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INTRODUCT IOK

For many years bofore any real sciontific information
was avallable, we havo known that prolongod caxposure to
high intonsities of noise could cnuse loss of hoaring in
livmatis,  "DBoilormakera” or "artillorymon'R™ oars have lwoz
known to bo dofoctive with the causo of the doficlt known
for avor a hundrod yoars, The offocts of Bouml upon man's
henring are woll documented. In the last fow yoars there
have boen studies suggosting & largo and potontially
frightepipg numbor of non-auditory offects of noisc on man;
sonscquontly, today thorn are many investigators considering
possible nmon=auditory offects of sound on man and trying to
vither domonstrate or disprove thom,

In rocont years tho possible offcets of noise on
wildlifa havo hocome a matter of scrious concorn, for
soveral excollent reonsonrs, Our rapldly growlng population
and ndvaneing technolegy result in ovor incxensing nolse
levels, Nolso 1s an unwanted and ot times a potontinlly
dangorcus by-product of virtually overy uspoct of modern~day
lifow~gonstruction, transportation, power gonoration,
manufacturing, recreution, ate, Today we find that aroas
areviously nonsldarnd remnta, and tharafose molxsively
noh=polluted by nolsae, are now bolng oxposed or are in
danger of oxposuro to various kinds of noise pollution,

The effects that ingroased noieo lovols will lave on wildlifo

in thono aroas aro virtually unkoown, Obviously animnls that
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roly on thoir auditory syatoms for courtship and mating
bohavior, prey location, prodator dotoction, honing, ote.,
will bo wore threatencd by incroased noise than will speclos
that utilize othor sonsory modnlitiou.. Howover, due to the
complox inteorrelationships that oxist among all tho orgnnioms
in an ecosystom, interforencs with one ppociep might well
affoct all the other spocles,

In the past, man's tomporiog with tho balanco of
vature fraoquently has proved to have sorilous consequoncas
for both man and the ocosyatom; whatover affocts the
copsyatom, eventually affects man also, HNHolse pollution
conceivably could disrupt a balanced ocosystom and poasibly
avan contritute te the extinstion of a vulrorablo spegies,
Many specios of wildlife today ave ondangorad, Apart from
tho threat of the irrotricvable loss of a particular spacies,
wa have no gertain knowledge regardipng thoe posnible offocts
on our ecology froM guch a loss, To prevent pousiblo
irroparable dagage to wildlifo nnd to the balanee of nature,
it is mandatory that we calgulate the expuctod lncroases
in noise lovels and try to rolato thom to thoir pessibloe
inpnet on our wildlife,

1t has bocomo apparest that thore is o sorious lack
of inforsation concerning effeccts of nolso on wildlife,
Becouso of the high likeliheod that noise offoots on domestic
or laboratory animnls can provide cluas rogarding poAsible
affects o0 wild animals, a summary of tho literature
copcerntd with the cffocts of nuise on nep-wild animals is

L]

also includod, nlthouph it is pot ns exhaustive nor as
dotailod as it would ho if that wore the misslon of this
roport,

For the purposc of this roport "wildlife" is dofinod
as thosu nnimals which wore not born or hatched in captivity,
The litoraturc soaprch hore roportod wna concentrated on the
poriod from 1650 to the proment, but oarlier poertinent
studies aro algo raviewed, It was not possiblo to sparch
the foreign litoraturc thoroughly in the limited time
availahlo, Thorefore, only clearly rolovant and roadily
obtainable roports from foroign literature aro includoed.

A dutailed report of librarios, information rotricval
services, source materials, and porseons and ngencios contacted

for inforeatlon is presented in tho Appendix,

Effocts of Naiso on Laboratory Animals

To dotermipe what noige doos to an organism, it 48
important te knaw:

(1} What sounds an animal in exposed to (e.g., freguoncy,
spoctra, intonsity, duration, and pattorn of exposure);

(2) ¥hat factors dotormine an aninnl’a suscoptibility
to nolgo~inducod damage (o,g, species, age, audibility range,
roecovory process, ote,) These factors are best invostigated
in labaratory oxporimonts using animals, bocpuse in laboratory
experiments onch of those parameters can be controlled and

manipulated to determina the rolationships between nolse



oxposurs and offoctn on tho animal, Expoeriments invoatigating
tho effocts of oxposure to nolso can bo classified ln two
basic categorios: (1} studies of offocts on tho nuditorjv

syston, and (2} studivs of non-auditory effects.

Effaects of Noiso on the Auditorvy Syatem

As with tan, the best documented offect of nolso on
laboratory animals ig the production of hearipg lous or
.damago to the auditory system. This cap be produced by

brisf oxposurs to vory loud sound or hy prolooged oxposura

I to sodorato lovels of sound,

o Atudy hoaring loss 1t 18 nocosgary to moasuro

+ hoaring abilities bofore and aftor oxposure to nolse, A major

problen tn studying nuditory offects of noise oh anlmala s
tho dotormipntion of what sounds the animal "hears,Y Either
oclectrophysiological rocordings from tho auditory sysatem, or
bohavioral responses of the animal can be used to assess the
sopsitivity of the car. The Proyer roflox, an oar-twitch

roaponse to sound, indicatoa that an animal has heard a sound,

Thig reflox is a relipble, but not a vory sonsitive tost of
haaying in nnimlu, bocause thoy are capablo of hoaring sounds

that are loss intense thap the aounds that preducc the response,

An animal ean be tralned to rospond to a sound stimulug by

using thu sound #s A cuo o obtain reward (e.g., foad) or to
oscape from punishment (o,g., eleectric shock), If the animal
is appropriately motivated (i,0., hungry or fearful ef shock,

doponding on tho circumstances), his responses can serve as
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a vory sonsitlve indicator of what ho 18 noaring, Auditery
throsholds in nnimals are froquontly determined by using »
wemontitioned avoldavce rospense ;" the animal is trained to
avold shock by moving from ono sido of n two-chambored cigo
to the othor, If tho animal i8 woll-trained, this procedura
ean provide A very sunsitive measure of his ability to dotoct
tonos of known froquoncy and intensity, An animal's hearing
enn bo tosted, tho animal thon can bo oxposed to noise, and
hoaring can bo rotosted to detormine the decrease in hearing
ability.

Impulsc noise is sound which rises very qulekly te ita
maxioum dntonsity; it hos a vory fast rise timo, op the ordor
of n fow micro-seconds (i.0,, n fow millionths of o second),
1f gufficlently intunso, the rapid pressure changes produced
by ippulse gound ean damage the oar by rupturing the ear=-drum,
by disrupting tho ehnin of tiny bones in the middle ear, or
by damiging the sonsory cells and other gtructures in the
tnnoy ear, DPocho, Stockwell, and Ades (1969} studled
histologle changos in 14 young guinea pigs cochleas follewing
oxpopuro to impulse sound, Five hundred reunds of paper eaps,
producing an averago sound-prossure-lovel (SPL) of 153 dO,
worp fired 30 cm from the ear, Tho nolsosn wore 1 to §-moc
spart ovar o 45-min poried. T 11 nf tha ears, the oonoory
hair colls were dostroyed in a narrow band midway along the
organ of Cortl, This damagoe was camparablo to listolegic
changos produced by exposure for 4 hr to a 2,000z Lope at

s SPL of 125 to 130 4B, Majoau-Chargois, Borlin, and whitohouse
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(1970) Btudiod damage produced by simulated sonic booms in
24 gulnea pigs, Thoy doterminod the animals' hearipg nbilitios
by tostlng for the Proyor roflox over n pange of froquencios
from 125 to 16,000 iz, The guinon pips wore individumlly
oxpaged to ailmulated sonic booms having durations of eithar
2,00, 4,76, or 135,00 milliscconds {oach animil was oxposed
to anly ope of theao durations); 1,000 booms wero produced,

. &t & rate of one por sccopd, The intensity af cach bhoom wagn
roported as approximately 130 «B, but the reforence lovol was
not stated, Tosts of tho Proyor rnﬂ..ox following exposure to
the booms fallad to dotect mny changes in hearing ability in
the guinen piga, although microscopic oxaminations of theiy
cochlens rovoaled lossos of approximatoly 107 of the haiy
ccllp in the first turn. This wns amazinpgly Little damage,
conaidoring that onch animnl was oxposod to 1,000 htooms nt
the rata of one por second,

Dagause of the vory brief durations of impulse sounds,
thoy aro dosoriked in torms of riso time, maximum intersity
(poak prpasurc level), and durntion, Sounds hpving o lopgor
duration ean, in addition, bo deseribed by their froquuncy
apectrum, A doscription of the froquency spogtrum provides
vory usoeful information bocause mak and other animals aro
not equally sonsitive to nll froquencloe, Soumds with
difforent froquoncy spectra havo difforant effocts on tha
auditory system, filigh froquency pure toncs or narrow bands
of noiso tend to produce changes in locnlizod rogions of tho

innor car, whorcas lew froquoncy tooes, and randon or
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broad=band noise tond to produco changos throughout the
longth of the eochlea,

