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Natural, behaviorally significant olfactory stimuli typically
are mixtures of volatiles whose concentrations co-vary
dynamically in time and space. The olfactory world is also
an arena of constant movement and flux. Once emitted by
a source, volatiles are dispersed and mixed by the ambient
motion of air to form a shifting and filamentous plume.
How does the olfactory system quickly discriminate the
fluctuating signal from a background? Here in this presentation, I briefly discuss our use of new analytical technologies that permit simultaneous measurement of multiple
volatiles at timescales equivalent to (1) the turbulent aerodynamic regimes that advect and mix the scents, and (2)
olfactory processing and behavior in both invertebrate and
vertebrates. Using proton-transfer-reaction mass spectrometry, the fluctuating odor plume from a natural odor
source – the D. wrightii flower, an important hostplant for
Manduca sexta moths – was characterized in the field.
Results from these measurements demonstrated that, even
within the headspace of the flower, the ion plume was
highly dynamic in both time and space. Moreover, 1 m
away from the source the chemical background became
mixed with the odor plume, thus causing significant modification of the ratio of odorants in the plume.
How does changing the ratio of constituents alter the
processing of the odor and behavior? We first examined
the ability of the moths to encode the temporally dynamic
signal in the complex background by multi-channel
recording in the moth’s antennal (olfactory) lobe (AL).
Our results show that the neural ensemble tracked the
odor at temporal frequencies up to 5 Hz. However, when
the odor was embedded in a chemical background, the
ensemble representation of the odor was significantly
altered. Moreover, the change in AL representation was
due to the altering the balance of excitation and inhibition
in the system. Finally, behavioral experiments showed that

the ability to navigate in a plume significantly decreased
when background odors of increasing similarity to the
floral mixtures were presented. Together, these results (1)
demonstrate the effectiveness of new analytical technologies for characterizing the natural olfactory environment;
(2) the composition of the plume can be significantly
altered at short time- and spacial-scales; (3) provide new
evidence that odor navigation is mediated by the precise
integration of multiple glomerular pathways, and (4)
alteration of the odor input transforms the network
representations.
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