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INTRODUCTION

Turner et al.  Noise in Animal Facilities: Why it Matters, pp. 10-13

Environmental noise can alter endocrine, reproductive and cardiovascular function, disturb sleep/wake cycles, and can mask normal communication between animals.

Overview of the important consideration related to noise in animal facilities:
1) 
One of the first step is to measure the noise present according to appropriate methods

2) 
Mammalian audiogram data bank that provides valuable information about hearing ranges and sensitivities in a variety of commonly used laboratory animals were build

3) 
Two widely referenced books about hearing in mice were edited. Some of the most commonly used laboratory animals suffer from genetic hearing loss (DBA/2, C57BL/6 and BALB/c)

4) 
Laboratory animals communicate with one another and this communication is a valuable part of their auditory environment. Rat and mice vocalizations occur in the ultrasonic frequency range (>20,00 Hz)

5) 
Sleep/wake cycles are dramatically affected by environmental noise. Some of the non-auditory deficits seen after noise exposure might be the result of sleep cycle disturbances

6) 
Noise in animal facility is not only a problem for animal but also for human personnel

Key points : Research and laboratory personnel should :

· Routinely monitor the full range of sounds present in the acoustic environment of the animal housing facility

· Minimize excessive noise resulting from daily maintenance

· Recognize the effects of noise and the particular biological system being studied

· Know the hearing range and any unique hearing attributes of the animal species/strain being used

· Recognize the need for more research on noise in animal facilities

Questions (True or False):

1) 
Wide mammalian audiogram data are available: T/F

2) 
C57BL/6 are not suffering from genetic hearing loss: T/F

3) 
Sleep/wake cycles are not affected by environmental noise: T/F

Answers:

1)
True

2)
False

3)
False

SPECIAL TOPIC OVERVIEWS

Hughes.  The Fundamentals of Sound and its Measurement, pp. 14-19

No summary provided.
1.
T or F: "Impulse noise" although brief generates large amounts of energy that is spread across a large range of frequencies and therefore affects all animals regardless of their range of hearing.

2.
Sound is defined as:

a. 
The propagation of a permanent change in the mass of particles of an elastic medium.

b. 
The propagation of a temporary change in the mass of particles of a compressed   medium.

c.
The propagation of a temporary change in the mass of particles of an elastic medium.

d.
The propagation of a permanent change in the mass of particles of a compressed medium.

3.
Which of the following statements regarding reverberation is incorrect?
a. 
Small rooms covered with highly absorptive materials will have a very short reverberation time.

b.
The time necessary for sound pressure to decay to 0.1% of its initial value is called reverberation time.

c. 
The larger the room and the harder the surface, the greater the reverberation time will be.

d. 
Reverberation is one important aspect of the acoustic environment that may be relatively simple to change.

Answers:

1.
T

2.
c

3.
c

Heffner and Heffner.  Hearing Ranges of Laboratory Animals, pp. 20-22

Summary: The document shows that the auditory sensitivity of different species can vary widely, especially with regard to the ability to hear high- and low-frequency sounds.

The Audiogram: Audiogram is the basic test of hearing. It consists of determining the ability of an animal to hear pure tones at intervals throughout its hearing range. The intensity of a tone at threshold is plotted against frequencies spanning the range of hearing. Frequency is plotted on a log scale such that a change in frequency from 1 to 2 kHz is the same step size (1 octave) as from 16 kHz to 32 kHz.

Hearing in Mammals: Behavioral audiograms are available for many animals including lab animals. The present document compares hearing ranges of 9 species of common laboratory mammals against humans ability to hearing. The figure (Figure 2, p. 21) shows both the 60- and 10-dB hearing ranges for each species. Three points can be drawn from this figure (Figure 2, p. 21).