In n study of oxposure to pure tono, Deagloy (19G5a,
1565h} exposod 20 gulnoa pigs to a 500z tono at a SPL of
138 db, Followipg oxposur? for 20 min, there was a decreaac
in the amplitudo of cochloarmicrophonle potontinle recordod
from tho inger oar, indicating that the oar was less sonslitive
to wound, Aldo, higtological studioca rovealed extensive
damapgo to Honsory colls and supporting structuros in the
third turn of the cochlea, with little or no damage in the
fourth turn, In astudios iavolving 20 gulnea pips, Coutl mnd
porgo (1964) found thut expeosure for 0 hr at a SpL of
100 dn to froquoncios of 240, 2,000, 4,000, or 8,000 k=
produged consistent motabolle chpnges in the innor var,
Roduction in the activity of the onzymo cytochrome oxidaso
wii dotoctable ipn severnl different structuros of tho innor
efri this roduction was 8ot relrted to the frequency of the
Atimalating noiso,

Dogs nnd puinea plga wore usod ns experimental animals
by Covell (1953) in n study of tho histologic changes 1in
the organ of Corti following exposure to intense sound, Ho
exposced 132 guinea plgs ang 7 dogs to 50,060 to 100,000-Hz
sound, Essentinlly, Covoll found marked histologic changes
in the organ of Cortl following oxposuyrs to intense sound,
indicative of A loss of hearing in the animals,

In some preliminary studios of temporary threshold

ahift {a topporary clovation of tho lovel of lowest intonslity



sound that can be henrd) in chinchillas, Petors (1065)
doterminod that tomporary threaheld aliift (TTS) increased
with incroassd duration of oxposure to sn cctnve band of
polac (2,000-4,000 Hz) at 79, H0 or 90 ¢ (the referonce
lovol was not reported), In an oxperiment to dotormine the
oloctrophysiological corrolatos of tomporary threshold
shifts, Penitez, Fldredge, and Tompler (1970) oxposod
chinchillas for 48-72 hr to an octave band of uoiso centered
at 500 Hz with n SPL of 95 dn, This oxposuro produced a
bahavioral TTS of about 48 AB in tho animala, with rocovery
requiring about 5 days., Chapgos in cochlear miorophonics
reacorded'from the sccond turn corrosponded closcly to
bopavioral TT3a; howover, lomsos of senaltivity ip activity
rogordod from the auditory porve wore much graater than
lesses in behavioral responsos, Using an octave baad
{300-600 Iz) of thermal noise at o SPL of 100 dB, MWillor,
Rothonberg, and Eldredge (in pruss) cobtnined maximym TT3a of
B0 dB or morn dering 7 days of exposuro, Recovery from
theso TTSs roquired about 5 days, with signs of pormanont
thrashold shifts of loss than 10 4B at cortain tost
frequoncies, Cochloar potentinis woro rodueod and Malr
cells were lost in the second and third ¢ochloar turas.
grond=band noise has alase boon used to study hoaring
topn and damage to tho' nvditory system, Lawrenee and Yantis
(1057) stimulatod guinen pigs with white neise; sound prossure
lovels, moasurod at the tympanie membrana, were 150 dP for

ono group of guinea pigs and 136 dB for a Bocand group.

Necordings from tho rount window lndicatod that n 2Q~min
oxposurd proguced somd persanent less in sonsitivity im
both groups, Miller, Watsen, and Covell (1963) oxposed

37 cats ta broad-band noise having nearly equel sound-pressuro-
lovols across octhve bands conterad at 850, 1,700, and
3,400 Iz, Exposurcs tn a 3PL of 115 4D for ono-0ighth of
an hour or 105 dB for gno-fourth of an hour producod maxieum
TT5 at 4,000 1z, Exposuro to unintarrupted noléo at o SpL.
of 115 dB for 15 win to 8 hr predicod meoan pormanont
throshold shifts ranying from 5.6 dh (for 15 min) to

40.6 dB {for 8 hr). Hreaking up the total oxposure into
small dosecs prosulted in incronsingly less permancat lose

ar the intorval botwoon doges ineroamed; A total of 8 hr of
pxposure having 24=hr intopvals botweon sixteon 7 1/2-nin
dosos produced a permannat tbreshold shift of only 2 dn, The
corvelation betwoon ameunts of pormanont threshold shift and
coghloar injury was 0,A5, Wurd and Nolson (1970} also
studiod the effocts of intermittent noise on hearing, Two
groups of four monaural chinchillas (,0., animils with oo
car dostroyod) werc exposed for 2 hr to a 700 to 3,000=Hz
bapd of noipo nt a 8PL of 117 di, Ono group was oxposod
coptinuousty, tho other had oight 15-nin oxposuros saparatod
by intorvals of 45 mip of aniet, Rath axpocureg nenduced
tnitinl threshold shifts of moro than 100 do, but the
animals exposed intermittently had complotoly recoverod
within 2 wecks whorons the antmaly expoged continuously

hnd losses of 40 A0 J menths Aftor exposurc,
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Twenty gulhoa plgd woro exposed to rocket boonter
engine noise by Gonzalez, Hillor, and Istre (1970). Four
groups of five anlmils oach ware locatod at distances from
the neise source of 785, 15U, 300, and 5,000 £t respectively,
Far the throo closor positions, sound-pressuro-lovols wero
above 110 dB from 8 to 8,000 Hxz, with ponks noar 140 4D
batween B and 31.5 Iz, Poak proasure lovels at tho fourth
pouition were npar 110 df botwecon 16 and 31,5 1z and dropped
off rapidly in tho higher froquencios, Following 6 min,
50,1 spc of oxposure to tho rocket ongine noise, Proyor
roflex throsholds indicated nlmoat cowmplote loss of hearing
in the two qlcﬁnr groups, up to S7 days post-axpesure; thero
woro ounly slight tomporary logsos in the third group and no
meagsurablo offoct in tho most distant group.

1shii, Takahnshi, and Palegh (1869) rorortod that
oxposuro for 30 min to white noise at n SPL of 110 dB
producod roductions in tho number of glycogen granules in
gulnea plgs' eara, They suggestod that glycegen sorvos as
an pHOrgy aourac in the halr cells,

The axtont of poiso=induced hoaring loss or damaga to
tho auditery oystom deponds upon intenslty, spoctrum, duration,
pattorn of oxposurc and individual suscoptibility. MNeat
intorvals intorpolated in oxposure poriods cub significantly

raduco the amount of damago,

Non-ouditory Effocts of Nolsc

Only recently have non-auditory offocts af nolse

11

bocomd a natter of concern, due to suggestions that nolsc
may act as n physlological stressor producing changos similar
tr.? those brought about by oxposuro te extrome heat, cold,
pain, otg, Thore I8 8 considerablo body uf literaturu
concorning physlologlc rosponso to stross and now there 1s
aleo Bome ovidence that oxposure to nodsw may iaduce sindler
changes, Thoe genoral pittorn of rosponst ta stross includes
voural and onloerine activation bringing about a variety of
mensurable changes, such ag incroasos in hload prossuroe,
avallablo glucose, bleod lovels of corticostoroids, and
changos in the adrenal glands, Thero is ovidonco that
prolonged exposure Lo sovero sircss chh exhaust an organism's
rosourceos and rosult in death, On the aother hand, an animal
raigodl under conditions that protect i1t from ptross bocomes
oxtronely susceptiblo to disenase or cven depth undor oven
mildly gtrosuful situntlons, The aciual gipnificancoe for
an animal of thoe physiologic respensoes to stross i8 not
undorstood,

In an oarly study, Yoakel, Shonkin, Rothballer, and
McCann (1948) oxposed adronnlectomizod Norway rats to tho
sound of a blast of comprossed alr 5 min o dny, 5 days
n weok, for a yoar, The avorage syetolic prosoure in the
noise oxpostd rats rofie from an initial value of 113 mm Hg
to 154 mm Hg in tho last 2 monihs, whilo control values rose
from 124 to 127 mm Hy., More recently (Cuinstseva, Pushkina,
Bonashovskaya, nmd Kaveripa, 19G0), rats werc oxposod to an

80 dB notse for various timos from 18 to 120 daya, Following



exposure to nodeo, unniyaoa rovealed significant drops in
pgcorbie noid contents and wolghts of tho adrennls of thoso
rats rolative to controls, Adrofic-cortical activation hes
beon atudied quite oxtensively in rodents by Anthony and
Ackerman (1855, 31057) and by Anthony, Ackorman, and Lloyd
(1989), Thoy oxposod rats, mice, and gulncn pigs to
rolativoly hroad bands of intonst nolse: 150-4800 Hz at
140 dB 8Py, 10,000-20,000 Hx at 110 dB SPL, or 2,000-40,000 lz at
132 dB 8PL., Durationm of atimulation perieda includod a singlo
B~pin exponsurc, 15 min or 45 wuin por doy for up to 13 wooks,
and cyoles of 100 min on and 100 min off throughout a

