
Ant responses were tested under both the natural geomagnetic and artificially induced Earth-strength
electromagnetic field. Foragers were trained for a month to visit a food source at the north arm accessed
through an orientation platform assembly. Under the natural geomagnetic field, when all other orienta-
tional cues were eliminated, results indicated significant heterogeneity of ant distribution with the major-
ity seeking geomagnetic north in darkness. However, in light, foragers failed to discriminate geomagnetic
north. Under shifted artificial electromagnetic field, orientation was predominantly on the artificial mag-
netic N/S axis with a significant preference for the artificial north in both light and dark conditions.
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INTRODUCTION

For the last four decades, the geomagnetic field and its effect on organisms’ behav-
iour has become of great interest of many scientists since two elementary phenome-
na have been taken into consideration; i) By virtue of their magnetic moments and
electrical charges, the atoms and ions which make up an organism can magnetically
interact with the organism’s environment, ii) As a space constant and its directional
pattern of lines, the geomagnetic field can provide spatial information to an organ-
ism which can sense it.

Many convincing demonstrations that various organisms ranging from bacteria to
vertebrates exhibit behavioural responses to the geomagnetic field or artificially gen-
erated fields of geomagnetic intensity have established that the geomagnetic field is
both a perceptible and a relevant component of the environment of those organisms.
These investigations include magnetotactic bacteria, the fruit fly, monarch butter-
flies, marine isopods, sand hoppers, elasmobranch fishes, sea turtles, lands nails,
newts, whales, mole-rats, hamsters and the European wood mice. However, the most
extensive research in this area has been conducted using migratory birds and honey-
bees [26, 27].
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Recent growing evidences in ants demonstrate that magnetic cues can be used as
a source of directional information. Anderson & Vander Meer [3], with the fire ant
Solenopsis invicta Buren, 1972 demonstrated sensitivity to magnetic disturbance.
Wood ants (Formica rufa Linneus, 1761), weaver ants (Oecophylla smaragdina
Fabricius, 1775), termite – hunting ant (Pachycondyla marginata Roger, 1861), and
leaf – cutter ants (Atta columbica Guerin-Meneville, 1844) use magnetic cues to infer
direction [2, 5, 7, 16]. By contrast, two attempts [17, 20] to demonstrate the use of
magnetic cues by F. rufa group and S. invicta foragers failed to reveal any response.
This clearly demonstrates that future experiments are needed to explore how wide-
spread is magnetic sensitivity among ant species and how magnetism integrates into
the overall orientational capabilities of ants in terms of their behaviour, ecology and
evolution.

MATERIALS AND METHODS

The ants

Live material of Formica pratensis Retzius, 1783 was obtained from mixed wood-
land at Avar°z village (30° 39′ W 50° 34′ N) to the east of Edirne. A portion of one
nest was transferred in an open topped container to two identical arenas (750 mm
dia., nest 1 and nest 2) with ‘Fluon’ coated plastic walls (500 mm high) in which the
ants constructed mounds (500 mm dia × 200 mm high) with their original nest mate-
rial. Each nest contained approximately a couple of hundred workers and was main-
tained in a darkened constant temperature room at 23 °C, with uniform diffused arti-
ficial illumination and a 12 : 12 light : dark regime.

Experimental apparatus

The experimental apparatus (Fig. 1) consisted of a circular orientation platform in the
form of a plastic vessel (300 mm dia. × 200 mm high, with compass degrees marked
on its outer edge), from the rim of which four glass tubes (10 mm dia.) extended hor-
izontally for 30 mm at right angles to each other. Each tube terminated in a plastic
vessel (50 × 60 mm) from which escape was prevented with a Fluon barrier. Ants
were given access to the orientation platform via a silicon tube (15 mm dia. × 500 mm
long) and an access hole (15 mm dia.) in the centre of the orientation platform base.
This arrangement permitted foragers to explore vessels and return to nest.

