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Our primate ancestors have been laughing
for 10m years
The first hoots of laughter from an ancient ancestor of humans rippled across the land at least 10
million years ago, according to a study of giggling primates.
Researchers used recordings of apes and babies being tickled to trace the origins of laughter back
to the last common ancestor that humans shared with the modern great apes, which include
chimpanzees, gorillas and orang-utans.
The finding challenges the view that laughter is a uniquely human trait, suggesting instead that it
emerged long before humans split from the evolutionary path that led to our primate cousins,
between 10m and 16m years ago.
"In humans, laughing is a complex and intriguing expression. It can be the strongest way of
expressing how much we are enjoying ourselves, but it can also be used in other contexts, like
mocking," said Marina Davila Ross, a psychologist at Portsmouth University. "I was interested
in whether laughing had a pre-human basis, whether it emerged earlier on than we did."
Davila Ross travelled to seven zoos around Europe and visited a wildlife reserve in Sabah,
Borneo, to record baby and juvenile apes while their caretakers tickled them. Great apes are
known to make noises that are similar to laughter when they are excited and while they are
playing with each other.
"The caretakers play with the apes all the time and tickling is a very important part of that. There
are certain body parts that are more ticklish than others, depending on the individual. Some were
tickled on their necks or armpits, while others offered their feet to be tickled," said Davila Ross.
In total, Davila Ross collected recordings of mirth from 21 chimps, gorillas, orang-utans and
bonobos and added recordings of three babies that were tickled to make them laugh.
To analyse the recordings, the team fed them into a computer program that arranged them on an
"evolutionary tree" based on how related to each other they seemed to be. Remarkably, the
laughter recorded from different primates linked together in a way that matched the evolutionary
tree linking all of the species to one common ancestor.
"Our evolutionary tree based on these acoustic recordings alone showed that humans were
closest to chimps and bonobos, but furthest from orang-utans, with gorillas somewhere
intermediate. And that is what you see in the well-established evolutionary tree of great apes,"
said Davila Ross. "What this shows is strong evidence to suggest that laughing comes from a

