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Zeng et al. [1] report an intriguing study of rhythmic pattern discrimination in bumble bees. We applaud their effort to
extend the study of abstract, flexible rhythm perception as a foundational property for human music, dance and language
beyond the few mammal and bird species studied so far. However, while we appreciate their findings regarding the sensory
plasticity of Bombus terrestris, we suggest that the claim that ‘bumble bees … form robust abstract rhythm representations’
[1] may be premature.

Fixed gap durations across conditions weaken the tempo-invariance claim

A defining feature of rhythmic generalization is the recognition of temporal patterns under proportional scaling of signal
durations, including silent gaps. However, in Experiment 3, signal durations varied across conditions while inter-flash gaps
remained fixed at 100 ms (Fig. 1F in [1]). The resulting probe stimuli were therefore not proportional transformations of the
training stimuli, but instead combined multiplicative tempo changes with a fixed additive constant. As a result, these stimuli
do not provide a valid test for rhythm perception and generalization across tempi. Consequently, the optic-flow analogy may
be inappropriate, as a genuine transformation requires all temporal intervals to scale together.

Alternative explanation and clarification of hypothesis

In addition, discrimination of the training patterns does not require attention to the full patterns but can be based on
attending to local perceptual cues such as detecting immediate element repetitions (AA vs. AB, see Fig. S1), a computation
simpler than encoding the full pattern. Such local cues may have guided the response to the temporally altered stimuli and
may have been sufficiently similar to those predicted by the optic flow analogy for the bees to continue responding.

And lastly, Zeng et al. frame their results as challenging the hypothesis linking vocal learning circuitry to flexible rhythm
perception. However, this hypothesis posits that vocal learners ‘are advantaged for flexible auditory rhythm pattern
perception’ ([2], first paragraph), not that vocal learning is necessary for flexible rhythm perception (e.g., reference [3]).
Furthermore, since the hypothesis focuses on auditory processing, research on other modalities does not test the hypothesis.

Towards a more rigorous design

Despite our concerns regarding the claim that bumble bees form abstract rhythm generalizations, we welcome Zeng et al.’s
effort to test rhythm perception in this species with well-documented cognitive abilities [4]. A useful next step would be to
repeat the experiment with proportionally scaled rhythms and more extensive systematic comparisons between varying
tempi. In addition, testing with additional stimuli should be used to exclude reliance on alternative cues, such as segment
repetitions or other local features. Crucially, stimuli should avoid shared temporal segments, such as the 225 ms flash
followed by a 100 ms gap present in two of the three stimuli in Experiment 3 (Fig. S1), which may allow for recognition
based on absolute duration matching rather than a global rhythmic pattern.
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Supplementary Figures

Fig. S1. Potential non-rhythmic strategies underlying discrimination performance. Left panel: Overlapping local temporal
cues between probe stimuli (marked in red/purple rectangles) may support performance in Experiment 3. Because the
“off” duration was fixed at 100 ms, Tempo 1 and Tempo 3 do not constitute distinct rhythmic transformations but share
identical temporal blocks (e.g., a 225 ms “on” paired with a 100 ms “off”). Thus, a bee trained on Tempo 1 and tested on
Tempo 3 may rely on recognition of specific durations rather than abstract rhythmic generalization. Right panel: Bees may
also rely on simple pattern features such as detecting element repetition versus isolated elements (e.g., AA vs. AB; marked
in red/purple rectangles). Such strategies could support performance during training in Experiment 3 or to pass the
irregular pattern task in Experiment 2. Both panels are adapted from Fig. 1 in Zeng et al. [1]. Dark green bars indicate flash
intervals, and white spaces indicate inter-flash intervals (gaps).


