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We have recently found robust evi-
dence of motor entrainment to 

auditory stimuli in multiple species of 
non-human animal, all of which were 
capable of vocal mimicry. In contrast, 
the ability remained markedly absent in 
many closely related species incapable of 
vocal mimicry. This suggests that vocal 
mimicry may be a necessary precondi-
tion for entrainment. However, within 
the vocal mimicking species, entrain-
ment appeared non-randomly, suggest-
ing that other components besides vocal 
mimicry play a role in the capacity and 
tendency to entrain. Here we discuss 
potential additional factors involved in 
entrainment. New survey data show that 
both male and female parrots are able to 
entrain, and that the entrainment capac-
ity appears throughout the lifespan. We 
suggest routes for future study of entrain-
ment, including both developmental 
studies in species known to entrain and 
further work to detect entrainment in 
species not well represented in our data-
set. These studies may shed light on 
additional factors necessary for entrain-
ment in addition to vocal mimicry.

Dance is a universal human behavior, 
appearing in all modern-day cultures.1 
Dance is also ancient: cave art depictions 
of dance date back at least 9,000 years,2 
and musical instruments date back to at 
least 35,000 years.3 Thus, dance appears to 
be a fundamental part of modern human 
behavior.

Auditory-motor entrainment, the abil-
ity to align motor actions with an external 
auditory beat, is a crucial component of 
dance, and has been commonly assumed 
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to be a uniquely human capacity.4-8 
However, we have recently found strong 
evidence of auditory-motor entrainment 
(henceforth ‘entrainment’) in non-human 
species, particularly parrot species.9,10 In 
addition, by systematically searching and 
analyzing material from a large public 
video database (YouTube.com), we found 
that while there was extensive evidence of 
entrainment in animals capable of vocal 
mimicry, the ability remained markedly 
absent in many closely related species 
incapable of vocal mimicry.9 This finding 
lends support to the theory that the capac-
ity for entrainment emerged as a byprod-
uct of selection for vocal mimicry.11 By 
this hypothesis, vocal mimicry would be 
a necessary precondition for entrainment. 
Our data suggest that, in line with the 
predictions of this hypothesis, only vocal 
mimicking animals are able to entrain.

However, entrainment appeared non-
randomly even within the vocal mimick-
ing species in our dataset. Known vocal 
mimics include humans, three avian clades 
(songbirds, parrots and hummingbirds), 
two marine mammal clades (cetaceans and 
pinnipeds), elephants and some bats.9 We 
found robust evidence of entrainment in 
multiple parrot species, and some evidence 
of entrainment in elephant species; how-
ever we saw no evidence of entrainment 
in other vocal mimicking animals. This 
pattern suggests that while vocal mimicry 
may be necessary for entrainment, it is not 
sufficient. What factors other than vocal 
mimicry determine an animals’ capac-
ity for entrainment? To determine which 
capacities could potentially be needed, we 
examine the types of abilities shared by 
the species known to entrain (humans and 
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social cognition and vocal mimicry are 
needed for entrainment.

Elephants are also not well represented 
on YouTube; however, we did find videos 
of elephants in which the animals appear to 
be entrained. However, while parrot own-
ers reported spontaneous entrainment by 
the birds, the elephants’ entrained move-
ments appear to be staged performances 
by professional trainers. Thus, while the 
animals in the videos appear entrained, 
our data from Asian elephants calls for 
further replication. Further work should 
test elephant entrainment in controlled 
circumstances.

In contrast to these species, dogs are 
extremely well represented in the database, 
and are often recorded in the presence of 
period sounds and music. However, we 
still found no evidence of entrainment 
in dogs. Due to the large amount of data 
available, in the case of dogs our dataset 
strongly supports a negative result in terms 
of entrainment ability.

We also found no evidence of entrain-
ment in non-human apes. These species 
are also only moderately represented in our 
dataset.9,20 However, observations from 
other experiments are consistent with the 
idea that non-human primates may truly 
be incapable of entrainment. In the past 
century, questions about linguistic devel-
opment have led multiple scientists to adopt 
apes and raise them as human children. 
In these studies, apes were raised as like 
to a human infant as possible, and some-
times alongside a similarly-aged human 
child.21-24 It is likely that these infant apes 
were exposed to music and movement to 
music, as these are a typical part of human 
life, particularly in infancy.25 However, to 
the authors’ knowledge, these studies did 
not report entrained movement to music 
by these human-reared apes. In contrast, 
parrots kept in human environments do 
entrain to music.9 This additional negative 
evidence for primates is consistent with 
our result, and suggests that non-human 
primates may indeed lack the capacity for 
entrainment.

Individual Differences

In addition to differences between species, 
we also see differences within species. Most 
individuals of particular parrot species do 

and parrot species overall show larger rela-
tive brain size and telencephalic volume 
than non-passerine bird species and simi-
lar relative brain size to primates.18 It is 
thus possible that some aspect of advanced 
social cognition, in conjunction with vocal 
mimicry, enables entrainment.