First, all of the mammals shown here have better high-frequency hearing than do humans, with the 60-dB upper limits ranging from the 34.5-kHz upper limit of the Japanese macaque to the 85.5-kHz upper limit of the domestic house mouse, whose upper limit is more than 2 octaves higher than the upper limit of humans. Small mammals need to hear higher frequencies than do larger mammals in order to make use of the high-frequency sound localization cues provided by the attenuating effect of the head and pinnae on sound. As a result, mammals with small heads generally have better high-frequency hearing than do mammals with large heads. Second, almost all of the mammals shown have poorer low-frequency hearing than do humans.
Finally, Some animals, such as domestic cats, have a broad range of good hearing (6.6 octaves). The range of good hearing is affected by the external ear or pinna, which can amplify or attenuate sound. Therefore, animals with mobile pinnae, which includes most mammals, can increase or decrease the intensity of a sound reaching their ears simply by directing their pinnae toward or away from the source of the sound.

Hearing in Birds: Audiograms are available for a variety of species of birds, including the domestic pigeon, an animal often used in laboratory studies. The most striking feature of bird hearing is the high-frequency limit, which falls between 6 to 12 kHz. Birds also lack the systematic variation seen in mammalian high-frequency hearing. In summary, pigeons are noticeably less sensitive to sound than humans.

Hearing in Reptiles and Amphibians: Although reptiles can be trained to respond to visual stimuli, it has so far proven virtually impossible to train them to respond to sound. The red-ear turtle is the only reptile for which behavioral thresholds are available. The little information available suggests that turtles are not only generally unresponsive to sound, they are also insensitive. Among amphibians, only frogs and toads appear to be well adapted to hearing airborne sounds and, indeed, they make extensive use of vocalizations in locating mates. Therefore, bullfrog has better hearing than the turtle. However, the high-frequency hearing of bullfrogs is easily surpassed by that of birds and mammals.

Conclusion: It necessary to consider what a particular species can hear =before presuming that a sound is easily audible, or potentially annoying, to it. Humans are likely to overestimate the loudness of low-frequency sounds to other animals. For example, the sound of the air-handling system in an animal room may be noticeable to us but inaudible to the animals housed in it. In contrast, humans can not hear above 20 kHz, while other animals, especially mice can find sounds at this level easily audible. However, the likelihood of high frequencies being a problem in the laboratory is reduced by the fact that they are highly directional and thus less likely to bend around objects to reach an animal in a cage. In addition, high frequencies are more easily attenuated by the mobile pinnae of most laboratory animals.
Finally, although mere knowledge of auditory sensitivity is insufficient to answer the question of whether an animal finds a particular sound psychologically annoying, 2 observations must be consider to recognize the adaptability of animals to noisy environments. First, despite the number of acoustic pest repellers on the market, there is no convincing evidence that animals are deterred by loud sound. Despite the intensive search for sounds that repel animals, none has been found. Second, our personal observation is that animals are not deterred by intense sounds that humans find exceedingly annoying, for example, groundhogs commonly make their burrows in the banks of elevated railroad beds within 1 to 2 m of tracks. Passing trains produce so much noise that it forces all human conversation within 100 m to cease. Therefore, the benefits these animals gain from locating their burrows in these elevated beds (one of which is that this location places their burrows above flood level) appear to outweigh any adverse effects that exposure to such extreme noise might have.

Questions

1.
The basic test of hearing is called?
a)  
Oscilloscopy

b)  
Audiogram

c)  
Audio performance

d)  
Hearing spectra

2.  
The audiogram is an:

a) 
Description of an oscilloscopy image

b)  
Hearing range examined
c)  
Graphic of average animal threshold for pure tones

