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INTRODUCTION

Legged insects are able to traverse a wide range of unpredictable ter-
rain and assess their surroundings by responding to sensory input ab-
sorbed through their eyes and antennae. When an antenna comes into
contact with an obstacle, the cockroach changes gait patterns accord-
ingly to navigate around the obstacle (Mu, 2005). In this study, dis-
crete electrolytic lesions were used to assess the role of various regions
in the brain in completing complex obstacle negotiation behaviors.
One region in particular, the central complex, is of interest because it
has been shown fo have antennal inputs as well as effects on motor
control (Ridgel et al 2007). Cockroaches were tested on a vertical and
horizontal track in order to examine the differences in turning on a flat
horizontal surface and turning on a vertical surface. Preliminary data
suggests that lesions to the central complex result in turning deficits on

both flat and vertical surfaces.

MATERIALS AND METHODS

Animals

Adult Blaberus discoidalis cockroaches were housed in small colonies
in a twenty liter bucket. These were maintained in a 12-12 hour light-
dark cycle at 25°C. Animals had ad libitum access to water and dry
food in the form of chicken feed. Both male and female animals were

used in these experiments.
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Horizontal climbing apparatus

Cockroaches walked through a U-shaped turn made of
Plexiglas. The turn was placed on a glass plane with a
mirror at a 45° angle below it to reflect images for video

recording.

Vertical climbing apparatuis

The same Plexiglas U-shaped turn used in the horizontal
climbing apparatus was mounted on a square wooden
frame. The frame had a plastic screen stretched under-
neath the Pelxiglas structure, which the cockroaches

used to climb.

Preparation and surgery

Intact animals were taken and anesthetized with expo-
sure to sub-zero temperatures for five to eight minutes.
Their abdomens were then painted white with White-
Out pen to aid in viewing their leg movements. Indi-
viduals were given at least one hour to recover. They
were then run through the horizontal and vertical turns
in order to determine each individual’s normal behavior.
After initial tests were completed, the cockroaches were
anesthetized with cold again for five to eight minutes
and placed into a stabilizing tube to prevent their heads
from moving. Using a fine razor blade, the brain was
exposed and a steel probe was inserted into the brain. A
current of approximately 1.3 mA was applied for 30 sec-
onds, and then wax was used to secure the removed exo-
skeleton to the head. All insects were given at least 24

hours to recover from surgery.

Histology
Following the procedures of Ridgel et. al. 2007, the

heads of each animal were removed after post-lesion

tests were completed, then the brain was removed, and
fixed in AAF (85% ethanol, 5% acetic acid, 10% for-
maldehyde). The brains were then dehydrated in graded
ethanol series and embedded in Paraplast Plus (Fisher).
Tissue blocks were sectioned at 12 um and stained with
1% toludine blue. Sections were then viewed with a con-

ventional light microscope.

Data analysis

All videos were analyzed using WinAnalyze motion
analysis software (Mikromak, Berlin). Videos were
analyzed frame-by-frame and each trial was labeled ei-
ther normal or abnormal based on pre-tests done with
infact animals. Abnormal behaviors were defined as a
permanent change in behavior from behaviors exhibited

in the pre-lesion tests.

RESULTS

Lesion locations
Of all the cockroaches tested, only four generated data
suitable for analysis. The cockroaches had lesions on

the top of the fan body, near the fan body, outside the

central complex, and a sham as depicted in figure 1.

Figure 1. Drawing of the different locations of lesions. FB is the
fan-shaped body, PB is the Protocerebral bridge, EB is the Ellipsoid
body, MB is the Mushroom body, LAL is the Lateral accessory

lobe, and PI is the Pars intercerebralis.
e
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Figure 2. Tracings of a cockroach going through a horizontal turn. The left picture shows a pre-lesion insect making an-

tennal contact with a wall and responding to the sensory input. The right picture is a post-lesion insect that has no re-

sponse to antennal contact with the wall and consequently only turns once its head comes into contact with the wall.

Turning behaviors

Abnormal turns were defined as a distinct change from
an animal’s pre-lesion behavior. Figure 2 is an example
of an abnormal turn. The main difference was the lack
of response to antennal feedback that resulted in the ani-
mal hitting the wall before turning. On both the horizon-
tal and vertical turns, those cockroaches with lesions
closer to the central complex were the source of a higher
percentage of abnormal turns, see figure 3. The cock-
roach that had a lesion right above the fan-shaped body
had an almost one hundred percent increase in abnormal
turning behaviors. The lesion that was close to the cen-

tral complex was approximately 52nm away, resulting in

Horizontal Turn
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small increases in abnormal turning behavior. In the
case of the lesion that was completely outside the central
complex, the behavior patterns were similar to a sham.
On the vertical turn, individuals often did not move

which may be a result of a more difficult obstacle.
DISCUSSION

Sensory input is extremely important in decision making
for animals when they approach unfamiliar obstacles.
By disrupting the flow of sensory information through
the use of discrete lesions we can generate abnormal

behaviors. The resulting behaviors and their severity are

Vertical Turn
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Figure 3. Summary of the percent increase of abnormal behaviors depending on location of lesion and which obstacle the

cockroach navigated. CC is the central complex.

)

/

DISCUSSIONS



Solomon J. Awe - Turning Behaviors in the Cockroach Blaberus discoidalis

the result of lesion size and location of the lesion. Dis-
crete lesions closer to the central complex resulted in a
larger percentage of abnormal behaviors. The insect
that had the lesion at the top of the central complex in
the protocerebral bridge had an almost one hundred per-
cent increase in abnormal behaviors. The protocerebral
bridge is responsible for compensating in differences in
left-right motor responses, and therefore regulating the
swing-stance phases during turning (Strausfeld 1999).
Sensory information from the legs offsets the effects of
the lesion in the protocerebral bridge when the cock-
roaches came in contact with the wall. This feedback
then caused the cockroach to turn, much like it did when
it hit its head on the wall on the horizontal turn, lower-
ing the level of abnormality on the vertical turn. The
insect with a lesion completely outside of the central
complex exhibited behaviors similar to a sham. In addi-

tion, the lesioned insects seemed reluctant to climb on

the vertical turn. This could be the result of the inability
to climb from lack of sensory input, or it may be a result
of the lesioning process. However, once the insect man-
aged to get on the screen, it was still able to climb. The
overall conclusion made is that the closer a discrete le-
sion is to the central complex, the greater the increase in
abnormal turning behaviors. It should be noted, again,

that the insect is still able to navigate a vertical surface.

Future Studies

Because of the small sample size, this is merely a pre-
liminary study. Conclusions about the effects of dis-
crete lesions on the turns cannot be made with such little
supporting evidence. By increasing the number of trials,
we can make clearer conclusions about the effects of
lesions on horizontal versus vertical turning. By localiz-
ing the lesions to a specific area, we can also increase

the statistical significance of any findings made.
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