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Main Text:

Rajendran et al. [1] report experiments training two macaques to tap rhythmically to human
music. While the data are interesting and relevant to the study of musicality across species, we
disagree with the authors’ interpretation that “macaques can synchronize to a subjective beat in
real music”.

Beat synchronization involves perceiving and predicting a beat, and moving in alignment with
the phase of the beat [2-5]. Prediction can be distinguished from mere reaction by the phase of
the tapping in relation to the beat. Predictive taps are distributed around the beat, with a mean
phase near 0° — i.e., some taps occur too early, in anticipation of the beat [3]. Reactive tapping
occurs after the beat. In the simple case of tapping to a metronome, these two types of behaviour
can be easily distinguished — the click of the metronome is the 0° phase point, and we expect
each tap to align with each click of the metronome.

What should we expect for more complex rhythmic stimuli such as music, when there are regular
rhythmic cues at multiple phases in a cycle? For all other animals that have been tested, the
expectation was that they would synchronize in a way that matches the human-perceived beat —
i.e., the downbeat (the start of a regular rhythm) is taken as the 0° phase point. For example,
Snowball the cockatoo synchronized at a mean phase of 4° (Fig 2. in [6]), while Ronan the sea
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lion achieved mean phases between -44° and 16° [7]. In contrast, the macaques only come within
a mean phase of £60° in 2 out of 6 cases (Fig. 1F in [7]).

The authors have sidestepped this issue by suggesting that macaques are synchronizing to a
subjective beat, 1.e. that their tapping phase does not need to be centred around 0°. If the
macaques were simply tempo matching (moving at the same rate, but not in phase) without
attending to song features, then they would have no need to initiate tapping at a consistent point
in the song — they would be rewarded in either case under the present methodology. Instead, the
macaques appear to start tapping at specific times. These times differ according to the song, so
they are not simply responding at a fixed time after the “go” signal. This suggests that the
macaques are identifying some salient feature in the song.

A novel phase-shifted condition where the “go” signal is offset by w (180°) allowed Rajendran et
al. [1] to probe sensitivity to phase, and led to both humans and macaques altering the point at
which they start tapping. If macaques were synchronizing to one particular subjective beat phase,
their tapping responses to the phase-shifted (n) stimulus should likewise be offset by m —i.e.,
they would tap to the same parts of the song, irrespective of the timing of the “go” signal. This is
clearly the case for human participants (Fig. S4 in [1]), but not for either macaque — in none of
the 6 cases is the mean phase of their phase-shifted condition even within +60° of the position
expected based on their original subjective beat (Fig. 1F in [1]). The behaviour of the macaques
does not align with that of humans — humans tap consistently to one beat phase, while the
macaques do not.

One could argue further that the macaques are able to perceive multiple subjective beat phases.
However, this creates a fundamental interpretive problem. These subjective beat phases are not
specified by the experimenters, nor do we have access to the macaques’ subjective perception, so
we do not know what the “correct” phase is. Hence we cannot know whether the macaques are
predictively tapping to this subjective beat, or if they are reacting to some salient rhythmic
feature. There are many such features that the macaques could attend to, which would enable
them to successfully complete the task just from reacting. There are additional tests that one
could do — e.g., model comparison [6] or perturbation tests [7] — to potentially resolve this issue,
however these approaches are constrained by the macaques’ limited ability to correctly tap more
than 5-7 times in a row.

Without specifying what beat is being claimed, the synchronization claim becomes difficult to
test. In other species [3,4], successful beat synchronization is demonstrated by alignment to the
downbeat. The macaques in [1] do not meet this criterion, nor do they show evidence of
successful phase-shifting. The claim that “macaques can synchronize to a subjective beat in real
music” is thus not supported by the data.
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Supplementary Figures

(copied/adapted from original figures referenced in the manuscript)
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Fig. S1. Direct comparison of human and macaque data from (/) show that
macaques do not synchronize to a beat. Human data are copied from Fig. S4 in (/),
while macaque data are copied from Fig. 1F in (7). Dashed arrows have been
superimposed to show the predicted pattern for perfect synchronization to the original
stimulus (O, in red) and to the phase-shifted stimulus (=, in grey). Human data closely
match the synchronized pattern, while macaque data do not.
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Figure S2. Reproductions of key experimental data demonstrating beat
synchronization in non-human animals. Left: Fig. 2 from (3) showing Snowball the
sulphur-crested cockatoo. Right: Fig. 4 from Cook et al. (2013) showing Ronan the
sea lion (subset of experiments reported in (6)).



