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Abstract

Previous research shows that yawning enhances intracranial circulation and regulates brain tem-
perature. Consistent with these functional outcomes, yawn duration correlates positively with inter-
species variation in brain weight across mammals, with robust relationships documented at both
the taxonomic rank of class and the more restricted scale of family (e.g., Felidae). This study pro-
vides the first investigation into whether differences in brain weight within a single species, domes-
ticated dogs Canis lupus familiaris, can predict intraspecific variation in yawn duration. Measures
of yawn duration were obtained from public videos available online and then paired with previous-
ly published brain and body weight data of different dog breeds. The final sample consisted of 272
yawns from 198 dogs across 23 breeds. Consistent with recent studies, we find robust correlations
between yawn duration and brain weight across breeds. Moreover, these correlations remain sig-
nificant after controlling for differences in body weight across breeds. These findings replicate and
extend upon past work in this area and provide further support that yawns evolved to serve an im-

portant and large-scale neurophysiologic function.
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Yawning is characterized by a powerful gaping of the jaw with in-
spiration, followed by a brief period of peak muscle contraction and
a passive closure of the jaw with shorter expiration (Barbizet 1958).
While yawning appears to be a stereotyped action pattern across
vertebrates (Provine 1986), recent research has identified distinct
variations in the expression of this behavior. For example, some pri-
mate species display different yawn types that vary in intensity and
morphology, which may correspond with transitions in daily reper-
toires, activity patterns, and internal states (Palagi et al. 2009; Vick
and Paukner 2010; Leone et al. 2014). This work supports research
suggesting yawns might be multifunctional across different contexts
(Baenninger 1997; Provine 2005; Gallup 2011).

Studying differences in the expression of yawning across species
could also help elucidate the neurophysiological significance of this
highly conserved response. Based on hypotheses stating that the

motor action pattern of yawns serves to enhance intracranial circu-
lation (Walusinski 2014) and regulate brain temperature (Gallup
and Gallup 2007, 2008; Ramirez et al. 2019), the duration or mag-
nitude of this response should correspond to the degree of neuro-
physiological change. In particular, the brain cooling hypothesis
states that the gaping of the jaw and deep inhalation of air during
yawning functions to promote thermal homeostasis by altering the
rate and temperature of arterial blood traveling to the skull (Gallup
and Hack 2011). Support for this hypothesis comes from measuring
changes in brain temperature before and after yawns (Shoup-Knox
et al. 2010; Shoup-Knox 2011) and naturalistic and experimental
studies assessing the relationship between yawning and ambient
temperature (e.g., Gallup et al. 2011; Massen et al. 2014; Eldakar
et al. 2015). Although the neural structures necessary for yawning
appear to be located in the brain stem (Heusner 1946), recent
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comparative research shows that yawns produce large-scale neuro-
physiologic effects as evidenced by sizable cooling at the surface of
the skull (Eguibar et al. 2017; Gallup et al. 2017). Therefore,
according to this hypothesis, animals with larger and more complex
brains should display longer and more powerful yawns to achieve
these outcomes.

In the first study to test this prediction, Gallup et al. (2016) col-
lected yawn duration data across a diverse sample of mammals and
linked these with published data on both brain weight and cortical
neuron number. The results of this work revealed average yawn dur-
ation to be highly variable across 24 mammalian taxa (range: 0.8—
6.5s). Moreover, consistent with neurophysiologic hypotheses of
yawning, interspecific differences in yawn duration were robustly
correlated with both brain weight (correlation coefficient = 0.911)
and cortical neuron number (correlation coefficient = 0.951) across
species. Variation in yawn duration was not tied to particular fea-
tures of body/jaw size, but was correlated positively with encephal-
ization quotient across species.

