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Closely related animal species often have
similar mating seasons and habits. To avoid
unproductive couplings, individuals use
species-specific pheromones, displays, and
vocalizations to distinguish themselves from
related species. In Drosophila, for example,
males of different species produce courtship
songs with species-specific interpulse inter-
vals (IPIs). These signals are detected by
antennal auditory sensor neurons (JO-B
neurons), which project to AMMC-B1 neu-
rons in the brain. AMMC-B1 neurons proj-
ect to pC1 neurons, which regulate female
responsiveness to male courtship beha-
viors. As sound information is transmitted
along this pathway, neuronal responses be-
come progressively more selective to the
species-specific IPI. For example, the
IPI of D. melanogaster courtship songs is
�35 ms, and pC1 neurons respond prefer-
entially to songs with this interval; but the
peak response of AMMC-B1 neurons oc-
curs for IPIs of 25 ms.

How song-processing neurons acquire
their tuning properties is unclear. To answer
this question, Yamada et al. used in vivo cal-
cium imaging in female D. melanogaster to
measure neuronal responses to artificial
songs with different IPIs. Response profiles
in JO-B and AMMC-B1 neurons were sim-
ilar at IPIs �25 ms, but they diverged when
the IPI was 15 ms, as responses in AMMC-B1
neurons were attenuated. Knocking down a
GABAA receptor subunit in AMMC-B1 neu-
rons increased responses at lower IPIs, sug-
gesting that the tuning of these neurons
relies partly on input from GABAergic
interneurons. Indeed, silencing AMMC-
LN—an interneuron that was previously
shown to be involved in processing of court-
ship songs—increased the responsiveness of
AMMC-B1 neurons to songs with a 15 ms
ISI. Examination of the morphology and
distribution of synapses in AMMC-LN and

another interneuron, AMMC-B2, suggested
these neurons provide feedforward inhibi-
tion from JO-B to AMMC-B1. Notably,
silencing either AMMC-LN or AMMC-B2
greatly increased the ability of songs with 15
ms IPIs to elicit courtship behaviors in fe-
male flies.

These results suggest that feedforward
inhibition helps to tune auditory responses in
female fruit flies, thus ensuring they re-
spond selectively to courtship songs from
conspecifics. The authors stress that other
interneurons likely contribute to the
tuning of AMMC-B1 neurons. Therefore,
future work will be needed to fully under-
stand how the courtship song of male fruit
flies is processed by female brains to drive
appropriate responses.
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People routinely make inferences about
other people’s thoughts and beliefs to ex-
plain and predict others’ actions. The age
at which children acquire this ability, called
theory of mind, is unclear. Early experi-
ments suggested that children do not infer
false beliefs in others—a key component
of theory of mind— until they are 4 –5

years old. This can be demonstrated by
showing children videos in which a pup-
pet hides an object while an actor watches,
then moves the object as the actor looks
away. Whereas 5-year-olds correctly infer
that the actor falsely believes the object is
in the original location and thus will look
there for the object, younger children pre-
dict the actor will look in the new hiding
place, suggesting they do not infer false
beliefs. But more recent work using looking
times as a measure of surprise indicated that
15-month-old children are surprised when
the actor looks for the object in the new hid-
ing place, suggesting they do infer false be-
liefs. Although some researchers argue that
these results demonstrate theory of mind in
infants, others argue that infants’ ability to
infer false belief is a more primitive ability
that is distinct from what older people ex-
hibit (Gweon and Saxe, doi: 10.1016/B978-
0-12-397267-5.00057-1).

Hyde et al. reasoned that if false-belief
inferences in infants are comparable with
those in adults, they should activate the same
brain areas. Their previous work showed that
when adults watched false-belief scenarios,
activity in a portion of the temporal pari-
etal junction implicated in theory of mind
was greater during the brief period when
the object was moved when the actor was
not looking than when the actor watched
the object being moved. They now show
that 7-month-old infants show the same
pattern of activity. Impressively, they rep-
licated this finding in a preregistered
study using a new group of infants.

These results suggest that the neural
mechanisms involved in false-belief infer-
ences in infants are similar to those in
adults. The ability to use these implicit in-
ferences to make explicit predictions likely
requires the development of additional
brain networks involved in reasoning, lan-
guage, and memory, as well as interactions
between these and the implicit-theory-of-
mind network centered on the temporal pa-
rietal junction.
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Circuits in the AMMC (green) of the fly brain tune responses
to the interpulse interval of courtship songs. See Yamada et al.
for details.
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