A Ph -0/
2T - A - 05

United States Ofiicu at EPA 550/ 980100

Emvironmenial Protection Noise Abatement July 1982
Agengy and Contral
. ’f " Waihingion QC 20480

NoiI§e

SEPA  Effects of Noise on Wildlife

and Other Animals
Review of Research Since 1971

Only Copy
Please
Do Not Remove

B

Ty A A O i
SRR P N R AR TTETEIIL AT SR T

T F AR AT Ry T i

At TRl



g

The based in

Lmim'sn..g of 'mmnessee Center
rd

18, A

e s e st Ty

A L - Of
T - )05

TECHNICAL REPORT DATA
{Pleate read Insiructions on the reverie before compleringl
1. HEPORAT MO, q 3. AECIFIENT'S ACCESSION NO,

'550,/9-80~-100

& TITLE AND SUBTITLE
Effects of Noise on Wildlife and Other Animals

Review of Research Since 1971 * +  |s PERFOAMING GRGANIZATION COOE

5, AEPORAT DATE

7. AUTHORB) 9. PEAFORMING OAGANIZATION REFORT NO,

Patricia A, Dufour
[0, FEMFOAMING ORGANIZATION NAME AND ADDRESS T
Informatics, Inc. ’ .

6011 Executive Blvd. 7. CONTRACT/GAANT RO,
Rockville, MD 20852

10, PROGRAM ELEMENT NO.

12, SPONSORING AJENCY NAME AND ACOREDS 13, TrrE OF AEPQAT AND PERIQD COVERED

0,5. Environmental Protection
Office of Noise Abatement and Control
401 M Street, S.W. (ANR 471}
Washington, D.C. 20460

15, SUPPFLEMENTARY NOTES

Reoyt i3

14. SFONSORING AGENCY CODE

fp tha.rgcfgggg prepazed b&Jolénglé.g F‘letchef, Ph.D.,

This report represents a survey of the most signifimnt studies gsince EPA issued

ity first report cohcerning noise effects on wildlife in 1971. The report has been
divided into thresa main sections: laboratory animals, danestic animals, domestic
animals, and wildlife, Studies within each of the three secticns are further arranged
by taxonamic groups and/or individual species, depending on the amount of material
available. Beports on each species or taxonomie group are presented in four major
categories of noise effects: aoditory physiological, masking, noauditory physiclogi-
cal, and bshavicral. ,

KAY WORDS AND OQCUMENT ANALYSIS

17,
b, ICENTIRIEMS/OPEN ENDED TERMB [c. cosaTi Field/Croup

. DEECRIPTONS

Noise, noise effects, environmental noise,
noise control, animal hearing, masking,
wildlife, nonawditory effects, behavicral
affects, domgtic animls, laboritory
animals, auditory effecl:s, conaservaticn,
animal research

& .
8, DI8TRIBUTION STATEMENT 9. SECURITY CLASE (Thll Repart) |21, NQ. OF FAGES
Available at EPA/OMAC and Regearch Unclagsified
Triangle Park, North Carolina 70. SECURITY CLABE (17 pega} 73, FAIGE

EPA Form 22208 ($+73)

e A R i R arr g an e b e e R Lt . .
R L L B T R T



—

et :-‘-s":f-rzmlwﬁ-nmf;mm:mzwra.ymm,.n_

Ly oo

|

Effects of Noise on Wildlife and Qther Animais

Reviaw of Research since 1971

This report has been approved for ganersd availadility. Tha contents of thia
rapart ratct the views af the contractors, who are risgonubie tor the facty
and the actursgy of tha dats pramnted, snd do not necaasarily reflect

tha afficial views or palicy of BPA.

PERMISSION IS GRANTED TO REPRODUCE THIS MATERIAL WITHOUT FURTHER CLEARANCE

e s et b sl i)



ER L o b dmmame e L

atngen

2 Frere

EY i

LY P b
AR A et g s,

|

PREFACE

The following report is a survey of research on the effacts of noise on
wildlife and other animals. It was produced in response to a Targe number of
requests for information on this topie, and to address requirements of the
Noisa Control Act of 1972, as fmended by the Quiet Communities Act of 1978,

No quantitative criteria are proposed in this document, largely because
the body of research on any given question is not sufficient to support the
establishment of criteria. More research is needed before quantified dose-

rasponse relatfonships can be detarmined.

Although the report does not attempt to identify levels of noise which
will protect animals from adverse noisa effects (as has been done for humans),
it does provide important {nformation for Federal, State and local officials,
researchers, environmental and conservation organizations, and concerned tndi-
viduals. Among other uses, it is intended to assist in developing Environ-
mental Impact Stataments on projects affecting animal environments.
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INTRODUCTION

HISTORY, SCOPE AND INTENDED READERSHIP -

Human beings have steadily been engulfing many specias of wildlifa,
reducing the space available and damaging the spaca remaining through envie
ronmental pellutian. The impact of this encroachment on wildlife includes
1) loss of habitat and territory; 2) loss of food supply; 3) behavioral
changes involving mating, predation, migration, and other activities; 4)
changes in interspecies relationships, such as altered predatory-prey balanca
and other aspects of population dynamics, increased competition for food,
shelter, and other limited resources necessary for 1ifa, The rale that env-
tronmental noise plays in the {mpact of humans on wildlifa is the focus of
this report, although information on domestic and laboratory animals 1s also
presented. For the purposes of this report, domestic animals include Tive
stock, poultry, and other animals raised by humans.

This is the second EPA report on nofse and wildlife. The first report
was fssued 1n 1971 (Fletcher, 1971). While it was not intended to be an
axhaustive saarch of the world 1iterature, it did reflect the most important
data then available. Since then the world Titerature has grown sTowly but
significantly. Besides the publication of individual studies, some of the
mast notable informational events have been the following:

& Symposium on the Effects of Nefse on Wildlife, at the 9th Interna-
tional Congress on Acoustics (ICA), Madrid, July 1977. Sponsored by
& working group of the Special Committee on Problems of the Environ-
ment (SCOPE) of the ICA, this Symposium led to the publication of a
collaction of topical papers the following year (Fletcher and Busnel,

eds., 1978)

s Panel on Effects of Noise on Animals at the Third International Cone
farence on Noise as a Public Health Problem, Frefburg, West Germany,
September, 1978, The papers presented have been published in the
Confarence Proceedings (ASHA, 1980)

s A review written for EPA (Fletcher, unpublished)

¢ An extensive biblicgraphy on the effects of noise on non-human vere
tebrates (Bondello and Brattstrom, 1979a)

o A report to be issued in 1980 by a workshop:on the {nteraction
between man-made noise and vibration and arctic marine wildlife,
sponsared by the Acoustical Sociaty of America.

The intended readership of this report is diverse, and includes govern
ment officials, researchars, and concarned ¢itizens and environmental or ¢on-
servation organizations. Althoygh the {nformation needs of this readership :
are not identical, 1t is hoped that the information in this report will be

useful to all groups.




ORGANIZATION OF THIS REPORT

The report has been divided fnto three mafn sectfons: 1laboratory ani=
mals, domestic animals, and wildlife. Studies within each of the three
sections are further arranged by taxonomic groups and/or individual species,
depending on the amount of materfal. Reports on each specfes or taxonomic
group are presented by the four major categories of noise effacts: auditory,
masking, nonaudftory, and behavioral effects, In some sactions, one or more
of these effects categories have been omitted due to lack of ‘information,

Throughout this document, socund levels and exposures are reported in the
investigators' terminology. 1n some cases, the details of reference levels,
weighting schemes, and other acoustic parameters wera not given in the crigi-

nal sources,
OVERVIEW OF EFFECTS OF NOISE

PRIMARY AND SECONDARY EFFECTS

Noise has the potential for affecting organisms in a large number of
ways. The effects of noise on animals may be divided into primary and sacond-
ary effects. Some hypothetical examples of each are offared for purposes of
clarification (See Table 1), 1t will be noted that primary effects are the
direct physical effects experienced by the organism, while secondary effacts
are reftected in changes in the functioning or performance of the organism

vis a vis 1ts environment.

Thus, the major primary effects of noise on animals may be the same,
whether anfmals are fn the laboratory, on a farm, or in the wilderness.
Secondary effects may bae differant depending on the 1ife functions of the

partieular species.

TABLE 1. Hypothetical Examples of Primary and Secondary Effacts
Typeof Animal  Primary Effocta Secondary Effacts

Birds Masking of signals Interference with mating

Small animais Masking of siamals Changas in predator-prey
relations, leading to changes

in animal populaticns

Agricultural, Stress; physic- Changes in maat quality and
Domastic logical raspenses milk production, weight gain,
egg-laying, egg-hatching

& .
In this report both primary and secondary effects may be addressed,
depending on the data avaflable for a species,
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HEARING

. The study of the effects of noise on hearing involves both the descrip-
tion of the normal hearing ability of an animal and hearing Toss due to noise.
These two aspects of hearing have been studied frequently in laboratory ani-
mals, but very 1ittle in domestic or wild animals. The effects of noise on
hearing have thus been discussed in the next section on laboratory animals.

[ 4
MASKING
The inability to hear important environmental cues as well as signals
from other animals because of the presence of other sounds is called masking.’

Masking of signals of significance to animals may result in difficulties in
finding mates, in escaping predators, and in communicating with other members

of their species.

NONAUDITORY PHYSIOLOGICAL EFFECTS

The nonauditory effects of naise are not well documented in wild animals,
A nonauditory physiological effect may involve any physiologfcal parameter
ather than hearing damage, from hormone levels in the blood or urine to heart
rate or respiration. Individual researchers have chosen a wide variety of
different physiological effects of noisa to measure in animals. What ties
all of these physfological parameters together {s the body's reaction to
stress. The concept of noise as a stressor is basic to understanding the
nonauditory physiological effects of naise on animals. A stressor can be
any agent that causes stress, including both physical and psychalogical fac-
tors in an organism. B8ecause of the technjcal terms invaived, more infor-
mation on stress is provided in the Appendix. It includes information on
stress in general and on noise as a stressor in particular,

BEHAVIORAL EFFECTS

Noisa can be vary frightening and disturbing to both humans and lower
animals. Animals vary tremendously in their avert responses to naise, rang-
ing from near indifference to flight. The behaviorai reaction of an animal
to noise depends ¢n the scurce of the noise, whether or not the noise is
expected, the acoustic characteristics of the noise (loudness, duration, fre-
quency pattern), the experience of the individua) animal, and whether or not
other stressors are present {e.g., frightening objects, humans, chemical or
physical agents)}.

There are many reparts of,.animal responsas to noise from sonf¢ booms,
afrcraft flyovers, povwer transmission lines, and many other noise sources.
Enough data have been collected to be able to predict the behavior of certain
types of animals, including domestic species and wilderness specles such as

wild sheep, caribou, and mooses .
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SECTION I. LABORATORY ANIMALS

INTRODUCTION

, N !

This laboratory research section is included in this report because
the findings display the range of potential effects which may cccur in other
environments under comparable conditfons. It should be noted, however, that
most of the laboratory research is conducted for the purpose of understanding
more about factors affecting humans, rather than to understand these effects
on animals in natural environments.

Laboratory animals generally include inbred species raised in special
colonies for use in research. Common laboratory animals raised in this man-
ner include many rodents or lagomorphs, such as rats, mice, hamsters, rabbits,
quinea pfgs, and chinchillas, as well as monkeys and other primatas. There
are also species commonly used as laboratory animals, which may or may not

have been raised under controlled breeding conditions. These species include °

a number of animals more frequently used as pets, such as cats and dogs. The
wild counterparts to any of these laboratory animals will be treated in the
section on wildlife.

Although many laboratory animals have wild gounterparts (rats, mice),
the wild species are clearly different in many ways - genetically, behavior
ally, and physiologically. Thus, a major problem with laboratory animal
research 15 the ability to make generalizations about results from one
species to another and from laboratory to natural conditions. Despite this
constraint, laboratory work offers the advantages of baeing able to control
tha experimental conditions, including: (1) the characteristics of the
sounds to which the animals are exposed, such as frequency spectrum, dura-
tion, pattern of exposure and exposure level; (2) the factors determining
specias’ susceptibility or fndividual susceptibility to noise induced damage,
such as hearing sensitivity and auditory range, age, sex, presence of other
stressors, and genatic background.

There are several factors to consider in evaluating the studies pre-
sented in this section. The first is that the noise levels used in many
of the studias are very high {over 100 decibels). Since these levels are
much beyond what we would normally find animals exposed to around airfialds,
industries, highways, or most other intrusions by man into their habitat,
dirsct generalizations to non-laboratory conditions are inappropriatea.
Another factor to consider is that the duration of noise exposure is often
vary short so that most of the studies explore acute rather than chronic
affects. A further consideration about these studfes is that auditory sen-
sitivities to intensity and frequancy vary widely from one species to
another. This could be a significant factor, especially with regard to
measurement and frequency weighting of noise exposures. In spite of thesa
factors, the studies show that noise can affect many bodily functions and
they point out areas for special study in wild and domestic animals.

pue to the very large number af reports available on the effects of
noise on laboratory animals, we have selected only 2 small number of repre-
sentative original studies and review articles for inclusion in this report.

R e TV PR MR SR E R DREE S



HEARING

The study of the effects of noise on hearing includes measuring normal
hearing lavels for the species being studied and investigating noise~inducad
hearing loss. The studies 1in this section will be confined to hearing loss
from physiolgogical damage to the auditory system. Another auditory phenome-
non, masking, is the resuylt of interferance with signal detection by a com
peting noise, and will be treated separately,’

Laboratory animal species differ in both hearing sensitfvity and suscepti-
bility to nofse-induced hearing loss. Many common laboratory animals, such as
chinchillas, cats, guinea pigs, and monkeys, may be more susceptible to noise
damage than humans (Peterson, 1980). Rodents, which are the most common labo-
ratory animals, are acutely sensitive to very high frequency sound--up to
60,000 to 80,000 Hertz {(Mz, or cycles per second) (Peterson, 1980) and even
100,000 Hz (Lee and Griffith, 1978). Anyone who has had a pet dog or cat
knows from obsarvation that these animals are sensitive to higher frequencies
than humans can hear (as a dog whistle il1lustrates}. For further information
on hearing sensitivities of different animal species, see Busnal (1963).

As in humans, the best documented effect of noise on laboratory animals
is the production of hearing loss or damage to the auditory system. This can
be produced by a brief exposure to very loud sound or by prolonged exposure
to mderate levels of sound. To study hearing 10ss, 1t 1s necassary to mea-
sure hearing abilities before and after exposure to noise. Either electro-
physialogical recordings from the auditory system or behavioral responses of
the animal can be used to assess the sensitivity of the ear. The Prayer
reflex, and ear-twitch response to sound, indicates that an animal has heard
a sound. This raflex 15 a reliable, but not very sensitive, test of hearing
in animals, because they are capable of hearing sounds that are less intensa
than the sound that produces the response. Alternatively, an animal can be

-trained to respond to a sound stimulus by using the sqund as a cue to obtain
reward (such as food) or to escape from punishmant (such as electric shock).
If the animal is appropriately motivated ({i.e., hungry or fearful of shock,
depending on the circumstances), its responses can sarve as 2 sensitive indf-
cator of which sounds it hears. An animal's hearing can be tested, the animal
then can be exposed to noise, and hearing can be retested to determine the
decrease in hearing ability, or threshold shift (Fletcher, 1971).

Brief, moderate noise axposure can result in a temporary thresheld shift
(TTS), in which there is a temporary elevation of the lave) of faintast audible
sound. Given a sufficient quiet recovery period, hearing will return to nor-
mal. More severe noise exposure can result in permanent hearing loss, ar per-
manent threshold shift (PTS). Animal studies tend to confim findings in
humans that TTS grows to an asymptotic level (asymptotie threshold shift or
ATS) for a sound exposure of a given level and a2 relatively long duration
(Moody, et al., 1978; M1ills, 1976). The relationship betwaen TTS and PTS is
5ti11 unknown. .

A recent study by Liberman.and Ball (1979) compared histological data
from the hair cells in cochleas from cats raised under normal or noisy laboe
ratory conditions for up to two years. Noise-induced threshold shifts wera
correlated with loss or damage o the hair cells. Similar studies using mon-

- keys (g9anus Macaca) and a baboon {Papic _papio) correlated cochlear pathology
and hearing Toss due to chronic exposure Lo octave band noise of 117 to 120
decibels sound pressure level (Moody, et al., 1976; Moody, et al., 1978).
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Resides the attributes of sound level or intensity, it is useful %o
describe sound in terms of its frequency spectrum. It has been menticned
that animals of different species have different frequency sensitivities.
The frequency content of sound {s also {mportant because sounds of different
spectra affect the auditory system differently, regardless of species. High
frequency pure tones or narrow bands of nofse tend to produce changes in
localized regions of the jnner ear, whereas low frequency tones, and random
or broad-band nofse tend to produce changes throughout the length of the
cochlea (Fletcher, 1971). The recent data of Moody, et al. (1978} show that
in monkeys (Macacal hearing losses due to noise were "usually asymmetrical
towards the higher frequencies,” suggesting that, for these animals, there
may be an area roughly between 2000 and 8000 Hz which is more susceptible to
agamage from noisa.

Noise damage in tha laboratory is frequently produced by impulse nofse.
Impulse nof{se is sound that rises very rapidly to its maximum intensity, such
as the firing of a rifle. Because of the very short durations of impulse
sounds, they are described in terms of rise time, maximum intensity (peak
prassure level), and duration. The rise time of an fmpulse sound is often
around a few thousandths of a second. If an impulse sound s sufficiently
intense, the rapid pressure changes produced can cause permanent loss of
hearing, usually by destroying sensory cells in the inner ear.

Auditory damage from similated sonic booms has been found in mice by
Reinis (1976). Bleeding in the scala tympani at the basal turn of the cochlea
was found after a “super boom" of lO pounds per square foot overpressure with
a 5 millisecond rise time, (This is a much greater sonfc boom than humans
typically experience {n the emvironment.) The same damage was produced by a
less intense sani¢ boom of 3.3 pounds per square foot overpressure (about 150
decibels nstantaneous peak) with a 0.1 millisecond rise time and a duration
of 120 milliseconds. When the mice were subjected to repeated sonic booms,
an increase in the number of bHlood clots in the inner ear was observed, even
from noisa expasure of one boom per day. Bleeding was no longer present
after 8 weeks in quiet,

A study by Henderson, et al. (1973} subjected & monaural chinchillas to
similatad work-week exposure to repetitive, reverberant impuise nofse for 5
days, 8 hours per day. - The impuise noise consisted of automated brass hams
mers hitting a steel plate at a rate of one par second. The average peak
overpressure was 113 decibels with a reverberation time of 160 miiliseconds.
Auditory thrasholds were measured before and after each exposure, dafly for
5 days after the last exposure, and again at 30 days. Thresholds were meas
sured at 250 to BOOQ Hz. The nofsé exposure was found to produce an asympe
totic threshold shift. In this study, the higher frequencies {4000 to 8000
Hz) were affected to a greater degree (40 decibel shift) but recoversad more
rapidly than the Jower frequencies (500 to 1000 Hz), which showed a 35 deci~
bel shift. No cumulative affect was observed from day to day, and very
1ittle permanent threshold shift was found at the end of the experiment.

Although nofse-induced hearing damage has been studied a great deal in
laboratory animals, “the complex relations between noise spectrum, noise
{ntensity, exposure duration, and hearing loss are not yet completely under-
stood" (Saunders and Bock, 1978, p. 259), In addition, although many studies
have been done on the anatomy, physiology, and biochemistry of noise damage
to the 1nner ear, the actual meghanisms for the noise damage have not been
conclusively shown. A detailed discussion of these proposed mechanisms is

given by Bohne (1976).
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In summary, auditory.damage in laboratory animals has been studied inten=-
sively for many years. Laboratory animals often serve as models for nojse-
induced hearing loss mechanisms in humans. There {s additional interest in
the safety of the laboratory animals themselves, since their condition affects
the results of any experiments for which they are used. It is important to
note that thera are no quantitative expesure limits for animal housing facil-
ities, since damage risk criterfa have almost exclusively been investigated
for human health. Research is also lipited,on the existing noise lavels of
the animal housing areas. The axtrapolation of exposure ¢riteria from humans
to laboratory animals is extremely questionable (Petarson, 1980).

NONAUDITORY PHYSIOLOGICAL EFFECTS

Noise may be thought of as a stressor, producing physiological changes

similar to those induced by extreme heat, coid, pain, or emotional distress.

A major problem is studying the nonauditory effects of noise {s to separate

the effects of naise from those of other stressors in the environment. This .
problem exists even in a laboratory setting, where other stressors may include
crowding, fear, excess light, toxic substances {pesticides, disinfectant), and
various diseasas {Peterson, 1980).

The general ?attern of response to stress includes neural and endocrine
activatien, stimulating many changes, such as increasas {n bloed pressure,
available glucosa, corticosteriod levaels in the blood, changes in the adrenal
glands and changes in digestive and respiratory activity. These responses L~
are madiated by the sympathetic nervous system (Moller, 1978), which is the
part of the nervous system that responds to stress. The sympathetic nervous
system and the parasympathetic nervous system work antagonistically to make
up the autonomic (or vegetative) nervous system. The autonomic nervous Syse
tem maintains homeostasis in the body by regulating the composition of body
fluids. The autonomic nerves affect circulatory, respiratory, excretory and
endocrine functions {Cantrell, 1979), by stimulation of smooth muscle, care
diac muscle, and various glands (such as the adrenals).

A sudden or unfamiliar sound is thought to act as an alarm or warning
signal, this activating the sympathetic nervous system. The short-term physi-
ological alarm or stress reactions are similar across many vertebrate species
(Mollaer, 1978). They are often referred to as "fight-or-f1ight” reactions
because they prepare the body to defend itself. The effects of repeated acti-
vations of this mechanism in a noisy environment are not understooed, but some
of the studies discussed in this section address this question.

