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FINAL REPORT

GRANT #: N00014-97-1-0726

PRINCIPAL INVESTIGATOR: M. A. R. Koehl

INSTITUTION: University of California at Berkeley

GRANT TITLE: Hydrodynamic Interaction Between Olfactory Antennae and
Odor Plumes

AWARD PERIOD: 6/01/97 - 5/31/00

OBJECTIVE: Our objective is to train graduate and undergraduate students
by involving them in research elucidating ways in which the structure
and the motions of olfactory antennae affect how they encounter the
concentration distributions in turbulent odor plumes as they search for
the source of an odor in ambient currents or waves.

APPROACH: We have been comparing the flow through and molecule capture
by arrays of chemosensory hairs on olfactory antennules from diverse
marine crustaceans (lobsters, crabs, mantis shrimp). We use particle-
image velocimetry to measure velocity profiles around dynamically-scaled
physical models to study effects of antennule morphology and kinematics
on flow near sensor surfaces. We determine how these flow fields affect
the spatial and temporal patterns of molecule diffusion to the surfaces
of the sensory hairs using a mathematical model. The parameters used to
build our models are based on our morphometric (using SEM, TEM, light
microscopy) and kinematic (using high-speed video) analyses of the
antennules. We measure water velocty profiles and turbulence in the
animals' habitats using acoustic doppler velocimetry; these field data
are used by our collaborators at Stanford (J. Koseff) to design flow
regimes in their flume that are relevant to real bisensors in coastal
environments. Planar laser induced flouresence is used to study the
spatial and temporal distribution of concentration filaments in dye
plumes in their flume. We place models of animals in these plumes to
measure effects of flicking and distance from source on the spatio-
temporal patterns of concentration encountered by antennules.

ACCOMPLISHMENTS:

Educational Accomplishments: The AASERT provided stipend for a number
of graduate students who learned research approaches and techniques
required for their dissertation research by working as assistants on the
olfaction project. This grant provided equipment and software for the
olfaction research that was also available for student use in their
dissertation projects. Of the six graduate students involved in AASERT
work, four have already completed their Ph.D.’s, one completed a Masters
degree, and the youngest is progressing well towards her Ph.D.
Undergraduate students (majoring in biology, engineering, or physics)
were hired using funds from the parent grant and AASERT to participate
in research in my laboratory. So far, six of these students have gone on

to graduate school.

Scientific Accomplishments: We conducted kinematic and morphometric
analyses of antennules of spiny lobsters (whose long antennules bear a
complex, dense array of guard and sensory hairs), mantis shrimp (whose
antennules bear a simple, sparse array of sensory hairs), and blue crabs




(whose short antennules bear a dense brush of sensory hairs). We have
used these data to construct dynamically-scaled physical models of the
antennules of all these species and have used particle image velocimetry
to determine that waater only flows through the arrays of sensory hairs
on these olfactory sensors during the rapid downstroke portion of the
flick. We have developed a reaction-diffusion model to calculate
molecule arrival at the sensory hairs on antennules. Water flow
measurements have been made at a variety of shallow coastal habitats and
our collaborators at Stanford have used these data to design flow
regimes in their flume (see Koseff’s progress reports for details of
their accomplishments in producing and quantifying chemical plumes in
their flume). We conducted experiments in the Stanford flume using
model organisms flicking antennules in plumes in which we simultaneously
measured plume structure and the spatio-temporal pattern of molecule
arrival within the array of chemosensoy hairs on the flicking
antennules.

CONCLUSIONS: The basic design of many antennules used by marine animals
to capture odor molecules from the surrounding water is that of a
moveable rod supporting an array of chemosensory hairs. These antennules
are periodically moved through the water with a rapid flick and slower
return stroke. The sensory hairs of some species splay apart during the
flick, but not the return. The hairs on antennules from a variety of
species operate at Reynolds numbers (Re) of order one. In this Re range,
changes in hair speed and spacing have a pronounced effect on whether or
not fluid penetrates into the spaces between hairs; increasing fluid
penetration raises the rate of molecule arrival at the surfaces of the
sensory hairs. The designs and motions of these antennules enhance their
ability to take pulsatile odor samples that are are temporally and
spatially discrete from each other. Such sampling is desirable for
olfactory probes used for determining position in an odor plume.

In the turbulent water flow typical of shallow coastal habitats, odor
plumes are characterized by complex swirls of narrow filaments of high
concentration near the odor source, but wider filments of lower
concentration farther from the source. Near the source, these filaments
are so narrow that there can be differences along the length of an
antennule in the odor concentrations arriving at sensory hairs, thus the
spatial pattern of concentrations along an olfactory probe could be used
to assess distance from an odor source. Antennule flicking does not
disrupt these filaments upstream of the antennule, but does downstream,
thus flicking frequency of an olfactory probe can be tuned to ambient
current speed so that the probe can sample ambient filaments (for odor-
tracing devices) or can sample well-stirred water (to measure chemical
concentrations in the environment).

SIGNIFICANCE: By determining how the flow microenvironments and odorant
encounter of olfactory antennules is affected by their structure and
behavior in realistic odor plumes, we are discovering ways in which the
physical design of an antenna affects how it filters chemical
information from the environment. These basic rules provide insights for
the design of man-made chemical sensors and also reveal how other
filamentous biological devices work that capture molecules or particles
from the surrounding fluid (e.g. gills, filter-feeding appendages).
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