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STRATEGY (Sensors Trap Underwater Odors)
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#Capture, Absorb, or Filter Chemical Entities
#Sense Chemicals (Odor, Taste, etc.) From the Environment
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(Antennules of the spiny lobster trap water to identify odors using
chemosensory hairs.)
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The Caribbean spiny lobster (Panulirus argus) has two long antennae used for defense. It avoids
daytime predators by hiding in underwater caves and crevices, coming out as the sun goes down
to search for food such as snails, crabs, and decaying matter. It uses a pair of smaller antennae
called antennules to sniff out and track down snacks.

The antennules are covered in rows of hair-like receptors called aesthetascs that allow the
lobster to detect chemical signals such as odors. The aesthetasc hairs are arranged in a zig-zag
pattern. The antennule design works to trap odor molecules near the receptors. The lobster
senses the environment by flicking its antennule down and up.

By studying a mechanical lobster programmed to flick real P. argusa antennules in an
underwater dye flume, scientists observed how the flicking motion affected water flow. The
aesthetasc hair arrangement works differently depending on how quickly the antennule moves
through the water.

When flicked quickly downward through a drifting underwater scent trail, the hair array acts
like a sieve, allowing water to pass through the sense receptors all along the antennule, grabbing
odor molecules from the turbulent water currents. On the slower upward flick, the antennule
acts like a solid paddle as it returns to its starting position, holding on to the same sample it
collected on the downstroke. This physical interaction gives the receptors the chance to read the
specific patterns of odor concentration in the water captured at that moment in time and space.
Though it’s unknown exactly which details the lobster uses to locate the odor source, it gathers
information about the pattern in the wisps of odor. Each flick gives it a separate and distinct
sample — a scent snapshot of its surroundings. As the scent picture changes with each new
antennule flick, the lobster can learn more about the odor source.

Because of its delicate control abilities, biomedical scientists have already proposed using an
antennule-like brush to capture and work with microscopic objects such as single cells.




On a larger scale, underwater sensors that detect by reading physical patterns could have
applications in drones that search out chemicals, pollution, or weapons. Sensors that can
interpret small disturbances might even help predict events such as earthquakes.
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“...lobster olfactory antennules hydrodynamically alter the spatiotemporal patterns of
concentration in turbulent odor plumes. As antennules flick, water penetrates their
chemosensory hair array during the fast downstroke, carrying fine-scale patterns of
concentration into the receptor area. This spatial pattern, blurred by flow along the antennule
during the downstroke, is retained during the slower return stroke and is not shed until the next
flick.” (Koehl et al. 2001:1948)

“The engineering implementation of this lobster-hair-like capturing device, which is actuated by
the electrostatic force... drives the biological objects via disturbing the fluid field and
manipulating the Reynolds number of the surrounding fluid to achieve the function of micro-
object manipulation....These biomimetic electrostatic bimorph actuators could avoid some of
the drawbacks of conventional tools and are potential tools for the non-contact and non-invasive
manipulation of micro/nano bio-objects.” (Chang, et al. 2005:812)
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