Same studias show that animals may become accustomed to continuous neise,
such that certain physioiogical reactions to the noise no longer occur (hahie
tuation). Habituatien to {ntermittent ncise, however, occurs more slowly.

For axample, this was demonstrated with respect to peripheral vasoconstriction
in rats by Borg (1979). There is scme evidence that other responses, such as
changes in blood prassure, do aot sesm to habituate, but rather increasa in
magnitude-with long-term exposure to complex noise stimuli (Petersen, 1979;
Peterson, et al; 1980).

1t is intaresting that atithe other extreme, the absence aof noise can
produce a form of sensory deprivation stress, resulting in hypertension and
varfous endocrine changes in rats (Metz, 1978), .
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An animal's body can respaond physiclogically to sound stimilation even
while the anima) is asleep, under anesthesia, or after removal of its cere-
bral hemjspheres (Welch, 1870).

The studies included in this section are presented below according to
the varfous types of physiolagical effects being explored. Further detailed
{nformation on the mechanism of these responses is presented in the Appendix,
"Noise as a Stressor."

CARDIOVASCULAR EFFECTS:

The effects of noise on the cardiovascular system, which fncludes the
heart and hlood vessels, are among the most frequently demonstrated nonaudi-
tory effects. Specific cardiovascular responses that otcyr include pheriph=-
eral vasconstriction, heart rate deceleration, heart rate acceleration,
increased blood pressure, elevated serum lipids (free fatty acids, triglycer-
ides, and cholesterol) and increased platelet adhesiveness and aggregation.
The animal species most commonly used for studying the cardiavascular effects
of noise are rats, rabbits, and more recently, monkeys. A major reason for
studyfng the cardfovascular effects of nofse 1s to see whether chronic noise
exposure s a factor in the development of hypertension, atherosclerosfs, or
ather cardfavascular diseases. Although there is evidence that noise is
imlicated, the results of many studies are conflicting. A comprehensive
revien of noise, stress, cardiovascular diseass, and their interrelationships
has recently been completed by Hattis and Richardson (1980). Some of the
most significant findings will be discussed here.

Noise stress has been shown to increase plasma renin activity. Since
plasma renih activity may be related to hypertension, the effects of noise
stress on this measure were studied in rats by Yander, et at. {1877). The
noise exposure consisted of broadband noise or a 2000 Hz sound presanted at
various levels between 80 and 115 decibels sound pressure level for 30 min-
utas. Control animals on both diets received no acoustic stimulation. Groups
of rats given a normal diet ware compared to rats given a sodium-free diet,
since {ncreased renin activity stimulates sodium retention. No increase in
renin activity was produced by the 2000 Hz sound in any of the animals, at any
of the levels. Broadband noise significantly increased plasma renin activity
in rats on the normal diet but only at the 115 decibel level. The rats on 2
sadfum-free diet showed a4 significant increase in renin activity when expased
to the 100 decibel broadband noise. Since sodium deprivation incraased the
effect on renin activity and reduced the nofse exposure thrashold for the
effect, 1t follows that sodium deprivation may increase the renin-releasing
effects of noisa exposure and perhaps other stressaors.

The development of atherosclerasis due to chronic nolse exposure was
studied in several groups of female rabbits by Qaryagina, et al, (1976). The
test rabbits were given either noise alone or noise plus daily oral doses of
cholesterol (500 mi1ligrams cholesterol in 5 milli14ters of sunflower oil).
The noise exposure was 93 to 96 decibels at 3000 Hz for 4.5 hours daily,
Tncluding two 30-minute quiet periods every 1.5 hours. The total Tength of
exposure was 14 or 28 days. The animals receiving cholesterol were given
daily doses for 4,5 to 5 monthf. Those receiving bath noise and chalestero)
vere given the noise exposure in the first 14 or 28 days. Control groups
vere given either no cholasterol and no noise or cholesterol alone. Major
changes due to noise exposure alone for L4 days included higher blood levels
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of nonesterified fatty acids and {ncreased blood hypercoagulation. Noise
alone Induced some microscopic atherosclerotic changes, and noise alse
enhanced gross atherosclerotic changas 1in the coronary arteries (Such as
increased platalet adhesivenass) caused by tha high cholesteral diets.

The effect of iong term noise exposures on blood pressure and heart
rate has been under investigation for the past sevaral years in Rhesus
mankeys. Preliminary experiments (Peterson, et al., 1975) showed that both
cantinuous noise (recorded urban nojse at as equivalent noise level, Ley,
of 78 A-weighted decibels) and intermittent noise {signaled noisae bursts at
112 decibels for 9 ssconds) produced sustained cardiovascular changes. The
continuous noise recording was played 12 hours daily for 30 days, after the
monkey had been monitored for a 30 day baseline gontrol peried. Hourly
biood pressure and heart rate measurements wer2 performed. Major increases
in these functions occurred fn the early morning and dectined during the
rest of each day. Intermittent noise presented up to 8 times daily for 30
days produced increased heart rate and blood pressure. The most {mportant
finding was an averall average baseline blood pressure increase of 28 paercent.

This preliminary work was followed up by exposure of Rhesys monkeys to '
nine months of a daily round=-the-clock tape recording designad to simulate
the noise exposure of an {ndustrial worker (Peterson, 1979; Peterson, ot al.,
1980). The tazpe included an eight-hour period {with a short “lunch break" at
noon) of impulsive and continuous fndustrial nofse, transportation nofse
before and after the “workday" period, household noise in the morning and
evening, and low=lavel sounds such as afrcraft overflight noise during the
night. The overall equivalent lavel (Lquznz)) was 85 decibels. Monkeys
were adolescent females with initial blood pressure levels at about the 50th
parcentila for Rhasus monkeys. Thay wore chronically implanted catheters to
accurately measure blood prassure lavels.

. After nine months, the monkeys displayed elevated systolfc blood pres-
sure, 137 mm Hg, compared to a pra-exposure average of 106 mm Hg, to an
incraasa of 29 percent. A similar increment was found in diastolic blood
prassure.

The noise exposure was then terminated for one month. At the end of
this month, bloocd pressures showed no indfcation of returning to normal.

Long-term noise axposure has also been studied fn the rat (Borg and
Maeller, 1978}, producing very different results from the previous monkay
axperiments. Both normotensive Sprague-Dawley and spontanecusly hyperten-
sive Wistar §0kamoto strain} rats were tested. Groups of rats were exposad
10 hours daily to 85 or 105 decibels sound pressure leval over their life-
tima of about gne year. The noise stimulus was considersd meaningless to
the rat and consisted of intermittent nofse from four Lancing L 75 horns
(presented during the night, the time when rats are most active). Control
rats wera axposed to background nofse, produced by the rats themselves, of
about 50 A-weighted decibels. No signifigant long-term differences fn sys-
tolfc blood pressure ware found between nofse-exposed and unexposed rats
in afther mzies or females, or between normotensive and spontaneocusly hyper-
tensive rats. These results tend to contradict previous findings in rats
{Buckley and Smookler, 1970; Gfber. 1570).

.

10




i

e~

NEURCENDOCRINE EFFECTS

For a detailed explanation of some neuroendocrine relationships, see the
Appendix. Noise stress may produce many of its effects via corticohypothala-
mic interactions with the hypophyseal adrenal system. Werner {1959) studied
the effect of sound on the hypo?hysis (the pituitary giand) of the rat. He
found that Teng, continuous bell ringing (8 hours per day) from 1 day to 3
weeks resulted in hypertrophy 1in the pars intermedia of the pituitary and
hyperactivity in the adrenal cortex {ihcreased cortisol secretion).

0gle and Lockett (1966} studied the effect in rats of recorded thunder-
claps of 3 to 4-second duration with a frequency range of 50 to 200 Hz at 98
to 100 decibel sound pressure Tevel, presented at a rate of two claps at
1-minute intervals every 5 minutes for 20 minutes. They compared this effect
with that from a pure tone of 150 Hz at 100 decibels presented for 2 minutes
out of every 15 minutes for 45 minutes. Urine was collected and analyzed for
sodium and potassium.. Responses to noise were analyzed through comparisons
among animals that were intact, that had denervated kidneys, and that had
neurchypophyseal lesfons. The authors concluded that thurderclaps produced
emotional responses which the 150-Hz tone did not produce. Thunderc¢laps
affected the hypothalamus resulting in excretion of oxytocin {stimulates the
uterus) and vasopressin (antidiuretic hormone, which raises blood pressure).
These hormones produced increases in sodium and potassium excretien with no
increase in urine flow (Fletcher, 1371).

8ecause the adrenal hormone cortisol {s always released during stress,
many fnvestigators have measured the effects of noise on adrenal size, core
tisol levels in the blood, or the effects of the absance of the adrenals.
Yezkel et al. (1948} exposed adrenalectomized Norway rats to the sound of a
blast of compressed air § minutes a day, 5 days a week, for a year. The aver-
age systolfc pressure in the noise exposed rats rose from an init{al value of
113 mm Hg to 154 nm Hg in the last 2 months, while control values rose from
124 to 127 mm Hg.. The absence of the adrenals leaves an animal with no abil-
ity to cope with stress by means of increased cortisol secretion.

More recently, Osintseva, et al. (1969) exposed rats to an 80 decibel
noise for varfous times from 18 to 126 days. Following exposure %0 noisa,
analyses revealed significant drops in the ascorbic acid contents and weights
of the adrenals of these rats relative to the controls.

In ancther study the same year (Hiroshige, et al. 1969), rats were
axposed to continucus bell-ringing for 2 minutes (spectrum and nofsa level
wera not reported). Bell-ringing produced an 1ncrease in the activity of
corticatropin-releasing factor (CRF) {n the hypothalamus. This releasing
factor {also called ACTHRF) produces the release of adrenocorticotrophic
hormone (ACTH) from the pituitary; ACTH, 1n turn, produces the release of
corticosteroids {cortisol, corticosterone, aldostercns) from the adrenals.

Adrenocortical activation has also been studied quite extensively in
rodents by Anthony and Ackerman (1955, 1957) and by Anthony, et al., (1959).
They exposed rats, mice, and giiinea pigs to relatively broad bands of intense
noise: 150 to 480 Hz at 140 decibels sound pressure level, 10,000 to 20,000
Hz at 110 decibels, or 2,000 to 40,000 Hz at 132 dectbels. Durations of
stimulation periods fncluded a,single 6 minute exposure, 15 or 45 minutes per
day for up to 12 weeks, and cycles of 100 minutes on and 100 minutes off
throughout a 4-week exposure period. Although they obtained indications of
adrenal activation (as measyred by cellular changes in the adrenal glands
and & decrease in the number of circulating eosinophils}, these changas
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were denerally slight and transient. They did find, however, that intense
noise superimposed on another stressor, such as restriction of food, could
decrease an animal's 1ife span. The authors concluded that rats, mice, and
guinea pigs can become accustomed to noise, but that nolse can have damaging
effects if 1t occurs In conjunction with additional stressful situations.
They also noted that fntense high frequency noise (132 decibels, 2000 to
40,000 Hz) appears to be more stressful than Tow frequency noise as evidenced
by an increase in noise-induced seizures in mouse strains c¢onsidered to be
sefzure-resistant {Anthony and Ackerman, 1957).

In the 1970's, noise researchers began using monkeys fn studies on cor-
tisol levels. Nealis and Bowman {unpublishéd) studied the effects of thrae
types of nofse on plasma cortiso]l levels in 12 Rhesus monkeys. The results
ware compared to those of a control group of four monkeys. The three types of
nofse’ consisted of continuous noise ?recorded power tools and land vehicles),
noise of varfable level (rock music), and fmpulse noise (shotgun blasts, pis-
tol shots, and machine gqun blasts, randomly presented}. Over a period of 36
days, each of the four test animals was subjected to the three types of noise
in exposure sessions of one, three and five hours. A minimum of 90 hours
separated the treatments. The average A-weighted noise exposure Teve) was
100 decibels, Test monkays were divided into 3 groups of two males and two
femalas each. The order of the treatments was randomly assigned for each
group. The plasma cortisol levels were not affected differently by the three
types of noise stimli. Elevated plasma cortisol levels were found after one
hour of exposure tg al1 three types of noise, but not after the three or five
houp exposures, After an initia) stress or fear reaction, the monkeys appar-
ently habituated physiologically to the noise.

A simfiar experiment was performed by Hansaon, et al. (1976}, except that
some of the test animals were able to terminate the noise by depressing a
lever {(control over noise group). The noise exposure consisted of four 13-
minute nofse sessions with two minutes of quiet between them. The noise con-
sistad of a continuous recording of power tools, pnaumatic drills, snowmobiles,
and machinery at 100 decibels. In the first part of the eéxperiment, the 24
monkeys (one- and three-year oids} of both sexes were divided into a control
group (ne noise), a test group with no control over noise, and a test group
with control over noise. The latter group experfenced {ts first l3-minute
session with noise before being able to turn it off. In the second part of
the experiment, the animals which had had control over the noise in the first
part were {nterim ttently presented with the termination lever, but pressing
the lever dia not termjnate the noise. Pre-exposure plasma cortisal levels
were equivalent for 21) three groups. Plasma cortisol levels were signifi-
cantly eigvatad both in the group that had no control over noise and in the
anfmals that lost control over noise in the second part. The cortiso) Tavels
of monkeys with control over noise were not significantly differant from those
that had no noise exposure.

Because fncreased adrenocortical hormones due to strass have been relataed
to decreased thyroid functions, Fell, et al. (1976) studfed the effects of
acoustic stress on the thyroid glands of rats. The test anfmals were subd-
Jectad to a single 1000 Hz tone {at 95 decibels) for 15 minutes, twice per hour
for 8 hours daily during the daytime for 12 weeks. The test animals were free
of gross hearing abnormalities; based on random inspectfons during the axpo-
sure period. Thyrold activity gy measured by uptake of radiocactive iodine
{I-131), was suppresssd 1n the rats exposed to nofse. The suppression began

(oo



B LT

mrd'p':'ﬂ.i.nau RSN

in the first two weeks for females and between two and 12 weeks in the males.
Similar sex differances were obsarved regarding the weight gains of the ani-
mals. The females had significantly reduced weight gains during the first 2
weeks of noise strass, whereas the males did not show reductions in weight
gain until the sixth week.. A possible explanation for this finding Is that
altered thyroid function due to stress may decrease the secretion of growth
hormone from the anterior pituitary (adenchypophysis).

Another nervous system parameter, activity of acetylcholine (a neural
transmitter), was studied in the rat brain by Brzezinska (1968)., Exposure to
noise (type and level not reported) for 2 hours a day for 3, 6, 9, 12, or 15
didys produced a gradual fncrease in acetylcholinestarase activity (which causes
the breakdown of acetylcholine) and an initial increase: {n acetylchoiine con-
centration faollowed by a decrease, with a slow return to normal levels by 15
exposures. Since stress {nduces increased sympathetic nervous system activity,
such fncreases in acetylcholine Tevels would be expected.

BIOCHEMICAL PARAMETERS

A number of othar effects of nofse, particularly on blood chemistry, are
included hera, Most of the blood lTevels of various chemicals are ralated to
cardiovascular, neurcendocrine, or 2 variety of other metabolic functiens,

Treptow (1966) found that dogs had transitory increases {n glycemic
{sugar} levels in the blood prior to becoming used to the stress of experi-
menter handling. A predictable increase fn glycemic reactions was observed
in trials one and eight cut of 20 exposures to BO to 87 decibels noise for 3
to 10 minutes each. Due to individua)l reactions, the measures were highly
variaple, but by trial 20 the glycemi¢ response had apparently habituated to
the noise stimulus.

Stress induces a number of other biochemical changes. Jurtshuk, et al.
{1959) subjected two group of female rats to 1 minute of noise daily for 11
days or to 5 minutes of noise for 15 days respectively. The noise consisted
of 120 Hz at 100 {+ 5) decibels. Rats that dfsplayed the greatest Jocomator
response upon ¢assation of auditory stimulation also had the lowest blood
glutathione {a respiratory carrier of oxygen}. Stimylated rats had higher
adrenal weights and ascordic acid values and lower blood glutathione levels
than did their controls.

Geber, et al. (1964) investigated the physiologic response of rats to
three dqurations of acoustic stress {15 to 270 minutes, 19 to 96 hours, and 21
days)., The stimulus was a 20,000 to 25,000 Hz scund, ranging from 73 to 93
decibel sound pressure level, presented & minutes of overy hour. They noted
Tower eosinophil counts, raised serum cholesterol Jevels and {ncreased ascorbic
acid levels in the brain. Elbowicz-Wariewska (1962) observed that when guinea
pigs were exposed for one manth to dafly 45 minute pericds of noise at 160 (+ 5)
decibels sound pressure level with frequencies from 100 to 50,000 Hz, increases
in Jactic acid dehydrogenase (LOH) activity and pyruvic acid levels {n the blood
were observed. Diseased cells tend to discharge greater amounts of certain
enzymes into the blood. Elevataéd LDH {s symptomatic of cardfac, liver, kidney,
muscle, and brain disorders (Holvey, 1972).

Hrubes {1964) found that nonesterified fatty acids, the plasma lipids
most implicated 1n active transport within cglls, {ncreased significantly 1n
female white rats when the rats were exposed to a 95 decibel transmitter
generator nofse for 16 hours. Hrubes and Benes (1965) demonstrated that
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white rats subjected repeatedly to 95 decibel noise secreted increased levels
of urinary catecholamines, showed increased free fatty acids in blood plasma,
{ncreased adrenal size, and decreases in body weight.

Similar findings were reported by Friedman, et al. (1967), who demon-
strated that auditory stimulation can affect 1ipid metabolism. White nofse
at 2 sound pressure level of 102 decibels was presented 24 hours a day, and
an additional intermittent 200 Hz square wave with a duration of 1 second
and a sound prassure level of 114 decibpls was programmed to occur randomiy
with an average interval of 3 minutes. Thirty rats ware exposed to the nofse
stimuli for 3 weeks, and 24 rabbits were exposed for 10 weeks. Thesa animals
recefved standard diets and water, but were administered additional oils to
test their abjlities to handle excess fat while exposed to noise stress.
Plasma triglycerides wera higher in nofse-exposed rats only during the second
week; there were no differences between experimental and control groups of
rats at the end of weeks 1 and 3. [n tha rabbits, however, plasma cholesterol
and fasting plasma triglycerides were higher after four weeks of auditory
stimulatfon. Additional dffferences between the nojse«stressed rabbits and
the controls included deposits of fat in the irises of the eyes, more aortic
atherosclerosis, and a higher cholesterol content in the aortas. The authors
concluded that auditory stress produces changes 1n the metabolism of exogen-
ously deliverad fat, having affects similar to those produced by chronic
hypothalamic stimulation {obesity).

PULMONARY EFFECTS

Pomomar'kov, et al. (1969) reported noise-{nduced puimonary hemorrhages
in dogs. The animals were exposed to 0.5 to 3.5 saecond bursts of white noisa
at 105 to 155 dectbels. Two hours after exposure, 3-millimeter diameter
hemorrhages were found 1n the lungs of those animals exposed to noise levels
exceeding 125 decibels, Increased noise levels resulted fn Tncraased numbers
of hemorrhages, but not in incraases in the size of each site. Emphysematous
changes induced by noise exposure were sti17 detectable at 60 days postexpoe
sure, even though hemorrhaged blood had been resorbed.

RESISTANCE TO DISEASE

As explainaed in the Appendix on stress, extreme elevation of cortisol
levels can reduce both the inflammatory response and antibody production
(Vander, et al., 1975). It has also been suggested that mild chronic elava-
tion of cortisol levels could also Tead to reduced immunity, although defini-
tive evidence of this has yet been found.

At least one experiment has shown there is a relation between noise expo-
sure and susceptibility to viral infection fn strains of mice susceptible to
audfogenic safzure (see naxt seétian). Jensen and Rasmussen (1970) usad an
800 Hz tone with an fntens1tg of 120-123 decibels for 3 hours each day on &=
to S-week old Swiss Webster BRYS mice, Mice innoculated intranasaliy with
vesicular stomatitis virus (cau?es eruptians in the mouth) just before expo-
sure to sound were more susceptible to the {nfection, while mice innoculated
after the exposura were more res{stant. The sound-siressed mfce were also
more susceptible to polyoma virus {which produces tumors) and developed more
tumors than controls that were not sound-stressed. The progression of Rauscher
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virus leukemia was suppressed in noise-exposed animais. The inf]ammatory and
fnterferon (a virus-resistant protein produced by cells) responses were also
impaired by sound. Sound-stressed mice also had perfods of variable suscep=-
tibility to viral challenge within each day. At some of these periods, the
sound-stressed mice had similar susceptibilities to the non-stressed controls.
This transitory change in susceptibility was found to be independent of adre-
nal funetion, indicating that other factors may also be involved in disease

resistance.
rl .

AUDIOGENIC SEIZURE SUSCEPTIBILITY

Certain strains of rodents are extremely sensitive to intense sound.
These rodents underga such-violent audiogenic sefzures, that exposure to
noise can result in death. Young rodents may become audiogenic seizure-
susceptible if exposed to loud noise during a critical period after birth
(priming). Priming 1s used in laboratory rudents to produce experimental
animals for the study of epileptic seizures, as models for severe acoustic
trauma, and in the study of auditory development in young animals {Saunders
and Bock, 1978).

Monastyrskaya et al. (1969) reported that sound stimulation produced
increases in weights of the pituitary and adrenail glands in healthy rats, but
net in a strain of sound-sensitive, audiogenic-seizure susceptible rats. The
sound-sensitive rats already had enlarged pituitaries and adrenals. The rats
were exposed to a 105 decibel sound 10 times, for 1.5 minutes each time, with
ong exposure every 3 to 4 days.

