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The Effects of Auditory Enrichment on Gorillas
Lindsey Robbins, and Susan W. Margulis*

Department of Animal Behavior, Ecology and Conservation, Canisius College, Buffalo, New York

Several studies have demonstrated that auditory enrichment can reduce stereotypic behaviors in captive animals. The purpose
of this study was to determine the relative effectiveness of three different types of auditory enrichment—naturalistic sounds,
classical music, and rock music—in reducing stereotypic behavior displayed by Western lowland gorillas (Gorilla gorilla
gorilla). Three gorillas (one adult male, two adult females) were observed at the Buffalo Zoo for a total of 24 hr per music trial.
A control observation period, duringwhich no soundswere presented, was also included. Eachmusic trial consisted of a total of
three weeks with a 1‐week control period in between each music type. The results reveal a decrease in stereotypic behaviors
from the control period to naturalistic sounds. The naturalistic sounds also affected patterns of several other behaviors including
locomotion. In contrast, stereotypy increased in the presence of classical and rock music. These results suggest that auditory
enrichment, which is not commonly used in zoos in a systematic way, can be easily utilized by keepers to help decrease
stereotypic behavior, but the nature of the stimulus, as well as the differential responses of individual animals, need to be
considered. Zoo Biol. XX:XX–XX, 2014. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Music has been shown to influence behavior in humans
in several ways, based in part on the genre of music. Fast rock
music, for example, has been found to make people work
more quickly and classical music has been shown to have
soothing effects, leading people work at a more relaxed pace
[Dalton and Behm, 2007]. Classical music has been used to
enhance psychological well‐being and to reduce pain,
depression, social stress and anxiety‐related symptoms
[McCaffrey and Good, 2000; Hilliard, 2001; Vickers and
Cassileth, 2001]. Music is routinely used in conjunction with
more conventional forms of therapy in a variety of clinical
settings [Christie, 1992]. The influence of music on human
well‐being has thus been well‐documented.

Similar research has been conducted on non‐human
primates housed in a range of environments, including zoos
and laboratories, on the assumption that similar behavioral
benefits may result from auditory stimulation. Radio music
(use of a standard radio receiver set to a specific station and a
particular genre of music, chosen by animal caretakers), for
instance, has been related to a decrease in the heart‐rate
of laboratory‐housed baboons, Papio spp [Brent and
Weaver, 1996] and abnormal behavior in rhesus macaques
(Macaca mulatta) [O’Neill, 1989]. Biologically relevant
sounds, such as the sound of conspecifics, have been reported

to promote more species‐typical behavior in Lar gibbons
(Hylobates lar) [Shepherdson et al., 1989]. Wallace et al.
[2013] however, suggest that natural sounds could lead to
agitation, and consequently chose to use classical music in a
similar study on moloch gibbons (H. moloch). They found no
consistent effect of music in their study. Stereo music (use of
a sound system to play CD or MP3 music) has been shown to
reduce aggression and increase social affiliations in laborato-
ry‐housed chimpanzees (Pan troglodytes) [Howell
et al., 2003]. Although Howell et al. used different types of
music in their study (classical, country, ethnic, oldies, and
soft rock) they did not assess the differential effects of these
types of music. Rather, they analyzed the overall effect of
music on behavior, without distinguishing amongst musical
genres.
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Though relatively easy to implement, auditory enrich-
ment is not often used in the zoo setting. Hoy et al. [2010]
surveyed enrichment practices amongst 60 zoos in 13
countries; 74% of survey respondents reported that they
never used auditory enrichment for captive mammals.
Auditory stimulation may include both naturalistic and
artificial sounds: for example, natural sounds may include the
use of rainforest CDs to mimic the sounds of the rainforest,
whereas artificial sounds encompass any human‐produced
sounds not naturally occurring in the environment. Wells
[2009] pointed out that auditory enrichmentmay simply serve
as a “mask” to reduce the ambient crowd noise in zoos,
however she further suggested that if this were the case, we
would not expect to see different effects based on the genre of
sound.