Data Availability

If a complex social system is indeed rel-
evant to entrainment, this suggests that 
other vocal mimics with complex social 
systems should also be able to entrain. 
This set of species includes some pas-
serine birds, such as corvids,15 as well as 
dolphins.19 However, we did not find evi-
dence of entrainment in these species in 
our dataset. This is at least partly due to 
the low availability of videos of these spe-
cies in the database, which is a crucial fac-
tor in our ability to make inferences about 
entrainment from the YouTube dataset.

In particular, while vocal mimics and 
vocal non-mimics were equally repre-
sented in our dataset, each individual spe-
cies within these groups was not equally 
represented. This is an important point, 
since the power of the dataset to make 
negative conclusions for individual spe-
cies depends on the baseline availability of 
videos of that species in the database. For 
instance, there are far fewer videos of wild 
animal species than there are of domesti-
cated animal species in the YouTube data-
base. In addition, since wild species are 
rarely exposed to human music, videos of 
these animals with periodic sound are very 
rare. For an animal to entrain to an audi-
tory stimulus, there must be periodic audi-
tory stimuli available. For these reasons, 
the YouTube database does not contain 
sufficient data to make strong negative 
conclusions about most individual wild 
species. This includes many vocal mim-
icking species such as starlings and lyre-
birds, which appear with a low base-rate 
in the database.

Dolphins also fall into this category. We 
found no evidence of dolphin entrainment 
in our analyses, but this does not yet serve 
as strong negative evidence, since dolphins 
are not well represented in the database. 
More experimental work is called for in 
this species, particularly since they would 
be predicted to entrain if both advanced 

parrots), particularly the subset of abilities 
not shared by a wide range of other vocal 
mimicking species that do not entrain. 
We next discuss the availability of videos 
from different species in our dataset, and 
how this affects the likelihood of entrain-
ment being observed in these species. 
Finally, we discuss new data on differences 
within parrots that may be important for 
entrainment.

Differences between Species

Parrots are able to imitate non-vocal 
movements as well as vocalizations.12,13 
This ability may be crucial for entrain-
ment. While experimental studies have 
shown that motor imitation is not nec-
essary for each episode of avian entrain-
ment, it is possible that imitation plays a 
role in initially encouraging the individ-
ual to engage in entrained movement to 
music. Some initial role for motor imita-
tion remains plausible, since the individ-
ual parrots known to entrain have all had 
extensive experience with humans and 
therefore may have observed entrainment 
to music prior to themselves engaging in 
entrainment.

Parrots also imitate a wide range of 
sounds, including other species’ vocaliza-
tions and environmental sounds. This 
contrasts with many songbird species, 
which only imitate sounds produced by 
conspecifics.14 It may be that only the true 
mimics, which imitate the sounds of other 
species, can entrain. In addition, both 
parrots’ and humans’ vocal mimicry abili-
ties do not fade in adulthood like those of 
many songbirds, but are retained through-
out the lifespan.14 This type of open-ended 
vocal mimicry may also be necessary for 
entrainment to occur.

Complex social cognition has also been 
hypothesized to form a necessary prereq-
uisite for entrainment, in conjunction 
with vocal mimicry.13 While there has 
been little experimental work on parrot 
social cognition, there is reason to suspect 
advanced social cognitive abilities in par-
rot species.15 Many species exhibit complex 
social behavior, forming large individual-
ized social networks and maintaining 
close long-term attachments to other 
individuals.16 High social intelligence has 
been reported in African Grey parrots,17 
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for entrainment in conjunction with vocal 
mimicry. In the current paper, we have 
found that both male and female parrots 
can entrain, and that the capacity seems to 
be retained throughout the lifespan, thus 
ruling out age and sex as preconditions 
for avian entrainment, and adding a fur-
ther parallel of avian and human entrain-
ment. The nature of additional capacities 
needed for entrainment is yet unknown, 
and the number of viable hypotheses 
remains extremely large. We suggest two 
main routes for future research. Firstly, 
further work to detect entrainment in 
species not well represented in our data-
set may inform debates on species-general 
capacities needed for entrainment. For 
example, if advanced social cognition and 
vocal imitation are the only needed com-
ponents, species such as dolphins and cor-
vids should be able to entrain.

However, even when some individu-
als of a particular species can entrain, 
many others will not exhibit this behav-
ior. Thus, a negative result in a small set 
of individuals may not be representative of 
the capacity of the species, but reflect the 
lack of entrainment-relevant experience 
by the tested group. Therefore, to most 
effectively detect the capacity for entrain-
ment in a species, we should first develop 
a better understanding of the ontogeny of 
entrainment behavior in each individual 
animal. Developmental work in parrot 
species known to entrain can shed light on 
the types of individual experiences needed 
for entrainment to emerge. Once we have 
some understanding of the ontogenetic 
factors involved in entrainment, these fac-
tors can be used to develop more effective 
and informative tests for entrainment in 
other species, and ultimately to under-
stand the causal mechanisms determining 
an animal’s capacity or lack of capacity for 
entrainment.
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Conclusions
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