As a direct follow-up to this work, Gallup et al. (2017) investi-
gated whether the relationship between yawn duration and brain
size could be identified within a single family of mammal species.
Examining this link at a restricted taxonomic scale allowed for the
determination of whether variability in yawn duration was related
specifically to brain size or to other features pertaining to phylogen-
etic history and morphological diversity between species. In a sam-
ple of 58 animals across 7 wild cat species in the family Felidae, a
similarly robust association (correlation coefficient = 0.937) was
observed between yawn duration and brain weight (Gallup et al.
2017). This study also showed that body size was not a significant
predictor of yawn duration. These combined findings support the
view that the motor action pattern of yawning serves an important
function tied to brain size.

Here, we extend upon this line of research by testing whether
intraspecific variation in brain weight predicts differences in yawn
duration within a single species. Domesticated dogs Canis lupus famil-
iaris were chosen due to large differences in brain size across breeds
and the availability of open access yawning data on the Internet. A re-
port by Bronson (1979) that documented the average adult brain and
body weights from over 2 dozen dog breeds was used as a basis for
the inclusion of breeds within this study. This report also included a
scaling function for estimating brain weight based on the average
body weight for a given breed, which was recently validated and
applied to a much larger sample of domesticated dogs (Horschler
et al. 2019). The same methods used in Gallup et al. (2016, 2017)
were applied to acquire representative yawn durations from each
breed using public videos available online. We hypothesized that dog
breeds with larger brains would display longer yawns, and that this re-
lationship would remain significant after controlling for body size.

Materials and Methods

Using the list of 26 dog breeds compared in Bronson (1979), a re-
searcher was instructed to find up to 12 adult dogs yawning from
each breed by searching videos posted on YouTube and related web-
sites. For each video identified, the researcher noted the time(s) at
which the yawn(s) on the clip occurred and the duration of all yawn-
ing events using the operational definition provided by Barbizet
(1958). Durations were recorded to the nearest 0.01 s using the stop-
watch feature of a smartphone. Data collection occurred during Fall
2016, and yielded a total of 299 yawns from 213 dogs across the 26
breeds.

In Fall 2017, an independent rater was provided with the com-
plete list of uniform resource locators (URLs) identified from the ori-
ginal search and instructed to score the duration of each yawn
across the sample. In doing so, 4 videos were no longer available
and 8 yawns were excluded because they were noted as either being
too difficult to distinguish or there was no clear way to determine
their beginning or end. In addition, links for 3 dogs were excluded
because they were identified by both raters as juveniles. The inter-
rater reliability for yawn duration was high for the remaining sam-
ple: intraclass correlation = 0.87.

The average yawn duration for each breed was then calculated
by summing all the respective durations from members of that group
and then dividing by the number of yawners. To avoid pseudo-
replication in cases where the same individual displayed multiple
yawns in a given video, the average duration for this animal was
used as a single data point when generating the overall average for
that breed. The maximum yawn duration was also recorded from
each breed. Following the same criterion set within Gallup et al.
(2016, 2017), analyses were restricted to breeds with yawns from at
least 3 individuals.

The final sample included a total of 272 yawns from 198 dogs
across 23 breeds. Individual yawning data from the following breeds
were included in the sample: Beagle (11), Boston Terrier (12), Boxer
(12), Bulldog (11), Chihuahua (9), Cocker Spaniel (3), Collie (5),
Dachshund (12), Doberman Pinscher (9), German Shepherd (11),
Golden Retriever (12), Great Dane (12), Labrador Retriever (12),
Miniature Poodle (8), Miniature Schnauzer (6), Old English
Sheepdog (3), Pekingese (6), Pug (11), Standard Poodle (4),
Standard Schnauzer (4), Toy Fox Terrier (3), Toy Poodle (12), and
Weimaraner (10). The Supplemental Material includes URLs to all
videos used in the study. For the average brain and body weights
across breeds, Bronson (1979) provided data based on an average
sample of 31.69 dogs per breed (range: N =5-110). This report also
included a scaling function for estimating brain weight based on the
average body weight for a given breed. Horschler et al. (2019) re-
cently validated this scaling function and applied it to a much larger
sample of domesticated dogs (N=7,397 across 74 breeds).
Therefore, where applicable in this study (19/23 breeds), these re-
cent and more representative body weight and estimated brain
weight data were used (see Table 1).