common primate ancestor."
Writing in the journal Current Biology, the researchers describe how the earliest laughter-like
sounds were shorter and noisier, but with time became longer and clearer as the great apes
evolved.
Human laughter sounds very different from the noises produced by great apes. The differences
are thought to have arisen when certain acoustic features became exaggerated in early humans
after they split from ancestors they shared with chimps and bonobos around 5.5m years ago.
Humans laugh as they exhale, but chimps can laugh as they breathe in as well. The human laugh
is also produced by more regular vibrations of the vocal cords than in any of the apes.
Few studies have been carried out into the role of laughter in primates, but at least one study has
suggested that it is important in expressing excitement and arousal. Laughing might also have
been important for bonding within groups of animals.
Robert Provine, a psychologist and neuroscientist at the University of Maryland and author of
the book Laughter: A Scientific Investigation, said students who took part in his own studies
likened chimp "laughter" to a dog panting, an asthma attack or hyperventilation. Some even
thought the noise was caused by someone sawing.
"The means of production of human and ape laughter are as different as the sound, with the ape
vocalisation being produced during both inward and outward breaths, while the human parse an
outward breath into 'ha-ha'," he said.
"The simplicity and stereotypy of laughter provides a valuble tool with which to trace vocal
evolution, much as simpler systems of molecular biology are useful for investigating complex
life processes," he added.
In March, reseachers reported that a chimp at a zoo in Sweden had started to challenge scientists'
views about the unique nature of human behaviour.
The 31-year-old male, Santino, regularly displayed thuggish behaviour by preparing piles of
rocks while the zoo was closed and then lobbing them at visitors when the gates opened. The
chimp has since been castrated.
Zookeepers at the Smithsonian National Zoo in Washington DC have reported another human
trait in one of its long-time residents, Bonnie, a 30-year-old orang-utan. Researchers believe
Bonnie learned to whistle by copying the zookeepers. Although she is unable to hold a tune,
other apes at the zoo have reportedly begun copying her.
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Summary
Human emotional expressions, such as laughter, are argued
to have their origins in ancestral nonhuman primate displays
[1–6]. To test this hypothesis, the current work examined the
acoustics of tickle-induced vocalizations from infant and
juvenile orangutans, gorillas, chimpanzees, and bonobos,
as well as tickle-induced laughter produced by human
infants. Resulting acoustic data were then coded as character states and submitted to quantitative phylogenetic analysis. Acoustic outcomes revealed both important similarities
and differences among the five species. Furthermore, phylogenetic trees reconstructed from the acoustic data matched
the well-established trees based on comparative genetics.
Taken together, the results provide strong evidence that
tickling-induced laughter is homologous in great apes
and humans and support the more general postulation of
phylogenetic continuity from nonhuman displays to human
emotional expressions. Findings also show that distinctively human laughter characteristics such as predominantly regular, stable voicing and consistently egressive
airflow are nonetheless traceable to characteristics of shared
ancestors with great apes.
Results
Acoustic Approach
The current work examined the acoustics of tickle-induced
vocalizations from 21 infant and juvenile orangutans (Pongo
pygmaeus), gorillas (Gorilla gorilla), chimpanzees (Pan troglodytes), and bonobos (P. paniscus), as well as tickle-induced
laughter produced by three human infants (see Figure 1 for
representative spectrograms and Table S1 available online
for subject and recording information). Tickle-induced vocalizations were also recorded from an individual lesser ape,
a siamang (Symphalangus syndactylus).
Figure 2 compares the acoustics of these vocalizations
across humans and apes on each of the 11 acoustic measures
of this study (defined in Table S2; see Figure 1). As might be
expected, the siamang values were closer to those of the
orangutans than to any other species. Humans produced
significantly more voiced sounds (with regular vocal-fold
vibration) than any other species (Figure 2A). All three human
participants exhibited predominantly such segments, whereas
vocal-fold vibration patterns were overwhelmingly irregular
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and noisy among the great apes, with only one ape (a bonobo)
emitting voiced sounds. Examining spectral-temporal
patterning revealed that all species could emit calls with two
or more vibration regimes (patterns of energy distribution
over time) (Figure 2F). Humans produced more vibration
regimes per call than did the apes, but the number of regimes
were too low to be compared statistically. Statistical comparisons on other spectral variables showed no species-specific
differences. Significant differences in temporal variables
occurred only among the great apes. In comparison to orangutans, chimpanzees and bonobos exhibited shorter calls and
intercall intervals (Figures 2G and 2H). Chimpanzees and bonobos also showed more calls per series than either gorillas
or orangutans (Figure 2I). All species could emit two or more
bouts per series (Figure 2J). Airflow results showed that all
great apes produced both consecutive egressive calls (during
exhalation phases) as well as alternating egressive-ingressive
sounds (during exhalation-inhalation phases), with the latter
being predominant in chimpanzees (Figure 2K). In contrast,
humans emitted exclusively egressive laughter.
All great apes showed at least one instance of consecutive
egressive tickle-induced calls lasting longer than 3 s. One
gorilla and one bonobo even emitted consecutive egressive
calls for stretches of more than 10 s (13.2 and 10.5, respectively), with expiration proportion of at least 0.66 and 0.80,
respectively. The longest egressive call sequences of orangutans and chimpanzees lasted 4.2 s and 3.3 s, respectively.
Phylogenetic Approach
Phylogenetic trees reconstructed from the acoustic data are
shown in Figure 3 and Figure S1. Exhaustive search with
orangutans as the outgroup resulted in a single maximumparsimony phylogram that placed humans closest to bonobos
and chimpanzees and more distant from gorillas (treelength =
110; RI = 0.686; Figure S1A). With the siamang as the outgroup
the data produced essentially the same single tree, but with
orangutans falling furthest from humans (treelength = 113;
RI = 0.750; Figure 3A). The similarity of these two phylograms
lends credence to the overall approach and indicates that the
more-inclusive reconstruction (siamang as outgroup; Figure 3)
was most informative (see Experimental Procedures for information on outgroup selection). By additionally reconstructing
cladograms with the bootstrap method, high bootstrap values
(79%–97%) were obtained (see Figure 3B and Figure S1B),
indicating well-resolved topologies and strong support for
the internal clades [7, 8]. Characters providing the strongest
data fit to the phylogenetic trees with consistent directional
changes along the clades (i.e., highest RI values) were vibration regimes per call, call duration, and calls per series (see
Table S3). The reconstructed trees were robust and replicated
the tree topology produced previously by genetic relationships
among great apes and humans (e.g., [9, 10]).
Discussion
Taken together, the acoustic and phylogenetic results provide
clear evidence of a common evolutionary origin for ticklinginduced laughter in humans and tickling-induced vocalizations
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Figure 1. Representative Spectrograms of Great Ape, Human, and Siamang
Vocalizations Elicited by Tickling
Recordings of these narrowband spectrograms (40 ms Hanning window)
had a 22,050 Hz sampling rate. Great ape vocalizations include those of
an orangutan, gorilla, chimpanzee, and bonobo.

