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The cockroach’s giant interneurons (GIs) are known to mediate escape and flight behaviors. The
ventral group of giant interneurons (vGIs) (numbered 1, 2 and 3) mediates ground escape and the dorsal
group (dGls) (numbered 5, 6 and 7) mediates flight. Giant interneuron number 4 is the only one of
the seven abdominal identified giant interneurons of the cockroach whose function in escape or flight
has been hardly investigated. It shows some morphological characteristics of a vental giant interneuron
while others are those of a dorsal giant interneuron.

Likewise, in this paper, I show that interneuron 4 presents some intermediate physiological
properties, some of which are characteristic of a vGI and others of a dGI. For instance: like the
ventrals, interneuron 4 does not fire strongly at the onset of flight and does not initiate flight. Like
the dorsals, interneuron 4 is not inhibited during flight and its wind sensitivity is unchanged during
flight. However, during flight, interneuron 4 fires spontaneously, unlike the dorsals which fire
rhythmically or the ventrals which are silent.

To summarize then, the wind sensitive giant interneuron 4, which has so far been included in the
ventral giant interneurons group, shows intermediate morphological and physiological properties of

both the ventral and the dorsal giant interneuro
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INTRODUCTION

The giant interneurons (GIs) of the cockroach are a
group of identified interneurons which mediate the es-
cape and the flight behaviors of the cockroach (Ritz-
mann, 1984). The cockroach GIs represent a tractable
system with the following features: (1) The GIs mediate
two relatively stereotyped behaviors which have been
well analysed (Ritzmann et al., 1982; Fourtner and
Randall, 1983; Ritzmann et al., 1983; Camhi, 1984, 1988;
Ritzmann, 1993; Comer and Dowd, 1993). (2) They are
all identified and their axons’ diameters are quite large,
thus facilitating intracellular recording (Daley et al.,
1981). (3) They can be stimulated individually in a
restrained, but behaving, animal and the behavioral
response can be quantified (Ritzmann et al., 1982;
Libersat, 1992; Ritzmann, 1993; Liebenthal and Cambhi,
1993). (4) Considerable detailed information about their
morphology, input-output connections, and response
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properties has been gathered during the past two decades
(Daley et al., 1981; Camhi, 1988; Libersat et al., 1989;
Libersat, 1992; Ritzmann and Pollack, 1986; Ritzmann,
1993).

Wind receptors located on posterior sense organs
called cerci excite seven pairs of bilateral GIs in the sixth,
or last, abdominal ganglion (A6). The GIs are sub-
divided into two groups, the ventral and the dorsal giant
interneurons (vGIs and dGIs). A large amount of data
indicates that these two groups are morphologically, as
well as physiologically, distinct. Each GI has a large
axon which ascends through the nerve cord and reaches
the locomotory centers in the three thoracic ganglia (T1,
T2 and T3). In T3, the vGIs and the dGIs excite separate
sub-populations of thoracic interneurons (TIs), of which
some are identified (Ritzmann and Pollack, 1986;
Ritzmann, 1993). Some TIs excite leg motor neurons
and others, presumably, excite flight motor neurons
(Ritzmann, 1984).

Each of the GI groups plays a critical role in initiating
one of the two behaviors. For instance, stimulation of
any given dGI (GIs 5, 6 and 7) alone is sufficient to
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initiate flying behavior when the legs are not in contact
with the substrate (Ritzmann et al., 1982). The vGIs (GIs
1, 2 and 3) initiate the escape behavior of the insect on
the ground. Thus, for instance, removal or stimulation
of specific vGIs affects the directionality of the escape
behavior in a predictable way (Comer, 1985; Comer and
Dowd, 1993; Liebenthal and Camhi, 1993).

Most studies to date have not included one of the GIs,
namely number 4 (GI4). This is owing in large part to
its axonal diameter being the smallest of the seven
[Fig. 1(B)] and thus the least likely to be impaled with
microelectrodes. The anatomy of this neuron is inter-
mediate between that of the three vGlIs and the three
dGIs. However, it is usually considered part of the vental
group because its axon runs together with those of the
vGls [Fig. 1(B)]. Yet, careful examination of the cell
architecture would suggest it belongs to the dorsal group
[Fig. 1(A)]. Its cell body is located in the posterio-medial
area of the fused ganglion A6 together with those of the

A

dGls, whereas the cell bodies of the vGIs are located in
the anterior fused segments of A6 on the edge of the
ganglion (Daley et al., 1981). In addition, unlike the
large vGI axons (4050 um), the axonal diameter of GI4
is small (15-20 um) or within the range of those of the
dGIs (20-30 um) [Fig. 1(B)]. To summarize then, GI4
has a unique morphology with some features of the vGIs
and some of the dGIs.

The present study is an attempt to determine whether
GI4 is functionally part of the vGIs or the dGlIs, that is,
part of the flight or the escape circuitries, using well-
known physiological criteria specific to the vGIs or the
dGIs. For instance, a short intracellular stimulation of
any given dGI initiates flight, whereas intracellular
stimulation of any vGI, no matter the duration of the
stimulus train, never elicits flight (Ritzmann et al., 1982;
Libersat, personal observations). During flight, the wind
sensitivity of the dGIs is unchanged whereas the vGIs
are strongly inhibited (Libersat er al., 1989; Libersat,

FIGURE 1. Anatomy of the giant interneurons. (A) Camera lucida drawing of three identified GIs: GI1, GIS and GI4 [modified
with permission from Daley et al. (1981)]. Notice the anterior and lateral position of the cell body of GI1, a feature also common
to GIs 2 and 3. GI5 like 6 and 7 shows a more posterior and medial location of its cell body. GI4’s morphological features
resemble those of the dGIs. (B) Diagram showing the location of the GIs’ axons in a cross section of the A4-5 connectives
of the nerve cord. GIs 5, 6 and 7 constitute the dorsal group of giant interneurons (dGIs) and GIs 1, 2 and 3 constitute the
ventral group of giant interneurons (vGls). The smaller axon of GI4, labeled with an asterix, is considered part of the ventral
group. On the right hemi-connective, a representative sample of other axonal profiles is shown to emphasize the size of the
GIs’ axons relative to that of other axons running in the abdominal nerve cord.
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1992). Using successive recordings of a dGI or a vGI and
GI4 in the same preparation, I demonstrate that GI4
shows specific features some of which are characteristic
of the dGIs, others of the vGIs while some are unique
to GI4. Thus, like the anatomy, the physiology of the
neuron is of an intermediate type.