d)   Description of animal unconditioned response to a sound

3.  
Animal with the broad range of good hearing

a)  
Cat

b)  
Turtle

c)  
Mice

d)  
Human

4.  
Animal with the higher response to sound (85.5 KHz)

a)  
Macaque

b)  
Hamster

c)  
Pig

d)  
Mouse

5. 
Mammal with the less high frequency hearing capacity

a)  
Cat

b)  
Human

c)  
Rat

d)  
Guinea pig

6.  
Animal with the best low frequency hearing capacity

a)  
Macaque

b)  
Human

c)  
Rabbit

d)  
Mouse

7.  
The range of good hearing can be affected by

a)  
Shape of the head

b)  
Animal size

c)  
Mobility of pinnae

d)  
Use of high-frequency sound localization cues

8.  
Humans are unable to detect sound at ___ KHz

a)  
10
b)  
20

c)  
40
d)  
80

9.  
Select the correct phrase

a)  
Pigeons have good high-frequency hearing as most mammals

b)   Pigeons are less sensitive to sound than humans

c)  
Pigeons have better low-frequency hearing than mammals

d)   Pigeons are very sensitive to high frequency sounds

10. Select the correct phrase

a) 
Reptiles are well adapted to hearing airbone

b) 
Reptiles are not possible to train to respond to sound

c) 
Turtle has better hearing than frog

d)  
Bullfrog high-frequency hearing is better than mammals

11.
Which one of the next species is potentially annoying for the sound of the air-handling system

a)
Mouse

b) 
Rat

c) 
Dog

d) 
Human

12.
Problems derived from the high-frequency sound presence in the animal facility are reduced by the fact that
a) 
Animals usually are unable to detect this sound

b)
It is easy to provide hearing protection to the animals

c) 
This kind of sound is highly directional

d) 
Animal rooms are proof sound constructed

Answers

1. b; 2. c; 3. a; 4. d; 5. b; 6. b; 7. c; 8. b; 9. b; 10. b; 11. d; 12. c;

Willottt.  Factors Affecting Hearing in Mice, Rats, and Other Laboratory Animals, pp. 23-27
Introduction: The auditory system of rodents and other animals is affected by numerous genetic and environmental variables.  These include genes that cause hearing loss; exposure to noise that induces hearing loss, ameliorative effects of an augmented acoustic environment on hearing loss, and effects of background noise on arousal.  This review addresses these various issues.

Assessing Auditory Function: The auditory brainstem-evoked response (ABR) has become the most widely used method of assessing hearing sensitivity in rats, mice, ad most other laboratory animals.  The ABR is an electrophysiologic response evoked in the inner ear and auditory brainstem by a series of rapidly repeated tone bursts or clicks.  Threshold measurement by use of ABRs suggests that mice have good sensitivity to tones from about 2 to at least 80 kHz.  Abnormally high ABR thresholds are indicative of hearing loss due to genetic causes, noise trauma, age-related cochlear degeneration, or other factors.  Behavioral tests such as the acoustic startle response (ASR) and prepulse inhibition (PPI) are used to quickly assess suprathreshold responses of rats and mice to sounds.

Hearing Loss-Induced Plasticity: Peripheral hearing loss also causes changes in central auditory physiology-the phenomenon of hearing loss-induced plasticity.  The loss of high-frequency sensitivity induces changes in the auditory brainstem and cortex whereby processing of still-audible sounds becomes altered.
Genetic Hearing Loss: Several of the most commonly used inbred strains of mice exhibit progressive cochlear sensorineural hearing loss-degeneration of cochlear tissue including hair cells, spiral ganglion cells, supporting cells, and stria vascularis.  The typical pattern is for damage to begin in the basal end of the cochlea, which is responsible for high-frequency hearing; its damage therefore results in elevation of thresholds for high-frequency sounds.  

Acoustic Environment: The acoustic environment within the animal facility provides the most likely potential influences on the auditory system.  Three ways in which sound can affect hearing and auditory behavior are (1) noise-induced hearing loss, (2) amelioration of hearing loss by exposure to an augmented acoustic environment (AA), and (3) modulation of behavior by ongoing, ambient sound.

Conclusion: Researchers doing studies that require normal auditory function should have a full understanding of the auditory capabilities of the animals and the potential effects of the acoustic environment.  Perhaps the best approach is to carefully measure and report the acoustic conditions in the vivarium and view this factor as a potential source of variance to be controlled.

Questions  

1. What is the most widely used method of assessing hearing sensitivity in rats, mice, and most other laboratory animals?  

2. Name 4 genetic and environmental variables that affect the auditory system of rodents:  

3. How is ABR evoked in the inner ear and auditory brainstem?  

4. T/F Abnormally high ABR thresholds are indicative of hearing loss due to genetic causes, noise trauma, and age-related cochlear degeneration.  

