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Learning to vocalize is crucially important to humans.
Songbirds are among the few animals that share this abil-
ity. This lab studies song learning as an example of a com-
plex learned behavior, and aims to characterize the neural
networks and processing mechanisms that allow this learn-
ing. As is true for human speech, birdsong in many species
is most easily learned when the animal is very young. We
use anatomical and physiological techniques to investigate
the cellular and molecular basis of this critical period of vo-
cal learning and song maintenance. In addition to studies
on vocal learning, we study the way in which social in-
formation strongly influences brain activity and behavior
during song communication.

1. Neural mechanisms of song learning and
maintenance

(1) Synaptic mechanisms of song learning

One nucleus in the songbird forebrain, RA, is a critical
location for integration of sensory and motor signals dur-
ing song learning. Previous studies had suggested an im-
portant role for postsynaptic NMDA receptors during the
song memorization or song practicing period. We are test-
ing, using anatomical and physiological methods, whether
presynaptic properties may also change during song learn-
ing. We recorded isolated NMDA-receptor mediated ep-
scs in response to stimulation of inputs from LMAN and
HVC to RA neurons. After addition of the open-channel
blocker MK-801, transmitter release probability was de-
termined by measuring the rate at which successive epscs
decreased in size. We found that the release probability
of adult LMAN synapses was about 40% lower than of
young LMAN synapses. For inputs from both LMAN and
HVC, synapses remaining after block of NMDA receptor
NR2B subunits had a lower release probability. Further-
more, we have found that there is a consistent decrease in
the relative amount of NR2B subunits during the period of
song learning, by labelling with receptor antibodies. Thus,
maturation of synapses by postsynaptic addition of NR2A
subunits occurs concurrently with decreased presynaptic
release probability.

(2) Function of neurogenesis in adult song maintenance

In adult songbirds, new neuron addition and likely re-
placement occur in the HVC, a forebrain song control nu-
cleus. Such neurogenesis is thought to be related to adult
song maintenance and plasticity, however, the detailed
function is still unclear. To address this issue, we first con-
firmed the site of neurogenesis and the route of migration
of new neurons by injection of the cell birth marker, bro-
modeoxyuridine (BrdU). The BrdU-labeled cells appeared
in a cluster in the ventricular zone within 3-4 hrs after in-
jection, and migrated along the ventricular wall into HVC
after several days. We then stained apoptotic cells in HVC
by the TUNEL method to test for neuronal replacement.
Greater numbers of both BrdU-labeled and apoptotic cells
were seen in bengalese finches, whose adult song shows
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more plasticity, than in zebra finches.

2. Neural mechanisms of song as communication

(1) Cholinergic function in song communication

Previous work had shown that singing-related activity
in several anterior forebrain (AF) areas is strikingly mod-
ulated by the social context in which a bird sings. In this
basal-ganglia circuit, there is much more activity when a
bird sings while alone (undirected) than when singing to
another bird (directed). To investigate possible sources
of this modulation, we are examining singing-related im-
mediate early gene (IEG) expression in diencephalon and
midbrain nuclei. We have found that there is an opposite
pattern of IEG expression in two areas, the interpeduncu-
lar nucleus (IPN) and medial habenula, compared to AF
nuclei. Expression is higher after directed compared to
undirected singing. Furthermore, we found higher levels of
expression after directed singing in the nearby dopaminer-
gic nucleus VTA. In order to determine the circuit that is
modulated during courtship, and how it can affect cortical
brain activity, we are combining IEG expression with labels
for specific neuron types, such as dopaminergic neurons or
interneurons.

(2) Dopaminergic function in song communication

During singing, the AF could receive a selective mod-
ulatory input dependent on social factors or motivational
level. Given the role of dopamine in other systems in re-
ward processes, we have begun to test whether this trans-
mitter may mediate the social modulation of forebrain ac-
tivity. We recorded activity of neurons in the midbrain
dopaminergic nucleus VTA while birds sang both directed
and undirected songs. Consistent with a role of dopamine
as a source of forebrain modulation in this system, we have
found two distinct types of VTA neurons whose activity is
consistently dependent on social context. One population
phasically increased its firing during directed singing, but
was not changed during undirected singing. Another popu-
lation of neurons fired in an opposite pattern: they ceased
firing during directed singing, but fired tonically during
undirected singing.
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