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STRATEGY

You might think the colour of
this lizard's tongue is surprising,
but there is far more to it than
meets the eye. Arnaud Badiane
tells the story of how he and
his colleagues investigated the
unusual bluetongued skink.

I

Bluetongue skinks (Tiliqua scincoides). A name to
tickle anyone’s curiosity. Inhabiting some parts of
Indonesia, Papua-New Guinea, and most of the
Australian continent, bluetongue skinks (“Blueys”
for aficionados) have become famous among
herpetology enthusiasts, and people around
the world breed them and keep them as pets.
In Australia, Blueys are part of Folklore. They are
common in suburbs and it is not rare to encounter
them in gardens or during a Sunday walk in the
bush. Blueys are among the biggest skinks in the
world – growing up to 45cm long. They have a dull
colouration with broad brown bands across their
back, probably helping them to blend in with
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their surroundings. Despite their imposing head
and powerful jaws, bluetongue skinks are not
fearsome predators; they would settle for a fruit
salad without thinking twice. Above all, Blueys
owe their fame to their unique, extravagant bluecoloured tongue. Not only are their tongues blue,
but they are also ridiculously large, so much so
that one can only wonder how these lizards do
not bite their own tongue each time they close
their mouths.
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N THE AUSTRALIAN BUSH, THE HEAT OF
the afternoon is stifling. A kookaburra’s shrill
laugh resonates through the vegetation, and
branches rustle as unknown creatures go
about their day. Suddenly, a hiss escapes from
the brittle leaf litter. Hidden at first thanks to
its brown-on-brown, dull scales, a short-legged
reptile begins to make itself known. It rears its
disproportionally large head and inflates its body,
reversing this disproportionality and blowing up
like a balloon. Then, the reptile opens its jaws
to hiss again, revealing a most unusual tongue.
What is remarkable is not just that this tongue is
enormous, or that it flicks and curls as it protrudes
from the reptile’s mouth, but that this tongue is
the most brilliant shade of blue.

Associate Professor Martin Whiting, who spent
much of his life studying colour signals in lizards,
could not let this opportunity go. Most of the
lizards around the world have a relatively small
and narrow tongue, often pink but sometimes
darker, so why is the tongue of the Blueys so large
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and so blue? It was with this question in mind
that Martin and Pau Carazo, his former postdoc,
planned a trip to the Northern Territories, Australia,
where Samantha Price-Rees was conducting
research on Northern bluetongue skinks. Knowing
that the Bluey’s exaggerated tongue was most
likely the fruit of evolution, the team designed an
experiment to test if the lizards’ tongue was used
to ward off predators. This was first in line to be
tested because during human-Blueys encounters,
the lizards are well-known to put on a concert of
defensive behaviours consisting of hissing, body
inflation, and a spectacular tongue display.
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The team managed to collect model predators,
namely a stuffed blue-winged kookaburra, a
mounted yellow-spotted monitor, a frozen
western brown snake, and a stuffed fox. All these
predators, except the fox, are natural predators
for bluetongues. Foxes have been introduced in
Australia by humans and, having varied omnivorous
diet, are likely to prey on skinks from time to time.
A piece of wood was also used as control predator.
Then, thirteen Northern bluetongue skinks, both
males and females, that were previously wildcaught participated in experiments mimicking
a predatory attack. The plan was simple. First,
the team used a reflectance spectrophotometer,
which measures the light wavelengths reflected
from an object, to measure the colour in different
regions of the lizards’ tongue. A spectrophotometer
allows an objective, unbiased measurement of a
colour that does not depend on any visual system
or light environment. Second, each lizard would
participate in a predatory encounter against each
model predator and the control. The researchers
simulated four different attack intensities from
the mere presence of the predator in the arena to
the repetition of close-range attacks.
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as a last resort,
the skink stuck
out his dazzling
blue tongue

Left: Arnaud
holing a
bluetongue
skink.
Above: the arena
experiment in
progress.

44 - BIOSPHERE

This experiment was held in what I like to describe as a skinkarena. I look back fondly on the bravery and determination of
these lizards in the face of the peculiar predators we made
them face. Each round, our lizard gladiator was thrown (placed)
into the center of the arena, ready for whatever we scientists
had concocted. First up, a dreadful kookaburra. Our first lizard
froze and locked his eyes on the model predator, wondering
whether the bird had detected him. Then, the predator started
moving slowly towards the skink (guided by the pole it was
attached to, of course). We could feel the tension. The lizard
inflated its body to look larger than it really was, but in vain,
the kookaburra kept approaching at the same pace. Suddenly,
the bird launched the attack, a single strike that ended a few
centimetres away from the lizard. A loud hiss could be heard
and the lizard opened his wide mouth as a threat. A few
seconds later, the model kookaburra attacked again, but this
time committed to bring the lizard home for dinner. The Bluey
was cornered; escape was no longer possible. The previous
hisses did not frighten the predator, so as a last resort, the skink
stuck out his dazzling blue tongue. The tongue is expanded
and curled back, then expanded again, and so on. The attack
stopped and the gladiator lived to fight another day. Although
no Roman crowd was here to cheer, we three scientists, in the
burning sun of the Australian outback, were very impressed.
Onto the next lizard. Its opponent, a threatening monitor lizard.
The predator started the attack. We held our breath, ready to
see the tongue show again, but we were to be disappointed.
The lizard opened its mouth, but instead of launching into
a dazzling display of tongues, it seemed to yawn, totally
unbothered by the threat. Perhaps it was onto us. Fortunately,
not all lizards were as snobby as this one.
My job was to analyse the spectrophotometric data and the
video recordings of the experiments so that we could finally
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deployed too early, it may break the camouflage of
the lizard and attract unwanted attention. If deployed
too late, the lizard might already be in the predator’s
mouth.