" 4ewook oxposurs pardoed, Although they obtnined indicntions

of adronal activation, an moasurad by collular changos in

tho ndrotin} glands and a docronse in the numbor of circulating

ooninophils, theseo changos wore gonerally slight and transnioent,

Thay did find, howovor, that intonoo hoige superimposod on

anothor stress, such os restriction of food, oould decrease

an animal'a life span, Tho authors concluded that rats, wice,

and guinen pign can succossfully adapt to noisoc, but that

poiso csn LAve damaging offocts 4f it occurs in conjuncilon

with additiopal astressful 9ituntiana. They plso noted that
intonse high frequency noise (132 dn 8PL, 2,000-40,000 [z}

appears to bo moro stresstul _thnn low froquency noiso as

avidoncod by an incroase in nolso-induced soiZures in

wousg stralns considered to bu spizwo=rosistant (Aaothony

and Ackorman, 1957), Jurtshulk, Wultm;l, and Sncklor (1959)

aubjected two groups of Wistar nrlbino fomale rats daily to
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1 min of poigo for 11 days and to 5 min of noiso for 15
days, reapactively., Tho nolse congisced of 130 iz at
100 (+5) dB SPL, Rnts that displayed the groatest locoamotor
responic upan cosfation of auditory stimulation alse had
lowost blood glutathiene levois, Stioulated rats had
highor adrenal weighis and ascorbic ncid valuos and lowor
blood glutnthiono lovels than did their controls, Gobor,
Anderson, and VYan Pyno {1966} investigated the physiologie
roaponse of rats te throo durations of ncoustic stross
(15-270 min, 29-58 hr, and 21 days), The sticulus wks a
73 to O4-dd SPL 20,000 to 25,000~fiz pound presontod 6 wmin af
avory heur, Thoy noted lowor cosinophil counts, raised
serim cholestorol luvols pnd incroasoed ascortic poid leyels
in tho braip, Although Troptow (1DG66) stated that dogs had
tranpitory incrvasea in jyilycomie lovels in the bLlood prior
to bocornling used to experipontar handling, ho did figd a
prodictable Lnepoase ip gglycomic reoactions in tricls 1 and 8
out of 20 exposurcs te B0«B7 d) nolae for H-10 min, Due to
individual roactivitios, the measuros wore highly varinble,
tut by trial 20 tho doga hand apparently adapted to the palse
stimilus,

fHochomicnl changes duo to poilad expesure wore studiod
by Elbowicz~Wariowskn (1962). CGulnea pigs woern exposed for
1 month to dally 45-nin periods of nolso at 100 (5) dB SPL
with froquoncies from 100 to 50,000 Hz, Iscreasoes 1n lactie
acld dohydrogonaso activity and pyruvic acid levels in the

bloed woro obsarved, Hrubes (1964) feound that non-ostorified
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fatty ncids, tho plasma 1ipid most implicintod in notive
tranaport within cells, incrensed significantly in fomalo
white rata when the rais were oxposed to a 95 dB transmittor
gonorator noiso for 16 hr, Hrubog nnd Danes (19465)
demomitrated that white rats subjectod ropentedly to 05 dB
noiso developed incroasod uremic catecholamines, ilncreasod
froo fatty aclids in blood plasmn, and kncreased suprarenal
sizo, Further, oxposod animals showod charactoristic wolght
docraases. Friodman, Byoro, and Drowns (1967) demonstrated
that nuditery stimulation can interfore with 1lipid netnboliom,
¥hite nolsc at a SPL of 103 dB was presonted 24 hr a dny

and an additional intormittont 200-Hz Aquare wave with a
duration of X see and & SPL af 114 dB was programmod to
oceur. ot random intorvals, with an avorage intorval af 3 min,
Thirty rats wore oxposed to the noiwo stimuli for 3 wonks
and 24 rabbits were exposod for 10 wenks, These animuls
recaived standord dists and water, but wore adminlatered
additional oils to test thoir nbilitios to handle oxcons fat
while axposed to noise stross, FPlasmn triglycoridos wors
highey 1in ;muud-uxposud rats only during the sccond woels;
thera wore no differences hotween experimontal and control
groups of rats at the ond of wooka 1 and 3, In the rahbits,
howovor, plasma cholesterol and fasting plasma triglyceriden
wore highor nfter 4 weoks of auditory stimulation, Additional
differonces betwgen sound-stirossoed rabbits and Lhelr controls
included doeposits of fat in tho irisce of the oyos of the

oxporimental rabbits, plus woroe sortic atherosclerosis and

13

highuor clhioleaterol gentent in thoir aortas, ‘Tho authors
coneluded that amlitery atress produces chahges in handlinog
oxegonously dolivered fat, having offecty similar to thosc
produced by chronie hypothnalamie stimulation,

Thers is additioonl evidonce that sound stimuiation
producta its chsorved offoets via cortico-hypethalnuic
intersctions with the hypeplysoal ndronal systom, Wernor (1530}
studiod the offoct of soumd on the hypophysis of the rat, [
found that long, continuous Loll ringing (B hr por day) for
from 1 day to J weoks rosulted in hyportrophy 4in the parg
intormodin and hyporactivity in tho adronnl cortox, Oglo and
Lockett (196G) studied the offoct in rats of rocorded
thundorelapas of 3 to 4-soc duratlon with a frequoscy rFange
of 50=200 Hz at 08-100 oB 804, presuvntod At a Pale of two alape
at l=min intervals overy 5 win for 20 win., Thoy comparod this
offoct with that [rom n purc tone of 150 Iz ut 100 4D presentod
for 2 min out of avery 15 min for 45 min, Urino was cullected
and anzlyzod for aodium and potassiue, Responscs to npolgo
wore nnalyzed thvough comparisons among animnls that woro
intpet, that had doporvated kidnoys ond that hod nourohypo-
phynoal lesiona, The authors concludod that thunderclaps
produced omotional responses which the 150-Hz tone did not
produce, Thundorelaps affectod the hypothnlamus resulting
in oxcretion of oxytocio nhd wasoprossing these hormonos
produecd inerenson in sodium and potasnium oxerction with
o increxso in urine flow,

In n rocont study (Hiroshige, Sate, Ohty, and Iteh,
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1969), rats wore axpnsod to boll-yinging for 2 min (apuctrum
aod noiso lovel were net roported), Ball-pipging producod
an incroasc in tho activity of corticotropin-rolensing
factor (CRF) in the hypothalamua, CRF produces tho roloaso
of adrenocorticotrophic hormono (ACTM) from tho pituitary,
and ACTM in turn produces tho releage of certicostoroids
from the adremls, Homastyrskaya, Prakh'o, and Khnunine
(1989) roported that sound stimilamtion produced incropson

in woights of thu- pitultary and ndrousl glands in healthy
rats, but not 16’ strain of sound-sopsitive, audiogonic-
soleuro susceptible rats, ‘Tho sound-sensitivo rats nivoady
tad oplarged pituitnrios and adronala. The yits wore
oxposed to o 105 dff sound 10 tiwos, for 1,6 min onch timg,
with one exposure ovory % to 4 days, Tho frequoncy
charsotaristica and nolge roforence levels wore not roported,
Activity of acotylcholine throughout tho rat brain was studiod
by Hrzowinska (1968), Expoaure to noise (type and lovel not

' reportod) for 2 hr A day for 3, G, 0, 12, or 15 days

producod gradual increases in acotylcholine cetoraso nctivity,

- and an ipitial incroase in acotylcheline concontrntion

: followed by n docrease with n slow roturn to normal levols

by 15 exponures,
In nddition to the pitultnry and adronnl glanda, tho

reproductive glands nod fuzetlons are nlso affeated by

; @xposure to nofge. Tho results aro not always consistent,

however, Anthony and Harclerade (1958) roported ncgative
results in o study of the effects of neiso on sexual scores

of sexunlly mature male guinon (Mgs, Twolve wooks of dad ly
B
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exposure, for 20 min out of opch 30 min portod, to noise

at a SPL of 130-144 dB with froquoncics of 300 to 4,800 Nz
did not affeet tho soxual scoros of tlo oxperimentnl animals
tolative to tholr controls, Some ovidonce of cortico-adronal
activation wan found, howaver, suggesting that tolerapce
1imits warae appronched. Zoris (1DSD) owposed 38 male mica
far B hr per doy for 1-21 days to tho sound of an elogtria
Boll, Tho level and ppoctrum of tho suvumd wWere not reporivd,
Studies of tho testos of gound-oxposed mice rovealed
invalution of tho sominal opltholium, partinl blockage of
firat order apormntocytos, formition of teratocytos, and
atrophy of tho opltholium, Huo also obaerved that the
glandular intoerstitial colls wora dlturnctnriaud by hypertrophy
and hypovrplasia. Yondok and Isachar (1864) examinod the
offoct of acoustie stimylation on gonital funectlon in 48
wature rabbhits and 3,100 younp and meture rats, The animals
wore housod "poar" an olectriec bwll 25 ¢m in diamotoer that
rapg 1 min out of overy 10 min, 24 hr jor day, for O days
prior to mating, The poak SPL wes 100 A0, with maximum
eharygy at 4,000 Bz, and anokher poak of 95 dB at 10,000 Nz,
Auditary stross resulted in onlargement of the ovarios,
porsistent estrus, follicle huewmntomatn, and othor effects
in fomalo rats and rabbits. Effocts woro more nranoupcod

in female pabbits then in fomale pats and were hardly vieible
in males of either typo, Auditory strous durlng the
copulatery pariod induced increased fortility, Lut during

gestation such stross preduced a bloekage of prognancy.
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Howgvor, Zondok (1064) raported that in rats the malos' as
well as the fomaloa' forti lities wore docronscd, The malos'
ability to fortilize was rodused to 117 a8 conpared to