5. What two behavioral tests are used to quickly assess suprathreshold responses of rats and mice to sounds?   

6. What is an extreme example of noise-induce exaggeration of auditory response top sound?  

7. Name two strains of mice that develop considerable high-frequency hearing loss by middle age:
  

8. Name three ways in which sound can affect hearing and auditory behaviors:  

9. This is an indicator of how Augmented acoustic environment (AAE) treatment may affect the anteroventral cochlear nucleus (AVCN):  

10. What provides the most likely potential influences on the auditory system within the animal facility?

Answers  

1. Auditory brainstem-evoked response (ABR)  

2. Genes that cause hearing loss, exposure to noise that induces hearing loss, ameliorative effects of an augmented acoustic environment on hearing loss, and effects of background noise on arousal  

3. Series of rapidly repeated tone bursts or clicks  

4. True  

5. Acoustic startle response (ASR) and prepulse inhibition (PPI)  

6. Acoustic priming  

7. B6 and BALB/c  

8. Noise-induced hearing loss, amelioration of hearing loss by exposure to an augmented acoustic environment (AAE), and modulation of behavior by ongoing, ambient sound  

9. Cytochrome oxidase (an enzyme involved in cellular activity and a marker of metabolic activity)  

10. Acoustic environment within the animal facility
Portfors.  Types and Functions of Ultrasonic Vocalizations in Laboratory Rats and Mice, pp. 28-34

Task: 1,2,4
Species: Primary (rats and mice)

Summary: Many vertebrates use species-specific vocalizations to communicate information regarding such things as identity, their group status or mood, their next likely behavior, environmental conditions, and to facilitate mother-offspring interactions. This article is a review of the types and functions of ultrasonic vocalizations emitted by laboratory rats and mice. Rats emit 3 types of ultrasonic vocalizations, depending on the animal's age, its environmental conditions, and its affective state. Mice produce ultrasonic vocalizations during nonaggressive interactions, particularly during mating behaviors, but these vocalizations are not indicators of negative or positive affect. Therefore the function of ultrasonic vocalizations in adult mice is likely only to facilitate or inhibit social interactions. Understanding the vocalizations that an animal emits under particular physical, environmental, or social conditions can inform us about these conditions and can provide an index of the affective state of the animal.
Questions:

1. 
T/F Mice produce ultrasonic vocalizations primarily during aggressive interactions. 
2.
The emission of ultrasonic vocalization in rats depend on what factors?

3. 
T/F The function of ultrasonic vocalizations in adult rats is likely only to facilitate or inhibit social interactions.=0A4. What are the different stimuli for male and female mice to evoke ultrasonic vocalizations?
5. What are the characteristics that distinguish adult mice versus pup ultrasonic vocalizations?

6. 
T/F Mouse pup ultrasonic vocalizations function to invoke retrieval behavior in mothers.

Answers:

1. 
False

2. 
Animal's age, environment, and affective state

3. 
False

4. 
Male mice are stimulated to emit ultrasonic vocalizations in the presence of female mice (or their pheromones), whereas female mice produce these calls when alone, searching for pups, or in the presence of another female.

5. 
Adult vocalizations are distinguished by duration (adult vocalizations tend to be shorter), frequency range (pups have a lower frequency), and repetition rate (rates are higher in adults).

6. 
True

Rabat.  Extra-auditory Effects of Noise in Laboratory Animals: The Relationship Between Noise and Sleep, pp. 35-41

Task 2 - Prevent, Alleviate, and Minimize Pain And Distress 

Task 3 - Provide Research Support, Information, and Services 

Task 6 - Design and Operate Laboratory Animal Facilities 

Summary: Noise pollution is a significant problem in modern society.  In addition to auditory consequences to noise exposure, extra-auditory problems also occur.  These may include physiologic changes in the cardiovascular or endocrine system, psychological alterations in mood, memory, or attention, and sleep disturbances.  In people, sleep disturbances due to noise are significant, as a result of chronic noise exposure or episodic noise events.  Both continuous and intermittent noise exposure has been demonstrated to cause sleep disruption in laboratory animals.  In rats, environmental noise (noise in a lab animal facility) was more disruptive to sleep than white noise.  Chronic noise exposure permanently altered sleep in rats.  Individual rats were not affected equally when exposed to noise.  

Questions:
1. 
Chronic sleep-wake disturbances may arise due to imbalance of what 2 systems?