Reproductive effects of noise have also been studied in audiogenic
seizure susceptible animals. There is evidence that sound stimulation may
induce lasting changes in exposed animals and their offspring in strains of
mice that have been specially bred to be susceptible to audicgenic seijzures.
Lindzey (1951) studied emotionality and audiogenic seizure susceptibility in
mice exposed to noise. The animals were stimulated by the sound from a bell
attached to a metal washtub {spectrum and sound pressure lavel were not
specified).' He reported increasaed susceptibility to seizure in certain
strains of mice. Thompson and Sontag (1956) described effects of iudliegenic
seizures in pregnant rats on the maze=-learning abilities of their offspring.
Each of six male albino rats was bred to ane experimental and one control
female. Two seizures per day were induced from the fifth through the 18th
day of pregnancy in each of the six experimental females. Within 24 hours of
birth two male and two female pups were selected from each litter and the
rest were removed. Three mothars in the experimental group and three in
the control group kept their own pups, while the pups of the other three
mothers {n each group were switched between groups so that pups from experi-
mental (saizure) mothers were cross-fostered on control mothers and vice
versa. At 21 days of age, the pups were removed from the others and housed
1n individual cages in the animal room. General activity levels were tested
at 30 and at 60 days of age. Training in a water maze began at 8Q days of
age. Although theras were no significant differences in body weights, 1itter
sizes, or activity levels, there ware significant differencas between experi-
mental and control groups in nfze Tearning.” Pups born to mothers that had
audiogenic seizures during pregnancy made significantly more errors and
required significantly more trials than did pups born to controls, even if
the control pups were cross-fostered on experimental mothers.
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REPRODUCTIVE EFFECTS

Studies on the reproductive effects of noise have examined the impact on
both adults and offspring., In adult animals, this research has addressed
genital function, fertility and mating. Studies of the offspring of animals
axposed to noise during pregnancy have investigated the following parameters:
fetotoxicity, teratelogy, gestation, 1itter size, birth weight, and aspects
of development. -

A few studies of noise effects of male reproduction have been done.
Anthony and Harclerode (1959) reported negative results fn a study of the
affects of noisa on the numbers of famales impregnated by sexually mature
male guinea pigs. Twalve weeks of daily exposure to noise {139 to 144 deci-
bals sound pressure level; frequencies of 300 to 4,800 Hz) for 20 minutes out
of each 30 minute period did not affect the reproductive performance of the
animals relative to thatr controls. Some avidence of corticcadreznal activa-
tion was found, however, suggesting that tolerance 1imits were approached.
Effects of testicular histelogy were observed by Zoric (1959). He exposed 38
male mice for 8 hours per day for1l to 21 days to the sound of an electric .
bell. The lavel and spectrum of the sound were not reported. Studies of the
testes of sound-exposed mice revealed imvolution (shrinkage) of the semina)l
epfthelium, partial blockage of first order spermatocytes, formation of tera-
tocytes, and atrophy of the epithelium.

Reproductive studies comparing the effects of noise on males and females
have also been undertaken. Zondek and [sachar (1964) examined the effect of
acoustic stimulation on genital function in 48 mature rabbits and 3,100 young
and mature rats. The animals were housed near an electric bell 25 centimetars i
in diameter that rang 1 minute out of every 10 minutes, 24 hours per day, for
9 days prior to mating. The peak sound pressure level was 100 decibels, with
maximum energy at 4,000 Hz, and ancther peak of 95 decibels at 10,000 Hz.
Auditory stress resulted in enlargement of the ovaries, persistent estrus,
follicular hematomas, and other effects in female rats and rabbits.: Effects
were more pranounced in female rabbits than in female rats and were hardly
visible in males of ajther species. Auditory stress during the copulatory

.period induced increased fertility, but during gestation such stress inter-

rupted pregnancy (Fletcher, 1971).

Another fert{lity study contained some contradictory findings. Zondek
(1964) reported that in rats, the fertility of both males and females was
decreased with noise exposure. The males' ability to fertilize was reduced
to 11 percent as compared to 70-80 percent in control males; comparable
affects were produced in the female rats. Sexual behavior did not seem to be
{nhibited {copulation was verified by the presence of a vaginal plug), and
there were no changes in the weights of the testes and semipal vesicles, nor
any noticeable anatomical changes in the spermatogenic process. In similar
fashion, Singh and Rao (1970) studied the effects of auditory siress on rat
ovarfes. They exposed 74 adult female rats to continuous auditory stimula-
tion by a 2,000 Hz tone at 100:-decibels (C-weighted) for up to 150 days,
Thirty-one animals developed persistent vaginal estrus after 10 consecutive
days of stress. As the stress was continued, mare animals were affected.

Noise may also affact the offspring of laboratory animals. Ishif and
Yokobor{ (1950) found that female mice exposed to 90, 100, or 110 phons of
white noise for six hours per day from the 11th through the 14th day of
pregnancy had more stillborn and more malformed young, and smaller embryos

than the unexposed controls. w9
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Terategenic effects .produced by audiogenic stress were also reported by
Ward, et al. (i970). A mutorcycle horn producing 82 to 85 decibels sound
pressure level at 320 to 580 Hz was timed to deliver noise intermittently for
60 to 75 percent of each hour. Female albino mice (Swiss-Webster strain}
were placed in the chamber and exposed to the noise for perfods of at least
five hours at different stages of pregnancy. The most severe effects were
obtained with stress 8 hours per day on days 8 to 17 of pregnancy. In these
casas, 40 percent of the litters ware,resorbed and mean fatal weight was 0.44
grams, while mean fetal weight {n control litters was 1.45 grams. Although
only moderate noise levels were used, there were severe results {f stimula~
tion. occurred during critical perfods. Stress during days 7 to 8 resulted
in 100 percent resorption by day 18. Observed teratogenic effects (cranial
hematoma, dwarfed hind 1imbs, and tall defects) were attributed to endocrine-
logte effects of stress on the mother and/or the fetus. These stress effects
resulted in discharge of catecholamines and steroids from the adrenals.
Decreased uterine and placental blood flow were considered to be responsible
for fetal hypoxia and pessibly delayed implantation.

Taratoganic and other reproductive effects were studied by Kimmel, et al.
(1976) 1n offspring of pregnant mice and rats subjected to 100 decibel white
noise (20 to 20,000 Hz). The mice were exposed to noise during days 3 to 6,
7 to 10, or 11 to 14 of gestation. The rats were exposed on days § to I5.
The incidence of resorptions (fetotoxfeity) was significantly increased and
the pregnant females gained significantly less weight during pregnancy in
mice exposed on days 3 to 6 and 11 to 14. Maternal weight gain was also
decreased in rats, but no fetotoxicity was observed. The authors stated that
the lack of teratogenic effects compared to some previous studies may be due
to the predictability of the noise stimylation used. More varied noises may
produce greater stress. A second expariment compared the rate of spontanequs
malformations in mice in noisy versus quiet 1iving quarters during days 1 to
18 of gestation. The quiet quarters had A-weighted noise levels of 30 to 45
decibels, due to the normal activites of the.mice. The noisy quarters had
noise lavels of 50 to 60 decibels, from routine hushandry activities of ani=-
mal care personnel, The incidence of malformations was not decreasad in the
quieter quarters, but maternal weight gain was significantly reduced in quiet.
The authors suggested maternal weight gain reduction may have been due to
other factors related to the quiet quarters themselves.

Since other stressors are often acting aleng with noise, M.C. Busnel and
Molin (1978) studiad the reproductive and fetail effects of noise aTone and of
noise plus 2 other stressors (vibration and crowding in mica}. These studies
were continuing at the tima of publication, so that the results must be
considered preliminary. The {nvestigators also wanted to determine whether
the results were due to diract effects on the fetuses or due to the indirect
effects of strass reactions of the pregnant mice. This was done using thres
combinations of hearing and deaf mice: (1} Swiss albino males mated to female
of the same strain; all adults, and young were normal hearing; (2) male hybrid
mice carrying the recessive gene for deafness mated to deaf mutant females;
50 percent ¢f the young were deaf and 50 percent had normal hearing; (3) male
deaf mutant mice mated to female hearing hybrid, carrying the deaf gene; 50
percant of the young were deaf and 50 percent hearing. Each of the three
groups was then subdivided into three treatment groups--noise stress; noise,
crowding, and vibration stress; non-stressed controis. The noise stress
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consisted of 1 hour of recorded subway noise of about 105 decibels played 4
times daily. VYibration and crowding were produced by placing 20 females in
one cage on a shaking device for 2 hours daily. All treatments were begun
the day of mating and the experiments wera continued until each mother’s
sixth litter, when the females were sacrificed and the fetuses autopsied.

No significant differences were found between experimental and contral
animals in the mothers' weights, numbaer of young in the litters, number of
young surviving to weaning, or the seg ratios of the offspring. 0ifferences
were found in weight gain of the young, time interval betweeén littars, and
the number of fetal malformations between test and control groups. The mean
weight gain of the l{tters was 25 to 30 percent lower in the noise alane and
the noise, crowding and vibration groups in the first three litters of the
hearing mothers. Noise alone did not affect the weight of deaf offspring.
The interval between Titters was very irreqular in ail of the stressed groups
compared to the unstressad controls. The incidence of miscarr{age, resorp-
tion (abscrption of the embryos {nto the mother's system), and cranial and
spinal malformations were also increased in the stressed groups. Noise alone
had a smaller effect than in combination with other stressors (crowding and

shaking).

BEHAVIORAL EFFECTS

Loud and unfamiliar noisas can be very frightening to Taboratory animals
as wall as other species. Many of the fnit{al hehavioral reactions obsarved
are attempts by the animals to escape. Because caged animals usually have no
place to run to, the strass may be compounded due to the unavailability of an
appropriate {escape) response. Some of the behavicral effects in the studies
which follow include altared reflexes, aggression, refusal of food, cessation
of grooming, and impaired laarning and physical performance.

In one study, rats exposed for 7 days to sound producad by electric bells
{for 45 minutes to 2 hours per day) became untidy and less active, refused to
eat, and becams aggressive (Monaenkov, 1958). Borisova (1960) stated that
white rats exposed to 85 decibel noise displayed weakened condit{oned reflaxes.
Five days of rest were necessary for the reflexes to return to normal.

The effects of noise and ¢rawding on young rats were studied by Groh
{1965). Permanent effects on activity, learning, and some physiological para-
meters ware produced by raising 80 albinc rats in two different litter Sizes
and under two differaent sound levels. The rat pups were divided into litters
of either 3 or 13 animals, then randomly assigned to lactating females other
than their own mothers. Half the rat pups in each litter size were raised in
sound-insulated boxes; the other half were raised in regular wire cages in a
noisy (saund level unspecified) animal room. There were 10 male and 10 female
pups in each of the four groups. After 21 days undar these conditfons, the
rats were weaned and placed, four animals to a cage, fn the common animaj
room for an -additional 21 days. At the end of this paeriod (42 days) measures
ware made of body weights, spontaneous activity in an open fleld test, heart
rate increasas following electric shock, and respanse latency in a strajght
runway at the end of 20 trialg. Open field measures were repeated at 56 days
and body welights at 57 days. After thase tests, relative weights of the adre-
nal gland were measured. Rats in large ]itters weighed less and had larger
adrenal glands, indicating stress effects from crowding., Rats raised in
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sound-proof boxes learned faster (had lower latencies) in the straight rumway
than did rats raised in the animal room. Decreased activity in the open field
test and {ncreasad heart rate responses to the sound were more pronounced in
rats raised in large litters in sound-insulated boxes and in those raised in
small litters in the animal room, than were those in the other two groups.
With the possible exception of the cardiac response, all these morpholegical
and behavioral changes appeared to be stable. Thus, noisy and crowded condi-
tions separately ware able to produca hehavioral changes.

Behavioral changes due to nofse were also found in rabbits. Deryagina
et al, (1976) noted that rabbits that were subjected to 94 to 96 decibels of
sound (at 3000 Hz) 4.5 hours per day for 14 or 28 days became aggressive,
fought frequently, and exhibited fright reactions.

Increased aggression was also found {n Rhesus monkeys exposed to a 100
decibel noise in the study of Hanson et al., (1976). These monkeys were
first able to control or terminate the noise, after which this ability was
taken away from them. Another group of monkeys was expased to 100 decibe)
noise with no ability to control thair exposura. Following their exposure,
the monkeys displayed less social contact when placed with small groups of
unexpesed monkeys.

Similar reasults were ohtained by Nealis and Bcwman (unpublished), in
that noise-exposed monkeys had reduced behavioral activity and increased none
social behavior, such as sleep. The noise may have produced fatigue in the
animals. These effects were noted after 1 and 5 hours of exposure to 100
decibel continuous noise and after 5 hours of 100 decibel impulse naise.

Swimming performance was investigated in a study by Busnel and Lehmann
{1978). They studied the effects of both audible and inaudible {{ncluding
{nfrasound) acoustic stimuli in normal hearing and in genstically deaf mice,
which were from audicganic seizure-rasistant strains. The acoustic stimuli
were produced by sinusoidal frequency and white-noise generators at frequen-
cies of 500 to 1000 Hz and 5 to 50 Hz. In this study, infrasound is defined
as acoustic frequencies of 30 Hz or less. The mice were subjected to either
neise or quiet for 2 hours, after which their swimming times were tested in
a tank of water, The high frequency noise reduced the swimming time of the
normal, but not the deaf mice. The low frequency noise and infrasound
raduced the swimming times of both hearing and deaf mice, although higher
sound pressure levels (106 to 115 decibels) were needed to induce fatigue.
Although the labyrinthine organs in the ears of deaf animals can stil] be
affected, the authors inferred that infrasound acts by nonauditory means,
including visceral and transcranial pathways.

SUMMARY

Significant affects of noise on both auditory and nonauditory functions
have been found in laboratery animals. Effects are particularly severe when
vary high noise levels are useds These effects include, but are not Jimited

to, the foliowing:

bleeding in the ear & .
increased cortisol levels

increasad blood prassure

increasaed blood sugar

altered heart rate

19

i 3 o T e e e b e i

B L T Y S
e RO TR S T . o,
W e L Ry s



changes 1n blood 1ipids

elevated plasma renin activity

some adverse reproductive affects

abnormal behavior (increased aggression, reduced social behavior).

We sti11 do not fully understand the relationships among ail these
effects. furthermore, we must exercise caution in generalizing the results
of thesa studfes, which are mostly shart-term, to other situations in which
animals are exposed to nolse over longer periads of time.

'Y
.
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SECTION II. DOMESTIC ANIMALS -

L]

INTRODUCTION

Although some studies have been conducted on domestic animals of eco-
nomic importance, lack of uniformity_in the measurement and recording of sound
stimi1y and animal responses to these stimuli makes it difficult to compare
results across studies. The domestic animals in these studfes include sheep,
swine, cows, horses, mink, chickens, and turkeys. Research on noise effects
in domestic animals include studies of hearing, behavioral, and physiological
responsas to different nolse sources including: aircraft flyovers and sonic
booms, loud noise praduced in a laboratory {white noise, music, pure tones,
ete.), species-specific distress calls, exploding paper bags, motorbeat noise,
and artificial bird peeps. The behavicral responses observed most frequently
are fright reactions.

Noise, in combination with other environmental factors, has the poten-
tial for producing savere stress in farm animals, which may lead to reduced
quality of some products and adverse economic effects. Parker and Bayley
{1960) noted that the U.S. Air Force has received complaints from farmars
about the adverse effects of jet noise on livestock. The studies which fol-
Jow have attempted to determine whether noise {is a significant stressor in
farm 2nimals. No studies on masking were available. Because domestic ani-
mals are more dependant on humans for suryival than on intra- or interspecies
conmunication (which is essential {n the wild}, masking is not a critical

{ssua.

HEARING

Auditory threshaelds have not bean thoroughly studied in domestic animals. -
As with laberatory animals, variations in audible rangas in different species
have important consequences for the response to noise.

In one of the few studies on hearing in domestic animals, the auditory
thresholds of 10 Suffolk ewes were measured in an acoustically insulated room
with a background noise of 26 decibels, by Ames and Arehart {1972). The mea-
suring techniques included changes in EEG {electroencephalograph) patterns and
behavioral responses (ear pricking, head turning, etc.). The auditory threse
hold was referenced to absolute sound pressure level. The auditory threshold
data for the sheep are presentad in Figure 1 and Table 2. The most sensitive
frequency in sheep is about 7000 Hz.

Auditory thresholds for cattle have also been reported (Ames, 1974).
Fiqure 2 compares the audiograms from 23 cattle and 10 sheep, Note that thesa
audiograms have the same general shape as those for humans, except that the
maximum sensitivities of ¢attlle and sheep are in the higher frequencies.

Bond, et al. (1963) studied the effacts of loud nofise on the anatomy of
the swine ear. Animals exposed to five trials of aircraft noise of 120 to
135 decibels showed no injury to the gross anatomy or the organ of Corti in
the ear when compared to a control group exposed to ambient airfield noise

levels of 70 decibals.
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TABLE 2

Maan Auditory Thrashelds In Decibalge b ,
{Ames and Arshart, 1972} }

Freguén;y (Hz}r T o : _Eacibnla't_dB),
. -

100 | 18.545.0

200 : 18.143.3

500 17.142.4

1,000 15.944.1

2,000 , 14.542.1

| 5,000 11.8+0.8

[ = 6,000 9.040.9

5 " 7,000 7.320.9
1

[ 10,000 11.540.6

11,000 14.9+41.9

12,000 17.341.7

4 Sound pressure in dB (re 0.0002 dyne/cmz) above background (26 dB).

b Each mean represants 30 observations.

9 4

23

B et sttt T Y it A O PR L A T

!
!
e
!

S e e ey 8 - . -



¥

30

26

?

16

Decibels

10 -

T T 1T T T 1
A 2 5 1.0 20 6.0 7.0 10.012.015.0 20.0

Froquoncy in kHz

FIGURE 2. Aydiogrum. for Cattls and Shaop (Ames, '10741
D .

i s e gt it b e e e
QY

alleaY



et

PHYSIOLOGICAL AND BEHAVIORAL EFFECTS IN FARM ANIMALS

SWINE |

Since farm animals are often exposed to aircraft flyover noise, the
adverse effects of such noise have been of concern to farmers and some
researchers. A major series of investigations of swine was conducted by
Bond, et al. (1963). Thesa investigftions’ explored the physiological and
behavioral effects of nolse as a stressor. The parameters measured include
heart rate, water and sodium balance, weight gain, feed utilization, hormonal
secietions, reproductive effects, and general behavioral {fright) reactions.
One series of tests used a telemetric electrocardiograph to monitor each
pig's heart rate in an acoustical chamber. After a constant heart rate was
observed, the experiment was begun. Test recordings of heart rate were made
during 15 seconds prestrass (quiet), 15 seconds of noise exposure, and 30-
second quiet recovery period. The noise stress consisted of taped afrcraft
at levals of 100 ta 130 decibels. The heart rate tests were run at least 4
or 8 timas on each animal. Thirteen pigs never exposed to Toud noise pricr
to the test were used 1n one series. The results showed that heart rate
increased significantly due to noise and decreased 30 seconds after the noise
stimulus ended, although {it had not returned to basaline levels.

The same investigator {Bond, et al., 1963) gave prior exposure to noise
to anothar group of pigs as part of the study. This exposure consisted of a
tape of jat ajrcraft noise at 120 decibels, 12 hours daily for 98 days.

Heart rate increased significantly when five of these pigs were exposed to
the same taped jet aircraft noise. Previously unexposed pigs wera found to
have a greater change in heart rate at sound frequencies of 400, 1000, and
2000 Hz (at 110 to 120 decibels). Since the authors state that only small
numbers of pigs were given the various treatments, generalizations about core
relations between sound Tevel and frequency and degree of heart rate responsa
must be made cautiously.

Other physiological effects on swine were studfed in a review of the
litarature on the physioloqy and behavior of farmeraised animals. Bond (1970)

stated that several days of 93 decibels noisa of unspecified frequency resulted

in aidosteronism (excass secretion of the hormone aldosterone by the adrenal
glands) and severe retention of water and sodium in young, castrated, male
pigs. Aldosterone is a steroid hormone responsible for the body's elactrolyte
(for example, sodium, magnesium, calcium and potassium) balance. Excess aldo-
sterone can be induced by stress, resulting in the upset of the electrolyte
balance, which can be manifested by hypertension (possibly due to sodium and
watar retention), muscular weakness (due to decreased potassfum), excessive
urination, and thirst. These affects are just part of the complex chain of
events triggered by stress in an animal, as discussed {n the Appendix. The
review by Bond (1970) also stated that “alarm signals" recorded from pigs

in the slaughter house disturped the pigs more than mechanically produced
sounds, as one might expact.

Besides aldosterone secretion, feed efficiency and weight gain of
fattening pigs due to aircraff noise were investigated by Bond et al. (1963).
Threa ta five groups of four To six pigs each were exposed to recorded ajr-
craft noise at 120 to 135 decibels 12 hours daily from around weaning to
slaughter at 200 pounds body weight. Each group of pigs included a control
group unexpased to noisa. No significant differences between noise-exposed
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pigs and control were observed with respect to feed utilization, rate of
weight gain, or food intake.

Reproductive effects in swine were studied by exposing three sows to
recorded aircraft flyover noise fn an acoustic chamber for 12 hours dajly for
three days prior to parturition {(Bond et al., 1963). HNo adverse effects were
observed on either parturition or the young, aithough the piglets from tha
noise-exposad (testg sows were heavier than control piglets. Since the lit-
ters from only 3 sows (22 piglets raised} wers examined, these weight differ
ences between the test and control piglets are probably due to individual
differences and not to noise.

Bond, et al. (1963) also studied the effects of sounds of varying fre
quencies from 104 to 120 decibels (incTuding the recorded squeal of a pig) on
swine bshaviar. MNursing sows, baby pigs, and adult pigs during mating were
observed to show inftial alarm followed by rapid indifference to the noise.

