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We collected and analyzed the duration of 1,291 yawns from 697 individuals across 101 different species (55 mammals; 46 birds). Per
species we had at least 2 yawns from at least 2 individuals. Bayesian multilevel phylogenetic models were used to investigate the
associations between yawn duration and several brain measures of these species while accounting for species’ phylogenetic history

The original sample of yawns consisted of 1557 yawns (831 mammal yawns and 726 bird yawns), of 810 individuals (523 mammals,
287 birds) of 110 species (60 mammal species and 50 bird species), but was reduced due to several exclusion criteria (see below).
The vast majority of brain data was collated from published reports (data sources are provided). Neuron numbers for ten species (see
below) were assessed in this study. These birds were selected to represent distantly related avian groups and size categories and
were purchased from local breeders or from local hunters. The Common kestrels were injured animals obtained from a local wildlife
rescue center.

With regard to the yawn videos, we aimed to sample those species of which most brain measures were known. Apart from that
sampling was opportunistic; i.e. species that were available at local zoos, research labs, or rescue centres, or of which we could find
videos while yawning online. As to the additional neuroanatomical examination, two to four individuals per species were used. This is
a sufficient number, because intraspecific variation in brain mass and neuron numbers is much smaller than interspecific variation in
these traits. The Red-breasted goose (Branta ruficollis) was an exception, because only one individual was available.

Videos of yawning birds and mammals were collected from online sources (YouTube, shutterstock, gettyimages, footage framepool,
vine, 123rf, istockphoto), from videos provided by colleagues or zoos, or were collected by us using handheld cameras filming the
different animals in zoos and research institutes by JJMM, MH, EL, JH, and ACG

Data collection took place between March 2017 and December 2019, in an opportunistic, ad libitum manner; i.e. whenever we found
specific species to be present at a specific location we went there and started filming the subjects, waiting for them to yawn. In
addition, videos of yawning birds and mammals were collected from online sources (YouTube, shutterstock, gettyimages, footage
framepool, vine, 123rf, istockphoto), throughout the sampling period.

We excluded: a) all videos for which the yawn could not be validated, b) all species of which we did not have at least 2 different
yawns; i.e. also from two different individuals, c) two additional species, domestic dogs and chicken, because brain measures of these
species tend to vary substantially per breed, and d) an additional 5 domesticated species, because due to their domestication they
have suffered different evolutionary constraints, the length of their phylogenetic distances are unclear and it is therefore difficult to
correctly place them in a phylogenetic tree, which was necessary for our phylogenetic models.

All yawning videos were then checked for validity (is it a yawn yes/no) by, and all doubtful cases were subsequently checked. In
addition, a random selection of 16.3% of all yawn videos were recoded by a second researcher and inter-rater reliability was excellent
(Spearman’s rho combined = 0.9718691, p < 2.2e-16)

Data collection was done through haphazard sampling

While coding the length of yawns the speficic researcher was 'blind' to the actual brain mass and neuron numbers of the specific
species, although she could obviously make an educated guess with regard to comparisons between species. Therefore, we
specifically tested inter-rater reliability and this was near perfect (see above).