MATERIALS AND METHODS

All experiments were performed on adult, male cock-
roaches, Periplaneta americana, raised in plastic barrels
and kept at 24-28°C and provided with water and cat
chow ad libitum.

Recording and stimulation

The preparation has already been described in
detail elsewhere (Libersat et al., 1989; Libersat, 1992).
Briefly, the animal was anesthetized with CO, and
pinned dorsal side up on a recording platform
after cutting the legs and wings. The dorsal abdominal
cuticle was removed to expose the nerve cord from
abdominal ganglion A2-A6. I recorded the activity
from the nerve cord with silver hook electrodes
placed around the A4-A5 connectives, and from a
metathoracic indirect flight elevator muscle or a direct
subalar depressor muscle with pairs of 50 um copper
wires. Individual GIs were impaled in the A5-A6 con-
nectives with Lucifer-filled glass micro-electrodes. In
each preparation, a single vGI or dGI was impaled
before or after the penetration of GI4. I successfully
recorded in this way nine identified GI4 together with
either a vGI or a dGI.

Individual GIs were stimulated with wind puffs pro-
duced by a custom-built wind generator, as previously
described (Westin et al., 1977). The wind stimulator
delivered puffs at the cerci in the head-to-tail direction
relative to the animal’s long axis (front wind) or in
the tail-to-head direction (back wind). The peak velocity
was high (2.2 m/s) for the front wind and low (0.8 m/s)
for the backwind, as measured with a hot wire
anemometer (800 VTP, Datametrics, Watertown, MA,
US.A).

I'stimulated individual Gls with trains of depolarizing
current pulses 30-300 ms in duration, consisting of
1.5 ms pulses at 450/s. I identified the spikes evoked by
the intracellular stimulation on the extracellular record-
ing. After each experiment, Lucifer yellow was injected
iontophoretically using hyperpolarizing current, and the
last abdominal ganglion, A6, was removed from the
animal, fixed in 4% formaldehyde, dehydrated in an
alcohol series and cleared in methyl salicylate. Each GI
was identified on the basis of the morphology of its
dendritic tree and location of cell body within the last
abdominal ganglion, as seen in as whole mount (Daley
et al., 1981) using a Zeiss or an Olympus epifluorescence
microscope.

Recordings of electrical activity were stored on tape
until further analysis.
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RESULTS

(1) GI4 activity at the onset of flight

The activity at the onset of flight is quite different in
the dGIs and the vGIs. The animal is at rest (not flying)
at the moment it received the wind puff. In response to
the puff, each vGI recorded gives a burst of action
potentials [Fig. 2(A)]. When the wind puff also evokes a
sequence of flight-like activity, the vGIs are completely
silent during this activity. The vGs rarely or never fired
a single spike at the onset of flight and during flight.

In the same situation, the dGIs show a response
pattern different, in certain respects, from that of the
VGIs. With the cockroach at rest, a wind puff evokes a
burst of action potentials [Fig. 2(C)]. If flight activity
begins, the dGI resumes its activity with a train of action
potentials having no obvious temporal organization,
starting approximately with the onset of the motor
response of the flight muscles and lasting for roughly the
first three wingbeats of flight-like activity. Thereafter,
the dGIs fire action potentials rhythmically in anti-phase
with the depressor flight muscle for a few wingbeats and
then eventually disappear.

GI4 shows a pattern of response quite similar to the
VGIs in that it rarely fires any action potentials during
the onset of flight [Fig. 2(B)]. However, during flight,
GI4 shows ongoing activity, firing action potentials at a
rate of 1-2/s which is similar to that at rest [Fig. 2(D)].
A careful examination of the occurrences of the spikes
within the flight cycle shows that, unlike the rhythmic
spikes of the dGls, such spikes are not correlated with
the wingbeat cycle.

(2) GI4 and flight initiation

To test whether GI4 is a member of the dGIs group,
I recorded from a single dGI, stimulated it with a short
train of pulses and confirmed that this given dGI alone
was sufficient to initiate flight (Ritzmann ez al., 1982;
Libersat, personal observation). Then, I impaled a GI4
and carried out the same test again. Figure 3 shows the
results of one of such experiments. Stimulation of GI5
with a train of 27 pulses at 450/s initiated a flight
episode. In the same preparation, stimulation of G4 with
an identical train of pulses did not elicit flight (not
shown). Even using a stimulus train producing 135
spikes at the same rate did not initiate flight [Fig. 3(B)].

Since the dGIs have an excitatory effect on the flight
pattern generator during ongoing flight (Libersat, 1992),
I tested the effect of a long burst of GI4 spikes on the
wingbeat frequency. I detected no effect on the flight
rhythm when I stimulated a GI4, even with a burst of
135 spikes [Fig. 3(C)].

So far, the results of these experiments suggest that
indeed GI4 behaves more like a vGI than dGI.

(3) Wind sensitivity of GI4 at rest compared with during
fight

Another physiological criterion that clearly differen-
tiates the vGI group from the dGI group is their wind


