Given the limited use of auditory enrichment in the zoo
setting, it is no surprise that few formal studies have been
conducted to address its impact, nor have the effects of
different types of auditory enrichment been adequately
evaluated. One study conducted in San Diego [Ogden
et al., 1994] and another study conducted in Ireland [Wells
et al., 2006], explored the impact of auditory enrichment on
zoo‐housed gorillas. Ogden et al. [1994] evaluated the effects
of ecologically relevant sounds on captive Western lowland
gorillas. This study found significant differences in behavior
across conditions. In particular, infants exhibited lower levels
of arousal than did adults to rainforest sounds, with adults
exhibiting increased agitation and arousal in response to these
sounds. Wells et al. [2006] exposed gorillas to three
conditions of auditory stimulation: a control (no auditory
stimulation), an ecologically relevant condition (rainforest
sounds) and an ecologically non‐relevant condition (classical
music). They found that there was no significant effect of
auditory environment on the gorillas’ behavior, although
animals tended to show more behaviors suggestive of
relaxation (i.e., resting, sitting) and fewer behaviors typically
associated with stress (i.e., aggression, stereotypic behavior)
during both the ecologically relevant and non‐relevant,
auditory enrichment stimuli, relative to the control
conditions.

The body of research on music effects on human
behavior, along with studies indicating possible impacts on
non‐human primates, suggests that auditory stimuli may
serve as viable and appropriate enrichment in the zoo setting.
Furthermore, different types of auditory stimuli may have
different effects. In general, classical and country music have
been found to have more positive effects on behavior than
rock music, and natural sounds may have variable effects,
sometimes leading to increased stress [Wells, 2009]. The goal
of the present study was to examine the effects of different
types of auditory enrichment on the behavior of gorillas
housed at the Buffalo Zoo. Unlike past auditory enrichment
studies which have primarily been conducted on laboratory
housed animals, or only looked at either radio background
noise or two types of music (classical and naturalistic
sounds), our study looked at different types of auditory

stimuli: classical music (Chopin), rock music (Muse), and
natural sounds. We hypothesized that although the gorillas in
our study would be expected to habituate over time to all of
the stimuli being played, they would orient more towards the
speakers when natural sounds were played when compared to
music and the control condition. In addition, we predicted that
stereotypy would be lower when natural sounds and classical
music were played as compared to rock music and control
conditions. Similarly, we hypothesized that activity (as
measured by locomotor behavior throughout the exhibit)
would increase in response to auditory stimulation. We
believe that auditory enrichment could represent an effective,
easy‐to‐use, and under‐utilized type of enrichment for
gorillas.

MATERIALS AND METHODS

Subjects and Study Site

The subjects for this study were four captive‐born
Western lowland gorillas (Gorilla gorilla gorilla) housed at
the Buffalo Zoo. At the time of the study, the group consisted
of two adult females, one adult male silverback, and one
female infant. The infant was excluded from analysis as her
behavior was not independent from that of her mother.
Therefore, the data set comprised information on the three
adult gorillas (one male, Koga, and two females, Sidney and
Lily). The animals were housed in an indoor exhibit that
measured approximately 185 square meters. Exhibit features
included a waterfall, centrally‐placed climbing structure,
and artificial rock work. The upper level of the exhibit
(inaccessible to the gorillas) included natural vegetation. The
gorillas shared their exhibit with Lady Ross’s turacos
(Musophaga rossae), speckled mousebirds (Colius striatus),
and superb starlings (Lamprotornis superbus).

Procedures

We conducted 2‐hr observation sessions four times a
week (Tuesdays, Fridays, Saturdays, and Sundays). On
Tuesdays and Fridays we observed from 2:00 pm to 4:00 pm
and on Saturdays and Sundays we observed from 10:00 am to
12:00 pm. We used three different auditory stimuli, each
representing a treatment condition, as well as a control
condition. (1) The control period consisted of no auditory
stimuli other than standard background exhibit and public
noise; (2) the natural sounds treatment utilized the “Sounds of
the African Rainforest” CD [African Rainforest—Sounds of
Nature by Various Artists, January 01, 2000; Label: Echo
Bridges Home Entertainment]; (3) the classical music
treatment comprised a playlist compiled of different music
by Chopin and was edited to be the same length as the African
Rainforest CD (approximately 1 hr and 30min); and finally
(4) the rock music treatment consisted of different songs
by Muse and was the same length as the other stimuli.
Four auditory treatments, each three weeks in length, were
conducted. A 1‐week break was implemented between each
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auditory treatment in order to minimize habituation and order
effects; however, data were not collected during these times.
Each treatment consisted of a total of 24 hr of data (two hours
per day, 4 days per week for three consecutive weeks)
resulting in an overall total of 96 hr of data collected by the
end of all four treatments. Data collection began in
September 2011 and concluded in January 2012.