2. 
Which type of noise exposure is most disruptive to sleep?

3. 
What noise spectrum is most disruptive to rats?

Answers:
1. 
The sleep-wake cycle and the hypothalamo-pituitary-adrenal axis.

2. 
Environmental noise

3. 
High frequency- greater than 4 kHz

Randolph et al.  Noise Monitoring and Establishment of a Comprehensive Hearing Conversation Program, pp. 42-44

Task 4 - Develop and Manage Animal Husbandry Programs 

Primary Species - NA

Summary: The main objective of the study was to increase the awareness of the potential noise related health problem for the staff working in the animal facility. Occupational exposure of animal care workers to potentially hazardous noise needs important consideration, since it can lead to loss of concentration, fatigue, speech difficulties and tinnitus. It can also lead to so called "noise induced hearing loss" (NIHL). So, surveying and monitoring of hazardous noise in the animal facilities should be an integral part of an institutional occupational and safety health program. If the noise equal or exceeds 85dB, then a hearing conservation program must be initiated in accordance with occupational safety and health administration standards. The different components of hearing conservation program are monitoring, engineering and administrative controls, audiometric testing, hearing protective devices, training and supervision and finally record keeping.

Questions
1. 
A hearing conservation program should be initiated at the following levels
a)
105 dB

b)
95 dB

c)
85dB

d)
65 dB
2.
The normal auditory threshold in humans is between:
a)
25-40dBA

b)
40-85dBA

c)
0-25 dBA

d)
5-25 dBA

3. 
Which of the following is not a usual characteristic of noise induced hearing loss

a) 
Unilateral hearing loss

b) 
Sensorineural associated with permanent nerve damage

c) 
NIHL do not progress once the exposure is stopped

d) 
Rate of NIHL decreases as threshold increases

e) 
Continuous noise if more damaging than intermittent

Answers
1.
Greater than or equal to 85dB

2.
0-25 dBA

3.
Usually the hearing loss is bilateral

ORIGINAL RESEARCH

Baldwin et al.  Are Investigators Aware of Environmental Noise in Animal Facilities and That This Noise May Affect Experimental Data?, pp. 45-51

Summary:  The control of environmental factors, such as noise, in animal facilities is important to ensure that research animals respond consistently to experimental procedures and that experimental results are not confounded by outside influences.  This article was a survey of personnel involved with animal facilities (173 respondents).  It was shown that almost all agreed with the above statement.  Forty-eight percent (48%) thought that one or more environmental factors in their facilities could be stressing the animals, and a majority of respondents reported generation of audible noise from people (72% of respondents), fans (61%), and squeaky carts (56%).  The presence of these noises was correlated with the perception of noise as a problem because of its psychological and physiologic effects on the animals. The amount of time spent in the animal facilities was strongly correlated with their perception of noise as a problem, with veterinarians spending the most time and perceiving the most problems, and professors and assistant/associate professors spending the least and perceiving the fewest. Therefore, it was thought that they may lack key knowledge that can affect their research goals.  In addition, because faculty are the least aware of noise as a potential problem but are primarily responsible for experiment design, research involving animals may be confounded by noise as an unknown variable.  This effect may lead to unnecessary numbers of animals being required to achieve statistical significance and possibly erroneous interpretation of results.

Questions:

1.
(T/F) The maximum allowable noise level of 85 dB, as recommended by the Guide for the Care and Use of Laboratory Animals, is adequate to protect against the psychological and physiological stress on animals cause by noise.

2.
The amount of time spent in the animal facilities was _____ the perception of noise as a problem.

a. 
Not correlated with

b. 
Correlated with

c. 
Confounded by

3.
(T/F) An increased interaction between veterinarians and investigators might allow veterinarians to better inform investigators about environmental factors, such as noise, that might be important to research outcomes.

