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Surgical Procedures: We attached a metal pin onto the mouse’s skull and bolted
this pin to a custom-made stereotax. This kept the mouse’s head in a fixed position so
that we could position the electrode into different areas of the IC on different days. A
hole was cut in the skull based on the following coordinates; 4.9-5.8 mm from bregma
and 0.5-1.7 from midline.
Acoustic Stimuli: Pure tones and 20 CBA/CaJ mouse social vocalizations were
presented as stimuli. These vocalizations were recorded from CBA/CaJ mice in our lab
and are known to be regularly emitted by mice living in captivity. All ultrasonic
vocalizations were high-pass filtered with a cut-off frequency of 20 kHz to ensure that
neural responses were not due to low frequency noise in the stimuli.
Extracellular Recording Procedures: Micropipette electrodes were advanced
through the IC in dorsal-to-ventral penetrations. Electrodes contained 10% fluoro-ruby
(FR) in 1 M NaCl. Only data from well isolated single units were analyzed for this
study. Excitatory frequency tuning curves were obtained by collecting evoked
responses to pure tones that varied in frequency between 6-100 kHz. Responses to
vocalizations were then obtained at a minimum of three intensities.

Frequency Organization of Mouse IC

Responses to Vocalizations are not well Predicted by 
Responses to Tones in all Subdivisions of IC

These coronal sections are stained with cytochrome oxidase to delineate the central nucleus 
of the IC. Most of our single unit recordings are in the central nucleus. There are no apparent 
changes in frequency representation between the borders of the dorsal cortex, central 
nucleus and the external nucleus.

Ultra-high frequencies (>45 kHz) that are contained in most CBA mouse social vocalizations 
are located ventral and medial but are underrepresented.

Data Analysis: The location of each single unit was calculated in 3 dimensions;
dorsal-ventral, caudal-rostral, and medial-lateral. The location of each unit was
normalized and placed on a representative CBA mouse IC. Responses to
vocalizations were predicted based on each neuron’s responses to pure tones (see
Holmstrom et al., 2009, 2010 for additional details). For visualization purposes,
locations of neurons with predicted and actual responses to vocalizations were plotted
on two pictures of the same coronal section through the IC. Position of each section
within the IC is denoted as a percentage from the caudal extent of the IC.

Photomicrograph of fluoro-ruby deposits
in left IC and two reconstructed electrode
tracts. Each tick mark is the site of a
single unit recording. Best frequency is
in brackets.
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Each Vocalization Evokes a Unique Spatial 
Representation in the Mouse IC 

IC Neurons Display Heterogeneous Responses to 
Mouse Vocalizations

Social vocalizations are particularly important stimuli in an animals’
auditory environment and consequently they should be strongly
represented in auditory pathways. Our previous studies have shown that
vocalizations are both over-represented and efficiently encoded in the
inferior colliculus (IC) of mice (Portfors et al., 2009; Holmstrom et al.
2010). Both of these features arise from heterogeneous response
properties of IC neurons to social vocalizations. Neurons in IC respond to
vocalizations in a manner not well predicted by their responses to pure
tones, and different neurons are selective to particular acoustic features in
different vocalizations such that each vocalization evokes a distinct
pattern of activity across a population of IC neurons. Our current
understanding of these unique neural representations for different
vocalizations is limited by not knowing the exact locations of previous
neural recordings. In this study, we examined the three-dimensional
organization of vocalization-evoked neural responses within the IC.
The purposes of the study were to; 1) determine whether the responses to
vocalizations that are not well predicted by responses to pure tones occur
throughout all subdivisions of the IC (central nucleus, dorsal cortex,
external nucleus) and, 2) to map the spatial representation of different
vocalizations in the IC.

Reconstruction of Recording Sites: At the
end of an electrode penetration,
iontophoretic deposits of FR were made in
two places along the dorsal-to-ventral
penetration. Animals were perfused with 4%
paraformaldehyde, the brain was dissected
and then placed in a 30% sucrose solution
overnight. The brain was sliced on a
freezing microtome at a thickness 40-50 µm.
One series was collected for visualization of
the FR and the other was either stained with
Nissl or cytochrome oxidase to delineate IC
subdivisions. Deposit sites were localized
using a Leica DMR microscope and pictures
were taken with a Leica DF300 camera. The
electrode tract was reconstructed based on
the known depths of the deposits.

Pure tone model predictions and actual responses of a
single neuron to two vocalizations.

Frequency tuning curve

Model output based on
responses to pure tones
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40%40%Neural responses to vocalizations in mouse IC show 3 features:
1. Low frequency neurons respond to ultra-high frequency vocalizations.
2. Each neuron responds differently to a set of vocalizations.
3. Each vocalization elicits a different pattern of activity across a set of neurons.

More neurons responded to this ultra-high frequency vocalization than was predicted. 
Results are similar for central nucleus and external nucleus of IC.
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Again, more neurons responded to this ultra-high frequency vocalization than was 
predicted. Results are similar for central nucleus and external nucleus of IC.

For each vocalization presented, pure tone responses in all subdivisions of IC were not 
good predictors of vocalization-evoked responses.
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1. The way neurons in IC respond to complex sounds cannot be predicted 
based on their responses to pure tones or their 3-dimensional location in IC.

2. Heterogeneous responses of IC neurons to social vocalizations results in a 
distinct neural and spatial representation for each vocalization.
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