in great apes. Although most pronounced acoustic differences were found between humans and great apes, interspecific differences in vocal acoustics nonetheless supported
a quantitatively derived phylogenetic tree that coincides with
the well-established, genetically based relationship among
these species. At a minimum, one can conclude that it is
appropriate to consider ‘‘laughter’’ to be a cross-species
phenomenon, and that it is therefore not anthropomorphic to
use this term for tickling-induced vocalizations produced by
the great apes. This term has been used in previous work on
tickle- and play-related vocalizations in several nonhuman
species (e.g., [11–13]), and the current results provide clear
support for such usage, at least as far as primates are concerned.

However, the results arguably compel much more substantive conclusions as well. For example, the acoustic variables
found to most strongly distinguish humans and apes statistically (i.e., regular voicing and airflow direction) were not the
characters showing the most consistent, directional change
throughout the phylogenetic tree (i.e., vibration regimes per
call, call duration, calls per series). In other words, the acoustic
data supported at least two independent classifications—one
based on general differences among all species, and one
based on more extreme deviations occurring specifically in humans. A related point is that the two variables that did most
clearly differentiate humans and apes also varied among the
latter, but to a lesser degree. Thus, although orangutans and
gorillas showed virtually no evidence of regular voicing, one
of the bonobos did show this phenomenon. Regularity of
vocal-fold vibration has also been found in previous work on
chimpanzee laughter [14]. The data further indicate that an
evidently ancestral condition included a mix of both
egressive-ingressive and more consistently egressive laugh
sounds, the former giving rise to characteristically alternating
airflow in chimpanzee laughter and the latter to more purely
egressive laughter in humans. These outcomes are inconsistent with Provine’s [13] supposition that obligate alternating
airflow represents the ancestral condition and is associated
with an inherent neuromuscular constraint on ape vocalizations created by quadrupedalism.
We conclude that although tickling-induced human laughter,
which is deeply grounded in human biology (e.g., [15]), is
acoustically and perceptually distinct from homologous great
ape sounds [13], the evolutionary changes occurred along existing dimensions of variation, rather than being de novo inventions. This inference is potentially significant for language
evolution as well, because human speech is also marked by
consistently regular vocal-fold vibration [16] and sustained,
consistently egressive airflow [17, 18]. Although both aspects
have been argued to be uniquely human traits [13, 16, 17], it
appears unlikely that such is the case. Regular voicing has
now been documented in a large number of nonhuman primate
calls (e.g., [19–21]). The present study found that gorillas and
bonobos were able to sustain egressive airflow 3–4 times
longer than the total likely duration of the normal breath cycle,
which for comparison is approximately 3.1 s in human children
[22], while showing expiration proportions longer than the
value of 0.61 reported for human children [22]. It is of course
always difficult to determine whether changes such as the
characteristic voicing and egressive airflow of human laughter
represent adaptations or secondary outcomes of selection
pressure on other traits, for example related to speech or
other vocalizations. Nonetheless, the evidence unequivocally
suggests a distinctive exaggeration of preexisting traits at
some point after the divergence of hominins from a common
ancestor with chimpanzees and bonobos, approximately 4.6
to 6.2 million years ago [23, 24].
Parenthetically, we should note that factors such as the
lower larynx position of humans relative to great apes [25],
body-size differences among the various species, and simple,
within-species maturational effects do not readily account for
the current results or associated theoretical interpretations.
The most important differences noted here, for instance
related to temporal organization and airflow, are unlikely to
be importantly affected by changes in laryngeal position or
body size. Vocal-fold response characteristics that bias their
vibration toward more regular or noisier regimes could be so
affected, but developmental observations suggest that this
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Figure 2. Species-Specific Comparisons for Each Measured Variable of Tickling-Elicited Sounds in Apes and Humans
Acoustic data of the respective spectral (A–F), temporal (G–J), and airflow (K) variables were statistically compared both among great apes (O, orangutan; G,
gorilla; C, chimpanzee; B, bonobo) and between great apes and humans (H). Significant differences found with Hommel-Hochberg corrections are shown in
bold font. Data of the siamang (S) were not assessed statistically, because only one individual had been included.