Answers:

1. 
F

2.
 b

3. 
T

Naff et al.  Noise Produced by Vacuuming Exceeds the Hearing Thresholds of C57Bl/6 and CD1 Mice, pp. 52-57

Task 2 - Prevent, Alleviate, and Minimize Pain And Distress 
Primary species * mice
Summary: Vacuuming of floors and flat-shelf racks is commonly used at some animal facilities, and this work was designed to test if the resulting noise of this practice could be a stressor for mice. Noise levels were measured at room level and in-cage. Sound was analyzed by spectral analysis. Results showed that vacuuming produces a multitonal, low-frequency noise that is not attenuated by microisolation caging with bedding. Also, comparison of the spectral analysis at cage-level with age-specific audiograms of C57Bl/6 and CD1 showed that vacuuming produces frequencies audible to C57Bl/6 at 3 and 6 months of age and CD1 at 1 month of age. These results suggested that vacuuming could be a source of stress for C57Bl/6 and CD1. 

QUESTIONS
1. 
How many dB above ambient levels of noise (at cage-level) does routing vacuuming produces? 

a.
At least 300 dB

b.
At least 2300 dB

c.
At least 23 dB 

d.
At least 23,000 dB

2. 
The noise produce by routine vacuuming is audible by C57Bl/6 mice at what ages?

a.
1 and 10 months of age

b.
10 and 12 months of age

c.
3 and 10 days of age

d.
3 and 6 months of age

3. 
The noise produce by routine vacuuming is audible by CD1 mice at what ages?

a.
1 month of age

b.
10 months of age

c.
3 months of age 

d.
10 days of age

Answers:

1.
c

2.
d

3.
a

Baldwin and Bell.  Effect of Noise on Microvascular Integrity in Laboratory Rats, pp. 58-65

Introduction: High personnel activity in research rat colonies leads to disruption of mesenteric microvascular permeability, possibly due to excessive noise.  The mechanism for this effect has not yet been determined although it has been hypothesized that increased oxidative stress may exacerbate the microvascular damage.  This study examined if exposure to noise causes microvascular extravasation and if the anti-inflammatory properties of Vitamin E and Traumeel can diminish this effect.  Vitamin E ((-tocopherol) is a lipid soluble antioxidant that can be administered as a dietary supplement and was given with (-lipoic acid to reduce Vitamin E radicals produced during oxygen free-radical quenching process.  Traumeel is a homeopathic medication that may modulate the release of reactive oxygen species from neutrophils and inhibit the release of inflammatory mediators from activated macrophages.
Materials and Methods: The authors compared rats that were exposed to noise from a noise generator once daily for three weeks to a control group not exposed to noise and a recovery group that were allowed three weeks of no-noise exposures after the initial three weeks of noise.  Three dietary groups used in these experiments were: 1) no supplements, 2) 10,000 IU of DL (-tocopherol/kg of food with 1.65 g of (-lipoic acid per kg of food, 3) Traumeel placed in the drinking water at a rat of 1 vial/60 mls of water with an un-supplemented diet.  After treatment, the rats had their superior mesenteric artery perfused with fluorocein labeled albumin and the venular leakage of measured by number of leaks and leakage per micron of venular length.  Along the venules, mast cell degranulation was measured by determining the numbers of mast cells that were degranulated or not by direct microscopy.

Results and Discussion: Rats exposed to noise had significantly more microvascular leakage sites and greater leakage area per length of venule than those not expose to noise.  Recovery animals had greater venular leakage than those never exposed to noise and less than those tested immediately after noise exposure.  Leakage occurred at endothelial cell junctions at gaps in the peripheral actin rims in a similar pattern to that seen when vessels are treated with histamine.  Mast cell degranulation was significantly greater in rats exposed to noise.  The authors therefore attribute the increased vascular permeability to mast cell degranulation.  Vitamin E and (-lipoic acid and Traumeel were both found to significantly reduce noise-induced venular leakage in both the number of leaks and the leakage area.  Mast cell degranulation was significantly lower in rats given Traumeel.  Excessive environmental noise in research animal facilities increases basal vascular permeability of the mesenteric microvasculature possibly due to an increase in mast cell degranulation.  Dietary supplements may be practically used to reduce the deleterious effects of noise on the microvascular integrity; however, this is not a replacement for noise reduction in facilities.
Questions:

