Bees Have Magnetic Remanence

Abstract. Honey bees orient to the earth’s magnetic field. This ability may be
associated with a region of transversely oriented magnetic material in the front of the
abdomen. The magnetic moment apparently develops in the pupal state and persists

in the adults.

The orientation of a variety of animals
is affected by magnetic fields. For ex-
ample, pigeons usually fail to navigate
well on cloudy days if small magnets are
affixed to their heads (/). European rob-
ins kept in special cages during migration
season orient themselves according to
the magnetic field in the cages (2). Re-
grettably, magnetic-field orientation has
proved extremely difficult to work with.
In the case of the pigeons, one cannot
rule out the possibility that the magnets
are affecting the animals secondarily—
making them sick, for example. The ef-
fect on robins is so weak that only by us-
ing one particular cage design and by av-
eraging the results of many birds over
many nights in a special way can the phe-
nomenon be extracted from the noise.

Work on magnetic field orientation in
honey bees, however, has uncovered
more reliable bioassays. Bees show four
variable but convincing effects of mag-
netic fields. (i) In their dances, bees con-
vert the angle flown to the food with re-
spect to the sun into an angle danced
with respect to gravity. In this con-
version, bees make small regular errors
which depend largely on the orientation
of the dance with respect to the earth’s
field. Canceling the field causes the er-
rors to disappear (3). (ii) When the comb
is turned on its side so that the bees must
dance on a horizontal surface, depriving
them of their usual gravity cue, some
bees stop dancing, while others dance in
a disoriented fashion. After several
weeks, however, those dances that do
occur become oriented to the four car-
dinal points of the magnetic compass.
Canceling the earth’s field eliminates this
reorientation ¢, 5). (iii)) When a swarm
of bees is placed into an empty cy-
lindrical hive and otherwise deprived of
orientation cues, they are reported to
build their comb in the same magnetic di-
rection as it was in the parent hive (4).
(iv) In the absence of all other cues, bees
seem to set their circadian rhythms by
the regular daily variations in the earth’s
magnetic field. An abnormally strong
field disrupts the rhythm (6).

At least three general theories have
been invoked to explain how terrestrial
animals could detect magnetic fields.
The first supposes that animals have an
electrically conducting loop in which a
measurable current is induced when it
moves quickly through the earth’s field.
Proponents of this hypothesis are en-
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couraged by the inability of experiment-
ers to condition restrained pigeons to
magnetic stimuli in the laboratory (7). Of
course, magnetic orientation, like many
other behaviors, may simply be context-
specific. The recent report of successful
conditioning of a bird fluttering in a wind
tunnel §) could be interpreted in this
way. Also, it is difficult to see how the
static field of a bar magnet or elec-
tromagnet on a pigeon’s head could af-
fect an induced-current detector. A fur-
ther problem for the induction hypothe-
sis is the discovery that slow-moving
cave salamanders orient to magnetic
fields (9).

A second theory proposes that the de-
tectors are paramagnetic; that is, when
in a magnetic field, detector molecules
respond by producing a field of their
own, and this response is somehow mea-
sured by the nervous system. Advocates
of this idea note that the errors in the bee
dances do not completely disappear for
45 minutes after the earth’s field has
been canceled. True paramagnetic mate-
rials, however, respond almost instanta-
neously to changes in the applied field.
Nevertheless, it is theoretically possible
with precise control of size, shape, and
chemistry to build paramagnetic-like
(‘‘superparamagnetic’’) detectors out of
magnetic materials with virtually any
magnetic decay time. Unfortunately, the
45-minute ‘‘adaptation time’’ in bee
dances is not really explained by in-
voking paramagnetism of any sort. A
long-delay system would provide the bee
with a useless time average of all the
field orientations it has experienced over
several trips out to and back from a food
source, as well as during the intervening
dance bouts in the hive. Still, the para-
magnetic properties of many organic
molecules make this hypothesis attrac-
tive.

The third possibility is that animals
might have magnetic detectors—per-
manent magnets that could twist in an at-
tempt to align themselves with the
earth’s field, thereby producing a mea-
surable torque. [As is discussed below,
many organisms that regularly synthe-
size magnets are known (/0, 11).] The
magnet hypothesis may be directly test-
ed, provided that the magnets are strong
enough, since simply moving a magnet
produces well-known electrical effects.
The recent interest in continental drift
and its record in the weak remanent mag-
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netism of rocks has brought about the
development of very sensitive magne-
tometers (/2). These instruments, by
means of superconducting quantum in-
terference devices bathed in liquid heli-
um, very accurately measure the current
flow caused by the movement of a weak-
ly magnetized sample into a supercon-
ducting loop.

Eighteen dead adult bees that had
been dried in air for 2 months were test-
ed first. Of the eight that were measured
without any prior treatment with a strong
magnetic field, none showed any signifi-
cant magnetism (Table 1). When a strong
field (about 700 gauss, as compared to
the earth’s field of about 0.5 gauss) was
applied briefly to the bees before sub-
sequent measurements, a substantial
remanent (that is, permanent) field was
induced in 15 of the 18 bees, with an av-
erage strength of 2.7 X 107% emu (elec-
tromagnetic units; this is equivalent to
the field that would be produced by ap-
proximately 15 million 0.1-um single do-
mains of magnetite). The orientation of
the induced remanent magnetization
clearly tracked the most recently applied
field (Table 2).

Two dead bees were then dissected
with nonmagnetic tools to locate the
source of the magnetism. The magnetic
material was found almost exclusively in
the front of the abdomen.

Twelve live or freshly killed bees were
also tested. Each of these showed a sub-
stantial natural magnetism averaging
1.2 X 107% emu. After treatment with the
same strong field used on the dead bees,
the remanence averaged 1.7 X 1075 emu
(Table 1). Unlike the dead bees, how-
ever, the remanence had a strong pre-
ferred direction and showed little ten-
dency to track the applied field (Table 2),
suggesting a strong shape anisotropy or
high coercivity (or both) of the magnetic
domains. The magnetic fields of these
live bees were oriented transversely and
restricted to the horizontal plane of the
bee (Table 2). Subdivision of two live
bees revealed that the magnetic material
was located in the front third of the abdo-
men, but relatively little was associated
with the digestive tract.

Five older pupae were also tested and
found to have similar natural field
strengths (1.5 X 107 emu) with the same
transverse-horizontal orientation (Tables
1 and 2). Just as with the adults, some
had their north-seeking pole pointing to
their left, while the others pointed to the
right. One young pupa, two larvae, and
an egg were also tested and found to
have very little natural or inducible field
(Table 1).

A second group of live bees and pupae
were tested 2 months later and found to
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