The auditory device used was an iHome with iPod
attached. The device was placed in an area inaccessible to
the gorillas in the upper level of the exhibit. We first set the
system up while the gorillas were in holding, and adjusted
the volume to ensure that it could be heard above the
background noise level of the waterfall. Although we did not
measure the decibel level, the music did not appear to be
inappropriately loud to the human ear. Visitors standing
directly below the location of the iHome were able to hear the
sounds, but these were not detectable elsewhere in the public
area.We confirmed that the sounds could be heard throughout
the gorilla exhibit. Proximity to the sound source had only a
minor impact on perceived volume (based on the human
observers’ assessment). The device was remote controlled
from the visitor level so researchers could initiate the
enrichment without disturbing the keepers. Observers
activated the device at the beginning of each observation
session. We used instantaneous sampling with 60‐sec
intervals and all‐occurrence sampling [Altmann, 1974] for
data collection. All‐occurrence sampling was used to record
any occurrences of orienting to the source of sound. Orienting
towards speakers was defined as movement of the head or
body towards the speakers and looking up at them for at least
three seconds. Behaviors recorded via instantaneous sam-
pling are presented in Table 1. This procedure remained the
same even for the control period. We hypothesized that
auditory enrichment would reduce the frequency of stereo-
typy and increase the level of activity, therefore we analyzed
three behaviors: hair‐pluck, regurgitation/reingestion, and
locomotion. Other behaviors that are often associated with
well‐being, such as social interaction, play, and self‐
scratching, occur so rarely in the gorilla group (Margulis,
unpublished data) that we did not analyze them. All

researchers passed an inter‐observer reliability test with a
score of at least 85%. The inter‐observer reliability test was
given twice, once before the control data collection began and
again before the first auditory stimulus treatment started to
ensure that the all occurrence behavior of orient was reliably
scored.

The exhibit space was divided into two zones: “near”
the source of auditory enrichment (within 4m of the source),
and “far” from the source (>4m). On each scan, we noted the
location of the gorillas as being near or far from the auditory
source, or out of view (thus, the observer could not determine
proximity to stimulus).

Data Analysis

We used Microsoft Excel to summarize and transform
data, but all statistical analyses were done using SAS version
9.3. We first transformed behavioral data to achieve
normality using a square‐root arcsin transformation. We
used a repeated measures analysis of variance to determine
differences among subjects in behaviors based on auditory
enrichment treatment. Alpha was adjusted to 0.0167 to
account for multiple comparisons. When the ANOVA was
significant, we used a post hoc Duncan’s multiple range test
to identify sources of difference (across subjects and/or
auditory treatments). A chi‐square analysis was used to
determine if frequency of orienting towards the sound source
varied based on enrichment type.We did not analyze location
data as the gorillas were far from the sound source or out of
view over 95% of the time.

RESULTS

Figure 1 shows the prevalence of hair‐plucking,
regurgitation and reingestion, and locomotion for three
gorillas across enrichment types. Lily showed no significant
behavioral differences across treatment types. Hair‐plucking
did not vary significantly across treatments for the three
subjects. However, Koga was known to engage in hair‐
plucking more often than the females (personal observation).
A separate analysis using only Koga’s hair‐plucking showed

TABLE 1. Ethogram of gorilla behaviors recorded in the study (only hairpluck, regurgitate/reingest and locomotion were analyzed
statistically)

Behaviors Code Definitions

Stereotypic: hairpluck HP Repetitive pulling of hair from one’s own arms, legs, or head. Plucked hair is placed in mouth.
Stereotypic: regurgitate/

reingest
RR Animal brings up previously‐consumed food into hand, mouth, or external surface and re‐

consumes the vomitus.
Locomotion L Movement of animal from one place to another, walking or running
Resting R Standing, lying, sitting still, awake with eyes open, and not engaging in any other behavior
Foraging F Processing and consuming food/gathering and collecting food, not RandR
Social SL Includes allo‐grooming: running fingers through, licking, picking, or otherwise manipulating

another’s body and baby care
Object manipulation M Touching or interacting with an enrichment item that is found within the exhibit
Other O Any behavior not listed above
Out of view V Animal cannot be seen
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Fig. 1. Proportion of time spent hairplucking, regurgitating/re‐ingesting, and locomoting for Koga (a), Lily (b), and Sidney (c). Data are
presented as untransformed mean� SE.
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that he engaged in this behavior more during the rock and
classical music trials than during the control or natural
sounds trials. The percent of time that Koga was observed
plucking increased from 8% to 9% during control and natural
sounds trials to 35–40% of the time during classical and rock
trials. The difference was significant based on a post‐hoc
Duncan’s multiple range test. Though not statistically
significant, all three gorillas demonstrated a reduction in
regurgitation and reingestion based on treatment type
(F¼ 3.53, df¼ 3, 6, P< 0.088) and subject (F¼ 4.74,
df¼ 2, 6, P< 0.058), with reduced levels of regurgitation
and reingestion during the natural sounds trials. Repetitions
of treatment did not significantly affect frequency of
regurgitation and reingestion (F¼ 0.73, df¼ 11, 66,
P¼ 0.70), however, the time� treatment and time� subject
interactions were significant (time� treatment: F¼ 2.07,
df¼ 33, 66,P< 0.006; time� subject: F¼ 2.03, df¼ 22, 66,
P< 0.014). Both Koga and Sidney tended to show
reductions in regurgitation and reingestion over time across
all treatments, with the strongest change occurring during the
rock music trials for Sidney and classical for Koga. Sidney
tended to showmore regurgitation and reingestion during the
classical and rock trials than during the control and natural
sounds trials, with regurgitation and reingestion occurring
twice as often during the rock trials than during control trials.
Locomotion showed a significant time�treatment interaction
(F¼ 2.36, df¼ 22, 66, P< 0.0015) due to an increase in
locomotion during the rock music trials.