1. What is the rationale for adding (-lipoic acid to Vitamin E supplemented diets?

a. To enhance macrophage function

b. To suppress the ability of superoxide dismutase to reduce oxygen free radicals

c. To reduce Vitamin E radicals that result from quenching oxygen free radicals

d. To increase the number of peripheral actin rims in the venules

2. A proposed mechanism for noise-induced microvascular leakage is:

a. Degradation of peripheral actin rims in the venules

b. Mast cell degranulation of histamine

c. Endothelial cell degradation

d. Relative vitamin E deficiency due to decreased dietary intake

Answers:

1. C

2. B
Videan et al.  Effects of Two Types and Two Genre of Music on Social Behavior in Captive Chimpanzees (Pan troglodytes), pp. 66-70
Purpose: To refine the use of music as enrichment for chimpanzees by testing the effects of 2 different types (vocal and instrumental) and 2 genre (classical vocal and ‘easy-listening’ vocal) of music on social behavior in captive chimpanzees.  

Animals:  31 female and 26 male chimpanzees 

Procedure: Behavior was recorded 1 hr before music was turned on (pretest), while music was playing (test), and for 1hr after the music was turned off (post-test).  The test phase varied due to the length of music selection and had an average length of 67 min 33s.  Music was categorized first as vocal or instrumental, and then vocal music was assigned to musical genre (classical or easy-listening).   Classical vocal music consisted primarily of opera (ex. Pavorotti) with tempos ranging from 95 to 170 beats per min, where easy-listening vocal music (ex. Enya) had tempos ranging from 50 to 90 beats per min.  Behaviors recorded included agonistic, affiliative and nonsocial other.  Data was summarized as the proportion of scores for each behavior phase (pre-test, test, post-test) on social behavior (agonistic, affiliative).  Two MANOVA models were created and significance was set at the 0.05-level.  

Results: Effects of vocal versus instrumental.  In female chimps, both vocal and instrumental music increased affiliative behavior during both test and post-test phases compared to the pretest phase.  In male chimps, affiliative behavior significantly increased during both test and post-test phases of instrumental music, however, during vocal music males exhibited increased affiliative behavior only during the post-test phase.  Levels of agonistic behavior throughout the study were particularly low for female chimps, and male chimps exhibited a significant decrease during the test and post-test phase of vocal music.   There were no significant effects of instrumental music on agonistic behavior in male chimps.

Effects of classical vocal versus easy-listening vocal.  Both instrumental and classical vocal music increased affiliative behavior during test and post-test phases.  Females showed significantly more affiliative behavior both during test and post test phases, however for easy-listening vocal music, there was a trend towards increased affiliative behavior while the music was playing and a significant increase during the post-test phase.  For male chimps, there was no effect of either classical or easy listening vocal music on affiliative behavior.  With exposure to easy-listening vocal music, male chimps showed significantly less agonistic behavior both while the music was playing and during post-test phase and there was a trend towards less agonistic behavior during post-test phase of classical vocal music sessions, but no effect of instrumental music.  In females, neither classical nor easy-listening vocal music affected agonistic behavior.  

Discussion:  The results show that when provided appropriately, music can benefit captive chimpanzees.  Instrumental music had both immediate and residual effects on affiliative behavior in male and female chimps, and the greater magnitude of response to it (compared with vocal music) supports the hypotheses that instrumental music is most useful in increasing affiliation in chimpanzees, which is very beneficial in the management of not only chimps but other non-human primates and laboratory animals.  In terms of genres, easy listening vocal music was most effective at reducing aggression.  In conclusion, the authors feel as a result of this study, that music should not be regarded as simply noise; and that it can be used to improve psychological and (potentially) physiologic well-being of captive chimpanzees and other laboratory primates.

Questions

1)
Which type of music is more effective at decreasing agonistic behavior in male chimpanzees?

2) 
Which type of music is more affective at increasing affiliative behavior in both male and female chimpanzees?  

3)  
Give examples of affiliative behavior in chimpanzees?

4)  
Give examples of agonistic behavior in chimpanzees?
Answers

1)  
Vocal music, with its slow tempos, was most effective at reducing aggression.

2) 
Instrumental music had both immediate and residual effects on affiliative behavior in male and female chimps.

3) 
Affiliative behaviors were social groom, social play, inspect or present, pant and grunt.

4)  
Agonistic behaviors were charging display, attack, vocal display, and hand-raise.