Based on output from Kolmogorov-Smirnov normality tests,
Pearson correlations were used to assess the relationships between meas-
ures of yawn duration and brain and body weights across the 23 breeds.
Separate partial correlations were then run controlling for body and
brain weight, respectively. Despite our a priori hypotheses, all analyses
included more conservative 2-tailed tests with the alpha set at 0.05.
Moreover, Benjamini and Hochberg corrections were applied for mul-
tiple comparisons, and thus adjusted P-values are provided.

Results

The average yawn duration for all dogs in the sample was
2.04 +0.59s, with the breed average ranging from 1.43-2.83s
(Table 1). Consistent with previous research, there were strong posi-
tive correlations between measures of yawn duration and brain
weight across breeds (average duration: r,3 = 0.819, P<0.001;
maximum duration: 7,3 = 0.703, P < 0.001; Figure 1). Breed brain
and body weights were highly correlated across the sample (13 =
0.957, P <0.001), and thus yawn duration was also positively corre-
lated with body weight (average duration: 7,3 = 0.749, P < 0.001;
maximum duration: 7,3 = 0.649, P=0.001). Partial correlations
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Table 1. Descriptive statistics for yawn duration and brain and body weights

Breed (alphabetical Dog N Mean = SD yawn Maximum yawn Mean brain Mean body
order) duration (s) duration (s) weight (g) weight (kg)
Beagle® 11 2.35 +£0.49 3.28 79.66 12.79
Boston Terrier® 12 1.67 = 0.28 2.09 73.22 9.41
Boxer® 12 2.20 £0.39 3.00 98.95 28.16
Bulldog® 11 1.84 = 0.32 2.45 94.78 24.08
Chihuahua?® 9 1.58 = 0.44 217 55.10 3.35
Cocker Spaniel® 3 1.88 = 0.34 2.25 77.76 11.72
Collie* 5 2.03 +£0.43 2.56 98.91 28.12
Dachshund?® 12 1.78 = 0.30 2.24 68.03 7.20
Doberman Pinscher® 9 2.14 = 0.74 3.27 104.01 33.77
German Shepherd® 11 2.59 £0.73 3.97 104.63 34.50
Golden Retriever® 12 2.25 £0.65 3.72 101.63 31.04
Great Dane® 12 2.31 043 2.94 120.54 57.75
Labrador Retriever® 12 2.21 = 0.46 3.00 102.12 31.59
Miniature Poodle* 8 1.70 = 0.46 2.72 67.54 7.02
Miniature Schnauzer® 6 1.88 +0.33 2.48 69.76 7.89
Old English Sheepdog® 3 2.47 = 0.86 3.40 104.40 38.60
Pekingeseb 6 1.43 = 0.39 2.11 53.40 4.90
Pug® 11 1.72 = 0.30 2.20 71.85 8.79
Standard Poodle® 4 2.29 = 1.09 3.90 92.53 22.06
Standard Schnauzer® 4 2.20 = 0.45 2.66 84.09 15.58
Toy Fox Terrier® 3 1.52 = 0.72 2.34 52.30 3.40
Toy Poodle” 12 1.76 + 0.31 2.40 59.10 3.20
Weimaraner® 10 2.83 £0.64 3.64 101.33 30.71

Note: Brain and body weight data obtained from, ® Horschler et al. (2019) and, ® Bronson (1979).
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Figure 1. Scatterplot depicting the linear relationship between average yawn dur-
ation (Mean + SEM) and average brain weight across dog breeds. Breeds in order
of mean yawn duration: Pekingese, Toy Fox Terrier, Chihuahua, Boston Terrier,
Miniature Poodle, Pug, Toy Poodle, Dachshund, Bulldog, Cocker Spaniel,
Miniature Schnauzer, Collie, Doberman Pinscher, Boxer, Standard Schnauzer,
Labrador Retriever, Golden Retriever, Standard Poodle, Great Dane, Beagle, Old
English Sheepdog, German Shepherd, and Weimaraner.

showed that average yawn duration remained significantly corre-
lated with brain weight after controlling for body weight (average
duration: 7,9 = 0.535, P=0.016; maximum duration: 5o = 0.374,
P=0.111). However, yawn duration was not correlated with body
weight when controlling for brain weight (average duration: 7,9 =
—0.222, P =0.361; maximum duration: 7,9 = —0.125, P=10.579).

