

32 - BIOSPHERE

BIOSPHERE - 33

EVOLUTIONARY ECOLOGY

We knew from working with chemist Hannu
Pakkanen that the chemical composition of
the two fluids was different, but with hundreds
of different compounds in a single sample we
had no idea which were actually important for
deterring predators. So we turned to Professor
Stefan Schulz, in Germany, for help. Experts
in chemical communication and ecology,
Stefan and his group specialise in identifying
the chemicals underlying biological processes,
such as defence. In order to collect enough
fluids to send for analysis we painstakingly
‘squeezed’ hundreds of lab-reared moths,
coaxing them into releasing their defensive
fluids to be collected in glass tubes. The
squeezing mimics the moth being grabbed by
a bird and, much like a real bird attack, leaves
the moths unharmed, if not best pleased.
Progress had been slow until a conversation
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Wood tiger moths not only secrete defences
from two parts of their bodies, but each fluid
is different, targeted to different kinds of
predator. This was remarkable, but a key piece
of the puzzle was still missing. What were the
chemicals producing these reactions?
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Pyrazines are chemical compounds known for their
strong, repulsive smell. They are often used by insects
as a warning odour, and work has shown that birds can
quickly learn to avoid prey based on pyrazine odors. The
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pyrazine was given off by the neck fluid, whilst analysis
of the abdominal fluids showed no trace of it. But, was
this the chemical defence itself, or just another signal?
And could it explain the differences seen between the
two fluids? There was only one way to be sure, back to
the lab and the forest to test both birds and ants with the
pyrazine alone.
The results were straightforward: blue tits hated not just
the smell of the pyrazine, but the taste as well. Meanwhile,
ants happily drank from the pyrazine-laced droplets,
seemingly unaffected. We had thus unveiled one of the
mysteries explaining the specificity in the reaction of

these two predators and, in the process, documented
the first case of target-specific chemical defences in an
insect.

© Bibiana Rojas

with PhD student Michael Maczka turned to the strong
smell given off by the fluids during collection. Intrigued,
Michael suggested we sent over some live moths with
the next batch of fluids, to try analysing the components
in the gas given off by the fluids. This was the key.
Using specially designed fibres that absorbed volatile
compounds from the air, Michael was able to detect the
source of the strange smell - a pyrazine.

Humans are predominantly visual creatures. We are easily
impressed by colours, shapes, and sizes and, probably
because of that, we value the appearance of the living
things in our surroundings. However, there is a huge
chemical variation in nature that we tend to overlook
because we cannot see it. Despite the significance of
colours, much of what happens among living organisms
has its roots in chemical communication, perhaps to a
greater extent than we have come to accept. Our findings

highlight the role of variation in chemical defences in the
interactions between predators and colourful, chemically
defended prey. They show that, contrary to what has
been previously thought, one single species may wardoff multiple enemies using a diverse chemical arsenal; a
useful skill for a small moth in what is surely a big and
dangerous world.
Rojas, B., Burdfield-Steel, E., Pakkanen, H., Suisto, K.,
Maczka, M., Schulz, S., & Mappes, J. (2017, September).
How to fight multiple enemies: target-specific chemical
defences in an aposematic moth. In Proc. R. Soc. B (Vol.
284, No. 1863, p. 20171424). The Royal Society.
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