70-80% in control umalon; comparable affoots wera producod in
the fomale rata, Sexual bohavior did not woom to bo
iphibited (copulntion was vorified by tho presonce of n
vaginal plug)}, and thoro woro no chaagos in tho weights of
the testos and sominal vosiclan, nor any noticeable
anatomical changoa ip the sparmatogonla proceas, In similar
fashion, 8ingh and Reo {1970) studiod tho effectn of auditory
stress on rat ovaries. Thoy oxposed 74 adult fomale rats

to continuous nuditory stimulatien by n Z,000-llz tono at 100
db C for up to 150 days. Thoy found that 31 animals dovelaped
porajatent vaginnl eatrus aftor 10 consocutivo days of stross,
As tho stross waa continuod, more and moro animals domonytratod
‘ tho condition,

. Thero im ovidoence that sound atimulation may induco

7 lasting chongos in exposcd animala and evon in thoir offapring,
b at loost in straina of mico that kavo baon spocially bred to
be ansco;;tiblu to audieogonia seizuros. Lindzoy (1951)
studied ometlonality and audiogonic soizure suAcoptinility

in mice oxposod to poise, The animals wore stimulated by

the spound from a boll attached to a motal washtub (spectrum
and §PL wore not described). llo roportsd ilncronsod
asusceptibillity to seizure in cortain strains of mice,

Thonpson and Beontag (1866} described offocts of audiopganic

solzures in pregnant rats on waze-learning abilities of
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thelr offopring, Each of six malo albino rats wne hred to
one experimontal and ¢po contrel femnlo, Two Buizuren per
day woro ipduced from the fifth through tho oighteonth day

af pregnancy in onch of the six exporimontal females,

Within 24 hr of birth two male and twe fomnle pups vore
stloctod from each litter and tho yowt wore romoved, Throe
molhers im Lhu wxperimental group and ihrve 1 tho contral
group kopt thoir own pups, while tho pups of tho othor

throo mothors in oach group wore switched Detwean growps

5o that pups from oxporimontal (Boizure) mothors wero
crosn=fostorod en control mothers ubd vice versn, At 21

days of ago, the pups wore romoved from the mothers and
housed in individual cagos in tho animal Toom, Genaral
activity lovols woero testod at J0 and at 60 days of sge,
Traiping in a water mazo began at 80 days of ngo., Although
thore wore no significant {1fferencos in body woelghts, litter
alzeg, or activity levels, there woro sigulficant differonces
botween experimontal and controel groups in maze learning,
fups born to mothers that had audiogonic soizures during
prugnancy had pignificantly m.uw errors and roquired
significantiy woro trinls than did pups born to controls

even if tho control pups worp crogs-fostered cn experimontal
mothers, Ishil ang Yokolorl (1960) found that female mico
expused to 90, 100, or 110 phon, white notsa for 6 ke por
day Jrom the cleventh through tho fourtoonth doy of prognancy
had more maltormed youny, more young £till-born, and smallor

ombryos than did unoxpeged mice, Torateogenic offects produced
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by audiocgonic atress were Also roported by Ward, Barletta, and
¥aye (1970).
320-580 1z wan timod to doliver noiso intermittontly for
B80=75% of each hour,
wore placed in the chambor and oxposed to the noise for at

A motoreycle horn produsing B2-85 dB SPL nt

Fomale albine mico (Swims-Wohster strain)

loant Sebr poriods at difforont stages of progoancy {vaginal
plug was usad as dndioant of pregnancy), Tha ment covers
offocta wore obtained with stross 8 hr per day on days 8 to
17 of prognancy, In theso cnses, 40% of tho littors wore
resorbod and sean fotal welght was 0,44 g whilo morn fotal
wolght in control litters was 1,45 g, Although only modorate
nolso lovels wore usoid, thoro woro aevero rosults if
atimilation occurrod during eriticnl periods. S8tross during
days 7=§ reaulted in 100% rosorbtion by day 1B, Obsorved
toratogenic offocts {oranial hematoma, dwarfod hind limbae,
and tail dofegts) wero atirdbutod te ondocrinologic offscts
of atress on the mothor and/or the fotus, These stross

offocts resulted in dischargoe of catocholaminos and atoroids |
Ifrom the adrenals, Docroased uterine and placontal blaod
flow were considered to be responsible for fotal hypoxia,
and porhaps dolayod implantation, At least ono oaporimont
has sbhown there is a rolation bhotwoon noiso exposura and
auscopPtibility to viral infaction in audiogonic selzure
auscoptible strains of mico, Junsoh apd Masmussen (1970)

urod an 800-Hz tonc with an Antensity of 120~121 dfi for

3 hr ooch day on 6=B wook old Swiss Webster BRVS mice,

Mice ilnnoculnted intranasally with vesicular stomntitis
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virus just boforo oxpogure to gound worn more suscopilble
to tho iafoction, whilo mice ipnogulatod aftor tho oxposuro

worn more rosistent, ‘The sound strossod wico wore nlsoc more

auscoptiblo to polyomd virus and dovolopad more tumors than
goantrolg that woro not mound-strossod. The sound supprossed
tho progroessioh of Roupcher virus lukomin, The lnflacontory
and interferen reosponans worn alee inpairod by sound, They
also found that the soynd strossed mice had poriods within
oach dny whon thoy might bo more, less or just as suscoptiblo
to viral challongo as non-atresmod control subjocts. Thie
transitory change in puscoptibility was found to ko indepondont

of ndrepal functiocn, In nddition to undealrahle offocts of

nolso that have beon demonntrated in audisgonice~poizure
Auscoptiblo wico, a rocont study roports noisc=induced
howorrhogon in dogs, Pononar'kov, Tysik, Kidryavtaeva, Daror,
Kortin, Leshchenke, Morozova, Kodokin, and Frolev {18608)
oxposod dogs to 0,8~ to 3,6 sec bursts of whito nolse ot
105 to 155 dO, Twe hours after cxposurs, 3 om diameter
hozorrhagos woro found in the lungs, if nolee lovels excoodod
125 dB, Increavod noiso lavols resultod in ingreased punbors
of homorrhagos, but pot in increasnsa in the size of each spot,
Emphysomatous chavgoes induced by nolse exposure wore sStill
totoctable at 60 days poatexposure, oven thouwh homorrhaged
blood had beon resorbed,

Koise has also boon dumonstratod to dispupt bohavior
in laboratory animals, Momwonkov (1658) roported thut rata
nxposed for 7 days to sounds producod by olectric bells (for
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48 min to 3 hr por day) bocame untidy and loss activoe,
refusgod to eat, and bocame aggressive, DBorisova (1004)
atatod ‘that white rate oxposoed to BS-dD nolee displayed
. wonkened 'conditionsd reflexos, Fivo days of rost woro
nocemsnry for thoe roflexos to return to normal,

Pormanont effects producad by raioing 80 albino rats
in twe dlfferent Iittor mRives and undoy two differant sound
lovals waroe reportod by Groh (19G5), The rat pups woero
dividu'd into littors of either 3 or 13 animala then
randomly ussigned to lactating fomnles othor than tholr own
mothors, . Half tho rat pups 1o each litter sizo wore railsod
in mound=proof bhoxes; the other half wore raised in regular
wira cages in o noday animal room, ‘Thero wero 10 mple nnd
10 fowdlo pups in oash of the four greuaps, Alftor 21 days
uader thome conditiens, the rats were wonnod and placed,
four animals to a cago, in the common animal roow for an
additional 2) dnys. At the ond of this poriod (42 days)
moagures wore mnde of hody wolghts, spontancous activity in
an open=ficld test, heart rate incronsos following cleatrie
shock; and rosponso latoncy in a straight runway ot tho ond
of 20 triala, Open ficld wmoasurcs wero ropontod at 56 days
and- body-woights at 37 days, Aftor those tosts, relative
woights of the adeensl giand wero measurod, Rats in large
littors woighed less and had larger adronnl glands, Rats
raised in soundproof boxes learned fantor (had lower latoncies)
in tho stralght runway than did rats ralsed in the animal roomn,
Docronsod activity in tho opon field test and incroasod heart

