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The desert locust Schistocerca gregaria is a
well known migrating insect, travelling long
distances in swarms containing millions of
individuals. During November 2004, such a
locust swarm reached the northern coast of
the Gulf of Agqaba, coming from the Sinai
desert towards the southeast. Upon reaching
the coast, they avoided flying over the water,
and instead flew north along the coast. Only
after passing the tip of the gulf did they turn
east again. Experiments with tethered locusts
showed that they avoided flying over a light-
reflecting mirror, and when given a choice of
a non-polarizing reflecting surface and a sur-
face that reflected linearly polarized light, they
preferred to fly over the former. Our results
suggest that locusts can detect the polarized
reflections of bodies of water and avoid cross-
ing them; at least when flying at low altitudes,
they can therefore avoid flying over these
dangerous areas.

Keywords: navigation; polarization vision;
water avoidance; pest control; desert locust.

1. BACKGROUND

The desert locust Schistocerca gregaria is well known
for its long-range migrations, with huge swarms
travelling thousands of kilometres (Roffey & Magor
2003). A recent outbreak of locust migration
included swarms crossing the length of the Sahara
desert to reach Egypt, Jordan and Israel. During
November 2004, a large locust swarm arrived,
flying low from the Sinai desert towards the north-
ern coast of the Gulf of Agaba (the main swarm
arrived between 19 and 23 November 2004, fol-
lowed by smaller groups over the next 10 days).
Upon reaching the coast, they did not cross the 3—
5km wide gulf, but instead turned north. Only
after passing the northern tip of the gulf did the
swarm turn again. A large section of the swarm
turned east towards Jordan, while the rest contin-
ued north along the Arava valley (figure 1).
Preliminary observations on the shore and from
boats, performed by volunteers that tracked individ-
ual locusts in flight, confirmed that the insects
rarely flew over water, and if blown over it rapidly

Received 22 March 2005
Accepted 11 April 2005

turned back towards the shore. One should note
that S. gregaria is well capable of crossing large
bodies of water when flying high, often at a height
of hundreds of metres, or when carried by strong
winds (Symmons & Cressman 2001; Roffey &
Magor 2003).

How do locusts detect and recognize such water
surfaces? Different forms of visual information are
available to a flying insect that it may use to
choose a particular direction in which to head. One
of these is polarization vision. Light reflected from
the sea is partly linearly polarized (Wehner 2001;
electronic supplementary material) and hence polar-
ization may provide a flying insect with an indication
of the nature of the surface. Indeed, some insects
use their polarization sensitivity to detect water
bodies to which they are attracted (Schwind 1991;
Horvath & Zeil 1996).

Locusts are known to be sensitive to linearly
polarized light and to possess a specialized group of
modified omatidia in the dorsal rim of their com-
pound eyes (Eggers & Gewecke 1993; Mappes &
Homberg 2003; Homberg et al. 2004), which are
designed to analyse the pattern of polarized skylight
as a navigational cue (Wehner 2001; Homberg
2004).

In the present work, we explore the possibility that
polarization sensitivity can be used by locusts to
navigate towards or away from surfaces such as large
bodies of water, which reflect linearly polarized light
(Schwind 1991; Horvath & Varju 1997, 2003;
Bernath er al. 2002).

2. METHODS

To test the response of locusts to reflecting surfaces, we
examined their flight preference when they encountered a
mirror. Fifteen individuals, freshly caught from the field, were
tethered and released by hand close to and above a mirror on
the ground, as well as at a nearby location without a mirror
(figure 2). Locusts were released 10-15 cm above the ground,
5 cm away from the sides of a 1 X 1 m? mirror (marked by asterisks
in figure 2). The mirror was placed horizontally on the ground,
under a completely blue sky in an open area with a light wind
coming from the south (from compass bearing 190°). A naive
observer (who was unaware of the purpose of the experiment)
recorded the compass direction of flight of the tethered locusts
after their release. The sides of the presentations were random-
ized. The locusts were tethered to 1 m long, thin, flexible
strings, glued to the dorsal part of their thorax. The glue and
string did not limit the animals’ flying, jumping and crawling
ability, and on some occasions they flew away with the strings
attached. After the experiments, when the glue and string were
removed, the released animals flew normally. The mirror
reflected partially linearly polarized light at least across the
330-800 nm range (examined with a spectral polarimeter;
Shashar ez al. 2004).