46 - BIOSPHERE

shed light on the mystery of the bluetongue’s tongue.
After a few months processing, analysing, and reanalysing the data from the video recordings, I finally
obtained conclusive results that I could present to the
team. Without doubt, we had unlocked the secret
behind Blueys’ tongues. Bluetongue skinks use their
tongue as a last resort during a predation event.
Indeed, when a predator attacks, the lizards perform a
‘full-tongue display’, which consists in protruding their
massive, flattened tongue towards the attacker with
a gaping mouth. All our model predators triggered
this spectacular tongue display more frequently than
the control did, showing it’s likely to be a strategy to
warn off predators. In addition, the skinks engaged
in full-tongue displays only in the latest stages of the
predation event, when the risk of being preyed upon
is at its highest. The timing of this display is crucial. If

Sticking a tongue out to escape a predator might
not seem like the scariest of strategies. But it’s what
we call a deimatic display. Deimatic displays are
behaviours that evolved to startle attacking predators.
To be efficient, they rely on a surprise effect that will
confuse the predator for a few seconds - just enough
time to escape. The key is to make a rapid transition
from an inconspicuous state - a camouflaged Bluey
- to a highly conspicuous display. The Blueys’ fulltongue displays are perfect for this. When the predator
attacks and is at very close range, the skinks flash their
massive and conspicuous tongue, which likely have
the effect of overloading the senses of the attacker, or
provoke a reflexive recoil.
Not only could we see that the use of the tongue was
an anti-predator strategy, but that this strategy was
further enhanced by a special quality that is invisible
to the human eye. The blue tongue actually reflects
ultraviolet (UV) light. As humans, we cannot detect
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Top: a bluetongue
skink puffs up its
body. Bottom:
The dazzling
tongue display in
action.

colour of the tongue.
Lizards, like snakes, use tongue flicks to
acquire chemical information about their
environment. Thus, for a lizard that relies
on camouflage to avoid being detected by
potential predators, such as bluetongue
skinks, having an inconspicuous tongue tip
is ideal. However, bluetongues also need a
highly conspicuous tongue to engage in a
full-tongue display. These contradictory forces
seem to have resulted in a compromise.
The UV gradient is the evolutionary solution
allowing inconspicuous tongue flicks to be
performed with the tip of the tongue while
the highly conspicuous rear of the tongue will
fulfil the role of a deimatic display. Evolution
will never cease to amaze us.
So far, we’ve seen the effect of a (stuffed)
predator on the skink’s tongue display, but our
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ultraviolet light; our visual system simply does
not allow it. Instead, we perceive the tongue as
blue. Many natural features such as feathers,
scales, skin, and petals that we perceive
as blue in the natural world are actually
ultraviolet. Some animals such as lizards and
birds, and most of the natural predators of
bluetongues, are able to see UV light, so use
UV signals to communicate with one another.
Male Augrabies flat lizards from South Africa,
for example, have a UV throat that indicates
their status to rival males. Similarly, blue tits
tend to prefer a mate with a conspicuous
UV crown. In light of this, the UV colouration
of the tongue was not so surprising. What
was surprising, though, was the UV pattern
on the tongue. The UV at the back of the
tongue was almost twice as bright as at the
tip of the tongue. Now, this is interesting for
evolutionary biologists because this is likely to
be the result of selective forces acting on the
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next step is to see how the tongue display
affects a real predator. Will the predator
recoil in shock? Will it be more effective
on some predators than others? To find
out, the team has built a robot Bluey with
a UV tongue that can be piloted from a
distance. These little robots will be placed
in areas where predatory kookaburras
are known to occur, so we will be able
to quantify the true efficacy of such a
behaviour.
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But for now, we think we’re well on our
way to telling the Bluey’s story. As they
hide in the leaf litter or bask on rocks to
soak up the sun, they can blend in with
their surroundings. With quick flicks of
their pale tongue tips they can assess
their environment, tasting the air for any
sign of forthcoming threats, or food. A
darting pale blue tip won’t clue in any
predators, so until such a time that a
threat is imminent, the skinks remain
inconspicuous, enjoying the slow life that
their short legs offer them. And more fool
any potential predators that do come too
close; these skinks have secret weapons
hidden between their jaws, ones with an
impact we can only ever imagine.
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