In summary, Bond and co-workers consider that swine are abla tg tolerate,
and aven become accustomed to, nofse yp to at least 120 decibels. The only
evidence that noise causas stress in pigs is a temporary increase in heart
rate. More research is needad before the true effects of nofse on swine can

ba determined.

CATTLE

The effects of noise on mijk production was studied in 182 milk cow herds
within 3 miles of eight Air Force basas using jet aircraft. In the one-year —
study, no differences in milk production were found when compared to herds ‘
which ware not exposed tao the ajrcraft noise. Also, no differences were found
baetween herds close to the end of the rumway and those farther removed (Parker
and Baylay, 1960).
Such milk production studies may be affected by sonic booms. Casady and
Lehmann (1966) found, over all, few abnormal behavioral reactions in large
animals due to sonic booms. However, they reported that thair studies con-
ducted on herds of milk ¢ows at £dwards Air Force Base may have been biased,
in that the animals used had been exposed to 4 to 8 sonic booms a day for
saveral years. Therefore, even though the intensity of the booms used during
tasting was higher than those the cows heard daily, the cattle may have already
become accustomed to the noise before the actual testing began. Thus, cows
may be. abte to habituate to certain noises, as was the case for swine.
Sond (1956) 1n his review of the 1{terature on noise effects of man and
Tower animals, stated that the cows exposad to exploding paper bags every few
seconds for 2 minutes during milking did not give milk while the sound stimul{
were present. Thirty minutes following the sound stimulation, 70 pércent of
the normal milk producticn ¢eccurred. Bond also stated that matorboat noisa
produced a decrease in milk production. However, calf and heifer growth was
unaffected by motorboat noisa. Bond also raported that obssrvers found a mild
reaction in dairy and beaf cattle to only 19 out of 104 sonic booms of 2.6 to
0.75 pounds per square foot. Milk production was unaffected during the test
period. 1In fact, Bond noted that reactions to low subsonic ajrcraft noise
were more pronounced than were peactions to sonic booms. Further, the same
reactions were observed in response to flying paper, strange persons, or
other moving objects. This observation may indicate that such fright reac-
tions occur more strongly when the animal sees rather than hears the cbject ( \

{Fletcher, 1971).
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SHEEP

The cardiovascular and respiratory responses of lambs to noise were
examined by Ames and Arehart {1972) by exposing the lambs to three types of
auditory stimuli. The stimuli used were white noisa, instrumental music, and
intermittent miscellaneous sounds {IMS), presented at 75 and 100 decibels
sound pressure level. Taped sounds of electric motors, diesal engines, jet
and propeller aireraft, cannaons, rain, band marches, stadium crowds, fag
horns, fire crackers, roller coasters, and machine guns were all used during
the IMS exposure. The taotal nojse exposure per day was 11 hours. Each noise
stimylus had a duration of from 15 seconds to three minutes, with quiet
periods 1asting from 1 to 15 minutes between stimuli, The study was divided
into 4 periods: (1) a 21-day quiet control period at a 45 decibel ambient
noise level; (2) a 12-day test period at 75 decibels; (3) a 2-day control
period at 45 decibels; (4) a 12-day test period at 100 decibels. Five lambs,
not previously exposed to noise, were added as nonacclimated controis in the
third period. During the first day of each 12 day test, heart and respiration
rates were measured immediately before each noise exposure, then at 15 minutes,
1, 4, and 8 hours post-stimslus. Daily readings were then taken during the
remaining 11 days.

Yariations in heart rate occurred earlier and were greater for the 100
decibel exposed nonacclimated lambs with all three sound types. Less heart
rate change was observed due to the nusic exposure than to the other two types
of nojse, indicating that rusic was less stressful. Heart rate increased due
t0 both white noise and IMS. Respiration rates increased due to the three
types of noise for both acclimated and nonaccliimated lambs. The respiratory
responses to noise were highly varfable and seemed to depend on sound type
mere than sound level. Panting occurred during both music and [MS expasure.
Since the responses were less variable after the 10th day of ncise exposure
and the preconditioned animals responded differently to noise, acclimation to
noise may have occurred. The physiological responses to noise in this study

- indicate that noise acts as a stressor {can increase the levels of ACTH and

other adrenally mediated responsas). The responses vary with the type and
guration of the noise stimulus. The results are shown in Table 3 and Figures
and 4.

The effect of noise of the growth of early weaned lambs was examined by
Areheart and Ames (1972). In this study, noise-acclimated lambs were Sub=-
jected to the previcusly described stimli (white noise, music, and IMS) at
the same levels (75 and 100 decibels). Their results shown in Figures 5 and
6, indicated that exposure to 75 decibel white noise caused an increase in
the animals' weight gain and feed utilization efficiency as compared to either
the control groups or the groups exposed to white noise and IMS at 100 deci-
bels. This effect was less pronouncad with exposure to IMS at 75 decibels,
while music had no effect on growth or efficiency at any sound level.
Intarestingly, exposure to musig, even as Toud as 100 decibels, caused the
animals to be more “calm, more docile, and generally more tranquil tham other
groups” (Areheart and Ames, 1972, p. 482).

A final aralysis of the data (Figuras 5 and 6) shows that both the type
of sound and its intensity can significantly affect the growth of early
weaned lambs. However, since these findings are based on short-term, or .
acute, studies, the applicability to long-term, or chronic, exposure condi=
tions may not be possible {Ames, 1978). )
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Effact of Sound Typu and Intensity on Lamb Meart and Respiration Ratasa
.. {Ames and Arehan 1872) .

TABLE 3

Rasplration |
- N Hpart rate Rate !
Levels: Typeosa: _ [beata/min.) {breaths/min.)
usast 121 +10.8%%  43.3 45,4003
Music  111.7 #5.6™Y  61.0 #6.3%Y
75 dB M5 119.0 +15.9% 65.0 +20.4%+Y
USASI  122.0 +10.4%% 62,4 +15.5%
100 68 Music  116.0 +8.65Y 44,0 +4.9°
Acclimated  IMS 123.0 +14.6°  49.0 #13.3°
100 d8 USAST  130.5 +13.2°  39.0 45.9"
Non- Music  124.0 +8.3¢ 45.0 +5.2°
acelimated  IMS 121.0 #11.3 46.8 +8.3°
a Mean and SD of three observations during 12-day test.

b,c,d These superscript letters differing in a column indicate
sfgnificant differences (P<.05) for intensity levels.

x,y  These letters, differing in a column indicate significant
differences (P<.05) for typas of sound.
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Ames (1978) also studied the effects of noise on digestive function.
1t was found that sheep consumed less food in noisy environments than in
quiet. In addition, the results showed that for IMS-exposed animals, urinary
output was graater than in the controls or the animals exposed to white noise
or music. IMS exposura also increased digestibility coefficients (the amount
of food zbscrbed by the digestive system as determined by feces analys!s),
while music or white noise had no similar effect. It was suggested that
neural and endocrine mechanisms are inyolved, in the reactions.

Studies of metabolism and rumen (the first stomach of a cud-chewing
animal) were conducted by Harbers, st al. (1975) on four yearling sheep
axposed to noise levels and types similar to those used by Areheart and Ames
(1972). The 7-day noise exposure trials at 75 or 100 decibels were preceded
by contro) trials at a background lavel of 45 decibels. The animals consumed
less food under all the noise types and levels above background. Water intake,
urinary output and metabolizable enerqy varied with the type (but not inten-
sity) of noise; intermittent miscellanecus sounds (IMS) caused increases in
all measures. ODigestibility coefficients ware also higher with IMS than with
the other types and the controls. The highest urinary creatinine (a nitro-
genous waste product, the level of which indicates normal kidney function)
levels were found due to 75 decibel music exposure. The IMS and white noise
produced significantly lower values, indicating reduced protein breakdown.
Rumen motility was not affected significantly by the noise, after the initial
15 minutes. The authors conclude that sheep are able to adapt to continuous
or intermittant noise of 100 decibals or less. No adverse effects were
noted, and IMS even stimulated digestion. [t should be pointed out that this
too is & short-term study and was not an examination of long-term effects.
However, the results make it clear that noise exposure may play an important
role in changas in digestive efficiency, metabalic balance, and growth rate.
Thus, further research should be undertaken to identify species susceptible
to these effect: as well as the physiologic basis for this susceptibility.

Amas (1974) found alterations in gonadotropin (reproductive harmane)
lavels in lambs exposed to 75 and 100 decibel noisa levels. Ovarian chnges,
such as increased numbers aof corpora lutea, were produced when eves were
axposed to a 4000-Hz pure tone during proestrus. The ewes later produced
significantly more lambs. The author suggests a hypothalamic effect of noise,
which altars the gonadotropin releasing factors, rasulting in avarian changes.

$ince other stressors, such as heat, shock, and restraint have been
shown to produce undesirable color changes in the meat from cattle and pigs,
Ames (1978) tested the effects of nofsa stress on lamb meat. The maat from
42 lambs subjected to various noise stimuli was inspected visually and
spectrophotometrically after slaughtar. Color changes in the meat were noted
with 100 decibel white noise and intermittent miscellaneous scunds. These
typas of noisa ware apparently more strassful than music to lambs, using the
degres of colar change in the meat as the criterion.

-

HORSES

Casaday and Lehman (1966) reported some behavioral effects in race
horses due to jet aircraft flyovers. The reactions included jumping and
galloping around, apparantly fright reactions. Such reactions to Toud noise
are observed in most species of animals, although the degree of fright seems

to vary.
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MINK

Cottereay (1978) stated that he observed 1ittle or no affects of sonic
boams on ranch-raised mink in spite of the fact that some studies have
reported severe reactions. It should be noted, however, that mink may be
overly sensitive to certaip types of other sounds.

In one study (Travis, et al., 1968), 120 mink were exposed to simulated
sonic booms with peak overpressure in the hoysing shed decreasing from 2,0
pounds per square foot in the front of the shed to 0.5 pounds’ per square foot
in the back of the shed in a smooth gradient. A mean boom frequancy of 485 Hz
was used. Litter sizes of boomed mink were larger than those horn to non=
boomed mink. Although the first boom resulted in some apparently curious
emergence from nests, no racing, squeaaling, or othar evidence of panic was
observed. Autopsies of kits which died of natural causes disclased no dis-.
arders which could be traced to booming.

Another study {Bell, 1970} showed Tittle or no response to six sonic
booms in 10 days with reference to mink bitch behavior during breeding, birth
of kits, or whelping. No cannibalistic behavior toward kits or any other
evidence of panic was observed.

Travis, et al. {1972) exposed mink to real and simulated sonic booms durs
ing the whelping season {n order to study the effacts on late pregnancy, par-
turition, early kit mortality and kit weight at 7 weeks. OQne group was sube
Jjected to three real or three simulated sonic booms at a prassure of 290 N/
{Newtons per square meter; approximately 145 decibels), whila a control group
was not exposed to any booms. The findings indicate that farmeraised mink o~
exposed o fntanse sonic booms during whelping season showed no adverse .
reproductive or behavioral reactions.

POULTRY

Stadelman (1958a) held fertilized eggs from white hens 1 to 7 days after
Taying and then subjected them to incubation under conditians of noise (over
120 decibels) or ne noise {under 70 dacibels). The nofsa produced inside the
incubatfon boxes consisted of playbacks of recorded background airfield noises,
and noise from propeller and jet aircraft. MNoise was present 8 out of every
20 minutes from 8 a.m. to & p.m, each day and from 8 p.m. to 8 a.m. every third
night. The results showed no effects on hatchability of eggs or on the quality
of chicks hatched.

Vince {1966) exposed embryonic chicks to artificial "peeps" which mimicked
the "pesps" actually emitted by bobwhite quail chicks. The artificial “peeps"
were speeded up or slowad down as a function of the rate of speed at which the
actual peeps were emitted. Three or more peeps per second weré instrumental in
causing eggs to hatch whereas less than three peeps per second did not increase
hatchability of eggs.

In another study (Ball, 1920), it was shown that exposure to daily sonic
booms with sound pressures of 0.75 to 1.25 pounds per square foot had no
adverse effects on the hatchability of chicken eggs exposed for 21 days during
1ncubatian,.

Besides agg hatchability, éhe effects of noisa on hen matarnal behaviar
have also been investigated (Stadelman, 1958a). Eighteen New Hampshire and
Plymouth Rock hens were observed for broodiness for three days and then divi- .
ded into two groups. Broodiness {s defined as the cessation of egg laying (..
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and the onset of egg incubatfon. One group was exposed to noise at 120 deci-
bels while incubating 12 hatching eggs each. Hens in the other group were
given 12 hatching eggs each but wers not exposed to sound. In the group not
exposed to sound, all eggs were hatched. In the group exposed to sound, all
except one hen stopped brooding within two hours. The exceptianal hen,
although she remained broody, hatched only one chick from 12 fertilized eggs.

Stadelman (1958a) also re?orted that recorded afrcraft flyover noise at
80 to 115 decibels (played datly from 8, a.m. to 8 p.m. and from 8 p.m. to 8
a.m. every third night for 5 out of 20 minutes from onset of brooding unti}
chicks were 9 weeks o1d) resulted in no difference in weight gain, feeding
efficiency, meat tenderness or yield, or mortality between noise-exposed and
unexposed chicks. It was noted, however, that the chicks subjected to the
noise were observad and that the presence of the observers could have rendered
these chicks more adaptable to changing situations than chicks raised under
natural conditions.

The affect of noise on broodiness has also been studied in turkeys
{Jeannoutot and Adams, 1961). Seventy-eight turkeys ware exposed to records
ings of low flying jet planes at 110 to 135 decibels for 4 minutes in the
third day of broodiness. This exposure typically resulted in a cessation
of broodiness and a resumption of egg laying. The period between cessation
and resumption of egg laying was shorter than when interruption of broodi-
ness was produced by injections of hormones such as progesterone. 1n addi-
tion, hens injected with progesterone showed a reduction in egg production
during resumption of egg laying, whereas the noise exposure of broody hens
producad no decrease in egg laying when egg laying was resumed following
sound stimsiation.

In another experiment by Stadelman (1958b) 2,400 crossbred meat chicks
were exposed to aircraft flyover noise at 80 to 115 decibels. The chicks
were not exposed to sound until they were 31 days old, at which time they were
exposed for 5 out of every 20 minutes for 4 hours. Chicks were nat expased
to the noise again until they reached 45 days old. The noise exposure scheds
ule above was then reinitiated, with a three-day break due to eguipment fail-
ure, until they reached 10 weeks old. There was no difference in weight gain
ar feading afficiency between exposed and nonexposed chicks. One chick was
trampled to death when noise was initfated at 31 days and chicks ran away
from the speaker at the end of the cage where the sound level was 20 decibels
lower. The investigators hypothesized that during an actual flyover, the
sound would not be louder at ane end of the pens than the other; therefore,

there would be no running from the sound source.

SUMMARY

The affects of noise on domestic animals are not as well-documented as
those on laboratory animals. Nevertheless, there is evidence that excessive
noise could have very disruptiva effacts on certain normal activities of
animals that are important sources of food. The major observed effects of
noise on domastic animals from the preceding studies are summarized below:

+ .
e lnitial fright or alarm reactions in all species

s Significant temporary increases in heart rate in lambs
and pigs
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® Increased respiration rate in lambs

o Decreased milk production in cows exposed to certain
unpleasant nofsas (motorboats and exploding paper bags),
but not sonic booms

® Increased weight gain and feed utilization but decreased
feed consumption, in sheep .

o C(Changes in sheep water intake, urinary oqutput,
metabolizable enerqy, digestibility coefficients, and
urinary creatinine levaels of sheep due to intermittent
miscellaneous sounds (75 and 100 decibels).

& Alterations in ovarian factors and repreductive hormone
levels in lambs

s Ability to tolerate noise levels up to 120 decibels in ;
pigs, sonic booms 1n cows, and 100 decibel noifse or lower

in lambs

e Color changes in Jamb meat with exposure to 100 decibels
white notse or IMS

e Inhibiting effects on hen maternal behavior (broodiness)
due to 120 decibals or greatar aircraft noise, resulting in —
. fewer eggs hatched. '

Although there is a ganeral trend for domestic -animals to be able ta
hecoma used to intermittent noises under 120 decibels, this ability has not
been demonstratad with all’ types of environmental nofse conditions. Poultry
are knawn to have savere fright reactions to loud noisa (Cottereau, 1978),
which could adversely affect egg production. Since noise and other stressors
can produce unacceptable color changes {n meat for human consumption from
cattle, pigs, and lambs, the economic conseguences of excessive noise could
be severe. More rasearch on the effects of noise on food quality needs to be
undertaken,

Not only can noise affect the quality of food from domestic animals, but
also noise has produced changas in growth, reproductive physiclegy and
behavior, metabolism, and other physiological parameters. These changes
are not all unfavorable, since lambs exposed to 76 decibels white noise had
increased growth rates over 100 decibel noisa or control conditions, Since
growth hormone and many other hormones are raleased during stress (Vander,
et al., 1975), the mechanisms of noise effects on growth are probably very
complex. Ames (1978) suggestad a neural response to noise that triggers
sndocrine reactions, but mare rfsearch {s neaded before these rasponses are

understood.
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SECTION III. WILDLIFE

*

INTRODUCTION'

The wildlife studies discussed in this section cover a wide range of
animals, including insects, fish, reptiles, birds, and mammals. Although
many studies have been done on the effects of noise on animaTs, few long-
term studies performed in natural settings exist. Those that are availabla
are often lacking specific information concerning noise intensity, spectrum,
and duration of exposure. For a discussion af the fmportance of adequately
specifying the noise exposure and factors related to sound propagatfon and

detection, see Harrfson {1978).
The bulk of the studies emphasize behavioral effects of noise on wild-

" 1ife, because such effacts are often most readily observable {Lee and Griffith,

1978). Although behavieral responses are useful indicators of noise effects
in animals, there is a potential problem fn the interpretation of these reac«
tions because it 15 often subjective. Many specias have been studied in depth
far response patterns to nofse, as in the Preyer reflex discussed in the sec-
tion on Jaboratory animals. An impartant area of noisae research fn wildlife
that has besn neglected is a description of the relative hearing sensitivity
of each of the mny wildlifa species. This is obviously necessary for evalu-
ating and predicting the affects of various noise levels and types. Table 4,
constructed by Lee and Griffith (1978) from various sources, summarizes some
;f the available data on hearing sensitfjvities 1n wildlife species and

umans.
As the table shows, some wildlife species are sensitive to a greater
sound frequency range than humans. The A-weighting scale measures sound
levals by selectively discriminating against certain low and high frequencies.
The frequency of the sound is a determinant of Toudness as perceived by the
Tistener. The A-weighted scale reprasents a simpiification of the response
pattarn in humans, Since wildlife species do not have the same response pate
tern as humans, A-weighting may not be appropriate for many wildlife studies.
Fletcher (unpublished} suggasted using the unweighted sound pressure level
until more appropriate scales for animals are determined.

Another potential effect of noise on wildlife is masking. Masking is
interference with comunication or signals and is a common prablem for humans
as wall as wildlife. When masking occurs, the threshold of heering for a
desired sound is {ncreased due to the presance of an undesired sound. Animals
use auditory signals to evade predators, to locate mates, thair young and
prey, and to define territories. Even a wildlife species which is adapted
(behaviorally or physiologically) to loud nofse could be adversely affected
if its communications patterns are disrupted.

Masking due to noise has been studied in wildlife by comparing the level
and spectra of {1) the ambient or background ncise in the natural habitat,
(2) the offending nofse, and (3) the signal or comunication. For example,
Figure 7 shows the spectrum of each type of ambient noise in an Australien
habitat {Rennison and Wallace, }1976).

Another neglected area of noise raesearch on wildlife is that of non~
auditory physiological effects. The nonauditory effects have been more
thoroughly studied in humans and in laboratory animals. Many of these
affects {nvolve the startle or stress reactions (increased cortisol levels
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TABLE 4. Hearing Abiiitiea (Fraquencies) of Various Animals as Compared with Man
Laa and Griffith, 1978)

'

Lower Maximum * Upper
Limit Sensitivity Limit
Species {(H2) , ] {Hz) ) {Hz)
Man
{Homo sapiens) 16 4,000 - 20,000
Invatabrates
Tiger moths 1/
(Arctiidae) 3,000 - 20,000
Noctuid moth 1/
{Prodenia avidania) 3,000 15,000-50,000 240,000
Butterflies
(38 species) 1
(Lepidopterae - 40,000-80,000 an . ~
Long-horned
grasshoppers 1/
(Lepidopterae} - 40,000-80,000 -
Laong=horned
rasshoppers 1/
?Tetti goniidae) 800-1,000 10,000-60,000 90,000
Field cricket 1/ '
(Eryllus) 300 - 8,000
Mosquito 2/
(Anopheles subpfctus) 150 280 550
Male Midgas 2/ 80-800 with
(Tendipedidaa) peaks at 125 and 250

1/ Frequencies of continuous tdnes that stimulate the tympanal organs,

2/ Frequency response of Johnston's Organ which is Jocated at the base.
3
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Crow
(Corvus brachyrhynehos) aoo

Kestrel (Sparrow Hawk)
(Falen sparverius) 300

Long eared owl
(Asfo otus) <100

Mallard duck
{Anas platyrhynchos) 300

Lower Maximum
Limit Sensitlvity
Spacies (Hz} {Hz}
* Amphibians .
Bulifrog
_(Rara catesbeiana) <10 <1,800
Birda
Starling
{Sturnus vulgaris) a00 2,000
House sparrow
(Passer domesticus) - -

1,000-2,000
2,000
6,000

2,000-3,000

Mammala

Bats
(Chiroptara) <1,000

Rodents
(Rodantia) <1,000

Cats
(Felidae) -

Qpossum
(Didelphus virginiana) . <00

33

30,000-100,000

5,000-18,000 &

40,000-60,000

Uppor
" Limit
{Hz)

3,000-4,000

15,000
18,000
>8,000
210,000
18,000

>8,000

150,000
100,000
70,000

>60,000

TABLE 4, (cont,} Hearing Abilities (Frequencies) of Various Animals as Compared with Man
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and other sympathetic nervous activity) described {n the Appendix. Wild
anfmals that can survive human encroachment on their hahitats have been able
to adapt their behavior patterns and other responses to human cfvilization.
Busnel (1978) 1ists examples of animals which have successfully adapted:
rats, mice, crows, pigeons, starlings, and seagulls, all of whom choose to
live near humans to take advantage of the food supply and shelter. Many
insect species, too numerous to mention here, have certainly prospered due
to humans. Some of the "semi-domestic®, animals, such as cockroaches and
house mice, are pests. Squirrels and racoons are considered ‘pests by some,
because they raid bird feeders and garbage cans. Possibly, the true nature-
Tover§ among us would rather have these animals around, since they are inter-
asting and occupy a valuable place in our ecosystem. Many {nsects, such as
honeybees, praying mant{is, and ladybugs {who fesd aon aphids), are more than
Just part of our ecosystem; they are highly beneficial.

