
In natural, echoic environments, listeners localize the source emitting the sounds instead of their reflections, 
which frequently overlap in time with the sound arriving directly from the source. The delay between the onsets 
of the direct and reflected sounds is thought to be critical for differentiating the leading and lagging waveforms. 
Studies in humans and barn owls (Tyto alba), however, show preferential localization of the direct sound even for 
a synchronously gated lead/lag pair (the onset and offset delays are removed). We hypothesize that the "ongo-
ing delay" between corresponding envelope peaks in the lead and lag waveforms provides a cue for distinguish-
ing the direct from the reflected sounds. We have already shown in owls that the preferential localization of the 
direct sound requires envelope modulations (Nelson & Takahashi, ARO 2008). Here we tested another predic-
tion of the envelope hypothesis, i.e., that the preferential localization of the lead requires that the envelopes of 
the leading and lagging sounds be correlated. Owls trained to make head saccades to speakers were presented 
with correlated lead/lag pairs (2ms ongoing delay) and envelopes that were 100% correlated or 0% correlated. 
Owls preferentially localized the lead sound when the envelopes were correlated but showed little or no bias 
when the envelopes were uncorrelated, thus supporting the envelope hypothesis. When the envelopes are fully 
correlated, a peak in the lead is likely to overlap with the corresponding peak in the lag, obscuring the onset of 
the rising edge of the lag peak. Neurons in the owl's auditory space map, which guide its saccades, are highly 
sensitive to rises in envelopes, and as a result, discharge preferentially to the lead over the lag for instances of 
high correlation. When the envelopes are uncorrelated, peaks in the lead and lag are equally likely to obscure 
one another, making either sound equally likely to evoke a saccade.
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Behavioral Responses to Leading and Lagging Sounds Lag Directed Saccades Against Correlation Peak

Localization Dominance Depends on Envelope Correlation
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Lag Directed Saccades Against Spike Probability
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The proportion of saccades to lag stimuli decreases when the 
Decorrelation Index is low.

The proportion of saccades to lag stimuli decreases when the 
envelopes of the lead and lag stimuli are highly correlated.

The proportion of saccades to lag stimuli decreases when spike 
probability is greater for the leading stimulus.


