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Honeybee scouts inform their hive mates
about the location of food sources by per-
forming the waggle dance. The returning
scout waggles her abdomen and beats her
wings, emitting a train of vibration pulses
as she walks in a line; she then loops alter-
nately to the left or right to return to the
starting point and repeat the pattern. The
angle of the waggle run relative to gravity
communicates the direction of the food,
while the duration of the run indicates
distance. After attending the dance, fol-
lowers can locate the resource with re-
markable precision.

Although honeybees’ dances have in-
trigued people for 60 years, little is known
about the neural circuits that allow follower
bees to interpret the message. Vibration
pulses emitted during the waggle run and
detected by sensory organs in followers’ an-
tennae are likely to be essential, however.
Therefore, Ai et al. recorded neurons in
bees’ primary auditory center (PAC),
which receives antennal afferents, to iden-
tify neurons that respond to vibrations
similar to those produced during the wag-
gle dance.

Three major classes of PAC neurons
were characterized based on arborization
patterns: local interneurons, projection
neurons, and bilateral neurons. Each of
these classes was further subdivided based
on morphology and response properties.
Most local interneurons were DL-Int-1
neurons, which were GABAergic and ton-
ically active. These neurons were excited
at the onset and offset of vibration pulses,
but were tonically inhibited during pulse
trains. Most PAC output neurons were
DL-Int-2 neurons, which were tonically
excited during pulse trains. Finally, most
bilateral neurons were DL-dSEG-LP neu-
rons, whose spikes were phase-locked to
the onset of each vibration pulse in a train.

Based on these results, the authors
suggested roles for each neuron class in
waggle dance encoding. Phase-locked re-
sponses of bilateral DL-dSEG-LP neurons
likely enable them to represent the precise
pattern of pulses during the dance. Pre-
cisely timed spiking at vibration onset and
offset, along with tonic inhibition during
pulse trains, might allow DL-Int-1 neu-
rons to encode the duration of waggle
runs. DL-Int-1 neurons appear to inhibit
DL-Int-2 neurons; disinhibition of DL-
Int-2 neurons during pulse train thus
allows them to contribute to encoding.
These discoveries should facilitate future
elucidation of how bee brains encode and
interpret waggle dances.
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Sex differences are widespread in the ner-
vous system. Differences in brain structure,
neuron morphology, protein expression
patterns, and physiological processes are
thought to contribute to sex differences in
stress-, pain-, and emotion-related behav-
iors that were once assumed to arise pri-
marily from cultural influences. Sex
differences in emotion-related behaviors,
for example, might stem partly from lat-
eralized processing of emotional scenes,

with right-amygdala activity contributing
to emotional memory in men and left-
amygdala activity contributing to such
memory in women (Cahill 2010 Prog
Brain Res 186:29).

To identify neural mechanisms that
might underlie sex differences in emotion-
related behaviors, Blume et al. examined
neurons in the basal (BA) and lateral (LAT)
nuclei of the amygdala in male and female
rats. Neurons in both nuclei fired at higher
rates in females than in males, and this dif-
ference could be explained at least in part by
greater spine density, EPSC frequency, and
glutamate sensitivity in females.

To determine whether estradiol levels
contribute to these sex differences, the au-
thors examined changes across the estrus
cycle in females. Firing rates in BA were
highest during proestrus (when estradiol
levels are relatively high), but were highest
during diestrus in LAT. These differences
were associated with differences in the
balance of excitation and inhibition
across the estrus cycle. In BA, inhibition
was highest during diestrus, when neu-
rons received more inhibitory input and
were less sensitive to glutamate and more
sensitive to GABA than during proestrus.
In contrast, inhibition was highest in LAT
during proestrus, primarily as a result of
increased inhibitory input and higher sen-
sitivity to GABA. Importantly, differences
across the estrus cycle appeared to influ-
ence fear behavior: extinction of cued fear,
which depends on LAT, was slower during
diestrus, when inhibition was weakest,
whereas extinction of contextual fear,
which depends on BA, was slower during
proestrus.

These results indicate that neurons in
the basolateral nuclei of the amygdala,
which have key roles in emotion-related
behaviors, are more active in females than
in males, and that their activity is regu-
lated partly by estradiol. Moreover, these
differences can affect behavior. Whether
similar changes occur in human amygdala,
and if so, how they influence emotional be-
haviors in men and women, remains to be
seen.
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Bees perform a waggle dance to tell their hive mates where to
find food. See Ai et al. for details.
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