
Locusts show an extreme example of density-dependent phase polymorphism, demonstrating within the
species differences in morphology as well as biology, dependent on the population density. Behavior is
the primary density-dependent change which facilitates the appearance of various morphological and
physiological phase characteristics. We have studied density dependent differences in flight related sen-
sory and central neural elements in the desert locust Schistocerca gregaria. Wind generated high fre-
quency spiking activity in the tritocerebral commissure giant (TCG, an identified interneuron that relay
inputs from head hair receptors to thoracic motor centers) that was much less intense in solitary locusts,
compared to gregarious ones. In addition the solitary locusts’ TCG demonstrated much stronger adapta-
tion of its response. In cases when flight was initiated high frequency TCG activity was independent of
the locust phase. The tritocerebral commissure dwarf (TCD) is a GABAergic flight related interneuron
that is sensitive to ambient illumination intensity. An increase in the TCD spontaneous activity under
dark vs. light conditions was significantly higher in gregarious locusts then in solitary ones, implying a
flight-related inhibitory mechanism that is far more active in gregarious locusts under dark conditions.
Thus, density-dependent phase differences in interneuron activity pattern and properties well reflect and
may be at least partially responsible to behavioral flight-related characteristics.
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INTRODUCTION

Reiterative long range migratory flights of locust swarms are probably what locusts
are most notorious for and contribute much to what makes these insects such a
destructive pest. This unique behavior is also a major density-dependent phase char-
acteristic in locusts. The differences between the gregarious and solitary phases of
locusts (collectively termed phase characteristics) extend from morphology, anato-
my, and coloration, to biochemistry and physiology. Changes in population density
are the “prima causa” of locust phase transformation. Some phase characteristics
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change within a few hours after change in density, some others within the same or
subsequent nymphal instar, others still change only in the next generation. A full-
scale phase transformation takes several generations and it is cumulative. Phase
transformation may be induced any time, in any stage, to any direction, by appropri-
ate changes of the density.

Intense and reiterative flight behavior is limited to the gregarious phase, especial-
ly in the case of the desert locust Schistocerca gregaria (see reviews [6, 7]). Very lit-
tle is known about Solitary locusts’ flight behavior. They also make migratory
flights, but the solitary locusts flight performance is more limited [11]. In contrast to
the daily movements of gregarious swarms, solitary individuals were reported to fly
by night [5, 11].

Extensive laboratory studies were carried out on phase differences related to flight
fuels, their utilization and mobilization in locusts (e.g. [1, 2], reviewed [8].
Gregarious locusts were shown to have higher lipid reserves and higher flight
induced hyperlipaemic responses then isolated locusts, overall being better adapted
to prolonged flights.

Locust flight has also served as an important neurophysiological model system for
many decades. The desert locust has served as a leading preparation for studies of
pattern generation and the sensory control of rhythmic motor patterns (e.g. [13–15]).
All studies, however, were restricted to the gregarious phase. Recently we have
reported on a first attempt to investigate neural correlates to flight related density-
dependent phase polymorphism in the desert locust [4]. We describe here these
results in brief.

RESULTS AND DISCUSSION

Locusts (of both phases) start to fly by jumping into the air. The jump elicits flight
by consequence of the loss of tarsal contact with the ground and by setting up an air
current to wind sensitive hairs on the locust’s forehead [3, 12]. Although the wind-
induced flight initiation behavior is relatively stereotypic, we found that a wind stim-
ulus may or may not elicit the behavior at any given time, depending on the intensi-

Table 1
The average spontaneous activity (±STD) of the TCG neuron demonstrates a significantly higher firing
rate in gregarious locusts then in solitary ones (n = 16). TCD’s activity of gregarious locusts in dark
conditions is more then 5 times that of its activity in light. Data presented are the average ±STE of the

ratio between the spontaneous activity in dark vs. light conditions (n = 7)

TCG TCD
(Hz) Night/Day

Solitary 0.48 ± 0.59 1.07 ± 0.27
Gregarious 1.19 ± 0.28 5.33 ± 1.71

P value <0.05 <0.05



ty of the stimulus and the internal state of the animal. A clear phase dependent dif-
ference was found in the probability of flight initiation (Fig. 1A); for any given wind
stimulus the chance that a gregarious locust would initiate flight was significantly
higher than that of an isolated one [4].

The tritocerebral giants (TCG) are a prominent pair of interneurons that receive
direct excitatory input from the head hairs and make direct synaptic connection with
flight motor neurons in the thoracic ganglia [9]. These extensively studied interneu-
rons are known to be strongly involved in flight initiation and maintenance. We
found the TCG spontaneous firing rate in gregarious locusts to be significantly high-
er than that of isolated ones (Table 1). During wind induced flight the TCG interneu-
rons exhibit intensive spiking activity and even in response to wind stimuli that failed
to induce flight, both gregarious and solitary locusts showed a sharp increase in TCG
firing. However, for any given wind speed gregarious locusts demonstrated signifi-
cantly stronger TCG responses than isolated ones (Fig. 1B). The main TCG related
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Fig. 1. A. The probability of flight initiation in response to a 1 sec wind stimulus was calculated as the
percentage of stimuli that resulted in flight. Each animal was tested with 8 repetitions for each of 3 dif-
ferent wind speeds. For any given wind stimulus the chances that a crowded animal (dark) would initi-
ate flight were significantly higher then those of an isolated animal (light) ** P < 0.01. B. The average
frequency of TCG spiking in gregarious and solitary locust in cases when flight was not initiated. For

each wind speed, 8–10 locusts of each phase were tested during 8 consecutive stimuli
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phase characteristic was found to be differences in spike frequency adaptation
(Fig. 2; [4]).

A second pair of interneurons, which follow a similar neural path to the TCG, are
the GABA immunoreactive tritocerebral dwarfs (TCD). The TCD were reported to
be sensitive to the ambient illumination level (i.e. respond to light stimuli [10]). We
found that both locust phases demonstrated an increase in TCD spontaneous firing
rate under dark compared to light condition. However, the degree of the dark induced
increase differed between the phases; whereas in crowded locusts the general activi-
ty of the TCD in dark was more than five times that recorded in light conditions,
there was only a slight (non-significant) dark induced change in TCD spiking rate in
isolated locusts (Table 1 [4]).

The more intense flight behavior of gregarious locusts in comparison to that of
solitary ones is a key feature of locust biology and is central to their occasional yet
catastrophic impact on humans. The findings reported by Fuchs et al. [4] and sum-
marized here shed light on important density dependent differences in neural prop-
erties and mechanisms that correspond to the behavioral phase difference. More
research is needed to confirm causative relations between the specific neural mech-
anisms studied and the behavior of the locust phases.
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