Integration of flow and odor orientation enable plume tracking

behavior in walking cockroaches.
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INTRODUCTION Cockroaches react differently to the cessation of wind vs. Walking direction is random except when exposed
Animals tracking odor plumes to locate important resources are activated to track by the cessation of odor. to continuous odor and wind.
the presence Of OdOI", and typica"y Steer their path toward the source using direCtlonaI A- Bi CI APre-exposure to wind and odor B No Pre-exposure to wind or odor C Pre-exposure to wind only D continuous exposure to odor and wind
cues provided by the flowing air, or water, bearing the odor. To study how these two ! _ 90 90 90 90
crucial sensory inputs interact to support this behavior, we challenged virgin male Sl Wind stop i, Odarloss iy
. | R A s i ¥
cockroaches, Periplaneta americana, to track plumes of airborne female sex-attractant ———— T T '=v"~~£::1{‘_‘j_:.=::.'.'?"'W ¢ f
pheromone. We video-recorded and analyzed their responses as the odor plume and 0 0 0 \ 0
wind were experimentally manipulated during plume tracking behavior. — s-151.7°K 5013 — . gy
. - . - . - r =0.10 270 r =0.15 270 =0.40 270 =0.50 270
To _determ'r!e Wl‘_letheI: a memo_ry of a previously experienced wind direction could Aiji Bii Cii The cockroaches in continuous wind and odor walked upwind with an orientation significantly
provide the directional information necessary to locate an odor source, we challenged _ Odor | different from random. In this figure 0° is due upwind. Each dot represents an individual roach's take
males to track plumes in an arena with no wind to provide directional cues after pre- Sri"t Wi"/°' stop 7% y off direction on different experimental days (represented by different colors). Theta represents the
exposing them to: 1) wind plus pheromone, 2) wind only, and 3) neither wind nor Wind PP A S ,".,y-«;_....m,( mean take off direction and r is a measure of variance around Theta.
pheromone. The males' responses to these treatments were compared to males )
tracking a pheromone plume in continuous wind. .
Onset of odor causes cockroaches to reverse their
Aiii | Biii Ciii odor foee orientation to wind and increase walking speed.
] ] ] ST“t Wind stop . o
Controlling wind speed and odor presentation @\/\,\A ....... i D o\ o |
. . . e e T T, pheromone plume Cockroaches were released at the upwind end of
enables study of multi-sen sory control of nav,gatlon_ - : Introduced plume the wind tunnel for this experiment since it is
E encounters cockroach known that they walk downwind when no odor is
N present. The dotted line represents the cockroach
Mean (+5.D.) latency of response = 1.1+ 0.4 sec T~ £ track before odor is present, and the solid line
Odor exposure represents the track once the onset of odor occurs.
% Examples of a typical track (Aii, Bii & Cii) together with the simple (Ai, Bi & Ci) and complex (Aiii, Biii & Ciii) I e, e The time-averaged plume boundary is represented
| ... %" zone of standard. frame rate video_recording _ extreme responses of cockroaches tracking a pheromone plume upwind during continuous odor and wind by the shaded gray area. Wind blows from left to
E ’ (column A), and response to loss of wind (column B) and odor (column C). In columns B and C the solid line right.
depicts behavior when wind and odor are present, and the dotted line depicts behavior after the loss of wind (B) i S—
or odor (C). The point of wind (B) or odor (C) loss is indicated by an arrow. In column A the arrow delineates a |t R
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length of track corresponding to the average pre-wind stop and pre odor loss tracks. This was to facilitate
statistical comparison to wind stop and odor loss treatments.
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""-'-.‘ Odor exposure X +S.D. = 14.6+7.3 cm/s T

Pre-exposure to different combinations of wind and odor does | ' RN

Walking speed increases after contact

The roaches tracked pheromone plumes on a raised aluminum floor in a wind tunnel with a 25 cm/s

wind speed. In this diagram wind flows from left to right with the pheromone source positioned at the not support ra pid plume tracking and source location. with the odor plume

upwind end. The intermittent pheromone plume is depicted as irregular white patches.

Al Bi Ci Summary
b ‘ @ W e Continuous exposure to wind and odor is required for rapid source location.
‘ Di When the wind is stopped during plume tracking, cockroaches continue to track
20cm the plume by maintaining contact with the plume and continuing to walk in the
. Pre-exposure to wind + odor - No pre-exposure to wind or odor- Pre-exposure to wind only- ISR pre-wind StOp direction. Loss of odor during tracking triggers |00ping turns
to source (n=6) to source (n=4) to source (n=5)

with variable orientation to the wind that can be interpreted as a local search.

The position of the roach’s body was digitized using Motus motion analysis software (Vicon Peak) to Aii Bii Cii
measure the movements of the body and path trajectories. We used this data to calculate our desired Continuous exposure to wind and odor- * Pre-exposure to combinations of wind and odor caused the cockroaches to
angles and measurements. typical tracking (n=12) search longer for the odor source, but all eventually located it. Take off
direction of these cockroaches was not significantly different from random,
, _ Dii except when the cockroaches were continuously exposed to wind and odor.
- - - - y Pre-exposure to wind + odor No pre-exposure to wind or odor- Pre-exposure t‘i wind only- ] ] ] ] ] ]
Smoke visualizations show that the exper Imenters intermediate (n=4) intermediate (n=4) Intermediate (n=3) S@&&@Mﬁ% * Encountering an attractive odor while walking in odor-free wind causes
and odor-trackers' perspectives are quite different. Aiii . o Biii [ Sl i Cii . cockroaches to reverse their walking direction and increase their speed.
A Continuous exposure to wind and odor - FUture DlreCthnS
non-typical tracking (n=3)
* Are turning directions always determined by spatial comparisons
Pre-exposure to wind + odor - No pre-exposure to wind or odor - Pre-exposure to wind only- between the tWO anten nae?
searching (n=5) searching (n=8) searching (n=6)

* How are the orientation to wind and odor integrated to result in a
controlled behavioral response?

: : : : : : : : Odor tracks of each cockroach pre-exposed to different combinations of wind and odor as seen from above.
(A) A single field from a video recording of a TiCl, smoke plume in a laboratory wind tunnel viewed from above. The rectanale reor nts th rimental arena with the odor source located on the center of the left
The time averaged plume boundaries are represented by red lines running from the upwind to the downwind © _ec a g € represents the exp_e imental are ) in th u fth Wi I £ left
side of the image (i.e., from left to right). (B) A schematic approximation illustrating the "tracker's eye view" of (upwind) side. The release cage is shown as a black circle in the center of the arena. Wind blows from left to

the smoke p|ume visualization depicted in (A) The red circle represents an extension of the time-averaged I'Ight. EaCh COIOr represents different indiViduaIS on different expel‘imental days. Please nOte that in a" cases ]
plume boundaries in (A) onto this cross section. the cockroaches eventually locate the odor source. This work was supported by an ONR/MURI N00014-01-1-0676