Although there are species which have apparently adapted to human noise,
these ire mainly smaller species 1iving fairly close to humans. The larger
animals that risk becoming endangered, such as bears, caribou, the African
game animals, and eagles, are of great caoncern to many people today. The
environmental impact studfes conducted faor the Canadian Arctic Gas Pipeline
are ?n example of this concern and will be discussed in detail in this
section,

The behaviaral responsas of animals to noise are related to their reac-
tions to the humans who are directly or indirectly responsible for the noise.
Far example, if an animal sees a person shooting a gun or riding a snowmabile,
it will react to both the nofse and the person. If the animal s wild, such
as a reindeer, it will be frightened of humans. A domestic animal, such as a
hunting dog, would probably not be afraid of either the person or the nofse.
Care should be taken in interpreting animal responses as to whether they are
elicited by the noise itself or by the noise as a signal of another threat.

The wildlife spacies to be discussed in this section are presentad by
mzjor groupings: mammals, birds, reptiles, amphfbians, fish, and insects.

MAMMALS

HEARING

Studies on the effacts of noise on hearing in mammals are scarce for
wildlife specfas, but some quantitative data are available on some desert
animals and a few spacies of marine mammals (Myrberg, 1980).

Aquatfc habjtats are increasingly being recognized as vital to our aco-
system and are used as sources of food and many raw materials, for recreation
and'transportation, as sites for various industries that need water, and
(unfortunately) for the disposal of wastes. Tha aquatic enrvironment is a
unique one, containing some of the most interesting and beautiful of ¢raa-
tures, 0f the two basic aguatic habitats, fresh water and marine, the latter
has attracted the most public interest in recent years. This is partfally
due to the many still unknown agpects of the oceans and partially because
salt water covers over 70 percent of the earth's surface (Knight, 1965).

Marine mammals tend to ba very sensitive to high fre?uency sound. The
major sound sensitivity ranges are from 500 Hz to 45 kHz for the seals and
sea licns and from 8 kHz to 145 kHz for the porpeises, dolphins, and toothed
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whales. The spacific animals on which much of this {nformatfon is based
include the harp seal, the harbor seal, the California sea Tion, the bottle-
nose doiphin, the harbor porpoise, the common porpoise, and the killer whale.

The most sensitive auditory frequency region for these animals parallels
that of the sounds made by them. These sounds have been of great interast
in recent years especially regarding the dolphins and toothed whales (odon-
tocetes) and the humpback whales. The most studied sounds made by the odone
tocetes are called echolocation elicks, Echolocation is the Jocation of
distant or invisible objects using reflected sound waves., Another type of
sound, humpback whale songs, are so musical they have been recorded and sold
for recreational listenming. These sounds are considered to be a complex come
munication device which is not well understood.

The acoustical system of marine mammals and other aquatic marmals is
their most important distance receptor system, and it furnishes important
information regarding food, matas, and predators (Myrberg, 1980). Thus,
anything that affects the hearing of these animals has potentially harmful
effects on the species. Myrberg has suggestad that excessive ambient noise
may affaect both perception and sound production in marine mammals. A further
discussion of these effacts is included in the sections on behavior and mask-
ing in mammals.

The world under the sea is not a silent place. Sources of ambient noise
include vocalizations from marine animals, rain, traffic of marine animals,

" ships, and other aquatic vehicles, industrial noises, and military noises.

Myrberg {1980) constructed Figure 8 for his review of the effects of noise on
marine 1{fe. He statad that the major habitat of the marine mammals is in
shallow, coastal areas; thus, the figure includes noise levels at a depth of —
less than 70 meters. (Note: The underwater reference sound pressure in
Figuras 8 through 13 and in Table §, all from Myrberg (1980}, 1s 1 microbar,
which {s equivalent to 1 dyne per square centimetar. 0 dB8 re ! microbar is
equivalent to 100 dB re 1 micropascal.)

The other group' of wild mammals whose hearipg has been studied are the
small desert animals in the Southwastern United States. One of the naisier
human sports 15 motorcycle racing, Some researchers at California State
Unfversity (Gibson, et al., unpublished) became {nterested in the effects
of motorcylce racing on small desert mammals. Small animals were sampled
both bafore and after an excessively noisy race, in which A-weighted sound
levels near the pit were fntermittently over 120 decibels for tan hours.
Sound lavels reached 140 decibels for brief periods. Animals trapped after
the race were bleeding from the ears and nose, indfcating trauma to the
auditory system had occurred. The researchers then investigated whether
the nofse lavel inside the burrows of thase animals was any lower. Using a
Handa 100 ¢c motorcycle as the nofse source, a special sound probe was
{ntroduced into the burrows. Sound levels inside the burrows were measured
both with the entrances oper and closed with sand. Noise levels {nside the
burrows ware only slightly less_than those cutside, 5o that the animals
ware not sasily able to escape the noisa.

Another study on desert mammals (Bondello and Brattstrom, 1979¢) has pro-
duced some evidence that off-road vehigle noise can disrupt the predator-prey
ralationship between the desertikangarco rat,(Dipodomys deserti) and the
sidewinder rattlesnake (Crotalus cerastas), (ne behavior of the kangaroq
rat when a predator approaches 15 'sand kicking," f.a., the rat turns away
from the predator and kicks sand in its direction as the rat departs. This
behavior can be elicited in the laboratory either by presenting a rattlesnake £
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visually to the rat or by playing the nofse of a crawling rattlesnake (at an
A-waighted sound level of 36 to 38 decibels at 10 centimeters) to the rat from
a tape recording. 1In this study the rat was selective, responding with sand
kicks to the scund of the sidewinder but not to the sound of static or a hum.
Two rats out of 14 were salected for their consistent sand-kicking behavior.
When typical dune buggy sounds (35 decibels, A-weighted, at 4 metars) were
played to the rats for 500 non-continuous seconds (25 seconds on, 5 saconds
off}, their hearing acuity was impaired, Ten minutes after the presentation
of the noise dose, the level of the sid@winder noise had to be increased by 8
to 10 decibels before the rat detected it. This corresponded to reducing the
distance in the fleld at which the rats would be able to detect the rattle-
snake from 40 centimeters to 2 centimeters. It took the rats nearly 3 weeks
to recover their original hearing sensitivity. Thus, for nearly 21 days
following the sound exposure, under nocturnal conditions, the rats could con=-
ceivably have been approached and successfully struck by the sidewindar

rattlesnake.

MASKING !

Masking rafers to noise that interferes with comunication of auditory
signals. Behavioral changes due to masking may be the most observable effects
of noisa (Lee and Griffith, 1978). Since auditory signals are used in locat-
ing mates, to establish territory, for erientation, migration, catching prey,
sound detection and many other functions, masking could have profound secondary
effects on mammalian behaviaor. The importance of comunication signals has
{fggg?ly been studied in 01d World monkeys (genus Macaca) by Brown, et al.

Indirect effects of masking may also be produced, due to the fact that
all the anfmals in a habitat or ecosystem are 1nterreiated. Thus, an animal
that 1s directly affected by noise may affect another species, which may at
first appear unaffected. For example, predator-prey relationships betwean
the wolf and the caribou may be ypset by noise connected with construction of
the arctic gas pipeline. Although the wolf population does not seem to be in
jeopardy from noise, the caribou may be affected. 1f the caribou population
were to diminish due to noise, the wolf population, which feeds largely on
caribou, could also decline (Kucera, 1974).

toolfng, et al. (1n press) hypcthesized that one way to predict the spe-
cias most vulnarable to masking effects is on the bas{s of the frequency
range of sounds made by the animal. Two groups of mammals which are known
to depend on auditory signals for survival are bats and the marine mammals.

It has been shown that bats can be resistant to masking (Griffin, et al.,
1963). Apparently they can orient themselvas so that noise and signals are
received from different angles (signal masking is greatest when noise and
signal are received from the same direction). This ability represants
an adaptive response or coping dechantsm.

Masking has also been studied in marine mammals, since auditory signals
are important factors in distance reception, finding food and mates, aveiding
predators, and locating prey. Whales and dolphins produce many sounds for
these purposes. In order to expiore the potential for adverse effects of
masking on marine mammals, the spectra and intensities of the critical sig-
nals, and the spectrum and level of the ambient noise must be determined.
Figure 8 displayed some underwater ambient noise levels. Some data from
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Myrberg (1980) on potential masking in the sea lion and dolphin are included
tnFigure 9. The figure shows that rain and ship traffic have the potential
to cause masking, although this has not been empirically demonstrated.

Another way of gauging effects of masking noise is by estimating the maxi-
mum distance at which an animal can detect a sound made by another member of
1ts speclies, under varfous noisy conditions. Since ambient noise Tevels in
the sea can be great enough to mask sounds important to marine mammals, a
number of studies have considered the gffects on signal detection of rain,
ship trafffc, and wave action (sea state). Sea states 1 and 2 are calm and
mederate, respectivaly. Table 5, from Myrberg (1980), gives the estimated
maximum scund detection distances for the common (or harbor) seal (Phoca
vitulipa) under different marine ambient noise conditions.

5 Table 5 shows, rather calm seas, rain, and ship traffic may consider-
ably reduce the distance over which a seal can hear scunds from another seal.
Since intraspecies communication {s very important to marine marmals, more
studies should be conducted on the effacts of man-made noises in the sea,
such as those from ofl rigs, factories, and ships.

Another study of masking of auditory communicaticns was conducted with
regard to the fine whale. The fine whale reportedly uses 20 Hz signals for
communication over as many as several thousand miles. This whale specias
forms social units, or range herds, which are apparently spread out over
large areas in the sea. The major underwater sources of noise for these
animals is ship traffie, fn the range of 10 to 500 Hz. The investigators,
as reported in the review by Shaw (1978) suggested that this ship noise may
have reduced the whales' commnication distance. The long term effects of
such reduction {n communication on this species are unknown.

NONAUDITORY PHYSIOLOGICAL EFFECTS

Very 1ittle work has been done on the nonauditory physiological effects
of noise on wildlife. However, certain of these effacts have been demone
strated 1n laboratory animals (see Section I). Therefore the potential may
exist for similar effects in wildlife. The effects that have been obsarved
in wild masmmals include hormonal, metabolic, and reproductive effects. Damage
may be produced through strass reactions, which can be caused by noise as well
as other noxious agents.

A study on the reaction of caribou to noise was done as part of a serfes
of environmental impact statements on the proposed Canadfan gas pipeline.
Calaef (1974} noted that any unfamiliar stimuli, such as human activities, can
disturb physiological functions of these animals. The effacts of such dis=
turbancas observed 1n wild and domestic ungulatas (hoofed animals) include
elevated adrenocorticoid lavels, waight loss, increased disease susceptibility,
and reproductive effects such as lower birth weights, increased resorptions
(fetal reabsorptions) and abortions (miscarriages). Although aircraft flying
mora than 500 feet overhead usually do not produce any overt reactions in
gar1bog, Calef stated that physiological stress rasponses may still be

nduced.
Another mammal for which ghere is limited research on the physiological
effects of noisy human presence is the white-tailed deer. Moen (1976) {nves-
tigataed the adaptive responses of deer to cold stress during winter, by
obsarving deer behavior. Between January and early March, deer tend to
conserye thermal and other types of energy by reducing their activity and
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TABLE 5, Estimatad sound-detaction distances under different ocean-nolsa. ‘

conditions for the harbor seal, Phoca vitulina,

Selected audio-fraquency, 9 KHz; audio-
threshold: spectrum level noise ratio =

30 dB. Sound-source level (p-p) in d8/ ubar

relnm(e.qg., conspecific) = +38 (Myrbery,

-

1980),
At Sea-State '
1 2
Most sensitive threshold (decibals/ubar) =22 «15
Estimated maximum detection distanca (meters) 1000 500 .
At Sea-Stata 1
Traffic lavel 'Rain Level
Average Heavy Light Heavy
Most sensitive thraeshold (decibails/ubar) ~19 -14 =3 +9
Estimated maximum detection distance (meters) 750 425 120 30
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their metabalic rate. Moen suggests that during this critical period, noisy
snowmabiles and other disturbances may prevent successful energy retention,
resulting in increased deer mortality. Such disturbances may also seriously
affect species that hibernate.

The only physiological study of hibernating mammals is one concerning
bats (Miline, et al., 1969). Histophysiological changes in the pineal glands
and supracptic nuclei of the brain were found after the bats were exposed to
an electric bell rung twice daily (6 tg 7 a.m and 8 to 9 a.m.) for 7 days.
Unti] more research s undertaken, the significanca of these ‘findings is

unclear,

BEHAVIORAL EFFECTS

Noise is most often considered an aversive stimulus, aTthough some types
of sounds actually attract animals. Large animals such as elk, bisen, and
cattle are sometimes attracted to trains and have created hazards by walking
onto the tracks. Porpoises are drawn to boats so they ¢an be pushed by the
front wave. They are attracted from a distance by the noise of the propellers
(Busnel, 1978). The acoustic characteristics (level, spactrum, duration, etc.)
and type of noise source are obviously critical varfables for behavioral reac-
tions to noise, The nofse sources fn these studies on mammals are sonic booms,
aireraft flyovers, alectric power 1ines, vehicles, and construction sites near
wildlife habitats. The presence of humans and/or machines can exaggerats or
otherwise affect an animal's reaction to noise. In fact, it may be difficult
to determine which affects wild animals more acutaly--human presence or noisa.
These factors introduce confounding variables in noise effects research.

Studies on wild mammals fnclude species such as house mica, rabbits, wild
rats, bats, marine mammals, wolves, bear, and a number of hooved species
(antelope, caribou, deer, wild sheep, etc). Startle ar fright is the immedi-
atz behavforal reaction to transient, unaxpected or unpleasant noise in all
these mammals. Frightened mammals often run away ar interrupt their activi-
ties. For example, rafndeer seem to experience difficulties in herding, due
to the hum of the power lines (Klein, 1971). If noise persists in a parti-
cular area, animals may leave their habitat and avoid it permanently. The
physiclegfcal and ecological consequences could be serious to species survi-
va], If the new habitat has inferior conditfons. Kucara {1974) noted that
avoidance behavior by mammals requires the expenditures of axcess enargy that
is needed for survival. Avoidance behavior usually implies that an animal
must find new food sources, watering holes, and nesting areas, all essential
activities for survival requiring energy expenditure.

According to Xucera (1974), other mammalian behavioral reactions te noise
include altered migration patterns, changas in the home range (the region
where an animal usually moves), and the formation of aberrant behavior pate
terns between specific individuals, such as refusing to or not befng able to
mata. .

Basides observations in the natural habitat, some studies investigate
wild animals under laboratory conditions. W{ld rats znd mice were subjected
to various noise frequencies (190 to 25,000 Hz) and sound pressure levels (60
to 140 decibels) by Sprock, et al. (1967). The effects of the noise ranged
from decreased nesting close to the nofse source to deaths at the highest
intensities. Not surprisingly, recorded rat distress calls also decreased
the tima spent near the noisa sourca by the animals.
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En another study of this type, confined colanies of wild Norway rats and
house mice were exposed to pulsed ultrasound provided by an ultrasonic gener-
ator for 76 and 81 days respectively (Graaves and Rowe, 1969}. After exposure,
the rodents displayed aversion to the sonic field and did not reenter the
testing ground. The frequency, intensity, pulse duration, and length of time
batween pulses were not reported, although ultrasound 15 usuaily defined as
sound in frequencies exceeding 20,000 Mz. Since rodents can detect very high
frequencies of 1000 to 100,000 Hz (see,Table 4), ultrasound as so defined is
wall within the hearing range of the rat. '

Besides laboratory studies, observations can be made on mammals confined
in zoos. The reactions of captive animals may be quite different from those
of the same animals in their natural habitats. Cottereau (1978) stated that
London zoo animals had no overt responses to high level sonic booms. Since
sonic booms are often frightening to wild and domestic animals, it is not
known why these zoo animals d¢id not respond.

Most of the observations of wild mammals have been made in their natural
habitats. Except during rainy weather, the ambient noise levels reported for
wilderness areas on land are often quite low, from 20 to 40 A-weighted deci=
bals {Luz and Smith, 1976; Scom, et al., 1972). Many of these data are from
North American forests. Since the impact of noise varies from one species to
another, the studies below are summarized by species. Some repetition is
fneyitable, since several investigators have observed more than one species

at a time.

Rabbits. A novel but difficult method of observing wild animals fs to attach
radio transmitters to them and follow their movements, a method called tale-
matry. Such a study was done by Soom, et al. (1972) to observe the effects
of snowmobile noise on the movement of seven wild rabbits. The researchers
tried to separate the noise effects from the exhaust fumes, 1ights, the snow-
mobiles themselves, and other confounding variables. The animals had to be
trappad and released after the transmitters were installed in collars so that
handl1ing added another factor to consider. The radio transmitters operated
at a different frequency for each rabbit and transmitted over about half a
mile. Signals from the rabbit transmitters were detected at two towers each
with two antennas. Angular positians of the rabbits were determined using
painter positions on a protractor. Rabbit movement was studied for three
nights before any snowmobile traffic had occurred, and then for six nights
during snowmobile test runs. Observations occurred from 6 p.m. to 6 a.m.

each night. Snowmabile noisa was measured near where the rabbits moved at
five different spots in the woodlot, so that the levels were lower than when
snowmobile noise {s measured close to the source. Ambiant noise Tevels ranged
from 20 decibels during quiet to 45 decibals due to cars. The 20 minute snow-
mobile runs were made three times hourly for S5 to 6 hours per night. The dise
tance moved (in feet per hour) by the rabbits and the size of their home range
were calculatad as measures of activity. The results showed that snowmobile
noise tended to increase rabbit movements and to increase their home range
during the snowmobile runs. The home ranges decreased when snowmob{iling
ended, but did not raturn to the presnowmobiling level. Since only seven
rabbits were obsarved for a vegy short period in a 14.5 acra woodlot, it is
not known what the long term effects of snowmobile noise are on rabbits.
Although the rabbits rematned in their habitat, definite changes in movement

were observed.
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Another field study method was used by Busnel and Briot (unpublished)
in the areas around several airports in France., Small mammals and raptors
are periodically hunted in-these areas to reduce the danger of collisions
with aircraft. The investigators studied the hunting recerds kept by the
airport administrators and scientists for any effects on the numbers of the
various species. High noise levels of gver 80 decibels, A-weighted, are
comman argund ajrfields. ATthough some corralaticn was observed between a
reduction in the population of hares apd the, opening of Roissy airport (where
the traffic is very heavy), noise was not thought to be a major factor. No
significant raduction in the population densities of either rabbits or hares
was attributed to noise.

In another study (Crummett, 1970) rabbits were repelled by an acoustic
signal produced by a commercially available nroise production unit. No details
regarding the duration of the acoustic signal were given. However, the alarm
unit produces signals with frequencies of 2,000 to 4,000 Hz. The signals are
amplitude and frequency modulated to maximize jamming efficiency relative to
the particular species under observation. The noise unit is designed to
minimize adaptation, as a warning or deterrent, and was reported to be quite

affect{ve.

Bears. Little information is avajlable on the effects of noise on bears,
except in connectian with the envircnmental impact studies done for the pro-
posed Mackenzie Gas Pipeline (across Alaska and Canada). A major source of
noise during and after pipeline construction would be increased aircraft fly-
ovar (for surveillance) and construction equipment nofse. Such noisas may
causa fright or confusion in these species. The noise may disturb bears
during hibernation with a similar loss of thermal enerqy as mentioned

above in regard to deer (Alaska Natural Gas Transportation System, 1976
Kucera, 1974). :

McCourt, et al, (1974) observed that grizzly bears ceased their normal
activities and ran away even when small airplanes flew over at 1000 feset,
indicating a fright reaction. Other observers have noted a variety of reace
tions by grizzlies to aircraft, suggesting strong individual differences.
Although there are very limited data on the effects of aircraft flyovers on
grizzly bears, repaated flyovers may alter their home range, foraging pate
terns and breeding behavior. Although no data have been reported on the
responses of polar bears to aircraft flyovers, this species is considered
endangared. It has been recommeded that aircraft not fly lower than 2000
feat over either grizzlies or polar bears (Xucera, 1974).

Wolf and Coyata, Doil, et al. (1973) found that wolves were frightened by
very Taw afrcraft flyovers of 25 to 100 feet, but flyovers of between 200
and 1,000 fest only seemed to frighten 30 to 40 percent of the wolves. It
has bean reported by Xlein (1973) and Mech (1970} that welves can adapt to
aircraft noise as lang as they are not hunted from airborne vehicles.