factor is also not important. Specifically, young humans like
the ones recorded here appear much more likely than adults
to display noisy vibration regimes that include ingressive

sound production, as in high-arousal crying of typically developing infants [26, 27]. In other words, the consistently regular
voicing that distinguished human laughter in the current study
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longer and slower than those of humans and extant great
apes, included a smaller number of more uniformly noisy calls
with fewer changes in vibration regimes, and showed both
alternating and more consistently egressive airflow. Consistent with the postulate of gradual evolutionary change from
nonhuman displays to human emotional expressions by Darwin [3] and others [1, 2, 4–6], analyses indicated both that there
is significant acoustic variation in the tickle-induced laughter
of great apes and that distinctive features of human laughter
could have been shaped through selection and exaggeration
of preexisting traits. The question left unaddressed is of
course why those particular acoustic properties emerged,
and what functions they may have served as laughter became
a pervasive and characteristic component of human social
communication.
Experimental Procedures

Figure 3. Reconstructed Trees of Apes and Humans with the Siamang as
the Outgroup Derived with Tickling-Induced Vocalizations
(A) The single maximum-parsimony phylogram as a result of exhaustive
search (treelength = 113, RI = 0.750). Shorter branches indicate fewer character state changes.
(B) Bootstrap cladogram as a consensus tree of 10,000 replicates. Bootstrap values for ingroup clades are shown just above their preceding
branches.

occurs routinely across the life-span, independent of significant changes in body size, vocal-fold size, and evident vocalfold response characteristics.
Summarizing, the results suggest that the evolutionary
origins of human laughter can be traced back at least 10 to
16 million years [24, 28] to the last common ancestor of humans and modern great apes (see Figure 4 for a model of
laughter evolution). However, the origins may be even earlier,
because the tickling-induced vocalizations from the individual
siamang showed many similarities to orangutan laughter.
Given the general trends uncovered, the primordial laughter
sounds of this common ancestor were likely to be generally

