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(To catch prey from a distance, chameleons have a coordinated system
of body parts that shoots out their tongues with high speed and power.)
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Chameleons possess incredible ballistic tongues, making them efficient hunters. This
extraordinary biological mechanism involves the coordinated operation of multiple body parts,
including a slender tubular bone encased in elastic tissue and muscle.

When chameleons spot prey, they rapidly contract their tongue muscles, storing energy in the
collagen fibers within the elastic tissue. Upon tongue projection, these energy-stored collagen
fibers rapidly release kinetic energy, propelling the tongue at astonishing speed to swiftly
capture prey.

This natural mechanism not only enables chameleons to efficiently capture prey but also
inspires scientists to further explore the development of more efficient ballistic motion systems
and materials. These research outcomes hold promise for applications in fields such as ballistics,

robotics, prosthetics, and beyond, contributing to technological advancements and practical
innovations for humankind.
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The ballistic projection of the chameleon tongue is an extreme example of quick energy release
in the animal kingdom. It relies on a complicated physiological structure and an elaborate
balance between tissue elasticity, collagen fibre anisotropy, active muscular contraction, stress
release and geometry. A general biophysical model for the dynamics of the chameleon tongue
based on large deformation elasticity is proposed. The model involves three distinct coupled
subsystems: the energetics of the intralingual sheaths, the mechanics of the activating
accelerator muscle and the dynamics of tongue extension. Together, these three systems
elucidate the key physical principles of prey-catching among chameleonides. (Moulton et al.,
2016)

To capture prey, chameleons ballistically project their tongues as far as 1.5 body lengths with
accelerations of up to 500 m s—2. At the core of a chameleon’s tongue is a cylindrical tongue
skeleton surrounded by the accelerator muscle. The key structure in the projection mechanism is
probably a cylindrical connective—tissue layer, which surrounds the entoglossal process. ... This
tissue layer comprises at least 10 sheaths that envelop the entoglossal process. The outer portion
connects anteriorly to the accelerator muscle and the inner portion to the retractor structures.
The sheaths contain helical arrays of collagen fibres. Prior to projection, the sheaths are
longitudinally loaded by the combined radial contraction and hydrostatic lengthening of the
accelerator muscle, at an estimated mean power of 144 W kg—1 in C. melleri. Tongue projection
is triggered as the accelerator muscle and the loaded portions of the sheaths start to slide over
the tip of the entoglossal process. The springs relax radially while pushing off the rounded tip of
the entoglossal process, making the elastic energy stored in the helical fibres available for a
simultaneous forward acceleration of the tongue pad, accelerator muscle and retractor structures.
The energy release continues as the multilayered spring slides over the tip of the smooth and
lubricated entoglossal process... Thus, we have identified a unique catapult mechanism that is
very different from standard engineering designs. (de Groot et al., 2004)

Small chameleons are able to project their tongues proportionately longer distances, with
projection lengths reaching 2.5 body lengths. Additionally, small chameleon species are shown
to be capable of producing peak accelerations during tongue projection of up to 2,590 m s—2, or
264 g and mass-specific power output values during tongue projection of up to 14,040 W kg—1,
values that are the highest reported among amniotes. These scaling relationships not only
highlight the previously underestimated performance capability of the family, but also the
potential utility of taking body size into account when testing for movements harbouring cryptic
power amplification mechanisms and how varying metabolic demands may help drive
morphological evolution. (Chirstopher V. et al., 2016)

Environmental temperature impacts the physical activity and ecology of ectothermic animals
through its effects on muscle contractile physiology. Sprinting, swimming, and jumping
performance of ectotherms decreases by at least 33% over a 10 °C drop, accompanied by a
similar decline in muscle power. We propose that ballistic movements that are powered by
recoil of elastic tissues are less thermally dependent than movements that rely on direct
muscular power. We found that an elastically powered movement, ballistic tongue projection in
chameleons, maintains high performance over a 20 °C range. Peak velocity and power decline
by only 10%—19% with a 10 °C drop, compared to >42% for nonelastic, muscle-powered




tongue retraction. These results indicate that the elastic recoil mechanism circumvents the
constraints that low temperature imposes on muscle rate properties and thereby reduces the
thermal dependence of tongue projection. (Anderson et al., 2010)
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initial extension of the tongue apparatus

full extension

To catch prey, chameleons have a highly coordinated system of bone, muscle,
and connective tissue that shoots long distances out their tongues at high speed

and power.
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: (ep): entoglossal process (bone)
(am): accelerator muscle
(is): intralingual sheaths
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Chameleons’ ballistic tongues are the result of a coordinated system of body parts: bone
(entoglossal process = ep), collagen fibers (intralingual sheaths = is), and accelerator

muscle (am).



