
 
 

 

Supplementary Figure 1 

Adaptation of Neurologger 2A for sound and acceleration recordings 

(a) Top view of the neurologger printed circuit board (PCB) with microphone (MIC) and accelerometer (ACCEL) attached. (b) Bottom 

view of Neurologger 2A PCB. Components that need replacement are marked in red. Wires (red lines) connect microphone and 
accelerometer with the board. Wire connects (soldering points) are marked by red dots. Input pads Ch0 and Ch1 are connected with 
the microphone signal output, and Ch2 and Ch3 with the accelerometer signal output; +1V is the power supply for the microphone and 
the accelerometer. Microphone and accelerometer are glued to the board by two component epoxy adhesive (DOUBLE/BUBBLE® 
Epoxy, www.hardmanadhesives.com). 
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Supplementary Figure 2 

Attachment of the harness to a zebra finch 

The bird is anesthetized with Isoflurane (3% induction, 1.5% support) delivered through a silicon tube going to the beak. The harness 
(Fig. 1a) was fabricated in advance from a piece of Velcro strip of 15x22 mm and a BüroLine rubber band of 40x1.3 mm 
(www.bueroline.com, Cat. #155012). The rubber band is sewn to the Velcro strip at two places, the knots of the thread are fixed by 
cyanoacrylate glue. (a) The harness is placed on the bird; the loops of the rubber band on the chest are attached to each other with a 
piece of thin laboratory/surgical rubber glove. (b) The rubber endings are glued together with a drop of cyanoacrylate, a small piece of 
paper is placed underneath to prevent gluing the feathers. (c) Bottom view of the attached harness. (d) Top view of the attached 

harness. The tightness of the harness is adjusted via the length of the rubber ring on the chest. It was found that tension of the harness 
has little impact on the quality of sound recordings. The tension should be such as to prevent any unnecessary pressure on the animal 
and to prevent sliding of the backpack on the birdôs back; a loose harness can disturb the animal as much as an overly tight harness. 
To attach the logger onto the Velcro we recommend placing forceps between the animalôs back and the harness to push against the 
forceps and not against the back. To remove the logger we recommend holding the Velcro strip of the harness in one hand and the 
backpack in the other hand. 
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Supplementary Figure 3 

Spectrograms of a song motif recorded with the wall microphone and the accelerometer (bird g2k8) 

(a) Spectrogram of a song motif recorded with the wall microphone. (b) Spectrogram of the same song motif recorded with the 

accelerometer. Abbreviations: ñTò - tet calls, ñIò - introductory notes, ñAò, ñBò and ñCò ï song syllables.  The low-frequency bumps in 
acceleration that tend to occur before syllable onsets (black arrows) are presumably associated with rapid changes in air sac pressure 
(respiration-related thoracic movement).      



 

Supplementary Figure 4 

Habituation of old, young and juvenile animals to the chamber and the backpack 

Old (n = 6) and young (n = 3) animals were habituated to the sound proof individual isolation chambers until stationary amounts of 

movement and singing were observed. Then, the backpacks were attached (day zero), backpacks were attached to old animals after 5 
days and in young animals after 9 days. (a) Shown is the daily amount of movement measured by infrared video camera (motion, 

expressed in percent of the baseline motion (black dashed line) in old animals achieved on days [-3 -1]). The baseline value (2.27%) is 
an output of ñMotion Detectorò (range [0 100], %) averaged over light phases of days. For young animals the baseline motion (red 
dashed line) was given by the average motion on days [-6 -1] (5.63%). Error bars indicate s.e.m. Asterisks label days when motion 
significantly deviated from the corresponding baseline level (paired two-sided t-test, P < 0.05). Locomotor activity of young animals 
exceeded activity of old animals on all days (P < 0.05, non-paired two-sided t-test). (b) Number of song motifs produced per day. 