Data Collection
Subjects were 22 infant and juvenile apes and 3 human infants (Table S1).
The apes included 7 orangutans, 5 gorillas, 4 chimpanzees, 5 bonobos,
and 1 siamang. All individuals were audio-recorded in their home facilities
(or homes) while being tickled by familiar and mostly different humans,
who were instructed to trigger tickle-induced vocalizations in the subjects
as part of a playful social interaction, a method that has been effectively
applied in a range of species [11–14] (see Figure 1 for representative spectrograms). Subjects were primarily tickled on their palms, their feet, their
necks, or in their armpits. Table S1 includes further information about
subjects and recordings.
Acoustic Analysis
Acoustic analysis was conducted with ESPS/waves+ (‘‘xwaves’’) 5.3 software (Entropic Research Laboratory, Washington, DC). Calls were originally
sampled at either 22,050 or 44,100 Hz and were standardized at the lower
rate after conversion to ESPS format. Before analysis, all waveforms were
subject to high-pass, 60 Hz filtering (removing any AC contamination) and
centered around the zero-volt line (removing any DC offset). The amplitude
of each file was then scaled relative to the full, 16-bit range. Finally, to ensure
good recording quality in the final sample, the mean RMS amplitude of each
call was compared to an adjacent, representative sample of background
noise within the same file, and any sound for which this signal-to-noise ratio
was less than 2 dB was excluded. The final sample included 829 calls.
Figure 4. Model of Laughter Evolution Based on
Both Acoustic and Phylogenetic Results of Tickling-Induced Vocalizations by the Hominidae
The phylogenetic emergence and modifications of
laugh characteristics were reconstructed dating
back to the last common ancestor of humans
and extant great apes, around 10 to 16 million
years ago [24, 28].
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The acoustic measurements used were ones that could be applied to
each of the species, and that were deemed most likely to capture similarities
and differences among the sounds based on earlier work [13, 14, 29] and on
preliminary examination of all species’ vocalizations. Resulting measures
were designed to particularly capture three dimensions of potential interest,
including degrees of regularity of vocal-fold vibration, temporal organization
of sounds, and airflow direction. Calls, bouts, and bout series were characterized with a set of 11 acoustic variables (defined in Table S2), including six
spectrally related measures applicable for both voiced and unvoiced
sounds (percent voiced segments, call peak frequency, spectral slope, first
spectral moment, second spectral moment, and number of vibration
regimes per call), four temporally related measures (call duration, intercall
interval, calls per series, and bouts per series), and one categorical airflow
variable (percent bouts with alternating egressive-ingressive calls). A call
was defined as a temporally continuous acoustic element with endpoints
defined by an energy increase at the start and decrease at the finish. A
bout was defined as consecutive calls with spectral-temporal energy
patterns that were either the same or showing gradual changes consistent
with the vocal-folds not bifurcating to a qualitatively different vibration
regime [30, 31]. A bout series then consisted of consecutive bouts spaced
at intervals of less than 1 s. Measurements were made with displays that
could as needed combine waveforms, narrowband spectrograms (40 ms
Hanning window), spectral slices extracted from those spectrograms, and
wideband spectrograms (8 ms Hanning window). Spectral slices and spectrograms were computed with full preemphasis.
One researcher first performed all measurements, and a second then
independently repeated the particular measures in which human judgement
might affect the outcome (voiced segments, vibration regimes per call, calls
per series, bouts per series, and alternating egressive-ingressive bouts).
Interobserver reliability was gauged with Cohen’s kappa, and resulting
values are in Table S2. For each measure, medians (if n % 5) or means (if
n > 5) were first calculated by subject across all calls of each bout, then
all bouts of each bout series, followed by calculating only medians across
all bout series. Outcomes for ape subjects were compared both across
species and to humans with chi-square (nominal data) and Kruskal-Wallis
(ordinal data) tests. Post-hoc comparisons for the two data types were conducted with chi-square and Mann-Whitney U tests, respectively. HommelHochberg corrections were applied to adjust a levels as needed for
repeated comparisons. Finally, to capture any evidence of potential flexibility in airflow direction, instances of continuously egressive call sequences
within a series were tallied for each individual. The longest duration of each
egressive call sequence (from start of first call to end of last call) was then
calculated for each species, as well as the expiration proportion associated
with this sequence (the cumulative duration of egressive calls divided by the
duration of the sequence).
Phylogenetic Analyses
Phylogenetic analyses were performed to reconstruct possible evolutionary
trees based on the acoustic data of the study species with PAUP* 4.0 software (Sinauer Associates, Sunderland, MA). Although vocal behavior is
often analyzed as part of understanding primate phylogenetic relationships
(e.g., [20, 32]), our approach was critically different, namely the use of the
already well-established phylogeny of humans and great apes as a reference
in interpreting any phylogenetic relationships potentially found among their
ticking-induced vocalizations. In these analyses, measured variables (i.e.,
characters) were first coded as character state values, followed by reconstructing the possible phylogenetic trees.
Acoustic values were averaged by subject in form of means and then
standardized with log(x+1) transformations [33]. Based on these transformed values, species medians were calculated for each variable and
coded as character states ranging from 0 to 9 (a total of 10 states) via
Thiele’s [33] gap-weighting method. The gap-weighting method weighs
gaps between coded states of species by giving larger weights to larger
differences in trait values [33]. Trait values of largest difference, i.e., the
smallest and highest values of a trait, were first coded as character states
0 and 9, combined indicating the largest gap. The remaining values of the
trait were then coded as states between 0 and 9, with dependence on the
distances to the smallest and highest trait values.
Trees were then reconstructed and rooted with a preselected, outgroup
species. Exhaustive search was applied to obtain the best data fit of all
possible trees (e.g., [34]) by using the maximum-parsimony method to
find the tree of fewest character state changes, meaning shortest treelength
(e.g., [35]). Bootstrap analysis was then performed to test the robustness [7]
of each candidate clade (an ancestor and its descendants) by reconstructing