A chi square analysis of orientation to sound source
indicated that all gorillas oriented significantly more often to
natural sounds than to classical or rock music (x2¼ 17.44,
df¼ 6, P< 0.05; Fig. 2).

DISCUSSION

Auditory enrichment may be a potentially effective,
low‐cost, easy form of enrichment. Lack of time is often cited
as the single biggest obstacle that keepers face in increasing
enrichment provisioning [Hoy et al., 2010]; thus, use of
auditory stimuli may present an important and under‐utilized

mechanism for providing effective enrichment and enhancing
well‐being. Wells and Irwin for example [2008] found a
significant effect of classical music on stereotypy in zoo‐
housed Asian elephants (Elephas maximus), with elephants
showing less stereotypy when exposed to classical music.
While past studies in general support this notion, our results
suggest that the response to stimuli may be variable, based on
the nature of the stimulus, and individual preferences of
animals. In addition, the novelty of certain stimuli may wane
over time, resulting in a gradually decreasing response rate.
As is the case with all types of enrichment, varying the
stimulus properties to maintain novelty is likely to be as
important for auditory enrichment as it is for any other type of
enrichment. We found that some gorillas tended to respond
less strongly to the auditory stimuli over time (although there
was considerable individual variation in this regard),
suggesting some degree of habituation and loss of novelty.
This is often the case with any type of enrichment: as novelty
wanes, response to enrichment declines.

Overall, we found that the classical and rock music
stimuli did not have a positive effect on behavior, with
frequency of stereotypy increasing under these conditions. In
contrast, natural sounds led to levels of stereotypy equal to or
lower than control conditions (no auditory enrichment).
Previous studies have tended to show positive effects of
classical music, and possible negative effects of rock music.
Videan et al. [2007] used instrumental and vocal music as a
form of enrichment for laboratory‐housed chimpanzees (Pan
troglodytes) and found that in general, classical instrumental
music was more effective at increasing affililative behavior
than was vocal music, but vocal soft rock music was more
effective than vocal classical music at reducing agonistic
behavior. They suggest that tempo may be an important
salient factor. Graves [2011] compared the effects of white
noise to designer music (that is, music that has been
composed specifically to enhance mood in humans). Graves
found that both white noise and designer music increased
rates of affiliative behaviors such as play, but only designer
music decreased abnormal behavior.

Thus, there is little overall consensus on the effect of
musical genre on well‐being. Our results are in line with
previous findings on rock music, but the classical findings
differ. There are several possible reasons for this. First, there
is variation both within and between musical genres. Thus,
repeating this study with different (or more varied) auditory
stimuli within a category might be beneficial. Second, as is
often the case in any workplace, staff may at times have
a radio playing. Thus, it is possible that animals may be
periodically exposed to auditory stimuli, which may
ultimately have either positive or negative influences on
their behavioral responses to auditory enrichment. In fact,
many of the studies done in laboratory settings leave the
choice of music up to animal care staff, and Videan et al.
[2007] used music known to be familiar to the chimpanzees
in order to avoid a novelty effect. Finally, there may be
individual variation in responses to specific types of auditory

Fig. 2. Frequency of orientations to sound source in three auditory
enrichment treatments.
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stimuli, so each situation may be unique. It appears that
natural sounds have a positive or neutral effect, and have the
added benefit of possibly contributing to the visitor
experience. It is important to consider both the suggested
positive and negative effects of natural sounds; while several
studies have suggested a positive effect of natural sounds,
others indicate a stressful response as a result of natural
sounds. The findings are inconclusive.