The artificial magnetic field

To provide a controlled magnetic field, the orientation platform was centred within a
pair of square magnetic boxes (315 mm × 311 mm × 58 mm) separated by 400 mm



from each other (Fig. 1). Each magnetic box has five coils connected in parallel to
each other and mounted radially on a wooden shield. Each coil consists of 1000 turns
of 0.22 mm insulated copper wire wound on a piece of iron bar (100 mm long and
20 mm in diameter) with a space of 16 mm at the one end and 30 mm at the other
end. Within each box the coils were connected in series to regulated potentiometers
to adjust desired current. A current regulated power supply (Good Will, model #SPS-
3610) was used to power the coils. A regulated current of 1.21 A at 5.03 V was
passed to produce an internally uniform linear electromagnetic field with a horizon-
tal component of 2.45 × 10–5 Tesla (equivalent in strength to the local Earth’s field).
The extent and strength of the uniform field within the solenoid was measured with
a calibrated gauss meter (F.W. Bell, model #6010) and found to conform to the above
throughout the working space. The coil system made it possible to test ants in Earth-
strength magnetic field aligned to the north (the natural field), east, south or west.

Elimination of cues

All transparent parts of the apparatus were coated externally with a thick layer of
paraffin wax in order to admit only diffuse light and eliminate possible visual cues
[11]. In addition, both in light and darkness, 40 cm long by 75 cm high an opaque
cardboard rectangle was affixed around the orientation platform, to eliminate a view
of any incidental extra room cues when they orientate. Before each trial, the orienta-
tion platform was wiped with pure ethanol to eliminate any possible interference by
pheromone residues. Furthermore, before each individual observation, the filter
paper was replaced with the new one. Orientation platform was mounted on a wood-
en support and levelled to preclude the use of gravitational cues. On entering the ori-
entation platform, therefore, foragers were denied any point of reference on which to
orient.

Energised magnetic boxes throughout the training and test periods eliminated the
possible influence of any extraneous fields. However, because of natural field exper-
iments, entire work was carried out in a Perspex-aluminium greenhouse (15 m2) plat-
ed completely by zinc plaques. The greenhouse was placed far enough from build-
ings in order to prevent electromagnetic disturbance.

Training procedure

Prior to each series of experiments the orientation platform was oriented with the
arms towards the four cardinal points. A plastic ‘training’ vessel was attached to the
end of each arm permitting foragers to explore them and return. A small quantity of
diluted honey placed in the vessel attached to the north arm encouraged foragers to
visit it. This arrangement was left undisturbed for a month, during which time a
pheromone trail could become established and foragers accustomed to orienting
towards the food source. For the ensuing month the orientation platform assembly
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was washed internally with ethanol and the filter paper was replaced with the new
one ten times per day in order to reinforce the use of directional information derived
from a magnetic field. Fresh training vessels (including a food source in the one to
the north) were fitted each day. This procedure was also continued between succes-
sive tests during the data collection period.

Test procedure

Ant responses were tested under both the natural geomagnetic and artificially
induced Earth-strength electromagnetic field. For the latter, the magnetic boxes were
kept energised throughout the training and test periods to eliminate the possible influ-
ence of any extraneous fields. Experiments were conducted both in artificial illumi-
nation and darkness.

Experiment I. Under natural geomagnetic field: The ants (nest 1) were trained to
the food source under the natural geomagnetic field and tested in the same (Fig.
1a, b).

Experiment II. Under artificially induced Earth-strength electromagnetic field:
The ants (nest 2) were trained to the food source under artificially induced Earth-
strength electromagnetic field perpendicular to natural geomagnetic field and tested
in the same (Fig. 1c, d).

Data collection and statistics

To perform tests, it was necessary to remove the food source and any residual
pheromone trails laid down during the training period and thereby leave magnetism
as the only orientational cue on the orientation platform. Therefore, prior to each
individual observation the orientation platform assembly was wiped with ethanol and
the filter paper was replaced with the new one. Their possible interpretation as social
facilitation is eliminated by the observation that each ant entered and traversed the
orientation platform alone. Training procedure was resumed between the test periods
to maintain foraging traffic and provide reinforcement for the directional information
from a magnetic field.

An infrared camera placed 2 m above the experimental arena, allowed an observ-
er to monitor and record compass angles and tracks of the ants. The orientation plat-
form was aligned so that 0° was at magnetic north. The angle at which each ant
reached the edge of the orientation platform was recorded, and then the ant was gen-
tly removed by a paint brush. Removed ants were kept in a moist box until the test
completed and were then returned to the nest. To be statistically robust, 30 individu-
als were used for each test. The distribution of compass angles of foragers was ana-
lyzed using a circular statistical method [6], widely used to analyze similar sets of
data [8, 9, 15, 19, 23, 25]. The analysis derives the mean vector angle, a, and its
length, r. The length indicates the amount of agreement among individual estimates
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so that if all estimates are in precisely the same direction, r = 1, and if they are uni-
formly spread over 360°, r = 0.