Discussion

Recent research has shown that mammalian brain weight is a robust
predictor of yawn duration across different taxonomic scales
(Gallup et al. 2016, 2017), supporting past research suggesting that

this ubiquitous motor action pattern serves an important neurologic-
al function. This study reveals that yawn duration is also tied to
intraspecific variation in brain size among domesticated dogs. In
particular, we show a wide range in the duration of this action pat-
tern across breeds, with larger brained dogs tending to have longer
yawns. Notably, over two-thirds of the variability in the average
yawn duration across breeds can be explained by brain weight dif-
ferences between these populations. Partial correlations show that
this association is not due to differences in body size across breeds,
but rather differences in yawning appear to be specifically associated
with variation in the brain size of these animals. It remains unknown
exactly which neurological features are driving this association, but
past research suggests that cortical neuron number is the strongest
predictor of interspecies differences in yawn duration (Gallup et al.
2016). Although research on neuron numbers in dogs is currently
limited, in a comparison of 2 animals Jardim-Messeder et al. (2017)
provide some evidence that larger breeds have more neurons (i.e.,
Golden Retriever: 627 million; unspecified smaller breed: 429
million).

While we show here that intraspecific variation in brain size
appears to be a robust predictor of yawn duration in domesticated
dogs, it is unknown how these measures would correlate within a
given breed or in a different wild type species. Due to artificial selec-
tion, the variation in brain and body weights across dog breeds
exceeds that of any other species, making this study a distinctive and
atypical within-species comparison. Based on the findings of recent
work uncovering breed differences in neuroanatomical organization
(Hecht et al. 2019), one could argue that assessing neurological dif-
ferences across dog breeds becomes similar to interspecies compari-
sons. Thus, until further research is conducted, we are hesitant to
conclude that yawn duration would be predictive of intraspecific
variation in brain size in other animals. One intriguing species to in-
vestigate would be humans, since there is sizable variation in the
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overall brain volume among healthy adults (1.25-1.88 dm?; Liiders
et al. 2002). Research on humans or another species could also pro-
vide a more precise analysis of this relationship, by linking brain vol-
umes acquired through magnetic resonance imaging to
electromyography from the masseter and submental muscles to
measure yawn duration and intensity (see Ertekin et al. 2015).

It is important to acknowledge limitations to this study with re-
gard to the methods of data collection. Although visual media can
provide a powerful tool for investigating and developing insights
into animal behavior (Nelson and Fijn 2013), and research utilizing
YouTube for this purpose has increased within the past decade (see
Measey et al. 2019), one potential issue with human posted videos
of this nature is nonrandom sampling (Burn 2014). While we do not
view this as a major concern given the strength of the correlations
both for average and maximum yawn duration, naturalistic observa-
tions could be conducted to confirm the true variability in spontan-
eous yawn duration for a given breed. The inability to determine the
contextual triggers of yawning from online videos also presents a
limitation. While there is consistency in that most videos occurred
within the context of close dog-human interaction, other potentially
important factors known to alter the morphology of yawning in
other species (i.e., Leone et al. 2014; Palagi et al. 2009; Vick and
Paukner 2010) could not be evaluated. To date, however, no study
has reported differential yawn types for dogs.

Overall, this study replicates and extends upon previous
results showing a robust link between yawn duration and brain
weight, providing further support for predictions derived from
the brain cooling hypothesis. However, it is important to ac-
knowledge that the current findings do not necessarily exclude
other neurophysiological hypotheses of yawning. We propose
that, in addition to examining the connection between yawn dur-
ation and brain size in other classes of vertebrates (e.g., avian
species), future research could investigate how differences in the
duration of yawning events correlate with immediate changes in
neurophysiological measures and cognitive processing. Work of
this nature could help elucidate the evolutionary significance of
this ubiquitous response.
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