The coyote was also discussed in a review of the environmental effects of
high voltage power transmission 1ines (E11{s, et al., 1978). A coyote family
wa5s obsarved to be playing and feeding under a conductor with an A-waighted
noise level of 63 decidels. Thq authors stated that power Tines produce a
ralatively constant noise of the same volume that rarely changes abruptly.
The noise produced may be predictable enough (and therefore non-threatening)
to ground mammals, such as the coyote, to 2llow them to adapt.
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Hoofed Mammals. The greatest number of noise studies was obtained on this
group, Which includes scven different species. Cottareau (1978) reported
that deer near £g1in Air Farce Base showed no response to high level sonic
hooms. Moen (1976} hypothesized that deer would be more susceptible to noisa
disturbance during the coldest and snowiest months (January through March).
Since deer try to conserve energy by decreasing activity during this period,
noise disturbance (such as snowmobiles) may cause an {ncrease in activity and
a dangerous energy loss.

Soom, et al. (1972} studied the effects of snowmobile noise on deer
behavior in a 3000 acre swampy area of Wisconsin. The study focused on 140
acres. Radio transmitters were placed on collars on eight captured deer, who
ware then released. S5ix snowmobiles were operated from 1 to 4 hours each
afternoon for 8 days during February and March, around the perimeter and
through the center of the 140-acre tract, where four of the deer lived. HNo
point in the tract was further than 1000 feet from a snowmobile path. The
deer movements were.monitored bafore, during and after the snowmobile runs.
One of the deer left the area on the first day, but returned the next. The
snowmobile runs increased deer movement, which may be due to fright reactions.
An cbviocus differance between sonic booms and snowmobiles in the studies above
is that with the latter the machine and the human operator have disturbing
effects 1n addition to the noise.

E1Tis, et al. (1978) reported that reindeer avoid noisy electric power
Tine corridors, unlike the coyote observations above. Fear of the power line
structure itself may contribute to the avoidance reaction. On the other hand,
a herd of longhorn sheep was observed sleeping and feeding near a power line
emitting noise at 53 decibels, A-wefghted, and elk have been seen moving
through an area with a noise Tevel of 63 decibels, also generated by a power
line. Steady, predictable A-weighted noise levels up to about 60 decibels
are probably not disturbing to many mammals, after a period of desensitiza-
tion. Most of the cbservations and measurements on power 1ine noise have
been made during fair weather, since rain produces dangerous surges of elec-
tric pover and higher noise levels. No information is available on the
effects of these higher power line noise levels on wildlife, nor of the
effects of the electrochemical oxfdants and electromagnetic radiation in
combination with the noise.

A few studies of sheep were done in connection with environmental impact
studfes on the proposed arctic gas pipeline. Dall sheep, which are known to
be very fearful animals, were frightened by the noise from a simulated gas
campressor station {Kucera, 1974). The noise level was about 107 decibels 15
feet from the source. The sheep zbandaned that part of their normal home
range within a mile of the simulated compressor and exhibited altered beha-
vior patterns during the noise stimulus. McCourt, et al. (1974) and Feist,
et al, (1973) found that helicopter flyovers were even more disturbing to the
sheep than the simulated gas compressor noise. Singe Dall sheep are particu-
larly susceptible to disturbance, nolse may adversely affact this species.

Pronghorn antelope, unlike'Dall sheep, ware not disturbed by helicopter
flyovers at 60 decibels, A-weighted. However, flyovers of 77 decibels pro-
duced strong fright reactions in which the antelope fled (Luz and Smith,
1976). The antelope lived in an area with an ambient noise of 36 to 40 deci-
bels or less. Likewise, moose Were frightened by fixed wing aircraft flying
at 200 feet or lower (Kucera, 1974). (Canadian musk ox, once considered an
endangered speciaes, seemed to be quite disturbed by snowmobiles and aircraft
noise and were observed to flee or to display aggressive behavior such as
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butting contests in the summer (Kucera, 1974). Roseneau and Warbelow {1973)
estimated that frequent helicopter flyovers may cause up to a 16 mile shift in
their summer range. WNevertheless, thare is some evidence that musk ox can
adapt te aircraft noise. For example, Fletcher (unpublished) reported that
11ttle or no reaction to airplanes was observed in musk ox 1iving near aire
fields. Again, some animals seem to adapt to noise that is predictable and
unchanging.

The Tast hoofed mammal to be inclyded ip this section {s the caribou,,
which has been the subject of a number of environmental impadt studies.
Caribou can tolerate blasting noise in winter if they have not been under
hunting pressure, which would make them more nérvous. Caribou also tend to
be more easily disturbed when they are in rut or during the fly season
{Jakimehuk, et al., 1974). Roughly 30,000 caribou were observed fleeing from
2 halicopter which flew over at 500 to 1,000 faet. McCourt, et al, (1974)
found that caribou aveid gas compressor stations and may use less of their
habitat within 1 1/2 miles of a statfon. Since caribou have historically
been insulated from noisy human activities, cara must be taken not to create
too much stress in the herds. ODuring rut, the animals' maternal ar mating
behavior could become abnormal (Kucera, 1974). Other vital behavior patterns
could be jeopardized at other times. Caribou, }ike Dall sheep, are a fragile
species that may be susceptible to noise effects.

Bats. Noise can produce avaidance reactions in bats, A high frequency sound

{4000 to 15,000 Hz) produced by twelve adjustable dog whistles was used to

drive 500 to 1000 bats from a2 nuclear power station (Hi11, 1970). Since the

bats wera able to ascape the noise, damaging effects were avoided. o

Whalas. Several types of whales are currently endangered. Thus, the adversa
effects of noise on whales must be considered in the context of species sure
vival., Cummings (1971) reported that undarwater projections of recorded
killer-whale sounds causaed migrating gray whales to reverse their direction

of movemgnt., Similar recordings were used by Fish and Vania (1971) to pre-
vent movement of white whalas into an Alaskan river during the tima that red
salman fingerlings were migrating to the acean. Pure tone stimuli at 500 and
2,000 H2 and random noise in the band from 500 to 2,000 Hz were then projectad
with the same intensity and the same on-off times as the killer whale sounds
in the gray whale study above, These sounds alsc kept the white whales from
moving up the rivar., These studies have shown that some@ sounds can tamporar- -
{1y influence whale movement during migration. [t is possible that serious
consequences would result if whales are repeatadly disturbed by noise during
migration. More research i5 needed on thesa effects before conclusions can

be drawn.

SUMMARY

Hearing studfes in marine mammals have involved determining their audis
tory sensitivities, as well as describing the importance of hearing in finding
food, mating, avoiding predator§, and in distance reception. Potential magked
thresholds are provided for saveral types of marine mammals (sea lions, dol-
phins, and seals) with respect to various ambient noise levels. Studies in
small desert animals cbserved damage to the auditory system due to motorcycle -
noise, as well as temporary hearing loss in kangarsco rats exposed to recorded L
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dune buggy noise, The nonauditory effects of noise reported in mammals
include possible reduced energy conservation in white-tailed deer due to
snowmobila ngise and histophysiological changas in the brains of bats exposed

to an electric bell.

Most noise studies in wild mammals have recorded behavioral reactions,
some of which are as follows:

o Startle or fright reactions of many species to noise

¢ Avoidance behavior, such as reindeer avoiding power lines

o Temporary effects of recorded killer whale sounds and other acoustic
stimuli on gray and white whale migration.

BIRDS

HEARING

Marler et al., {1973) studied ngise-induced hearing loss and potential
masking effects 1n male canarifes. White noise at B-weighted levals of 35 to
100 decibels was broadcast for 40 or 200 days after hatching, and the vocali-
zatjons of birds raised in these conditions were compared to thosa of birds

“surgically deafened at birth. The 40-day noise exposure was found to produce

about 20 decibels of permanent threshold shift (PTS) and the 200-day exposure
about 50 to 60 decibels of PTS. In the first seasan, vocalfzation of canaries
exposed for only 40 days was significantly better than that of birds exposed
for 200 days, which performed as poorly as the surgically deafened group.
However, in the sacond season of song development the 200-day exposure group
performed not significantly differently from the 40-day group.

MASKING

The possibility that excessive noise interferes with bird communication
and acoustic signal detection has also been considered. Social birds 1ive
undar noisy conditions produced by their own species. Adelie penguins, fla-
mingos, ducks, and geese are able to communicate over the noise of the colo~
nies with no apparant adverse effects; the same {s true for jungle species.
These species seem to be able to discriminate among sound stimuli, so that
communication is not disrupted. Potash (in press) reported that when Japanese
quail were isolated from their mates, they fncreased the freguency of their
“separation calls" when ambient A-weighted noise levels were increased from
35 to 63 decibels. The Increasg in the frequency of the calls improved the
probability of comminication. Hence, masking may not be as severe fn natur-
ally noisy habitats, unless the noise greatly exceeds the ambient naise
lavals. Apparently, each bird species has 2 different tolerance for noise
(Busnal, 1978). However, Thorpg (1969) identified potential ecological
effoects of masking in birds. MHe suggested that increased background noise
may mask signals that influence such processes as spacing to obtain optimum
population densities in an area, nesting and care of young, and detectioen of

prey or sscape from a predator.
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NONAUDITORY PHYSIOLOGICAL EFFECTS

Most of the studias on the effects of noise on birds concern bird beha=-
vior; few are on physiological effects. . The inmediate overt response to
noise in birds, as in other animals, is startla, Startle responses involve
some aspects of the stress raaction, affecting heart rate and other parameters
discussed in the Appendix to this report. Thompson, et al. (1968a) telemetri=-
cally recorded the heart rate resgonse,of starlings to various meaningful
sounds. Distress calls produced by physically restrained starlings produced
high heart rate acceleration and sTow habituation to the sounds. Escape calls
of starlings subjected to avian predators alse caused slight heart rate accel-
eration and habituation after two or three trials. Likewise, 2 human voice
produced fncreased heart rate and required two or three exposures before habi-
tuatfon occurred. Feeding cails, however, produced the mildest reaction, in
that a negligible heart rate acceleration accuyrred and habituation occurred
after approximately one exposure. The stariings appeared to be able to dis-
criminate among sound stimuli and react to each sound individually.

Thompson, et al. (1968b) also found that the normal heart rates of wild
starlings were aejevated during the day relative to night heart rate values.
The birds studfed were housad individually in acoustical chambers wherein
natural day and night 1ighting ragimes were similated. Starling distress
calls were used as an acoystical stimulus. Starlings are normally active dur-
ing the day, and initial heart rate responses to 10 seconds of the auditory
stimulus during the day were signiffcantly differant from haseline heart rate.
Although the same stimulus produced an initial, slow increase of heart rate at
nfght, the decrease to baseline was slower than during the day. When starl-
ings were tested individually, the initial response was lass dramatic and the
decraase in heart rate to baseline faster than when the birds were tested in
groups of five. Seemingly, a "flock effect” was operating, in that responses
of indfvidual starlings were influenced by those of the group (Fletcher, 1971).

Regarding reproduction, there {s speculation about the effects of trans-
mission line noise, since many birds nest in or near the towers, which can
have A-weighted noise levels of aver 60 decibals when it {s rainfng. Lee and
Griffith {1978) reported, in their review of the effacts of pawer Tine noise,
that 37-millisecond sound bursts of 80 decibel noise {at 100 to 8,000 Hz) for
2 hours increased Japanese quafl egg hatching time by 10 percent. Effects on
the hatchlings, if any, were not reported. More research is needed before
the true effects of power lines on bird reproductfon can be determ{ned,

BEHAVIORAL EFFECTS

The studies or observations on bird behavior can be divided into four
types: (1) the usa of noise to repel unwanted bfrds from a certain area; (2)
the effects of aircraft flyavers, sonfc booms and other environmental noises;
(3) attraction of birds to nofsy areas; (4) noise=induced changes in repre-
ductive behavior,

Many of the studies on using noise to rid areas of avian pests involve
starlings. Some of the most effective noises are higheintensity (not defined}
recordings of ths species’ own distress calls {Langowski, at al., 1969;
Massarsmith, 1970; Thompson, et at., 196Ba; Wight, 1971). Howaver, the same
{nvestigators reparted rapid habituation even to species-specific distress
calls when presented continucusly. For maximum effectiveness, intermittent
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gresentation has been suggested. More specifically, the final report of a
omnittee on the Problem of Moise (1963) stated that in order to scare birds
away, a noise Tevel of approximately 85 dB decibels sound pressure level at
the bird's ear was required. The noise used consisted of loud bangs and birds’
distress calls. Birds habituated quickly to the nofse and it was recommerded
that distress calls be used no more than 2 minutes every 20 to 30 minutes and
only during the day.

The residents of Denver, Colorado used the distress call method success-
fully in dispersing flocks of starlings by playing records of starling distress
calls for four evenings as the birds arrived at roosts. The recordings con-
sisted of repeated cycles of 30 secands of starling distress calls played for
12 mirutes. Habituation of the birds to the records was not observed, although
some of the residents played them continuously. At Teast half the population
of an urban area must play the distress call recordings for effective dispersal
of unwanted birds {Pearson, et al., 1967),.

Habituatian to distress call recordings was reported by Block (1966). The
distress calls were used to disperse roosting starlings during three series of
treatments in 1962. The number of starlings was reduced from 10,000 to a few
hundred during the experiment, however, the roosts were subsequently reinfested
by a majority of the starlings.

The second type of observation an noise related bird behavior includes
sonic booms, other aircraft noise, and construction noise. Sonic booms have not
been found to produce any acute effects except startle in birds (Cottereau,
1578). The responses of wild turkeys to both real and simulated sonic booms
were ohserved by Lynch and Speake {1978). In their experiment, small radio
transmitters were placed on 20 wild turkey hens. This enabled the researchers
to locate and observe the reactions of the hens and their poults to the sonic
booms which occurred during the nesting and rearing season. The turkeys
stopped thefr activity during the hooms, but resumed their normal behavior
after a few seconds. No altered maternal behavior was observed in the turkey
hens due to sonic booms. The investigators concluded that decreased produc-
tivity due to hehavorial changes did not occcur as a result of exposure to
sonic booms. .

Davis (1967) observed the reactions of some ravens in Wales to a sonic
boom. When the boom occurred, three or four ravens that had been cruising
in the area were rapidly joined by aothers, Within 5 minutes approximately
70 ravens were agitatedly circling; 30 minutes later about 30 ravens were
sti111 flying in the area. In another study, Shaw (1970) reported that adult
condors were very sensitive to noise and abandoned their nests whem disturbad
by blasting, sonic booms or even traffic noise. The most deleterious effects
attributed to sonfc booms were recent mass hatching faflures of scoty terns
in Dry Tortugas, Florida, discussed by Bell (1970) and Henkin (1963). Follow-
ing 50 years of breading success, 99 percent of the terns' eggs failed to
hatch 1n 1969. Extremely low-altitude supersonic flights over the area may
have driven birds off their nests and damaged the uncovered eggs. Similarly,
Graham (1969) reported observations of the destruction of pelican eggs by
gulls when white pelicans were driven off their nests by sonic booms.

A U.S. Department of Interior report on the environmental impact of the
8ig Cypress Swamp Jetport (1969} discussed 8-720 jet overflight noise at alti-
tudes of 500 to 5,000 feet over two sites in’the park. Observers reported
that no birds were flushed and no disturbances observed. Noise levels ranged
from sound pressure Tevels of 75 decibels {with aircraft at 3,000 feet) to
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96.5 decibels (with aircraft at 500 feet). However, it was also reported

that few birds were in the area at the time and wind effects interfered with
propar sound level readings.

: Lastly, it has been reported that fixed-wing aircraft flying at 5000 feet
have caused Canadfan geese a half mile away to be flushed, Yet aircraft as low
as 50 to 100 feet rarely flushed nesting females near airstrips. On the other
hand, helicopter overflichts have apparently caused nesting geesa to temporarily
abandon their nests, leaving the eqgs gpen tp attack by such parasitic birds as
Jaegers and qulls (Jacobson, 1974). Flushing 15 a common avian fright respaonse,
which may invelve a significant disruption of normal behavioral patterns.

As was discussed in the section on mammals, the effects of the noise of
the proposed arctic gas pipeline construction on birds and other animals have
been studied. In a personal communication to Jacobson (1974), Beebe stated
that he had sesn Peregrine falcons ignore construction neoise, other than
blasting, when it was not near their nests. Jacobson reported (1974), how-
ever, that construction noise had apparently caused six falcons to abandon
their nests. Like flushing, desertion of nests could be a dangerous disrup-
tion of normal behavior, affecting survival,

Since gas comprassor stations will be a permanant part of the proposed
gas pipaline, the effacts of their noise have been studied separately. Simi-
lar to the Canadian geese responses to aircraft, snow geesa, in response to
simi)ated compressor noise, desarted an area within 3 miles of the noise
source {GoTlop and Davis, 1974). The presenca of this simulated compressor
station noise resulted in significantly fewer flocks of geesa circling and
landing near decoys placed in the area. In general, the geese were observed
avoiding these noisy areas altogether. Thus, it is suggested that the loca=~
tion of gas compressor stations near feeding and nesting areas may force the
geese to expend additional energy as they datour around the affected area.

The significance of this disruption deserves study.

The third area of behavioral study in birds involves the attraction of
cartain birds to noisy areas. Since birds and other animals living near air=
ports are regularly exposed to high noise levels, a number of studies of such
populations have been done. Large birds of pray (raptors) and migratory spe-
cies are very prominent on airfields, such that hazardous collisions between
birds and aireraft are often a problem. It is expacted that birds would be
more afraid of occasional aireraft flyovers 1n isolated and very quiet areas
(Busnel and Briot, 1978}, because of the stimulus rarity. The surprising find-
ing of these studies is that many birds are in fact attracted to airport rune
vays, largely because of the abundance of small mammals in these areas, such
as the meadow vole near Toronto International Airport (Breooks, et al., 1976).

Powar 1ine towaers are ather noisy areas to which birds are attracted.
These areas are often used by raptors as nesting sites. As with airport rune-
ways, there are usually few people around to disturb them, Transmission line
noise is highest during wet or windy weather, however no significant effects
on birds nesting on or near these towers have been observed, regardless of
weather. Another reason for thi attraction to power lines may be that power
1ine ngise serves as a navigational aid. Birds have been observed to use
power lines as travel lanes, but the possibilities have not been subjected to
scientific testing (E11is, 1978 Lee and Griffith, 1978).

- One report of nofse adversely affecting reproductive behavior appeared
in a consarvation newsletter (Anon., 1578), Excessive noise near the Hialeah
racetrack during the breeding season of nearby pink flamingos was reported to
haye intarfered with the birds' mating behavior in 1977. The number of chicks
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produced was lowered as a result. The following year, the racetrack was
closed during the March/April breeding season, but noc report on the change in
the number of flamingo chigks produced has been published yet.

SUMMARY

Hearing is a very important sensory medality in birds. It allows birds
to find mates, to Tocate other birds' €erritories, to detect . warning calls
from other birds, and to catch prey or to avoid predators. Birds, many of
which have hearing sensitivities similar to those of humans, have been demon=-
strated to incur hearing loss due to B-weighted noise levels of 95 to 100
decibais, Reductions in hearing acuity have been shown to have adverse effacts
an vocal development in the canary (Marler, et al., 1973). Since vecalization
is sych an important function for so many songbirds, more research on hearing
difficulties created by nofse in birds im their natural habitats should be
conducted. These effects on hearing would be equally adverse in birds of prey
or in scavengers (seagulls, pigeons, buzzards)}, since these types of birds
depend on hearing for survival.

Two nanauditory effects of noise reported in birds are changes in heart
rate and egg-hatching times. Heart rates of starlings were accelerated by
meaningful or disturbing sounds, such as the distress calls of other starlings
or human voices. Egg-hatching times were increased in Japanese quail eqgs
exposed to 80 decibel sound bursts.

The observed behavioral effects of noise on birds include a number of
fright reactions, altered mating behavior, and attraction to some noisy areas
(apparently for reasons not related to noise exposure). The fright responses
of birds may invelve flushing, or the more sarious desertion of nests, which
may result in eggs not hatching. High noise levels during the breeding season
of a colony of pink flamingos reportedly adversely affected the mating behavior,
resulting in fewer chicks one year. Predatory birds are often attracted to
noisy areas around airports or power lines. Although there are probably fac-
tors other than poise attracting the birds (such as fewer humans and more prey),
there are no reports of harm to these birds by the noise.

REPTILES

HEARING

In reptiles, it has long been thought that chemareception {the reception
of chemical stimuli) and sight are much more important senses than hearing.
Many reptiles cannot even produce sound {Lee and Griffith, 1978). However,
certain desert reptiles are quite sensitive to low intensity sounds, espe-
cially in the spring and fall (Bondello, et al., 1579). Hearing seems to be
an important sense for these reptiles.

The desert {guana, Dipsosaurus dorsalis, has hearing that is most sensi-
tive in the 900 to 3000 Hz range.” The adverse auditory effects of noise from
offroad vehicles (CRVs) were ifivestigated ia this species by Sondelle {1976)
using a recording of motorcycle noise played at an A-weighted Tevel of 114
decibels. Bondailo subjected one group of 12 iguanas to this noise under
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laboratory conditions for 1 hour, another group of 12 for 10 hours, while a
fipal group of 12 served as controls. The iguanas' hearing was then tested
imnmed{ately after the nolse exposure and again 7 days later. Hearing was
avaluated by measuring the cochlear potential by means of an electrode
implanted at the round windew of the ear.

