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Introduction

In recent work, we identified a novel, systematic fluctuation in human pupil size that follows the phase of the respiratory cycle (PRP

response)1. Although these pupil size changes are small, they are robust and consistent across a wide range of experimental

conditions. When we became aware of an open dataset of mice containing behavioral data at rest and during tasks, including pupil

size2, we decided to try to infer their breathing phase from the movement of the nose tip and look for a PRP response in mice.

Conclusions

• Pupil size fluctuates over the breathing cycle in a systematic manner in both mice and humans.

• This leads us to hypothesize that this is a widespread mammalian phenomenon.

• Peak pupil size seems to phase shift slightly when comparing rest with task conditions.

• We currently don’t know how closely the fluctuations in pupil size in mice phase match those found in humans.

Key papers:

1) Schaefer, M., Mathôt, S., Lundqvist, M., Lundström, J.N. and Arshamian, A.

(2025), The pupillary respiratory-phase response: pupil size is smallest around

inhalation onset and largest during exhalation. J Physiol, 603: 1607-1625.

2) Kondo, M., Sehara, K., Harukuni, R. et al. Multimodal dataset linking wide‐field

calcium imaging to behavior changes in operant lever‐pull task in mice. Sci Data 12,

1264 (2025).

Methods
Humans

We used previously recorded data from humans during a visual

discrimination task (n=106, ~1 hour), and at rest (n=96, 5 min). Breathing

was recorded with a nasal cannula, and pupil size with a 60 Hz eye tracker.

Breathing data were converted to phase degrees by interpolating between

inhalation onset, peak inhalation, exhalation onset, and peak exhalation

(each spanning 90˚). The cycle was then divided into 36 phase bins with

50% overlap, and normalized pupil size was calculated for each phase bin.

Mice

The open dataset contained behavioral and calcium imaging data from 25

mice over several days. We extracted the data from 3 resting recordings

and 4 task recordings per mice. Pupil size was already present in the data,

whereas breathing phase was inferred by taking a Hilbert transform of

bandpass filtered (1-10 Hz) nose tip y-coordinates. The breathing data was

validated by plotting OB activity over the inferred breathing data, which

showed strong correlations (see plot on the right). Pupil size was then

calculated for each phase bin as in humans.

We used the ENS2 package to translate the calcium

imaging data to spiking activity for higher time

resolution. Then we plotted the average normalized

spiking activity from the left and right OB over the

inferred breathing cycle.

Results

Both humans and mice show systematic

fluctuations in pupil size over the

breathing cycle. The pattern shifts

slightly for both humans and mice when

performing a task as compared to during

rest. Both breathe slightly slower during

the task compared to rest, but this was

only significant in mice.

Polar plots and line graphs of changes in 

pupil size in humans (L) and in mice (R) 

over the course of the breathing cycle at 

rest and during tasks. Pupil size is 

shown as Z-scores. Stars indicate phase 

bins that are significant as identified by 

circular cluster based permutation 

testing. 
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