Given that auditory stimuli comprise a normal part of
the natural environment for any animal, it should not come as
a surprise to find that animals attend to novel sounds. In her
meta‐analysis of enrichment effects on stereotypy, Shyne
[2006] synthesized information from a large number of
studies that evaluated the efficacy of enrichment in reducing
stereotypic behavior; none of the studies included used
auditory enrichment. Thus, auditory enrichment has not been
fully studied or evaluated.

Auditory stimuli may also serve as “white noise” to
mask noises that may have negative effects on behavior, such
as vehicles, power tools, pumps, or other equipment.
However, as Wells [2009] points out, differential responses
to different genres of auditory stimuli would not be expected
if the stimuli were only serving to mask other sounds.While it
is likely that animals may habituate to sounds that occur
frequently (specific zoo equipment or vehicles, for example),
and may even habituate to crowd noise, these noises do not
comprise novel stimuli as would be the case for enrichment.
Although we found that individuals tended to respond less
strongly to each auditory stimulus category over time, under
normal use, the same stimuli would not be used repeatedly.
Despite this, we chose to use the same stimuli in order to
minimize impact on keepers. Thus, during the 3 weeks of
each stimulus category, gorillas were exposed to the same
stimulus for two hours a day, four days a week. Such
frequency is not unreasonable, even for a standard enrich-
ment rotation. Natural sounds appeared to have the strongest
positive impact on gorillas, andmay have the added benefit of
augmenting the visitor experience by providing a habitat‐ and
species‐appropriate auditory environment for visitors and
enhancing the immersive zoo experience. Because the
gorillas in this study shared an exhibit with several bird
species, they had prior exposure to “natural sounds” in the
form of bird vocalizations. We should note however, that we
digitally removed all bird calls from the natural sounds track
that were attributable to the species housed in the exhibit.
Thus, the specific natural sounds were novel to the gorillas.
This effect of natural sounds is interesting, given that there is
not strong consensus as to the positive versus stressful impact
of natural sounds.

What constitutes “ecologically relevant” sounds for an
animal that has lived its whole life in a zoo? Ogden et al.
[1994] used “natural sounds” as an ecologically relevant
stimulus in their study, however whether this is an
appropriate definition of ecological relevance is debatable.
Animals that are housed in mixed species exhibits are
undoubtedly exposed to a greater diversity of natural sounds,

but whether these may be interpreted in an ecological context
is not clear. It is possible that other features of the auditory
stimuli, including pitch, rhythm, and tempo, may be the most
significant factors to consider.

In contrast to object‐based enrichment, with which an
animal may choose to interact with or not, auditory
enrichment cannot be readily avoided. Thus, an individual
that has a negative response to a particular auditory stimulus
may not have the ability to remove itself from the presence of
that enrichment. Lutz and Novak [2005] further point out that
by its nature, it is difficult to determine “usage” of auditory
enrichment since animals often do not have a choice in their
exposure to it. While we found that gorillas oriented towards
natural sounds more often than towards music, it is difficult to
interpret this effect. Most operative paradigms however
suggest that primates will choose to trigger auditory
enrichment, when given a choice. In their review paper,
Lutz and Novak (2005) report on a number of studies in
which laboratory‐housed primates would choose to operate a
device that played music. Efforts should be made to carefully
monitor responses each time a new type of auditory
enrichment is used. Technological advances, including
mechanisms by which animals may trigger the onset of a
sound recording, could be effective at giving animals more
control over their auditory environment. The assumption that
animals will have a positive reaction to specific categories of
auditory enrichment (classical music, for example) is not
universally valid. Auditory enrichment may prove to be an
effective form of enrichment that is easy to implement and
easy to vary, but care must be taken to monitor the responses
of individuals to this enrichment. While there are challenges
to conducting enrichment‐based studies in zoos due to lack of
control over all environmental factors, and limitations based
on staff time, this study serves as a preliminary effort to
systematically evaluate the impact of auditory enrichment in
zoos. Greater flexibility in control and sequencing of auditory
stimuli would only serve to strengthen findings such as these.

CONCLUSIONS

1. Different categories of auditory enrichment (natural sounds,
classical music, rock music) led to different behaviors in a
group of zoo‐housed gorillas.

2. Similar to previous studies, gorillas tended to show decreases
in stereotypy when exposed to natural sounds.

3. Unlike some previous work, gorillas tended to increase
stereotypic behaviors in the presence of both classical and
rock music.

4. Gorillas oriented more towards natural sounds than any other
auditory enrichment.

5. Although this was a case study on a small sample size
(n¼ three gorillas), we suggest that auditory enrichment may
provide an effective novel stimulus for zoo animals, however,
care must be taken to monitor specific reactions to different
types of stimuli.
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