e world

EFFECTS OF ELECTRIC CHARGES ON HONEYBEES

by ULrRICH WARNKE

Fachbereich Biologie, Fachrichtung Zoologie der Universitit, 6600 Saarbriicken,
German Federal Republic

Introduction

The fact that insects can carry an electrostatic charge is neither surprising nor new.
A paper on the electrical properties of insect hairs was published as early as 1929%,
The subject was not pursued further for a long time, seeming to be without importance,
but when proof was obtained that bees and other insects in electric fields show changes
in behaviour and metabolism, the electrostatic charges on them acquired a new
significance. For this reason we tried, first of all, to measure the electric potential
on the body surface of bees and then to ascertain the various factors that influence it!4,

From the measurements, which were initially purely physical, a physiological interest
emerged which had not previously been recognized. A large number of new view-
points came to light for discussing the perception of electric fields and also intra-
specific communication of social insects, and for “weather sensitivity” and orientation!s,
Any working hypothesis had to be based on the fact that insects evolved relatively
early in the history of the earth. Since then, electric fields in the atmosphere, and
electromagnetic oscillations and atmospheric ions, have become established as meteoro-
logically correlated factors in the insects’ habitat. It seems unlikely that they should
have remained unused as sources of information, especially by animals at a primitive
evolutionary stage.



51

Charges on the body of an individual bee and on the colony

The body surface of a bee can be divided roughly into two areas as far as its electrical
behaviour is concerned. All the membranous and glandular surfaces of the cuticula
show great variations in potential, whereas the rest of the surface is at a low potential,
up to +-1v. Over fairly short distances, there may be fairly high intensities of electric
field, 25v/0-2cm. These measurements show certain peculiarities:

(a) Static potentials can be measured only from the antennae; elsewhere on the body

there is an effect analogous to the discharge of a condenser.

(h) A bee is able to change the polarity of an antenna, completely or partly, in less

than a second (Fig. 1). The change usually occurs just before flight take-off,

suggesting perhaps that this change of polarity has some function in orientation.

It may be brought about by an active stretching or compression of the cuticula

(piezoclectric effect, electrostriction).

(¢) The bee is insulated electrically from any underlying surface by the claws of its

tarsi, but it can make electric contact with the surface by means of the electrolyte

secreted from the arolium.  According to the sign and magnitude of the potential

of the underlying surface, the bee then becomes either charged or discharged.

Every colony as a whole shows a level of charge which is characteristic of it, depend-
ing on its strength and the amounts of brood and honey in it. The alighting board
immediately in front of the hive entrance is within the electrical influence of the colony.
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Fig. 1. Diagram illustrating the dipole effect of a bee’s antennae. The bee is able to change
the polarity of an antenna (c.g. from positive to negative) within seconds. The dotted lines
give a stylized indication of the lines of the electric field.

Fig. 2. Diagram showing the lines of the electric field originating from the spatial charges;
they are concentrated in cuticular areas of high electrical conductivity.
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In the first place, the wood of the alighting board acts as a potential-distributor for
currents originating in the hive. Secondly, when bees are fanning (either ventilating
or scenting) charged particles are whirled out of the hive.

Beyond a (measurable) distance from the entrance, the electrical influence of the
colony ceases. On days when a colony has a negative potential, positively charged
bees returning to it change their potential from positive through zero to a negative
value during flight. On other days (when its potential is positive) those bees that have a
small positive potential increase this more and more as they approach the colony
(Fig. 3). It is possible to record the arrival or departure of an individual bee, within a
suitable distance of the hive entrance, by recording the change in the potential of the
colony with a sufficiently sensitive instrument.
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Fig. 3. Charges on bees and colonies in relation to the weather.
A, In fine weather the colony and the bees are positively charged.
B. In rain the charges are mainly negative, under the influence of the polarity of the clouds.
The polarity of bees returning from foraging is changed.
C. Before a thunderstorm breaks, the high relative humidity causes discharge of bees on the
eground, and a high bipolar concentration of atmospheric ions discharges bees in the air.
D. During the discharge of lighining, very high variations in electric potential occur in the
colony.

Environmental influences
Electric field

Under the influence of an external electric field, a bee and all electrolytic pathways in it
(haemolymph, epidermal secretions) are affected. The lines of the electric field are
concentrated towards those areas of the cuticula which have a higher electric conduc-
tivity (due to ion pollution or local precipitation of moisture), or which present a path-
way of lower electric resistance to the inner organs via the haemolymph (membranes,
parts of the integument which act as sensors); see Fig. 2. The cuticula of antennae
of live bees shows higher potentials than the rest of the body surface. Comparing
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~ individual bees, the antenna potential of a queen is approximately twice that of a
worker. This difference is due to the paired ovaries of the queen, which present an
extensive electrolytic surface capable of being affected by an electric field.,

Atmospheric ions

The amount of electric charge on a bee that is “*whirring’’ its wings [German schwirren)
depends on the number of unipolar ions per unit volume of air.  The charge originates
from the friction of the wings against the air.

Humidity and temperature

In relatively humid air, the surface of a bec’s body is covered with a conducting film
of fluid. Once there has been discharge to earth, subsequent charging of the bee is
impossible.

Light irradiation

The incidence of light on the cuticula increases its surface conductivity. The results
of recent experiments also indicate a photoelectric effect, i.e. emission of electrons from
the cuticula under the influence of solar radiation.