Tata rosponsos woro more pronouncod in rats raiscd in large
litters in soundproof boxes and in thoso raipod in small
1ittors in the animal room than were those in the other two
groups. With tho possible exception of the cardiac rospoonso,
all these morpholopgicnl and bohavieral changes appoared to
bo stable,

Thero avo sovaral fnctors which most of the studies
cited above have in comsmon and which merit gonernl commont,
Tho SPls uaod were mostly thoso which would be descriled as
high or intense, and the duration of oxposure in most coascs
was sufficlontly short that 1t would bo typifiod as ncute
rathor than chronic. A dapgor in generalizing from "ncuto"
high én- relatively high dntonaity lovel studios to *chronie!
low loyels of ptimulation {8 that thoro may be o rolationship
at all, ‘he lomgent exposuro duration citod in non~auditory
offocts wne 150 daya, That should prubnbly be considored a
chronic exposurn; however, tho noxt longosat oxposurn was 423
days, which would hardly qualify as n chronig oxposure oxaept
perhaps for rolativoly short-lived corganioma, The levels of
stimulntion citod wore na high as 160 dD with moat in oxcoad
of 100 dn and with fow helow 00 ¢5, Thoso aro levels much
heyond what we would normally find animals exposed to around
airfields, induntrios, highways, or other intrusions by wman
into tholr habitat., It would seom logical to oxpoet 1little
or noe awdltory dampge to animals froem the uwsunl invasions
by man into the animals® world, Othor physlological or

endoocrinologicnl damago may result, however, tho ovidonco
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for such damage 18 ot best conflicting and in nood of
olpharation, It would appear that oxporiments to dotermine
the offoots of long torm oxposure to lower mound levols

" have 1ot beon porformed, fWith rospect to non-nuditory
effootn, it in unlikely that lowor lovals of stimulatlon
for moderate durations would prodyco observable changes in
laborntory animals in agzual fuoction, cheleatorol or
ascorbic acid levels, ote. Another important fact which
ahould bo made oxplicit here is that tho audiblo rango
of hoaring varios widoly from organism to organism, Thin
mipght be expectud to be n pignificant factor in studlos to
dotoraine the offects of mound on the organism, Liitlo or
no wmention of this 1a found in most of tho studiow citod,
nor is thero any ovidonco of concera about this fastor.

. In gumsary, in laboratory animala high lovela of

- stimmlation for fairly short durutions have producod rosults

* Buggoative of significant effects of noise on sexunl fynction,

blood clomimtry, auditory function, soizure nuncoptibiiity,

i oto, Extromo caution should bo usod, however, in gonoralizing

! from remults gbtainod on theso animals stimulatod at tho
‘ lovels and duratious usod, to othor animals etimulntod at

| lowes levols for difforont durationps,

; .
| Effoots of Noisn on Farm Animals
Although somo studies have boon sonductod on dommatic

animals of cconomic importance, oxporimontal controlm and
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adoquato rouponse moasuromont tochniquos have beon lacking,
Singe po criteria have boon cstablishod ns far 08 monsurosont
and rocording of sound stimulli and animal responsos to thoso
Btimuli, it is difficult to compare the eoffocta of nolmo on
ono type of domostic animnl with offocts found In other

domnstic animals,

Effects of Nolse on Mammals

Swine exposed to five trinls ol nircraft sound of
120-135 db showod no Anjury to gresa anatomy or tho organ of
Cortl whon compared to a control group oxposod to amblent
noige lovels of 70 Jb from nn aidrfield {Tond, Winchostor,
Campboll nnd Wobh, 1963).

Dond (1963) mado oxtonaive tosts on tho offocta of
noise on awlne, During ncoustie stress congleting of 16 sec
of 130 dB noise ropeated four, oight, or moro times, hoart
rato mopitored by telemotric oquipment attached te naive
swine inaronsod algnificantly from normal heart rate, [Hoart
rate decroased 30 soc aftor cemssation ol the Bm‘md stross
btut had still not roturned to pre-exposuro lavol, Frequoncies
onployod wore bwtweon 300 and GOO [z, Dond (1970) nlso found
that although ne difforonces in renctiops of nursing sows to
froquencies ranging from 200 to 5,000 Mz woro noted at 100 to
120 dB, a recording of a squeal of a baby plg at 100 dB
oligitod the sagme responso, ‘Thoe ronction connimted of thu

nurging sow risipg to hor feet and soarching for tho sound
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souyres follawod by indifferenco, [aby plgs in tho aboence
of the dam, oxposod to tho samo sounds ap citoed above
typically ronctod by huddling togother. The sama investigator
(Bond, 1870) found thnt eoxposurc to loud sounds (Irequoncy
and intonsity not spoclifiocd) causcd negligible reactions in
unting swino, Sows and boars appoarcd indifferont te tho
sounds, Eftects on partuition included hoavier piglots at
birth and a wonning from sows oxpodcd to sound of 120 dB from
8 A to 6 pu'rar throe days bofore partuition until woanlng.
Sond (1083) found that pige oxposed te jot and propollor
aircraft gounda reproduced at 120 to 135 JdB daily from & AM
to 6 PM from weaning timo or bafore, until sluughtor at 200
pounds body woight, showod no difforoncos from pigs unexposed
to the aounds with rogard to feod intake, teed utilization
and rate of gatn., (In his 1070 roviow of tho literature on
the phyalology and buhavior of farm-raised animals, Bond
cites Dugord, ot ul, (1960) in referonce to oflocts of nolac
on young, castratoed, malo pigs) Pugard (1950) found that
: 93 di noiss for soveral days (frequonoy not spocified) rosultod
a in nldostoronism and sovera rotention of water and sodiunm in
young, casirated, male pips, Ho furthor statod that
vplnrm sigrats” recorded from pigs in the slaughtor houso
disturbed tho pigs more than mochanienlly praduced sounds,
Parker and Bayley (1900) roportud thnt milk cow hoxds
within 3 milos of oight air forco b.-m.ua using jot alrcenft,
with 137 of the horda within 1 mile of the ond of an active
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runway, showod ne difforencen in milk production when
compared to bords which wore not oxposod to tho alreraft
noive, N¥o differonces wore found boetwoon hords close to
the ond of the runway and thoso farthor removed,

Camndy and lLohmann (1064) roported that studies
conductod on herds of milit cows at Edwardd Alr Forco Dase
may have beon biasod in that tho animals used nhad bean
oxnosod to 4«8 sonic booms a doy for sovoral yours, Thorofora,
oven thowgh the intensity of tho booms used during testing
was higher than those the cows heard daily, tho cattle nny
have adapted bofore tho actunl tosting bogan, The investigators
tound, oyor nll, fow atmormal bobavioral reactions in largo
animala duo ta sonlc booms,

Bond (1956) in his roview of the litorature on nound
stimull offocts on man and lowor animals, stated that cows
oxpoand to exploding papor tags ovory fow oeconds for 2 min
during milking did not givo milk whilo tho sound sStimyll
wore prosont. Thirlty nin following the sound.atimulntlnn.
70% of normal milk production cccurred, Dond nlso gltes
odn (10G0) who stated that motorbeat noise also produced
a decrenso in milk productlon, However, cali and helfor
growth was unaffoctod by metorboat noise, Bond (1056) also
roported that olsicevers found a mild reaction in dairy and
boof enttle o onty 29 out of 104 sonlc booms of 2,6-0,75 1b
por 6q ft, Milk production was unaffectod duripg thoe test

poriod, In faet, Nond noted that reactions to low subsenle



aircraft noles wore mure pronouncod than woro reactlons
to sonic booms, Furthor, tho mame roactions woro obsorvod

in reaponso to flying paper, strange persons, or othor

' moving objectn, This obsarvation may indicato that "fright"

ronctions oocur moro strongly when the animal sees rathor

than heara tho objoct.

Effects of Noise on Poultry

Stadolman (1958a) found that whon fortilizod nggs
Irom whito hono wore held 1-7 days aftor laying and then
subjootod to incubation undor conditionn of sound {over
120 dB) or no sound (under 70 dB), no advorse offocts
ocourrad, Tho sound producod imside the incubntion boxos
conninted of playlacks of rocordod background atirfiold
noised, And noise from fropellor and jot aircratt. Bound
whg premont oight out of ovory 20 min from D AN to B PM
oach day and frowm 8 PX to 0 AM cvory third night, Thoro
wore 06 offoots on hatohability of oggo or on tho quality
of chichks hatghod,

"Bightoon Now Hampshire and Plymouth Jlock hona were
oteorved for broodinvss for 3 days and thon divided into two
groups, fBroodiness 18 dofipod as-the cessation of ogg laying
nnd the oisot of eagg iscubation, One group was oxposed to
tho sound levols montionod above while incubating 12 hatching

: oggs onch., lens in the othor group wore given 12 hatehing
|

) oggs each but wore not exposcd to seund, 1In the group not
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oxposod to sound, all eggse werae hntched. In tho group
oxposud Lo sound, all oxcopt one hew stopped Lrooding
within 2 hr, Tho oxcoptiomnl hen, although sho romoined
broody, hatehod only one chiek from 12 fortilizod oggs
(Stadolman, 1958a).