Baselines were computed by averaging number of motifs on days [-2 -1] in old birds and on days [-4 -2] in young birds. Asterisks mark 
significant deviations from baselines as before. Number of motifs produced by old and young animals differed on some days.  (c) 

Number of calls per day. Number of calls in young group increased monotonically during 9 days of habituation to the chamber and did 
not reach saturation. For this reason we took the value on day -1 as estimate of baseline in young animals. Baseline calling in old 
animals was estimated as average on days [-2 -1]. Red horizontal bars along time axis indicates significant difference between old and 
young animals (P < 0.05, non-paired two-sided t-test). Notably, the rate of calling increased in young birds during habituation to the 
backpacks (days [1 9]) in roughly similar manner as during habituation to the chambers (days [-9 -1]). This means that the severity of 
calls disturbance in young birds caused by the backpacks is similar to the disturbance caused by the isolation chambers. (d) On two 

juveniles we attached 2.0 g backpacks on post-hatch-days 39 and 46 (time zero on x-axis). In the first juvenile (black) the backpack 
hardly decreased singing rate; in the second juvenile (red) the singing rate was transiently suppressed and picked up two days later. 
Both birds consistently produced more than 10ô000 song syllables and introductory notes per day just 3 days after backpack 
attachment, suggesting that our recording technique is permissive of song learning studies in juveniles. 

 



 

Supplementary Figure 5 

Non-vocal response to song 

(a) An example of non-vocal response in co-singing birds 3 and 4. The song oscillogram (blue) in bird 4 was recorded with the wearable 

microphone. The non-vocal response (body acceleration, red) in bird 3 is reflected in the root-mean-square (RMS) accelerometer signal 
(sliding window) in the non-vocal low-frequency band < 300 Hz.  Bird 3 did not vocalize during this episode (not shown). (b) Normalized 

median RMS traces of body acceleration in all four birds aligned to the beginning of the song motif in bird 4 (onset of syllable A). Shown 
are the median filtered RMS traces of 72 motifs. We selected only episodes in which no vocalizations in birds 1 - 3 were detected within 
± 2 s from motif onset in bird 4. The 3 SDs level (red dashed line) in bird 3 was estimated using bootstrapping. Note that significant (> 3 
SDs) movements in bird 3 took place in a narrow interval -217 to 40 ms around the onset of the motif. Possibly, bird 3 reacted to the 
preceding introductory notes or to syllable C in the previous motif. By contrast, bird 4 did not show any detectable non-vocal response 
to the songs of bird 3, indicating asymmetry in movement responses in these two animals. 

 



 

Supplementary Figure 6 

Accelerometers achieve highïsignal-to-noise recordings of vocalizations irrespective of background noise level 

(a-g) SNR Sound pressure levels (SPL) achieved with the wall microphone (light gray bars), backpack microphone (medium gray bars), 

and acceleration SNR (dark gray bars) during production of different calls, introductory notes, and song syllables in bird g2k8.  The four 
levels of white background noise were: 0, 50, 60 and 70 dB. SNRs vary in the range [-23.1 37.9] dB for the wall microphone, in the 
range [0.92 33.9] dB for the backpack microphone, and in the range [11.6 29.3] dB for the accelerometer, showing that accelerometers 
provide the only feasible approach to unconstrained recordings of vocalizations under noisy conditions. SPLs are shown relative to 2 × 
10

-5
 Pa (international standard). Acceleration is shown relative to 10

-3
 m/s

2
. (h) Intensity of background noise recorded with 

microphones and accelerometers. SNRs in a-g were computed relative to these levels. 



 

Supplementary Figure 7 

Wearable accelerometers allow discrimination of vocalizations from four males 

The upper panel shows a sound spectrogram of vocalization of four males to be separated and analyzed (the sound was recorded with 
a wall-attached microphone, see also the Supplementary Video 1 for the birdsô behavior).   The spectrograms in the middle show that 

the wearable microphones pick up mixed vocalizations from several birds, making signal discrimination difficult at least.  By contrast, 
accelerometers spectra (bottom) recorded vocalization of just their hosts, allowing for simple threshold-based vocal discrimination. 
Episodes of individual vocalizations are marked by yellow horizontal bars. The accelerometers were sensitive to rapid bird movements. 
During episodes of inactivity accelerometers were often able to pick up heart beats (in animals 1 and 3, red ellipses).    