Hearing was found to be poorer in the test immediately following expo-
sure, fndicating a temporary threshold shift had occurred. Both expasure
times, 1 and 10 hours, produced 2 reduction in hearing acuity that was mea-
surable on day 7. A 10-hour exposure’inducad a threshold shift as high as
30 decibaels at 1,000 Hz, which coincides with the animal's most sensitive
frequency, The final results {ndicated that at 114 decibels, a "destructive
dose® (where tha recovery time exceeds 7 days) was less than 1 hour. It was
observed that the normal operation of ORVs generates sound intensities greater
than 114 decibeis, with cumulative durations greater than 1 hour. Because ORY
rallies, contests, and meets are held in areas where wildlife reside, the
operation of such vehicles may pose a threat to some desert wildlife,

A more recent study by Bondello, et al. (1979) demonstrated hearing loss
in seven 1izards exposed in the laboratary to tape-recorded typical dune bugay
sounds. The lizards were Uma scoparia {Mojave fringe-toed 1izard), which Tive
in or near eolfan sand dunes. e noise dose was administered for 8 minutes,
30 seconds at an A-weighted sound Tevel of 95 decibals (100 decibels sound
pressure level). Exposure was intermittent with a 30-second duty cycle of 2§
seconds on and 5 seconds off. The exposure level was representative of a
dune buggy at S meters, but is not a maximum level, because dune buggy noise
of 105 dectbels sound pressure level at 50 meters has been recorded. The
hearing 1oss was infarred from decreased amplitudes and increasad Tatencies
of averaged evoked responsas (AER) of telencephalic EEGS made using implanted
electrodes. The correct pasition for recording AER was physically verified
after the animals were sacrificed. Becausa the animals were sacrificed imme-
diately after the experimant, it was not possible to determine whether the
lizards had experienced a permanent or temporary threshold shift. Hearing
losses incurred by lizards in the wild were thought to be 1ikely because of
the obsarved tendency of ORVS to repeatedly traverse the same arza, espe-
¢ially at such ORV “playgrounds” as Glamis, California. Moreover, intensive
ORY activities in spring and summer ¢oincide with the reproductive season of
all three species of Uma, making secondary behavioral effects of noise also

possibie.

AMPHIBIANS

HEARING

As Table 4 shews, the range of hearing sensitivities of the bullfreg
(Rana catesbeiana)} 1s from undgér 10 to 3000 or 4000 Hz, with its maximum sen-
sitivity at 1ess than 1800 Hz (Lee and Griffith, 1978). Unlike many mammalian
species {rodents, dogs) which are sensitive to frequencies mugh higher than
humans can hear, the bullfrog has a much Tower range of detectable frequencies.

Auditory sensitivity data"have also bean obtained for Couch's spadefoot
toad (Scaphiopus couchi), which {s the subject of the one nojse effects study
on amp ans (Rondelle and Brattstrom, 1979b). This spadefoot toad has two
arsas of maximum sensitivity: a lower auditory frequency range of from 100 to
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700 Mz, with {ts maximum sepsitivity at 480 Hz, and an upper frequency range
from 900 to 1500 Hz, with maximum sensitivity at 1400 Hz. The occurrence of
upper and lower frequency ranges in this species is due to the presence of
two sets of auditory nerve fibers which respond to different frequencies.
Some other amphibians have three sets of auditory nerve fibers, corresponding
to low, medium and high frequencies (Capranica and Moffett, 1975, as cited in
Bondello and Brattstrom, 1979b). Such specialized development of the amphibe
fa:tagditory system may indicate the importance of hearing to this group of
vertebrates. ¢ . .

BEHAVIORAL EFFECTS |

In a recent Taboratary study (Bondello and Brattstrom, 1979b}, it is sug-
gasted that off-road vehicle {ORV) noise may have a negative impact on spade-
foot toad {Scaphiopus couchi) populations because of 1ts similarity to the
sound of thunder. [t has been established that spadefoot toads, found on the
fringe of sand dune areas in the U. S. Southwest, can be induced by acoustical
cues from ORV noise to emerge from their burrows during ‘the wrong season, when
there is insufficient water. Twenty toads were allowed to burrow in 10 centi-
metars of fine sand within a 15 gallon terrarium. Recorded motorcycle sounds
of 95 decibels {A-weighted} were played for periods of 10, 20, and 30 minutes.
The toads surfaced in response to the sound in the following numbers: from 1
to 7 after 10 minutas (3.3 average; 7 trials); from 4 to 11 after 20 minutes
(5.7 average; 6 trials); and from 6 to 12 after 30 minutes (7.5 average; 4
trfals). No toads surfaced during quiet control trials. The motorcycle sound
evidently resembles the socund of thunderstorms, which are extremely important
to spadefoot toad ecology, because breeding occurs in temporary rain puddies.
Most of the toads did not reburrow after the end of the sound, which wauld
increase the conseguences of emerging at the wrong time, since thefr limited
energy and water resources are severely depleted by the act of surfacing.

FISH

Since many species of fish are of great practical importance, both eco-
nomically and as part of our food supply, the effaects of noise on fish should
be given careful study. Although fish are not domestic animals per se, among
those species raised for sport and food, there are similar considerations to

those of the domestic mammals and birds.

HEARING

The auditory system of fish and othar aquatic animals is their most impor-
tant distance receptor system,-and it furnishes information on food, mates,
predators, and other factors rklated to survival (Myrberg, 1980). Fish are
extremely sensitive to low frequency sounds, and this sensitivity 1s measured
using conditioning techniquas (Cottereau, 1978). Hearing sensitivity data for
several marine fishes are giveh 1n Figure 10 {Myrberg, 1980).

As the data in Figure 10 show, unlike the marine mammals, most marine
fish are sensitive to frequencies below 2000 Hz. However, fish in the cypri-
niform group, which is composed of mostly freshwater species, such as minnaws,
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goldfish, and catfish, are able to detect frequencies from 5,000 to 10,000 Hz.
Only a few marine species, such as herring, can detect sounds in this range.

Marine fish can be grouped according to their hearing sensitivities. The
group whose peak sensitivity ranges from 75 to 300 Hz includes sharks, haddock,
cod, pollock and toadfish. These fish are able to hear sounds from 10 to 500
Hz. This hearing range is useful for sharks, because the squnds produced by
their prey are also in this range. The other fish in this group produce
sounds in this range, so that the hearing sensitivity is important for intra-
specific communication. The next grodp has' a pesk sensitivity range of from
400 to 800 Hz and includes damselfish, cubbyu, bonefish, blue-striped grunt,
and squirrelfish. These fish can detect sounds from about 200 to 1000 Hz, and
ara the most numerous fish species inhabiting shallow water areas. Generally,
related species from similar habitats have similar hearing sensitivities
(Myrberg, 1980).

In general, hearing sensitivities seem to coincide with the acoustic fre-
quencies of vocalizations. The toadfish is an exception to this principle.
The toadfish mating call, or boatwhistle, has a fundamental frequency which
varies seasonally from lass than 150 to greater than 250 Hz {(Fine, 1978).
Auditory acuity in this species is mismatched with sound production in that
the toadfish is more than 20 dB less sensitive at 200 Hz than it 1s at lower
frequencies (40 to 90 Hz; Fine, 1981), According to Fine and Lenhardt (1580),
this mismatch and other factors such as the short sound transmission distance
{1ass than 5 or 6 meters {n water about a meter deep) combine to make recap-
tion of the call a vulnerable process.

Although much 1s known about the hearing sensitivitias of fish, very
little is known about hearing loss in fish due to noise. Goldfish were found
to experience temporary threshold shifts after 4 hours exposure to intense
noise levels of +49 dB/ubar. Similar results weres produced by lower noise
levels in the lane snapper {cited by Myrberg, 1980). The potential effects of
hearing loss are similar to the effects of masking, for which more studies
are availabla. These studies are discussed in the next section on masking.

MASKING

As with the marine mammals, fish may be highiy susceptible to the masking
of their auditory signals, which are very important for survival. Marine fish
produce a variety of sounds, many of which are used for intraspecific commue-
nication, especially regarding reproductive behavior. Detection and locali-
zation of prey are other impartant uses of sound, such as by sharks. The
varied sounds produced by members of one species of fish {the damsalfish)
define the courting males' territories. These scunds may also be used for
attracting mates. Myrberg (1980) points out that sound receptfon, discrimie
nation, and localfization may be adversely affacted by noise.

Popper and Fay (1973) state that the few studies which exist on masking
in fish provide only fragmentgiy data, These experiments are very difficult
to interpret, since the auditory system of fish is not fully understood.
Moreover, masking may be more camplex in fish than in terrestrial vertsbrates
because of the possible preseqﬁe of muitiple receptor systems,

Some of the potential masking effects ‘of ambient nofse are presented in
Figures 11 and 12, including data on fish with peak hearing sensitivities of
75 to 300 Hz in Figure 11 and those with peak sensitivities of 400 to 800 Hz

in Figure 12 (Myrberg, 1980).
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Another way of assessing the effects of masking is to determine the
effects of various ambient noise levels on the sound detection distange.
Table 6 (from Myrberg, 1980) shows this for two different sea states and
three different traffic Tevels, showing, in general, shorter detection dis-
tances for higher ambient levels. The sound source levels used are those of
other members of the same species or those of the praey (in the Temon shark).

NONAUDITORY PHYSIOLOGICAL EFFECTS

Some physiciogical changes have been noted in fish due to soni¢ booms.
Sonit booms reportedly produce brief startle responses in fish, with some
changes in heart rate. For exampla, Myrberg {1980) reported decreased heart
rate (bradycardia) in response to sonic hooms. Apparently, this 5 a commaon
fish response to many sounds, such as ship noise.

Sonic booms have also been studied in relatien to fish because of pose
sible adverse effects on the eggs and young (fry or sprat). Some effects were
studied fn a number of speciss, inciuding chinook salmon, rainbow trout, and .
steelhead trout, which are commonly raised in fish hatcheries. Normally
reared trout and salmon eggs were exposed, § to B8 days after they were ferti-
1ized, to sonic booms ranging from 0.89 to 4.15 pounds per square foot (approx-
jmataly 170 to 1590 decibels). Exposure to the booms, at that stage of develop«
ment, did not increase mortality rates. Similarly, 8=inch rainbow trout were
exposed to 2 1.90 to 2.44 pounds per square foot sonic boom (approximately 134
decibels) while fn a 6-foot saction of a rearing pond. Although the boom
caused a "slight fright response" in the fish, no significant stress reactions ~
waere observed. In this case, stress was definad a5 a decrease in plasma osmo-
lality or an inerease in efther the blood sugar {glucase) or blood cortisol
lavels (Rucker, 1973). Because the earliest blood sample in the test was not
taken until 30 minutes after the sonic boom, some of the immediate nofse
affects may have been missad. More studies on stress reactions in fish are
needed before thase findings ¢an be interpreted.

Another study on fish development {Myrberg, 1980) {nvolved controlled
tests of nofse on two species of estuarine fish: Cyprinodon variegqatus and
Fundulus similis. Egg mortality, fry survival, and fry growth were compared

in a noisy and quiet tank. Noise levels that were 40 to 50 decibels over
the normal ambient noise of their habitats at low frequencies of 40 to 100D
Hz significantly reduced the viability of the eggs. Noise lavels at 20 deci-
bels over ambient noise however did not produce thesa lethal affects. No
Tethal effacts were observed in the fry, but growth rates were significantly
reduced. The rasults are summarized in Figure 13,

Thus, adverse physiological effects seem to pose a threat to fish mainly
in the immature stages, affecting hatchability, growth rate, and development.
Howaver, the noise levels nacessary to produce these effects may not ocgur in
the marine environment with great frequency. Except for some fright or
startle responses, sonic boomg do not seem to pose & great threat to adult

fish (Cotter=au, 1978).

BEHAVIORAL EFFECTS ° :

Some fish are attracted to and seem to be unharmed by noise. For example,
sharks are attracted to the noise of ships when searching for food. In Vemica, (:-;

Ll
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TADLE 8, Estimatod sound-dotoction-distunces undor difforent ocoun-noisa condi-
. tiona {for solucted apocios of murina flahos,
Conspecific source levels used 1n all calculations, except for
Lthose involving the lemon shark; audio frequencies selected
from regions of peak energy for the respective sound sources
{Myrbera, 1960}.
Audla Moat Estimatod At Mast Eatimatod
Soloctad  Throshold; Sonsltlve Maximum  Trallle  Sonsliive Maximum
Sound-Source Audla-  Spactrum Loval At Audio Dotoctlon  Lewsl Audlo  Dotuction
Lavel Fraguancy Noiso Ratio  Sos Throshold  Distance (Sea  Threshold Dlstance
Spocies {dB/pbar re 1 m} {nz}) {dn) Stale {dB/pbar} (Meters) Statel) (dB/ubar) (Meters)
n Eupomacentrus partitus +7 500 23 1 -12 9 L ight -12 9.0
n iicolor damselfish 2 -1 5 Average « -3 1.5
' . vl Hedvy + 6 1.0
llolocentrus rufus +13 600 23 1 -16 i} Light . =13 20.0
Longspine squirrelfish 2 -8 12 Average -4 1.5
Heavy +5 1.5
Dpsanus tau +15 © 100 17+ 1 -2 7% Light -2 150
Yoadfish . 2 -2 15 Average -2 5.0
. Heavy + 7 30.0
Negaprion brevirestris +30% 300 20 1 «13 150 Light -12 130,0
Lemon sia 2 ~10 1056 Averaga -1 50.0
Heavy +6 20.0

& Assumes values as statud in Myrberg (1980).
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where there is a high level of motorboat traffic, no behavioral effects have
been observed on the fish population. It is not known whether the fish in
this area are deaf {Busnel, 1978), nor has the distribution of these fish been
surveyed to determine whether certain species have abandoned the noisy waters.
Fishing vesse] noise, especially sudden changes in noise Tevels, can frighten
schooling fish. Such fish were observed to change direction and to dive. Low
frequency nofse is usually the most frightening to fish (FAD Fisheries, 1970).

Malar and Kleerekoper (1968) analyzed Jocomotor patterns of individual
goldfish before and after exposure to a 2,000 Hz sound at varying intensities
30 centimeters from the source. Locomotaor patterns of tha fish were signifi=~
cantéy affected abave a sound pressure of 2.0 dynes per square centimeter (a
sound pressure Tevel of B0 dacibels).

Fine and Lenhardt (1980), in studying the underwater transmission proper-
ties of vocalizations of the oyster toadfish (Qpsanus tau), have noted the
particular susceptibility of voeal behavior to disturbance by noise. The malje
toadfish is Tikely to cease its mating c¢all, or boatwhistle, when exposed to
underwater noise. The authors suggest that noise may be capable of disrupting
courtship in the toadfish and in other fishes of more commercial value. They
further suggest that the suppressfon of calling behaviar by noise indicates
that potential to cause deleterious biological effects, and should be {nves~
tigated in freshwater and nearshare marine systems.

SUMMARY

Hear{ng is one of the most important senses {n fish. It {s used as a
distance receptor system, to find prey or avoid predators, to locate matas,
to define territories, and {n a variety of communications both between and
within species. Most marine fish are sensitive to frequencies below 2000 Hz,
the peak areas of sensitivity being from 400 to 800 Hz in the cod and haddock
and from 75 to 300 Hz in the lemon shark. An exception to this trend is tha
herring, which can detect frequencies from 5,000 teo 10,000 Hz. Many more
freshwater fish, such as minnaws, catfish, and goldfish, are able to detact
these high-frequency sounds. [f peak auditory sensitivity {s mismatched with
the acoustic frequancy of vocalizations, as in the oyster toadfish, communi«
cations may be particularly susceptible to disruption.

Tamporary threshold shift (TTS) due to laboratory exposura ta high noise
levals has been reported in the goldfish and the lane snapper. Reported non-
auditory physfological effacts include decreased heart rate in response to
sonic booms (a typical fish response to sound), $1ight startle reactions to
sonic booms, significant reductions in growth rate of fry, and reduced egg
viability in fish raised in tanks with noise levels 40 to 50 decibels over
their usual ambient noise levels. Noisa seems tc be more capable of physio-
Togical harm to eggs and fry than to adults. Changes in movement patterns
{n galdfish due to various noise levels have been noted, and the male toad-
f1?h has been found to cease its mating call when exposed to underwater
notse.
On the question of masking effects, Myrberg (1980) stated that fish are
vulnerable to these effects dug to the importance of sounds in the marine envi-
ronment. Moreover, the ambient noise levels in the sea (which can be gquite
noisy due to shrimp, bad weather, and ship traffic) may degrade the communi-
cation abilities of fish. Sound detection distances were estimated to be
considerably reduced due to heavier ship traffic and waves. Interruption
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of intra- and interspecies communication in fish has the potential of adversely
affecting their reproductive behavior patterns, detection of prey, and a vari-
ety of other factaors nacessary for survival.

INSECTS

Since many of the hundreds of thoysands of insect species are considered
pests, same of the noise affects 1iterature emphasizes the use of neise as an
aversive stimulus to repel or to ki)l fnsects. Nevartheless, all insacts are
beneficial to some extent, in that they serve as food for other animals. Many
species are essential because they eat other insects (ladybugs, praying mantis,
and dragonflies), because of their role in pollination (honeybees), ar arae
desirable because of thefir great beauty (butterflies, scarab beetlas). Thus,
human efforts to eradicate or 1imit the more harmful insects must not be so
overzealous that they kill off the beneficial specias.

HEARING

As Table 4 shows, insects such as some of the moths can detect frequen-
cies from 20,000 Hz to over 200,000 Hz, whereas the mosquits cannot detect
sound over 550 Hz. The great variation in hearing acuity among the saven
insect species listed in the table (out of over one million spacies) indicates
that generalizations about the effects of noise on this large group of nverte-
brates are not feasible. No studies on hearing damige due to noise in insects —~

ara available.

NONAUDITORY PHYSIOLOGICAL EFFECTS

The majority of studies on the effects of noise an insact physfology seem
to be related to reproduction and development. The effects of noise on larval
growth might be used in controlling harmful insect populations. Two investiga=
tions involved expesing Indian-meal moth larvae to sound 1n order to intarrupt
development. The nunbar of emarging adult Indian-meal moths was reduced by 75
percent, aftar the larvae were exposed to 120 to 2000 Hz sound (sound pressure
lavels unreported) for 4 days (Kirkpatrick and Harein, 1965). No such effects
were produced in a similar study by Lindgren (1969), using a variety of noise
frequencies and intensities on Indian-meal moths and flour beetles. The fol-
lowing pure tones were used: 70 Hz at 110 decibels, 200 Hz at 113 decibals,
1,700 Hz at 134 decibels, 2,000 Hz at 120 decibels, 10,000 Hz at 90 decibels,
20,000 Hz at 71 decibels, and 40,000 Hz with sound pressure level not raported.
VYariable frequencies of 180 to 2,000 Hz at 90 to 105 decibels and 180 te 2,000
Hz at 90 to 102 decibels were also used. Insects were exposed during the
latter part of the pupal stage and for 2 to 4 weeks as unmated and/or mated
adults. Very little, if any, effect was notad, with the possible exception of
mated flour beetles exposed continuously to 40,000 Hz. Even though large nume
bers of insects were used in magy replicatiops, effects of sound exposure were

- difficult to demonstrate, because of variab{lity in eqg production. The
conflict batween the data of Kirkpatrick and Harein (1965) and Lindgren {1969)
possibly can be explained by stimulation at differant stages of the insects’
life cycles, as well as by differences in the sound {tself. ¢4
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A series of studies on the effects of high level noise on the various
stages of the flour moth were des¢ribed by R.G. Busnel {1978). In these
experiments, all davejopmental stages {egg, Tarva, pupa, and.adult) were
exposed to noise, in order to ascertain whether any particular stage was more
susceptible than the others. The insects were bombarded with sounds of differ-
ing spectral characteristics as high as 180 decibels sound pressure level for
vartous lengths of time. Using the salected noise spectra, levels, and dura-
tions, Busne) found that nofse was ap fneffective method for defnsectizatien.
Moregver, it would be an impractical method due to the energy costs alone. The
same conclusion was reached in similar studies by Asdrieu et al. (1978), in
which a mth (Ephestia kuhniella) and a beetle {Tribolium confusum) that infest
flour were exposed to sounds at various developmental stages. At 180 decibels
exposure from a random noise generator, the plastic box housing the adult
insects was shattered, but the insects were still alive. The noise caused
some damage to Ephestia, including brokeh wings and loss of scales. Behavior
and motor activity of both adults and Tarvae were normal,

Besidas affects on deveiopment, 1ifespan and egg production {n adults
have been investigated. Cutkomp (1968} reported that a 72~-hour expasure to
a pulsed sound having a fraquency of 50,000 Hz, with 25 pulses per second
at 65 decibels, reduced Tongevity from 20 te 10 days in corn earwarm moths
and Mediterranean flour moths. The sound was an aversive stimulus in that
the insects were observed to move away from the sound source, In additien
to longeyity effects, the mean number of aggs per female was reduced 5% per-
cent in the treated relative to the untreated group.

Although many of the insects studied were not very susceptible to high
intensity noise, some species may in fact be more highly sensitive, as indi-
cated in the longevity studies by Cutkomp (1969). Unless further research is
conducted, the potaential utility of exposure to noise in Increasing the suc-
cess of agriculture and reforestation efforts will continue to be unknown,
Since insect damage to farm crops ¢an have an extremely negative impact on the
farm economy, research inte the effects of noise on genetic or developmental
transformations might be useful fn alleviating future insect damage. The
reduction of egg production due to noise exposure is another area for further
study in insect management. Research on the physiological effects of noise on
beneficial insects should also be undertaken in order to avoid population
reductions of the useful species.

BEHAVIORAL EFFECTS

Certain insects have besn observed to be attracted to varfous sounds.
Mosquitoes in swarms have been attracted by engine noise, and 2 mechanical
pfano reportadly attracted Targe numbers of mole crickets. The insects seem
to be attracted to these sounds because the frequencies mimicked the females’
mating signals (Busne), 1978}, Male midges ware attracted to frequencies of
125 Hz at 13 tn 18 decibels above the ambient noise level. The swarms of
midges circled in an agitated manmer around the sound source {Frings and
Frings, 1959).