an additional tree as a consensus of 10,000 newly generated replicates. For
each replicate, one randomly selected character was deleted while one
randomly selected character was added [7]. Confidence (bootstrap) values
represented the proportion of clades recovered in all replicates [7]. In this
analysis, the bootstrap value associated with a given clade is the percentage
of replicate trees in which it appears, and only clades with bootstrap values
equalling or exceeding 50% were retained (50% majority rule). Clades with
bootstrap values of 70% or higher are defined as well-supported [8].
The character fit to the most parsimonious tree(s) was measured by the
retention index (RI) [36], which reflects the number of collectively derived
character states [37]. The RI index is defined as (g 2 s)/(g 2 m), where s is
the number of steps a character requires in a specific tree, g is the maximum
number of steps a character requires in any tree, and m is the minimum
number of steps a character requires in any tree [37]. An RI value of 1 indicates the absence of homoplasy, which occurs when character states
evolve more than once. As the amount of homoplasy increases, associated
RI values approach 0. High RI values are thus indicative of consistent, directional character state changes along the clades and strong data fit to the
tree(s). Characters without RI values are parsimony uninformative and
show a maximum of one ingroup species with a character state different
from the other ingroup species. It is therefore possible for parsimony-uninformative characters to become parsimony-informative when adding taxonomic units to the data set.
Analyses were conducted twice, first with the seven orangutan subjects
as the outgroup and gorillas, chimpanzees, bonobos, and humans as the ingroup, and then with the single siamang subject as the outgroup, with
orangutans, gorillas, chimpanzees, bonobos, and humans making up the ingroup. The rationale was that finding the same topology in each case would
increase confidence in the reliability of the phylogenetic results, particularly
if adding orangutans to the ingroup and with the siamang as the outgroup in
the second analysis confirmed and extended the first, less-inclusive reconstruction.
Supplemental Data
Supplemental Data include one figure and three tables and can be found with
this article online at http://www.cell.com/current-biology/supplemental/
S0960-9822(09)01129-4.
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technical support. Data were collected in Sepilok Rehabilitation Centre,
Apenheul Primate Park, Schwaben Park, Zoo Berlin, Zoo Frankfurt, Zoo
Hannover, Zoo Wilhelma, Zoo Wuppertal, and in private homes. Research
was funded by the University of Veterinary Medicine Hannover and the
Center for Systems Neuroscience Hannover. Acoustic analysis was partially
supported by the Center for Behavioral Neuroscience under the STC
Program of the National Science Foundation under Agreement No. IBN9876754 and by the Brains & Behavior Initiative and Neuroscience Institute
at Georgia State University. Travel grants were provided by Forschungszentrum Jülich and Freundeskreis der Tierärztlichen Hochschule Hannover.
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Outline
Hypothesis and Conclusions (4 pts):
-hypothesis: laughter is not uniquely human & has evolved among primates for millions of years.
-what they did:
-looked at human infants, 4 great ape species, and one lesser ape species
-recorded 3 major acoustic measures and 11 sub-measures of tickling-induced laughter
-created a phylogeny using these measures, compared this to a phylogeny using genetics
-what they found:
-certain acoustic properties of laughter separate humans from the other apes, but other
acoustic properties differentiate all the apes from one another.
-human laughter is more regular and clear than that of apes, also humans only laugh
while exhaling, apes laugh while inhaling or exhaling
-a phylogeny based on acoustic data closely resembles a phylogeny based on genetics
-relate it back to the hypothesis:
-all apes can laugh – data support the hypothesis
-phylogeny created by comparing acoustics of laughing resembles that of one created by
genetics – data support the hypothesis.
One Strength of the Experimental Design (5 pts):
-one strength: many measures and sub-measures of acoustic properties
-explanation: allowed for a sophisticated phylogeny, and afforded the researchers the ability to
determine which properties most separated humans from the others and which separated all the
species from one another
One Weakness of the Experimental Design (5 pts):
-one weakness: only looked at laughter induced by tickling