Stndelman (1958a) also reoperted thnt rocorded aireraft
flyover noiso at 80 to 115 40 at 300 ta G600 Hz played dally
from B8 AM to B P and from B BPM to 8 AM cvory third night
for 5 out of 20 min from ondct of browilpg until chicks w::-ro
9 wopks ol)d resulted in ro difforence in woilght galn, foeding
officinncy, meat tondornoss or ylold, or nortality botwsen
aound exposed aund nen oxposed chicks, It wam, howover, notod
that the chicks subjootod to the nolse wero obuerved and
that the prosonco of thoe obsorvors could have roodored the
chicks more adaptsble to chatiging situations than chicks
raiscd undor nntural conditions,

In another oxporiment by the sawme fovestigater
{Stadolman, 1058h) 2,400 crossbrod moent chicka were oxposod
to tho samo noimo lovels as dluacribod above, Iowwver, the
chicks wora on a differont schodule, Tho chicks woro not
oxposed to sound until thoy wero 3l days old, at which time
thoy wore oxpesed for § out of ovory 20 mip for 4 hr, Chicks
were not exposed to tho noiso again until thoy renched 45
days old, Tho sound sclicdule ahove was then reinltiated,
with a 3 day broak duo to cquipment foailuro, untll thoy
reached 10 weeks old, There was no difforence in welght

gain or feeding cofficionoy in chicks which were or were not
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exposod, Ono chick was trampled to death whon hoise was
initintod at 31 days and chicks ran to the ond of tho

cage away from the sponker whero the sound lovel wis 20 dD
luss, Tho invostigatora hypothosizod that during an actual
flyover, thoe sound would not he louder at onc end of tho
pons than tho other; therefore, thoro would bo ho running
away from the sound sgurce,

SBuventy-oight hroody broad brepsted bronxo turkoys
wore oxposed to rocordings of low flying jet planes at 110
to 138 dR for 4 min in the third day of broodiness, This
sound treatment typilcally rcaulted ip o cogaation of
broodineas and o rosumption of ecpg layieg in n poried of
time shorter than tho timo period prior to rosunption of
egg laying in hens whoso hreodineas was intorrupted by
injectiohs of hornonoca such as pregesterone. In addition,
hons 1njected with propostorone showed a reduction in eggp
production during rosumption of ogg laying whoreas tho sounsd
treatmont of hroody hopa produced ho docroase in ogg laying
when egg laying was rosumed following sound stimulation
(Joannoutot and Adams, 1061),

Embryonic chicka exposed to nrtificial "poops” which
mimicked tho “poeps™ actually cmittod by bobwhite quall
chicks woro sponded up or slowod down as a function of the
rate of spoed at which the poeps wore omitted, Threo or more

puops por sec wore instrumental in causing oggs to hatceh

whorpas less than 3 popps per soc did not imcroase hatchability

in ogga (¥ince, 1856),
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ally sonic boomi with 8Pls of 0,75 to 1,25 1bh
per aq 1t kad ne ndverse offocts on tho hatchabllity of
chicl:.un egps exposod for 21 daya Juripg incubation (Boll,
19703,

One hundrod twonty mipk wero exposod to simulnted
sonic boons with poalk ovirpressure in the housing shed
docroaaing from 2,0 b por o £t in tho frent of the shed
to 0.5 1b por B¢ £t in the back of the shod in A smooth
rradient, A nmoan boom {froquuncy of 485 [z wns usod, Littor
sizes of hoomed mink wore larger than thoso born to
non=bgomed mink, Although the first boow resulted in some
apparently curious omergence from nests, ne raclsg, squoaling,
or othor evidence of panily was obsorved, Autopsicd of kits
which diod of matural cnusos didclosod po disordera which
could bo tracod to booming (Travia, Richardson, Minsar, and
pond, 1008},

Tosty in 1967 in Mipnesota showed littlo or no
responso to 6 sonic booms in 10 daye with referonce to
mink biteh behavior during breedipg, bhirth of kits, or
wholping, lNo eannibaliatie bebavior toward kits or any

othor evidonse of panlc wus obsorved (Doll, 1970),

Deronstratod Effcats of Noimo on Wildlife

Few data nre available regavding demonstrated effeces
ol noise on wildlifo and much of what ia avallable locks
spocific information concurnipg nolse intensity, spectrum,

and duration of gxposuro,



Effocte of Nolss on Mammnls

: gprock, Howard, and Jacob (1GG7) subjocted caged
wild rats and mico to sounds of varying frequoncies
(100-25,000 fiz) and HPL (G0-140 dB), Tho only ofipcts of
noise woro decronsod nosting nesr the sound Source and
death at very high intensitios, RNocordoed rat distress
cnlls wers olmrerved to reduce timo spont by rats in the
aron of the sound saurce, .

Confined colopies of wild Norwny rats and houso nice
wors oxpogod to pulsed ultrasount provided by sn ultrasmenic

ponerator for 76 and Bl days roppoctively {Groaves and Nowe,

1869}, The frequopoy, intonsity, pulse duration, und longth
. of time betweon fulses wora not reoported, Alter exposurn,
tho rodents displayed avorsion to the sonie field and did

. ROt ro=ontor the testing ground,

| guumings (1871) roportod that underwater projectiona

of rocorded killer-whale sounds caused migrating groy whales

‘to roverse thoir direction of movement, Similar rocordings

wore usod by Fish und Vanin (1071) to provont wovomont of

; whito whales into an Alaskoan river during the timo that red
" salmon fingerlinga woro nmlgrating to the ocoan. Pure tono

i Atimuli at BOO and 2,000 Nz and random nolso in the band from

500 to 2,000 Hz wore projocted with tho same intensity and
"the samy ot~off timos os the killor whale sounds. These
i Roumds also kept the whito whales from moving up the river,

wut slince the whalos hnd previcusly boon oxpesod to the
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killor whalo sounds no concluslons could bo drawn about the
offostivenoss of the tonea and the random noise in themselves.
It hao boon shown that bats are resistant to jamming
(Griffin, MeCuo, and Grinaell, 1963). Apparontly thoy oriont
thomoe lveq oo that nolso and sigoal are roceived from
difforent anglos, Sigpal makeipg ie greatost when nolso
and signal aro recoived from the same diroction. A GO=-dB
vlectrig bell rung twlon a day from 6 to 7 AM and from 8 to 0 PM
for 7 days resulted in hiatophysiologlcal changes in tho ploenl
gland and in the aupracptic nuclous in hibornating bats (Miline,
Dovorecrski, and Kratie, 1060). Hill (1970) roportod tho uso
of high frequency msund produced by 12 adjustablo (4,000-
18,000 [z) dog whistles to drive H00-1000 bats from o
nucloaxr powor atatlon, According to Crummett (1970}, rabbits,
doer, and mono spocics of hirds wore rapolled by oo acoustic
jomming signal (no dotnils regarding the lovels of the
acoustic signal wore given) produced by Av-Alarm, & commorcially
avallablo noiso unit, This unit produces 2 aignals having
froquoncios of 2,000 and 4,000 Hz, which are amplitude and
froquoncy madulated to maximizo jamming officloncy relative

to the particular spocion undor observation,

Effocta of Nolge on Birds

Birds wore poat offoctivoly ropallod by high=-intonsity
(nat defined) recordings of the spocies' own distresd calls

(langowski, Wight, and Jacobson, 1969; Hussoeramith, 1970;
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Wight, 1071), [llowovor, tho aame investigators reported
ropld adaptation oven te species apecific distross calls
whon prosented centinpuously, For maximum effectivenoss,
intormittont proscntation was sugguatod,

Poarson, Skon, and Coruor {1067) roported that
rasidonts of Denvor, Colorado, wore successful in disporaing
£lozks of atarlinpgs by playlep recerdinps of wntarling
distross ¢nlls for four ovonings as the birds arrived at
roosts, The roc.nrd.ln(';u cona:l.dtnd of ropoatod cyclos of 30
soc of starling distross calls played for 13 min, Partici-
pation tn tho dispersal offort of about one halt of tho
human populatlion in urbap rooast nreas appoars to bo sufflclent
to disporao tho birds to outlyilpg arons whoro thoy are no
longer a nuisaoce, Habituation to tho recordings was not
ovident, although somo rosidants played the recordings
coptionously,