Strong reflections from a mirror may cause flying insects to
execute roll turns with subsequent changes in flight direction,
triggered by their dorsal light response (Goodman 1965,
Schuppe & Hengstenberg 1993). To determine whether the
migrating locusts have a preference for flying towards a polariz-
ing surface, we tested 40 tethered new locusts in the following
experiment. Two 1.2X0.8m areas of flat black material were
placed on the ground with an exposed 10 cm wide gap between
them. The gap was aligned away from the sun to ensure equal
illumination on both squares. The test materials consisted of a
linearly polarized light-reflecting plastic (brightness 25.2+11,
0-255 scale where 0 is black and 255 white; percentage of
polarization="77 £+ 6%; average+standard, #=98 536 pixels) and
felt that reflected less polarized light (brightness 21.5+10;
percentage of polarization=46+3%, n=89 464 pixels), both
examined with an imaging polarimeter (Shashar et al. 2004)

© 2005 The Royal Society
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Figure 1. Trajectories of locust swarms near the Gulf of Agaba. Swarms of migrating desert locusts reached the northern
Gulf of Agaba from the Sinai peninsula on 21-23 November 2004, turned north when reaching the water, and crossed to
Jordan, just over the northern coast of the gulf. Modified with permission from Haaretz news service.

from the position of the tested animal. Each black background
was tested in equal numbers on each side of the gap. The setup
was protected from natural wind and a commercial fan gener-
ated a light wind along the central gap, towards the sun, with a
similar wind speed on both sides of the gap. The locusts were
tethered to a preset apparatus positioned 50 cm above the centre
of the gap and were manually released directly underneath it,
5-7 cm above the ground. Immediately after the insect’s release,
the experimenter moved away along the direction of the gap to
a distant position. A digital video camera, placed at the height
of the animals and facing towards the centre of the gap (the
release point) recorded the flight paths. Frame-by-frame analysis
was later used to determine the flight directions of the insects
after they were released. The camera was positioned downwind
in such a way that it did not generate shade on the
experimental surfaces. Animals were tested individually and only
once. Statistics were analysed using STATISTICA v.6.0 and ORIANA
v.2.0 software.

3. RESULTS

An examination of the flight response in the vicinity
of the mirror revealed that the locusts avoided flying
towards the mirror from all release points, except the
northern one (p<0.05; see figure 2 for the mean
heading and circular standard deviation). At the
northern release point, the wind came from the
direction of the mirror and the lack of preferred
orientation (Rayleigh test; p=0.841) may indicate a
conflict between flying into the wind and avoiding
the mirror (in nature locusts often fly towards the
wind, if it is not too strong). The average flight
direction in the control position without a mirror
tended to coincide with the direction from which the
wind was coming (203+85° versus 190°, respect-
ively; figure 2). Examining the flight preference when
presented with two similar black surfaces that differ
in their polarization reflection revealed that the
locusts did not have any side preference (18/22 right/
left choice, x*=0.5, p<0.53), yet flew significantly
more often towards the less polarizing background
than towards the polarizing one (28/12 respectively,
x*=6.4, p<0.015).

Biol. Lett. (2005)

4. DISCUSSION

Our results show that migrating locusts avoid flying
over surfaces that have a strong linear polarization
reflection. A response similar in nature but opposite
in direction (i.e. attraction towards polarizing sur-
faces) was found in insects that live on or near
bodies of water (Schwind 1991, 1995; reviewed in
Horvath & Varju 2003). For a migrating desert
insect, water presents a potential hazard and large
bodies of water, such as the sea, are especially
dangerous. Therefore, detecting and avoiding such
surfaces is beneficial to them.

Polarization sensitivity has so far been examined
in connection with the dorsal rim area of the locust
eye, which is involved in detecting a compass
direction using the sky’s polarization pattern (for
review see Homberg 2004). Our results show that
these insects are also able to detect polarized light
in the ventral visual field. The underlying mechan-
ism that enables this sensitivity is yet to be
identified; it may involve anatomical or behavioural
adaptations. The polarization signal itself may be
perceived via either a response to light intensity at
a given polarization orientation or via true polariz-
ation sensitivity (Cronin & Shashar 2001; Wehner
2001).

Polarized reflections may indeed help migrating
locusts avoid flying over water in coastal areas. It is
likely that this capacity will be most relevant to
locusts when they are flying at low altitudes and
when other weather conditions, such as wind speed
and direction, permit flying in specific directions. It
is also possible, though yet to be studied, that other
polarization-reflecting materials could deter locusts
as well.

We thank Barak Guzner for his assistance during the
experiments, Uwe Homberg and Jeffery Camhi for their
useful advice, Thomas W. Cronin, and two anonymous
reviewers for improving this manuscript.
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Figure 2. Locusts’ flight direction around a 1X1 m? mirror and in a control area. Arrows indicate mean vector of flight
directions; numbers show mean vector directions * circular standard deviations and the length of the mean vectors; n=15
animals. The asterisk indicates the approximate place of the animals’ release. Although locusts generally flew towards the
wind, they avoided flying in the direction of the light-reflecting mirror or flew away from it.
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