Outline
-explanation: it eliminates the majority of laughter-inducing stimuli in humans…. explain why
this is important
One Follow-up Study (6 pts):
-idea: follow up on weakness – can other stimuli induce laughter in apes? If so, is the laughter
the same as with tickling?
hypothesis: primates have exhibited laughter for millions of years, and the form of laughter seen
by humans today evolved from a common ancestor
-experimental design: show human infants, chimps, bonobos, gorillas, orangutans and Siamang
apes obviously humorous visual situations (e.g., slapstick comedy) and measure the same 11
acoustic measures
-prediction: if laughter evolved in the common ancestor of primates then laughter should show
the same acoustic characteristics within a species and the same differences between species
regardless of laughter-inducing stimuli (as long as the primates have evolved the cognitive
capabilities to understand humour).
Newspaper Article (2 pts):
-accurate and concise summary of the methods, findings, and implications for the most part
-differences between great apes not emphasized as much difference between humans and nonhuman primates.
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The belief is held by many that laughter is a uniquely human phenomenon. However,
Ross and colleagues (2009) hypothesized that laughter has been exhibited by primates for
millions of years, and that the form of laughter exhibited by humans is merely evolved from
common ancestors. In fact, their phylogenetic tree based on acoustic similarities and differences
between human infants and five non-human primate species closely resembles the phylogenetic
tree of these same species based on comparative genetics, indicating evolutionary changes in
laughter as a means of social communication.
For the current experiment, 3 human infants, 7 orangutans, 5 gorillas, 4 chimpanzees, 5
bonobos, and 1 siamang were studied. All were audio-recorded while being tickled by familiar
humans. Acoustic recordings were analyzed based on three properties: degrees of regularity of
vocal-fold vibration, temporal organization of sounds, and airflow direction. These properties
consisted of various sub-properties used to further differentiate and classify animals
phylogenetically. Sophisticated software (PAUP* 4.0 software, Sinauer Associates, Sunderland,
MA), was used to fit the species into a phylogenetic tree based on their acoustic data from the 11
sub-variables. The software arranged the tree such that the most parsimonious possibility
(fewest branches and shortest branch lengths) was presented.
Sounds produced from regular vocal-fold vibration are known as voiced sound. The
percent of sounds that were voiced represented a main difference between humans and the nonhuman primates. More than half of the sounds produced by humans were voiced while less than
10 % of sounds by each of the non-human primate species were voiced. Analysis of temporal
variables provided some distinction among the great apes. Chimpanzees and bonobos had
shorter calls and intercall intervals than orangutans. They also showed more calls per series than
orangutans and gorillas. Airflow analysis examined sounds as being egressive (during
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exhalation) or ingressive (during inhalation). Though the various species differed in this regard,
all great apes exhibited both consecutive egressive calls and alternating egressive-ingressive
sounds, with chimpanzees showing mainly the alternating sounds. Human laughter was almost
exclusively egressive. Phylogenetic analysis based on the acoustic data showed humans to be
most similar to chimpanzees and bonobos, followed by gorillas, orangutans, and finally
siamangs. This tree closely resembles the tree based on comparative genetic analysis.
The acoustic data indicate two notable differentiations. Degrees of regularity of vocalfold vibration and airflow direction constitute the classification differentiating humans from the
other apes while temporal organization of sounds constitutes the classification differentiating all
the species from one another.
A strength of the study was the number and specificity of acoustic variables analyzed.
Laughter was parsed into analysis by three main categories and further into 11 sub-categories.
This allowed for a thorough analysis which allowed researchers not only to understand the
differences between human laughter and that of the great apes but also to understand the
differences among the great apes. Without the latter differentiation, a comprehensive
phylogenetic tree could not have been constructed. Also, it would have appeared that human
laughter is a phenomenon entirely distinct from the noises made by non-human primates, a
conclusion which now seems incorrect.
A weakness of the study is that laughter was only recorded with regard to tickling. While
this was done in order for there to be consistency across the way laughter was induced in the
various species, it eliminates the majority of laughter-inducing stimuli in humans. It may be the
case that laughter caused by social, but not physical stimulation, may have fundamentally
different acoustic properties.