Thompson, Grant, Pearson, asd Cornar (19G84) sulijected
groups of starlings to one of five different sounds and found
evidence that the birds porcoived apecific intormation through
du:urunti:ﬂ augitory stimilation., Tho rosponse measuro was
heart rato, telometrically rocorded, Distross calls produced
by physicnlly restralned starlings wore fright psoducing as
ovidenced by a high heart rate acceloration and slow habitustion
to the scund, Eseapo calls omittoed by othor atarlings
subjeated to aviap prodators caused slight heart rate

acceloration and required two or threo applications boforo
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habituntion occurrod, A human voice produced clovatod
aceoleration of heart rate and roquired two to throe
applications beforo habitustion occurred, Feoding calls
apponred to be "nentral" in that n nogligible heart rato
accoloration oceurred and habltuntion took place after an
avorage of 1,2 upplicutions, Tho starlings, it nppearod,
woro able to discrimlnato nmopg sound 6timuli nnd roasct to
thom in digeroto adaptive ways,

Thempaon, Geant, Pearson, aml Coroor (1868b) faound
that the normal henrt rates of wild starlings were olevated
during tho day relative to nipht heart rato values. ‘The
birda ntudiod were housod individually in ncoustical chambors
whoreln normal day and nlght lighting roplmes wure aimulatod.
Starling distress calld wero usod as An ncoustical stimlus,
Starlings are normally active during tho day, and initinl
hoart Tate rosponses to 10 soc of the auditory #timlus
during the doy worn nignificantly diftorent from baselinc
hoart ruto. Although the same stimulus produced an initial,
slow inerease of hoart rate at night, tho ducrease to taseline
wan slowor than during tho day. Whon starliogs wore testod
individually, the initial rosponso was lowor and the docroase
in hoart rate faster than when the birds weroe teatad ip groups
of five, Theroforu, & "flock cffect” souvmird to ho operating,

plock (1966) citod the use of tape-rocorded distress
calls to disperse roosting starlings during three soricea of

treatments in 1962, Thy mumber of starlings was reduced {rom
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10,000 to 4 few hundrod during tho oxporiment, It was also
reported, howsver, that tho roostz were subsoquantly
rainfested by a majority of the formor residont population,
In the final roport of a Committeo on the Problom of
Noise (1063) 4t was reported that to moaro birds z noipo
lovel of approximntoly 85 di BPL at tho bird's car was
raquired, Moise used consismted of loud bangs and hirds'
.distross calla, Blrds adaptod quickly to tho noisn nnd it
i wag recomnonded that in the cnso of diamtross oalls thoy bo
. usod no moro than 2 min out of cach 20-30 min and only during
. the day,
A U. 8, Department of the Intorior report on
. Environmentnl Impact of the Big Cypross Swawmp Jotport (1969)
: discussad B-720 jot flyovera at altitudos of 500 to 5,000
. £t over two aitos in the park, Obeervers reportad that npo
‘ birds wors flushod and ne disturbances obsorvod, Nolse levels
" rangod from 8PLA of 75 dB {with plane at 3,000 £t) to 06,5 db
{with plane at 500 ft), Mowsvor, 1t was Rlso reported that
_ fow birds woro in the arca at the time and wind offocta

. intorfered with proper sound levol readings,

" Bffocts of Noise on Fish

‘The offects of sound on figh have nlso boen studied
"(F A O ¥ighorics Rep, No, 76, 100B), It was noted in this
ircpnrt that fishing vesael noise, espocinlly sudden changes

1in noise lovels, ean scare schooling fish, Both diving and

i
F
i
|
i
i
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changes in dirocction by fish were obaorved, Low froquency
noige appoavra to bo the most fripgktening type of noilse to fich,
Malar and Kloerekopor (1968) analyzed locomator
patterns of single nalve poldfish beforo nnd after cxposure
to a 2,000-Mz sound at varying intonaitios, 30 cm from tho
gource, Locomotor pattorns of thoe fish wore mnffocted
aignificantly obove an intonsity of 2,0 dynen/cm? {= BO dB SPL).
Aplin {1047) reported that undorwator oxplosions for
solsmip oxploration kill somo fish that kave air bladders,
ospocially if they sre hit broadside by the prossure wavo.
Thoso oxplosions clearly do pot drive fish cut of tho aren
and mout spacics of tish are resistant te these oxplesions,
Fitch and Young (1048) alse roportod fish kills while
using oxplosives for soismic eoxploration, Donths wers caused
primarily by rupture of the alr bladdors of the fish, They
aloc montionad that on at least throo occasions explesions
killed Callfornia son lions, mnd that occasionnlly cormorants
wara killed while diving and Californin brown pelicans were
killod if their loads were bolow theo surface durlng an

oxnlasion,

Fffoots of Nalse on Insocis

dostruction by ingects has lod to soveral studies dircctod
at the effects of nolae on insocts. Kirkpatrick and Jlurein

(1065) roportod a 75T roduciion in cmorging Indinn-meal moth
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ddulta following exposure during 4 daye of tho larval stago
to & 130 to 2,000-Uz sound (IPL unviported), Lindgron (1969)
used n variety of frequencies and Jutensitios to study uffocts
of sound an Jndian-moal moths and flour bootles, e usod
pure topes of 70 Hz at 110 dB, 200 Iz at 113 dn, 1,700 l=z

at 134 4B, 2,000 iz at 120 4an, 10,000 Itz at o0 dB, 20,000 M=
at 71 dB, and 40,000 liz with 9PL not roportod, Ie nlso used
variablo fradquoncies of 180-2,000 Hz at 90-105 dB nnd 140-
2,000 11z at $0-102 dB, Ne oxposod the ipseats during the
lattor part of the pupal atage and for 3 to 4 wooks an unmatod
and/or mated adulte. Very little, if any, elfect wna noted,
with the pospible oxeoption of muted flouy hontlos axpasadl
contipuously to 40,000 Xz, Even though lurgoe pumbors of
insocts were used in many roplications, wffocts of mound
vxposure wore difficult to demonstrate, Locnuse of varinbility
in ogg production, The conflict botween tho data of Kirkpatrick
and Harein (1965) and of Lindgren (1969) posalbly can hy
axplainod by atimulation at difforont stages of tho insecta*
11f0 cycles {larval va, pupal and adult roapoctivoly) ne woll
us by ditﬂ‘lrnﬁcoa in the sound itsolf,

'ral?o {1969) roportod that Indian-moal moths ceaned
moving whop stimilatod by laudgpoakors, bolls, and whistloes,
He noted some evidonce of sox-velated difforences in the
range of 2,000-40,000 Lz, Cuthorp (1969} roportod that a
72-hr oxposure to a pulsed sound, having a froaquency of
40,000 Iz, with 25 pulsos por kee at G5 dB 8PL, recduced

longavity frowm 20 to 10 days in corn onrworm moths and

Meditorranean flour moths, Tho sound was an aversive
stimylus in that tho insocts were obsmrved to movo awny
from tho Round hource, Im additlon to longovity effocts,
the mean nuabor of opps per femalv was roduced 59% in the
treatod rolative to tho untrented group., Arkhepov (1969)
roported thnt lothal effects of ultrasonic wavea occurrad
with oxtonsive exposure to high intensities (undofinod)
which rosulted in thormal and physiochemical changos in
organs and tisuwes of various animals,

In n progress ropord, Shulov (1069) doscribod cffects
of puro tonor en locustn, Although tonee of 4,000 liz at
HO 4B §PL had lidcle offoct on fending behovior, tones of
1,000, 4,000, and 10,000 iz olicited n flying rosponse on
more than twe out of three tripls,

lonoylwos conse woving in rosponse to certaln sounds,
Fringe and tittlo (1057) roported that froquencien botween
300 and 1,000 Mz with intonsitios ranging from 107 to 119 db 5PL
producod cugsation of movamont for up to 20 min, WNo habituation
wnA obsorved although thoe study was continued for 2 months,
Exporiments by Little (1950) domonstratod that stimilatlon
with sounds bavipng Irequencivs from 200 to 3,000 )z producod
contation of mevoment in hanoyboen. Vihration of antvnnao
did not preduce the offoct, but vibration of any aof the
threo padra of legs productd the "freciing response,'

Frimgs and Frings (10889) found that cortnin sounds
attractod Awark ©f male midges. Fronuencles aof 125 Hz at

13=18 db above the wwlleul nulse lovol producod npicacod
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circling of tho inseots with aggrogation arocund the sound
sourco,

The above studios of wildlife show thnt intonso
sound is an avorsive stimulus for most organisma studied.
Sound, under somowhat longor oxposurde conditions, appears
capablo of inducing moasurable phymiological and behavioral
changoes in somo orgoniems, Commercisl use is now beolpg madoe
of acoustic dovipes to repol cortein ubdosirablo animals;
it is logilcal to assums sound may also ropal doairablo
animnla os wall, Ipnsocts nlso soom to be significantly
influoncod by sound, semothing to considor boecauso inaecta
ars important items in many animals' diots and significant
1inks in the food chain. Apparently an inseat's lifo span
and roproductive eapaclty moy be nffocted by oxpesure to
cortnin sounds, ‘Theso findings certalnly suggest caution
should bo oxercised in allowing gound intrusion into animal
habitats, not only bochuse of possiblo diroct offects on the
animnls themsolves but also on Lftems in thoe food chaln of
the aoimol,