The V test was used to determine whether or not the distribution of a population
around the circle was different from a uniform one [6]. However, because the V test
is not applicable to test whether the mean direction of the sample deviates signifi-
cantly from the predicted direction (i.e. home direction), the confidence interval for
the mean angle was used for this purpose [4, 28]. The test determined 95% confi-

Fig. 2. Diagrammatic representation of compass angles of foragers under natural geomagnetic field
(a: light, b: darkness) and under an artificial magnetic field (c, e: light, d, f: darkness). The triangle out-
side each circle indicates the home angle. The dots around the circumference show the actual distribu-
tion of angles of foragers. Sample size = 30; a = mean vector angle; r = mean vector length; u = critical val-
ues of the V test; d = deviation values around the 95% confidence interval. The dashed lines denote the

95% confidence interval around each sample mean



dence limits around each mean angle, and it was noted whether the predicted direc-
tion fell within this interval. If the 95% confidence limits did not include the pre-
dicted direction, homeward orientation was not established.

RESULTS

Under the natural geomagnetic field in light, foragers failed to discriminate geomag-
netic north. Foragers did not show significant preference for either the north – south
or east – west axis (Fig. 2a). However, similar test performed in darkness indicated
a significant departure from uniform distribution. Foragers showed a clear preference
for the N/S axis with the majority seeking geomagnetic north (Fig. 2b).

Under shifted artificial electromagnetic field, ants showed significant heterogene-
ity of distribution. In both light and dark conditions orientation was predominantly
on the magnetic N/S axis with a significant preference for the N (Fig. 2c, d, e, f). The
observations of the ants’ tracks indicated that the paths are irregular and tortuous
(Fig. 3).

DISCUSSION

The results provide strong evidence of magnetic orientation in F. pratensis in the
absence of all orienting cues but the magnetic field. When all other orientational cues
were eliminated, the distribution of ants on the orientation platform was significant-
ly heterogeneous; a majority visiting the previous location of the food source (mag-
netic north) in all experimental conditions except the one under natural geomagnetic
field in light. This could be due to some unknown extraneous features in light appar-
ently affecting the ants under natural geomagnetic field.

Our results are in agreement with five previous studies [2, 3, 5, 7, 16], but in dis-
agreement with the other two studies [17, 20]. Differences in magnetic sensitivity/
orientation could depend from the biology and ecology of the different species.
However, this could also be due to a failure to satisfy any one of several prerequisites
of magnetic sensitivity since magnetic cues are weaker than other more potent cues
such as visual or chemical. Indeed, in our track observations, they exhibited irregu-
lar and tortuous paths (Fig. 3) dissimilar to exhibition of more straight paths in the
presence of visual or chemical cues.

The perception of compass direction is clearly useful in goal orientation and might
be expected to be of value to centre-place foragers like ants. The perception of linear
axis may also serve to assist lost foragers and scouts in regaining an established trail.
Learning to search for food in a particular direction relative to the magnetic field is
perhaps less important when more potent cues (i.e. visual, chemical) are available.
However, being able to orient magnetically when these cues are obscured during for-
aging would appear to be a useful capability, especially in nocturnal species, for
reducing the loss of workers from the colony population. Consequently, magnetic
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Fig. 3. Foragers’ tracks under natural geomagnetic field (a: light, b: darkness) and under an artificial
magnetic field (c, e: light, d, f: darkness). Each line in a particular circle represents an ant’ trip to the plat-
form periphery in a given experimental condition. The blank circle at the centre denotes the access hole. 

For further explanation, see discussion



detection might be a backup system requiring certain releasing stimuli before it
becomes effective. In this context, one might not be surprised to find that evolution
has been opportunistic in exploiting a wide range of available environmental sources
of navigationally useful information. Recent growing evidences of magnetite
nanoparticles found in ants [1, 21, 22, 24], in honeybees [10, 12, 13, 14] and in ter-
mites [18] suggest the involvement of these magnetite particles to infer direction
from a magnetic field.

In conclusion, our results suggest that F. pratensis foragers have magnetic sense
systems to gauge direction that might be available as back up cues when other ori-
entational cues are unavailable.
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