Name

1st Draft

12345678

Following up on the weakness just presented, an appropriate study may entail studying
humans specifically to determine if laughter induced by physical means (i.e., tickling) differs
from laughter induced by non-physical means (i.e., joking, etc.). For consistency, the same 11
acoustic sub-variables would be examined. Laughter could be recorded following three different
conditions. The first condition would involve physical contact and would be induced by tickling.
The second condition would involve viewing physical humor (slapstick humor). The third
condition would involve listening to a joke which would require cognitive processing to
understand. Since this study would involve only human subjects, a within-subjects repeated
measures design could be used in which each subject was recorded laughing following each of
the conditions. This would expand upon the findings of Ross and colleagues by determining not
only if laughter has evolved from great apes to humans but also if laughter evolved in humans
due to abilities to process humor from more complex social situations.
A brief 788 word article was published in the Guardian summarizing the findings of this
research article. The newspaper did a good job of summarizing the main findings of the study as
well as putting these findings in an evolutionary perspective. The author notes that humans are
differentiated from the other primates in that their laughter is mainly egressive and is
characterized by more regular vibrations of the vocal-folds. The article also did a nice job of
succinctly and accurately outlining the methods of the experiment without getting bogged down
in jargon or unnecessary details. However, the article was slightly misleading in one respect.
From the way it was written, one might conclude that human laughter is very different from that
of other primates, without other primates differing much from one another. However, as was
stated in the discussion of the journal article, certain acoustic traits differentiate the great apes
from one another in addition to the traits that separated humans from the other apes.
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phylogenetic tree based on the observed acoustic similarities and differences between the species
and saw it closely resembled the phylogenetic tree of these same species based on comparative
genetics. Together these data support the hypothesis and strongly suggest laughter originated in
the common ancestor of humans and great apes if not earlier.
One Strength of the Experimental Design (5 pts): A strength of the study was the number and
specificity of acoustic variables analyzed. Laughter was parsed into analysis by three main
categories and further into 11 sub-categories. This allowed for a thorough analysis that permitted
researchers to understand the differences between human laughter and that of the apes and also
to understand the differences within the apes. These 11 measures also allowed the researchers to
construct a phylogenetic tree based on the observed acoustic similarities and differences. If they
only analyzed 1-2 measures they would not have been able to build the phylogenetic tree and it
may have appeared that human laughter is a phenomenon entirely distinct from the noises made
by non-human primates, a conclusion which now seems incorrect.
One Weakness of the Experimental Design (5 pts): A weakness of the study is that laughter
was only recorded with regard to tickling. While this was done in order for there to be
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of laughter-inducing stimuli in humans. It may be the case that laughter caused by social, but not
physical stimulation, may have fundamentally different acoustic properties across the species.
Furthermore perhaps laughter in response to social stimuli may only be present in humans and
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laughter should show the same acoustic characteristics within a species and the same differences
between species regardless of laughter-inducing stimuli (as long as the primates have evolved the
cognitive capabilities to understand humour).
humor). Laughter could be recorded following viewing of a visually humorous situation
(slapstick humor). The same 11 acoustic sub-variables would be examined. I would create a
phylogenetic tree using theses measures and compare it to the phylogenetic trees created in the
present study. I predict that I would come up with a very similar tree as determined in this study,
but with perhaps less resolution in the species who shared a common ancestor with humans
longer ago in the distant past. I expect this because although all of the ape species tested can
exhibit laughter in response to tickling, some of the species may not have evolved the cognitive
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Final Version
Hypothesis and Conclusions (4 pts): Many believe that laughter is unique to humans, but Ross
and colleagues (2009) hypothesized that primates have exhibited laughter for millions of years,
and that the form of laughter seen by humans today evolved a common ancestor. The researchers
tickled human infants and five other ape species to induce laughter, recorded the vocalizations
and analyzed them on 11 acoustic measures. They observed some form of laughter in all species
tested, but humans exhibited longer and clearer laughter than the apes and humans only laugh as
they exhale, whereas the other apes laugh during inhalation as well as exhalation. They built a
phylogenetic tree based on the observed acoustic similarities and differences between the species
and saw it closely resembled the phylogenetic tree of these same species based on comparative
genetics. Together these data support the hypothesis and strongly suggest laughter originated in
the common ancestor of humans and great apes if not earlier.
One Strength of the Experimental Design (5 pts): A strength of the study was the number and
specificity of acoustic variables analyzed. Laughter was parsed into analysis by three main
categories and further into 11 sub-categories. This allowed for a thorough analysis that permitted
researchers to understand the differences between human laughter and that of the apes and also
to understand the differences within the apes. These 11 measures also allowed the researchers to
construct a phylogenetic tree based on the observed acoustic similarities and differences. If they
only analyzed 1-2 measures they would not have been able to build the phylogenetic tree and it
may have appeared that human laughter is a phenomenon entirely distinct from the noises made
by non-human primates, a conclusion which now seems incorrect.
One Weakness of the Experimental Design (5 pts): A weakness of the study is that laughter
was only recorded with regard to tickling. While this was done in order for there to be
consistency across the way laughter was induced in the various species, it eliminates the majority

Final Version
of laughter-inducing stimuli in humans. It may be the case that laughter caused by social, but not
physical stimulation, may have fundamentally different acoustic properties across the species.
Furthermore perhaps laughter in response to social stimuli may only be present in humans and
may have evolved independently from laughter in response to physical stimuli (such as ticking).
One Follow-up Study (6 pts): If laughter evolved in the common ancestor of primates then
laughter should show the same acoustic characteristics within a species and the same differences
between species regardless of laughter-inducing stimuli (as long as the primates have evolved the
cognitive capabilities to understand humor). Laughter could be recorded following viewing of a
visually humorous situation (slapstick humor). The same 11 acoustic sub-variables would be
examined. I would create a phylogenetic tree using theses measures and compare it to the
phylogenetic trees created in the present study. I predict that I would come up with a very similar
tree as determined in this study, but with perhaps less resolution in the species who shared a
common ancestor with humans longer ago in the distant past. I expect this because although all
of the ape species tested can exhibit laughter in response to tickling, some of the species may not
have evolved the cognitive capabilities to understand social humour. Thus, these data should
support the hypothesis – laughter evolved from a common ancestor – but also suggest laughter in
response to humor is a derived trait.
Newspaper Article (2 pts): The newspaper article states that humans are differentiated from the
other primates in that their laughter is mainly egressive and is characterized by more regular
vibrations of the vocal-folds. This is misleading, in that one might conclude that human laughter
is very different from that of other primates, without other primates differing much from one
another. However, as was stated in the journal article, certain acoustic traits differentiate the
great apes from one another in addition to the traits that separate humans from the other apes.

