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            Abstract
Quantitative biomechanical models can identify control parameters that are used during movements, and movement parameters that are encoded by premotor neurons. We fit a mathematical dynamical systems model including subsyringeal pressure, syringeal biomechanics and upper-vocal-tract filtering to the songs of zebra finches. This reduces the dimensionality of singing dynamics, described as trajectories (motor â€˜gesturesâ€™) in a space of syringeal pressure and tension. Here we assess model performance by characterizing the auditory response â€˜replayâ€™ of song premotor HVC neurons to the presentation of song variants in sleeping birds, and by examining HVC activity in singing birds. HVC projection neurons were excited and interneurons were suppressed within a few milliseconds of the extreme time points of the gesture trajectories. Thus, the HVC precisely encodes vocal motor output through activity at the times of extreme points of movement trajectories. We propose that the sequential activity of HVC neurons is used as a â€˜forwardâ€™ model, representing the sequence of gestures in song to make predictions on expected behaviour and evaluate feedback.
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                    Figure 1: 
                        Schematized view of a dynamical systems model describing syringeal labial dynamics and tracheal vocal-tract filtering.
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Figure 2: 
                        A low-dimensional model for reconstructing gestures.
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Figure 3: 
                        Testing the low-dimensional model.
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Figure 4: 
                        Timing of gestures relative to bursting of projection neurons.
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Figure 5: 
                        Suppressed interneuron activity is associated with GTE.
                      [image: ]


Figure 6: 
                        During singing, HVC projection neurons fired in the vicinity of GTE.
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        Editorial Summary
What gives birds the urge to sing
The complex songs produced by birds such as zebra finches require precisely timed vocal control. One theory for how such timing is achieved is that neurons in the HVC, the brain region essential for the learning and production of bird song, produce a 'clock' signal to pace movements. Daniel Margoliash and colleagues present evidence in support of an alternate model: using a combination of biophysical modelling of the avian syrinx and recordings in asleep and awake birds, they find that HVC activity is precisely synchronized with singing. This suggests that rather than encoding time, these neurons implement a predictive, 'forward' sensorimotor model of song.
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