Changes in behaviour brought about by electric parameters

An applied low-frequency field of 1-10 kv/m increases the metabolic rate of bees above
that of bees screened clectrically! 4. The hyperactivity of colonies in electric fields such
as occur under high tension wires has already been described11.18, Recently we have
obtained new results from controlled laboratory experiments, and have made a film
which demonstrates them16. Bees in a strong electric field became aggressive, stinging
each other to death; communication was disturbed. At still higher fields, the bees
tore out the brood from the cells, and no new brood was produced. The bees left
their hive if they could, or otherwise they sealed themselves inside it with propolis,
closing not only any crevices and holes but also the entrance. Lack of oxygen led
to intensive fanning, as for ventilation; abnormally high temperatures were produced,
and the bees died.

Colonies subjected to electromagnetic oscillations (10-30 kHz, 800 v/m) produce a
changed pattern of sounds, and their temperature increases3:.17, Given a choice,
bees will evade such oscillations!3,

Increased concentration of atmospheric ions increases motor activity and also
affects the water balance of the bees2. Extensive electric screening of bees by a
Faraday cage reduces general activity and results in a pathological loading of the
rectuma2,

Human beings—often with a high electrostatic charge, as when they wear clothing
of synthetic materials—can subject bees to considerable electric shocks, which may
make them aggressive.

Mechanics of these effects

Experiments have provided clues to some of the mechanisms which release the effects
of electric parameters. A direct electric field (or an alternating field of low frequency),
in which a bee is situated, undergoes a displacement at the body surface of the bee.
It is to be expected that the force brought about by the field would produce a distortion
of mechanosensilla. Corresponding experiments on the human epidermis, using an
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electro-optical method, have shown rhythmic bending of hairs keeping time with the
changes in a direct electric field. In the presence of clectromagnetic oscillations
(about 20 kHz, 800 v/m) the petiole of a bee becomes warmer, perhaps indicating
muscular activity or the concentration of current through a smaller area. If the
ion concentration of the air is high, peak discharge currents of about 10 x 10-8 A
may occur at the antennae; these are sufficiently high to produce physiological excite-
ment.

Weather sensitivity of bees

This is a well recognized phenomenon. It is particularly apparent when a thunder-
storm is approaching: bees that have been foraging return to the hive in large numbers,
and a considerable time before the storm breaks the bees show increased ““irritability™
and readiness to sting!2. Some types of behaviour can be correlated with atmospheric
electrical factors. The level of the electric potential affects the ability of bees to imbibe
foodi2, Tt also affects the onset and course of the flight of young bees from the hivel?,
and also aggressivityl'4, The fact that the bees’ ability to return to their home or hive
varies from time to time can be attributed to atmospheric disturbances (electromagnetic
oscillations in the long-wavelength range)®.

Changes in weather and cloud formation are associated with changes in electric
potential, which produce local changes of charge both in the individual bee and in the
colony (Fig. 3), and this could account for the bees’ “‘recognition” of the dynamic
course of weather changes. Corona discharge due to high atmospheric field inten-
sities (for example from the tips of grasses and leaves) must also be taken into account:
they might produce a UV pattern visible to the bees which, being unstable in time,
could confuse their orientation.

Electrocommunication

All modes of behaviour in which the wings produce a current of air (e.g. scenting),
or movement by the bee (flight), create an alternating field in the bee’s immediate
neighbourhood?15 (Fig. 4). An influence on nearby bees (induction) inevitably
occurs. The same is true of rhythmical movements of parts of the insect’s body,
such as all forms of dance (Fig. 5) and antennal contact.

If two bees at different potentials make contact through their antennae, a current
will flow from one to the other, its strength depending on the bees’ internal resistances
and the resistance of the underlying surface. If one accepts the findings of Gatuszka
and Lisiecki® that different colonies have different internal resistances, then it seems

Fig. 4. Oscillogram of the electric field of a bee “whirring™ its wings (schwirren). The field
shows amplitude modulation, and inevitably aflects neighbouring bees.
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possible that a bee may make antennal contact with another bee and recognize whether
it belongs to the same colony by the decrease of internal potential resulting from the
contact (Fig. 6).

Electronavigation

Looked at from a physical point of view, a flying animal constitutes a moving charge,
1.e. an clectric current (convection current), Provided a bee does not fly parallel to
the earth’s magnetic ficld, a small force is exerted on it—which is proportional to
the flight speed (Lorentz effect). This force produces an electric potential (Hall effect).

Calculations on the charging of insects by natural electrical factors show that insects
become discharged a considerable time before a thunderstorm breaks, whether they
are in the air or on the ground. If an electric charge is basically important for the
orientation of insects, their discharge would be followed by disorientation and possibly
increased aggressiveness.

This serics of conjectures could be extended, but the first thing is to obtain further
experimental results. It is hoped that this article will encourage scientists to include
investigations of effects of electrical factors in their future researches on bees.

Fig. 5. The wagtail dance. Communication of information by means of the alternating
field produced? Diagram modified from von Frisch.

Fig. 6. Antennal contact between two bees produces a discharge current if the antennae had
different polarities. The current is large enough to produce physiological stimuli.

In the circuit diagram:

Ag,, Ap, represent the two bees as sources of electric energy.

Rn,. Ru, represent the internal resistances of the bees’ bodies.

C,, C. represent the capacitics of the two bees.

R, represents the resistance of the alighting board.
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