The effects of pure tongs on locusts were described by Shulov {1969).
Although tanes of 4,000 Hz at 80 decfbels sound pressure Tevel had little
affact on feeding behavior, tones of 1,000, 4,000 and 10,000 Hz elicited a
flying response in more than two out of three trials.
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The opposite effect, cessation of movement, has been observed in honey-
bees in response to certain sounds. Frings and Little (1957) reported that
frequencies batween 300 and 1,000 Hz with levels ranging from 107 to 119 decie
bels sound pressure level produced cessation of movement for up to 20 minutes.
No habituation was observed after 2 months. Experimants by Little {1959)
demonstrated that stimulation with sounds having frequencies from 200 to 2,000
Hz produced cessation of movement in honeybees., Vibration of antennae did not
produce the effect, but vibration on any of tha three pairs of legs produced
the “freezing response.” Cessation &f mavement was also noted in the Indiane
meal moth in response to loudspeakers, bells, and whistles (Tsaa, 1969). In
addit{en, there was evidence of sex-related differences in the range of 2,000
to 40,000 Hz although the details were not spacified.

Further studies on honeybees were in progress when reported by Lee and
Griffith {1978). Honeybee colonies placed directly under an 1100/1200 kiloe
volt power transmission 1ine noise source were being compared to colonies
placed farther away. The A-weighted sound levels 15 meters from the power
1ine were about 52 decibels. Since ambient noise laevels 1n secluded araas
can be quite 1ow (20 to 30 decibels or less), a noise level of 52 decibels .
mey be significant in comparison to the background. HNo behavioral effects on
horeybees had been observed since the study began in 1977. Other parameters
being considered were honey and wax production, mortality, swarming tenden-
cles, and foraging., These beneficial insects are being used as indicator
species to study the effects of noise on other insects.

SUMMARY -~

Although the affects of noise on relatively few insect spacies have
been studied, certain insects seem to be significantly influenced by sound.
Apparently some insect species are susceptible to effects on 1ife span,
reproductive capacity, and behaviar.
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SECTION IV, SUMMARY AND SUGGESTIONS
FOR RESEARCH

SUMMARY

Concluding statements in a report of this langth and multitude of topics
should be able to provide concise answers to some of the questions we have on
the effacts of noise on wildlife. As %n most other research areas, simple
answers are rarely available. 1t is espacially difficult to predict the effects
of noise in natural animal habitats. 1t is ¢lear that any adverse effects may
potentially have ecological consequences regarding animal populations, predatar«
prey relationships, intra- and interspecies behavior patterns, habitat presar-
vation, and the food chain.

Three major areas of speculation remain with respect to noise effects on
animals: 1) the effects of lang term exposure to moderate or intermittent
noise; 2} the probability that wild animals experience the same adverse physi-
alogical effects of nofse as laboratory (and some domestic) animals; 3) the .
ecological consequences of adverse physiologfical changes, masking, and altered
hehavioral patterns.

As stated earlier, noise sffects on animals 1n the Taboratory have been
documented better than in either domestic or wild animals. Of the four types
of naise effects examined--hearing Toss, masking, nonauditary physiolegical,
and behavioral--the most conglusive evidence has been collected on damage to
the auditory system. The major effects of noise on all three animal groups
will be summarized by the type of effect.

HEARING

The auditory sensitivities of animals are highly variable from one spe-
cies to ancther as iy evident from Table 4., Many animals can detect much
higher frequencies than humans. One notable exception to this trend is that
many marine fish are most sensitive to low freguency sounds. Auditory sensi«
tivitias in the specias of interest should be taken into account in the mea-
surement and assessment of noise exposures. For example, the A-weighting
system is based on human audition, and is not necessarily applicable to cther
species. Another variable to consider in hearing effects across species is
the relative importance of this sense for survival in fach spegies. Far
gxample, hearing is very important to marine mammals and fish. The marine
invertebrates such as shrimp and sea urchins produce a number of sounds;
however the importance of hearing to thesa invertebrates has not been con-
sidered (Myrberg, 1980).

Observations on pathological changes in the auditory system due to noifse
have been made primarily in laboratory animals, in¢luding quinea pigs, mice,
and chinchillas (which are alsP raised domestically). Anatomic changes in the
ear include the destruction of the sensory hair cells in the organ of Corti,
histologic changes in the cochlea (the major hearing structure), and electro-
physiological changes in the form of decreased amplitude of the cochlear micro-
phonic potentials, indicating Feduced sensitivity to sound. Blood clots and
bleeding in the inner ear have also been observed. Temporary threshold shifts
(TTS) due to noise have been demonstrated and have been correlated with some

of tha alectrophysiological changes.

1
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Auditory chandes representative of hearing damage have been demonstrated
in canaries {due to 95 to 100 decibel tone bursts) and some small wild mame
mals, but very 1ittle in most wild and domestic animals. The desert iguana
was shown to experience a TTS {mmediately after exposure to motorcycle noise
at an A-weighted level of 114 decibels.

MASKING . .

The potential consequences af interference with communication and signal
detection are similar to those of hearing damage, except that, in practical
terms, masking lasts only 25 long as the nofse is present. There is much room
for specuiation about masking. Although masking is i demansirated effect of
noise, the degree of its occurrence and its potential secondary effects on
Tife functions in natural habitats remain undetermined.

© No masking affects studies wiere located on laboratory or domestie animals,
reptiles, amphibians, or insects. Masking effects have been considered in
vild mammals, wild birds, and in fish. Such animals use auditory signals for
finding other members of their species (offspring, mates, ete), for locating
prey or avoiding predators, for defining territory, for orfentation, and in
migration. Marine animals use sounds for distance reception as wall as for
the aforemant{oned reasons, Since auditory signals are ysad for behaviar
: necessary for {ndividual survival, any inhibition of normal behavioral pate
‘, tarns due to masking may affect survival., The potential ecological conse-
; quences of masking are still hypethetical, since no proof of these consse
i guences exists. ~~
| One of the mamnalian studies on masking reports that bats seem to be '
i able to overcome masking by rearfenting so that the signal and nofse are from
i different directions (Griffin, et al., 1963). Myrberg (1980) has given cone
‘ sideration to masking effects {n the marine mammals, such as dolphins, seals,
and sea 1{ons, as well as in fish. He has shown the likelihood that masking
accurs by comparing ambifent nafse levels and the hedring abilities of the
i marine mammals and fish.

NONAUDITORY PHYSIOLOGICAL EFFECTS

There are many camplex effects on animal physiology produced by noise,
as summar{zed and displayed i{n Table 7. The reader should also refer to the
: figures showing neuroendoerine pathways and stress physiology in the Appendix.
Table 7 shows two things: (1) where the gaps are in noise research on animals;
i and (2] that the studies confirm that many of the physfalogical reactiens to
: strass may occur In animals exposed to high noise levels. The major gaps in
research on the nonauditory effects of noise are studies on wild animals of
all types. Another neglacted area is that of moderate chronic noise exposure.
Almaost atl of the data reported here are the result of short term studfes with
very high nofse Tavels {over 100 decibels).

- BEHAVIORAL EFFECTS ¢ .

Tha only animals for which no hehavioral studies on nofse have been
locatad ars the reptiles. Many of the behavioral effects recarded for many £y
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‘TABLE 7. Nonaudltory_Efj_qgta of Nolso_

Laboratory Animala

81ochemical Paramaters:
Inereased blood sugar
pyruvic zcid
LDH (lactic dehydro-
genasa)
cholesterol
free fatty acids
triglycerides
Decreased glutathfone
eosinophils

Urinary Parameters:
Increased catecholamines
{epinephrine &
narepinephrine)
No data (in this report)
No data (in this report)

Neuroandocrine System:
Increased cortisol
aidosterone
{adrenccorticoids)

Enlarged pituitary and adrenals

Increasad acatylcholine activity

brain ascorbic acid

,Doma_.'..tt_c Animals

No data

No data

Increased creatinine
Increased urine output

Increased cortisol
aldosterone
(adrenocorticoids)

No data
No data

ADH ({antidiureti¢ hormone)

oxytocin

Cardiovascuiar Systam:
Increased blood pressure
Increased heart rate

In¢rease aortic atherosclerosis

T R L

No data

Increased heart

rata

No data

13

wildiife |

No effect on bloed sugar
in fish {no data on other
animals or other para-
meters)

No datz on urinary
parameters

Increased adrenccor-
ticoids in hoofed
animals. No effect in
fish

Altered brain histology
in bats

No data

No data
Increased heart rate in birds
Decredised heart rate in fish

No data
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TABLE 7. {cont). Nonauditory Effects of Noise

Labaratory Animals '

Metabolic Factors:
Lung hemorrhages

No data

Decreasad body weight
{Chronic noise)

No data
Not applicable

Reproduction:
No data

OGvarian changes
Tasticular changes
No data

Persistent estrus

Altered fertility

Lower weight gain
of offspring

Altered Intervals between
Titters

Increasad resorptions
malformations

Not applicable

Other:
Lowared resistance to
disease
Kot applicable

-

Dognest_fr._:_ {\nlrr!ala '

Increased respira-

Increased digesti-
bility and faed
utilization

Decreased food intake
Increasaed body weight

in lambs {at 75 d8,
but not at 100 dB)

Adverse effects on
meat quality

Decreased milk pro-
duction in cows
Ovarian changes

Altered gonadetropin
levels fn lambs

Altered fertility
Larger litters in
mink exposed to sonic

No adverse effects

Increased hatchabil-
ity or ne effact in

* .
Not applicable

wildlife '

No data
No data

Decreased body weight
1q hoofed animals

May fnterfere with
enerqgy conservation
in daer
No data

No data s

No data
No data
No data

No data
No data
Lower birth weight &
grawth of fry in fish
No data

Inereasad resorptions &
miscarriages in hoofed
mammals

Lethal to some insect
larvae but no effect on
others. Daecreased hatch-
ability in quail

Lovered resistance to
disaase in hoofed mammals
Broken wings and scale leoss
in some {nsects

fextreme noise lavels)
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different species can be grouped into the following categeries, which are not
mutually exclusive:

1. Fright, startle or orienting response

2. Abnermal behavior patterns
adggression
cessation of normal activities (grooming, eating)
cessation of movement
altered reproductive beh'avior‘

3. Weakened reflexes
4, Learning decrements

5. Avoldance (may involve abandonment of the habitat, change in the
home range, altered migration patterns}

6. No response, habituation, or adaptation
7. Attraction to the noise or the noisy area

The altered behavior of caged animals (labaratory or zoo animals) is con-
founded by the fact that they cannot escape noise, Oomestic animals may also
be unable to escape a frightening noise. Fright responses, abnormal behavior,
decreasad learning, and weaker raflexes have been cobserved fn laboratory ani-
mals due to noise. Oomestic animals, such as swine, sheep, and cattle, seem
to be able to adapt to certain noise levels of 100 to 120 decibels {Bond, et
al., 1963; Harbers, et al., 1975). Poultry seem to be especially fearful of
loud noises, such as sonic booms. Matarnal behavior in hens {brocding) was
disrupted by aircraft nofse (greater than 120 decibels), such that fewer eggs
ware hatched (Stadelman, 19%8a).

The study of the behavioral effects of noise in wild animals may also
be confounded by human presence, since many wild animals are afraid of humans.
Fright reactions in many forms are almost universally observed in animals due
to transient, unexpected noise. The tendency of some animals to avoid the
area near 4 nofse source may lead to adverse behavioral changes, such as aban-
doning the habitat. Avofdance behavior has been cbserved {n geese, caribou,
Dall sheep, reindeer, rabbits, and deer (E114s, et al., 1978; Gollop and Davis,
1974; McCourt, et al., 1974; Scom, et al., 1972). Another type of avoidance
behavior, alterad migration patterns, has hesn observed in whales in response
to killer whale scunds (Cummings, 1971; Fish and Yanfa, 1871). Both flying
respenses and freezing of movement have been observed in heneybees, although
fggﬁigmﬁcance of these effects has not been determined (Frings and Little,
Altered reproductive behavior due to noise 1s a mjor area of concern, due
to the possible effects on species survival. One reported example {s that fewer
pink flamingo chicks were born.due to the high noise levels of the Hialeah
race-track 1n 1977 {Anon., 1978). Underwater noise was found to {nhibit the
mating call of the male oyster toadfish {Fine and Lenhardt, 1980). No adverse
effects on these activities wepe reported in mammals or fnsects.
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Basides fright and avoidance reactfons, some animals are attracted to
noisy areas. Birds of prey and small mammals are attracted to airport runways,
possibly due to the availability of food. Insects and fish have been reported
to be attracted to various sounds. Less noise research has been done on behav-
for of fish and insects than of mammals and birds.

SUGGESTIONS FOR RESEARCH

Due to the vast number of animal spaecies, priorities must be set up for
studying both wild and domestic groups. Animals on which we depend directly
for food {including many aquatic species) should be a prime area for research,
since defi{nite physiological and behavioral reactions due to noise have already
been observed. The study of stress-induced color changes in meat (and other
changes) {¢ one area that should be explored, because of the potential etonomic
value, Studies on milk production and egg hatchability affected by noise have -
yialded conflicting results in the past, and mora studies should be dane to
resolve these conflicts.

Other priority animals should be endandered spacies and any species that
seem to be adversely affected by environmaental noise. One might alsc add to
thase two groups the wildernass species, such as those covered in the arctic
pipeline studies. Even though many of these species are not in immediate
danger, caribou and many other wilderness animals are considered to be in
somewhat tenuous positions. Since ecological relationships are so important,
it is of high priority to study certain geographic arsas as a whale {as in
the pipeline studies), cansidering muitiple species and their interrelation- -
ships, Areas chosen for such study would be those for which noise 1s 1ikaly :
to be a problem.

Once spactes and geographic priorities for study are identified, the
research plan should be carefully considered. A combinatfen of flald and
laboratory studies will probably produce the best results. Long term studies
of moderate noise exposure are badly needed. Bender (1977) suggests such a
combination research effort, as summarized in Figure 14.

In addition to the studies of the adverse effects of noise, much more
research is needed on the hearing sensitivities of various wildiife species.
Better methodelogies for studying noise effects also need to be devised, in
regard to field study, signal datection and masking, and hearing sensitivity.
The study of notsa as a stressor should be continued, with more emphasis
being placed on the interaction of noise with other strassors, such as crowd-
ing, toxic substances, or weather conditions. The nonauditory effects of
noise on wildiife have received very little attention.
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. APPENDIX |
NOISE AS A STRESSOR* |

The concept of noise as a stressor is basic to understanding the nonau-
ditory physiological effects of noise gn animals. Stress 15 often defined by
the types of rasponses of the stressed organism. For example, the pioneering
strass researcher, Selye, defined stress very generally as "the nonspecific
response of the body to any demand” (Selye, 1976, p. 53). Selye, defined stress
very generally as "the nonspecific response of the body to any demand” {Salye,
1976, p. 53). Selye also distinguishes between responses to a stressor zffect-
ing only one part of the body (such as a minor skin injury) and that which can
affect the whole body {such as prolonged and intense radiation}. Responses
of the former type, in one part of the body, are called the lacal adaptation
syndrome, whereas those of the latter type involving the whole body are called
the genaral adaptation syndroma {Selye, 1976). 1t should be ¢lear that, depend= .
ing an the type and intensity, the same adverse stimulus may affect either the
entira body ar mainly ocne part. In this context, the nonauditory effects of
noise can be considered whole hody stress responses.

For purposes of measurement, researchers may define stress in terms of a
specific response. For example, one such investigator defines stress as a
stimilug that "provokes responsas similar to those attributable to increasad
levels of ACTH" (Ames, 1974, p. 317). ACTH {s the abhreviation for adrenocor-
ticotropic hormone, which stimylates the adrenal glands to release cortisol
and other corticosteriods such as aldosterone. A similar definitign of stress
is anything that causes increased cortisol secretion and increased sympathetic
nervous activity (Vander, et al., 1975).

Selye first describad the stress reaction in 1936, using data from labo-
ratory animals subjected to a number of adverse stimuli (toxic drugs, savere
cold, surgical shock, excessive miscular exercise, etc.) This reaction to
acute stress invelved three stages-~alarm, resistance, and exhaustion. The
alarm stage consisted of changes in normal body functions in order to deal
with the stress. After about 48 hours, some af these physiclogical functions
returned to normal 1n the resistance stage. [f the stressful stimul{ were
continued for a manth or more, the animals reached the stage of exhaustion,
in which thay were no longer able to resist the stress. In this stage, the
initial badily changes recurred (Selye, 1936).

The physiological responses to stress described by Selye have since been
wall documented in a variety of laboratory animals as well as in humans. The
response of animals to stress {is considered to be nonspecific, because a vari-
ety of different stressful stimli can produce similar patterns of physio-
logical effects characteristic of stress. Nevertheless, different stressors
do have their own unique effects and {ndividual reactions to stress can vary
considerabliy. The same amount .of the same stressor may evaen pruvcke different
responsas in two {ndividuals of the same species (Selye, 1976).

A major explanation for stress having varying effects in different individ-
uals 15 that stress involves a;number of complex neuroendrocrine {nteractions.
An understanding of the normal relationships between neural and hormonal

*Dufour {unpublished).
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pathways is heipful before the basic physiclogical responses to stress are
outlined. The endocrine system is controlled by neural mechanisms, directly
and by negative feedback. ' The direct neural mechanisms consist of substances
{releasing factors) from the hypothalamus in the brain that stimulate the
anterior pituitary to release hormones, which induce var{ious endocrine glands
te release their specific hormones. The Tevels of these hormones in the blood-
stream also inhibit the rate of the hypothalami¢ releasing factors and the
anterior pituitary hormones {negative feedback). A number of hormanes are
cantralled by feedback mechanisms alone. Some hormones are controlled by both
feedback and nervous stimulation. Production of insulin and glucagen by the
pancreas is controlled by a feedback mechanism from the amount of dlucose
{sugar) in the blood. Production of calcitonin {2 hormone that lowers calefum
and phosphate levels) by the thyroid {s similarly affected by the plasma cal-
cium level, The release of renin by the kidneys and the production of angio-
tensin are controlled by both sympathetic nerve stimulation and by feedback
from epinephrine in the bloed. The enzyme renin catalyzes the production of
angiotensin from angiotensinogen (from the liver). The release of aldostercne
{a hormane causing sodium retention) by the adremal cortex is regulated by

the angiotensin level and potassium concentration. The release of the cate-
cholamines (epinephrine and norepinephrine} by the adrenal medulla is cone
trolled by sympathetic neurons (Yander, et al., 1975). Figure A represents 2
summary of the basic neurcendocrine pathways. The feedback pathways are
reprasented by broken linas.

The word "strass" evokes mostly negative feelings, because of the impli-
cation of stress in some serious human diseases, including heart attack,
atherosclerosis, ulcers, hypertension, and psychological problems. Although
chronic stress may lead to unpleasant consequences, the absence of any stress
whataver may make an anima) more vulnerable to adverse conditions. The bio-
Togical arigin of the stress reaction is commonly referred to as the "fight
or flight" response, which enables an animal to protect itself from attack
_[from predators, infection, injury, etc). Loud noise in primitive times was
usually a signal for alarm. In the 20th century, however, high noise levels
are often associated with highway traffic¢, aircraft, machinery in factories,
blasting ocperations, and & number of other ordinary sources. Although there
may be no reason to fear these sounds, the same primitive physiological stress
reactions may be induced. These "inappropriate” reactions to nofse and other
stressors may be the sources of the nonauditory effects associjated with chronic
exposure in humans {Moller, 15975; Selye, 1976). Problems due to stress reac-
tions in wildlife (as in humans and laboratory animals) deserve further study.

The basic stress response model, compiled from saveral sources (Selye,
1976; Vander, et al., 1975; Holvey, 1972) involves increased sympathetic nera
vous system activity and increasad cortisol levels. The sympathetic and the
parasympathetic nervous systems meke up the autonomic (or involuntary) nervous
system, which controls the cardiac muscle, the smooth muscles of the internal
organs and the glands, and maintains homeostasis. The parasympathetic system
mainly regulates internal body.functions, while the sympathetic system is
mainly invelved in responding to stress and other outside influences. Since
the symapthetic nerves affect many body functiaons, it is understandable that
increased activity in these negves can resu)t in alterations in a number of
parameters. The increased cortisol Jevel is due to stimulation of the hype-
thalamus, which causes the anterior pituitary to release more ACTH (nflu-
enced by ACTH Releasing Factor), which stimuiates the adrenal cortex to

ralease more cortisel.
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& .

FIGURE A. Neuroondocrino Pathways.

81

e s e e Bt [N VY ST

e e B At i T e e g et T [ N SO vo———; [



Cortisol (or hydrocortisone), like the sympathetic nerves, affects
many organs and tfssues. [ts functions under normal (nonstress) conditions
involve protein and carbohydrate metabolism, water and electrolyte balance,
mscle tone, and increased gastric secretion. Higher cortisol Tevels during
stress result in increased protein breakdown, increased blood sugar, electro~
lyte imbalance, and increased vascular activity. Cortisol has sometimes
facilitated Tearning in Taboratory animals through an unknown mechanism
(Vander, ot al., 1975). " . '

Although cortisol is the major hormone increased by stress, all other
hormones seem to be affected. Other hormones that are increased during
strags are prolactin {induces lactation), glucagon (increased blood sugar and
fatty acids‘)a thyroxine, growth hormone, aldosterone, and antidiuretic
hermone (ADH). Thyroxine controls growth and a number of metabolic func-
tions. The last two increasa water retention, whereas growth harmone may
stimulate tissue repair. Hormones that decrease during stress are testos-
terone, astrogen, insulin, LH (luteinizing hormone), and FSH (follicla
stimulating hormone).

Figure B summarizes the major effects of acute stress and 1ists the
potentfal effacts of chronic stress.
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FIGURE B. Stress Rospansoa
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