‘

Suupocted Effoots of Nolso on Wildlifa

Although thoro 18 a limited body of litorature doaling

diroctly with tho offects of nolse on wildlifo, posaible

offoots can ho inforred from information dealing with:

(1) signal production and cemmunication; (2) auditory ranges

for difforent wpocluvs; {1) direct effocts of anoisc that have
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been domopstratod in laboratory or domestic animals, and
{4) incidontal observations of rosponses to noise in wild
animals. Tho suspectoed effvsts can be ontegorized as eithor

inturforonce with signale or direct effocts on tho animal.

intorfortnce with Signals

Thorps (1960) discusses tho sipgnificance of hird
vocalizations and reports tbat tho various oalls convey
many typos of information such us distress, dapgor or alarm,
warnings abeut territorial boundaries, recognition of a mate
or of young, and presonco of food, Incroases in background
noise can mask these signals nnd thus potentinlly influence
such processes as apacing to obtaln eptimum popalation
doptitios in on area, nestisg and care of young, and
dotection of proy or oscapo from a predator,

Dooling, Malligan, and Miller (in press) raported
thnt the common canary has 1ta grostest audltery gepsitivity
to tho rango of froquoncics Ivom 2,000 to 4,000 Iz, which is
alto the rango of frequoncles maximally roprogontad in its
gongs. If this finding is roprosentative, it would pormit
prodiction of which spocics would Lo most 1likaly to be affectod
by a noise having dofined froquency characterigtics, Thoy
discuysod tho relativo impartance of yange of wonsitivity,
throsholds, frequency discrimination, and sound locialization
and concludod that Lho auditory enpacity that is most osscntinl

to tho organism will have tho groatesh roprosgentation in the
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uuditory syotom, nt tho oxponso of the othersd, That i8, a
vapacity such as hoaring sonaltivity would bo grontost ib
animals that roly hoavily on auditory sipnals to survive
(e.g., pocturnal prodators and necturral proy) wheroas
frequoncy resolution would bo more important to an animal
that utilizos intra-npocifio signals to roecopnize and ecall
A mato or to staoko out & torritory,

Potnsh (in pross) roported that male Japanoae quail,
isolatod from their mates, incroasod the frequency ot tholr
Y'separatien calls" whon ambiont noise levels were lpcreasod
Irom 36 dD A to 63 AB A, ‘The inerease in tho [roquency
af tho enalls impzrovod the signal to noisoe ratio, Suchk an
increase should wake detoction and rocegnition of tho signal
and leocalization of tho cnller more likely, Thoe ultimate
significsrae to the quail is dotorminod by whethey the mate
rosponds to the “separation eall" boforo a predator does,

In attempting to analyze possible signnl-masking
effocts of nodso oo aninals, it is iwmportant to remembuor
that differont spuecies aro able to detoet "sounds" that man
cannot hear {¢,g., the dog's reasponse to tho "silent" dog
whigtlo), ' Sowell (1D70) roportod thal rodents both omit apd
respond to uwltrasonic froquoncios ranging up to 10,000 Hz
or cven to 70,000 or #0,000 Iz in specinl cases, Pye (1070)
reportod the production ef ultrasenic (1.o., above 20,000 lz)
aignnls by cortain grasshoppers and moths, ag well as from
mauy kindd of rodents and bats. llowovor, tho audihlo rangu
of mest birds and roptilos lios woll within man's audiblo

range (Kenishi, 1870; Manley, 1070},

13

Intorforonce with aignals hns somotimes boon used LY

man in atiempte to control unwaniod specios, A commercially

nvailable deovice that broadeasts an ncoustie jamming mignal

was deseribod by Crummott (1070}, ‘The sighal consisted of
two differont froquoncies, at about &,000 IIz and 4,000 He,
which wore frequoncy and amplitude modulated to provide a
signal aAnid to bo compatiblo with spocies! speeifie neurnl
time constants, thus maximizing Jemmiuy oIficioncy and
minimizing ndaptagion, In a progross report, Housorsmith
(1970) describod results of toats uslng acoustie sipgnals to
control grop depredantions by birds, A commercinlly avallable
dovico was ugod on Llucklbiled floeks fooding on grain and
rocordings of starling dintreas ¢alls wore used on starlings
focding ow grapes, BDoth Y., ,wore temporarily coffectlve when
unad ai high volumes and admod diroctly at the bipds." plubkl
(1960) raportod that a 22,000 Iz sound proventud new
populations of rodents {rom opntering the Aren protectod by
the aound, althouph it #win nocesisnry to remove rosidont ‘
populations of rodents by trapping or poisoning, It is
posnible that simllar slgnal intorforonen olffects wore
producod Ly tho "hur'' of power linos which woro reported to
disturb relndeor amd to contribute ta difficultios in
hording (Klein, 1971), The use of rocovded distress calls
nlso represonts attempis to lntorlere with sipgoals, and
thuy cuntreol cerbadn unwintod spocles {(o,g, , DBlock, 1966
Pitewaler, 168703 ¥Friogs and Peings, 1857 Frings ard Jumber,

16543 Mwarson, Skon, amd Qorner, 1967),
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Diract Effects of Noisc in Dry Tortugas, Florldn, discussed by Pell (1970) and

It 15 vory possiblo that many of the nolse-inducod Honkin (1968}, Followinyg 50 yoors of brotding muccoss,
physiologicnl and behavioral changes that have boon 0% of tho torna' oggs falled to hatch in 1959, Extromely
demonstrated in laboratory animals could also ceour in lov-altitude euporsonic flightd over tho aroa may have
wild nnimals, Of course, it is very unlikely that wild driven birds off their nosts and dasaged the uncoverod Oggs.
animals will be subjocted to nolsos lntense onough or of Grahom (1969) roported observations of destruction of pelican
pufficiont duration to produce poroanont hoaring losces. oges Ly gulls whon uhito policans wora drivon off thoir neats
Howovor, chronic exposure to mederate noiso loyels could by sonic buoms, Graham also sald that a fishorsan doscribed
producs momo lLearing loss or influenco procesacs that aro the roaction of finh to sonic boom am “eimllar to thoas
hormonally regulated du¢ to noiso-induced strass responsos, dynumitod ip a fishpond,” (Author's Noto: With the lmpedanco

; woon air and water this would poow an obvious
" Until studies are performed in which offocts due to oxposuro misantch bot alr o

to noiso are acparated from effocta dun to capture, handling, impounibility and apponr to lend credenco to allegations
~ or other kinds of interforonce, these nnswors will not bo mado regnrding the vorusity of fishorwen). Doll {1070}, io
' known,

| Sonld booms, and ospocinlly the threat of the SST'a only wipimal reactiops to sonic booms among domestic animals,

a rocont roviow of anitals' recponses to sonic booms, described

" Maypor-boom, " gunératod oxtonsive spagulntion about thoip ranch mink, and wild animals, The only clearly detrimontal
{' offocte on animals. Davis (1967) domcribed his obscrvations offoct that he discussod was the Dry Tortugas sooty terns'
of gowe ravons in Walos, Whon the hoom occurred, throo or batehing fatlure, A startlo response to 4 soptc boom was
four ravens that had Leon cruisiog in tho aron wore rapidly the typical reaction that he raported,
. joined by othérs, Within 5 min approximatoly 70 ravons Cloarly, the nnimals that will be directly affected
;wero agitatedly circling; 30 min later about 30 ravens wors by noiso arc thoso thnt are copahle of responding to acund
.8t411 flying 4n the aros. Shaw (1970) reported that adult onergy, and ospecinlly the apimals thoat rely on auditory
.condors wore vory sonsitive to nolse and abandonod their signals to find mn.tﬂr:, stake et topwiterios,
‘nosts whon disturbed Ly blaating, sonic booms or ovan young, dotect and locate prey, and evado prodators. These
jtrn:ﬂc noise, The mast deletoylous offocts attritmtod to functions could bo eritically affectod even if the animals
-sonie booms were recent mage hatching failuros of sooty torns appoar to be complotely adapted to tho melso (4.0., thoy

Pt A i o AL = et o
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show no hohnviorzl rosponso such as startle or avoldance),
Uitipntely 1t dood wot matter to the anipal whothor these
vital procossos are affuctod through signal-masking, hoaring
loss, or offocts on thu nourownndocrine systoem., Evon though
only thosu animils capable ef rogponding to sound could he
direcctly nffected by noise, compotition for food nnd spaco
in an ocolepicnl niche appropripto to on animal's noods,
results 1n complex interrelntionships nmong all the animals
in an ocosyuatom,' Conpequently, oven animals thot are not
ronponsive ta or do.not roly on nsoupd signals for important
functions could bo indiroctly affoctod vhon noine affoctn-
animala at some other point in ithe ocoesystom, ‘The “balanco of
nature™ ean bo disrupted by disturbing this balance at wvon
ons point. Wo would do woll to bave soma knowlodge of what
to oxpeet from noilse pollution in wildlifo babitats before

it producon itg offooty,

Discusaion

+

It is now timo for am overviow of the Llitovature
found and a discusgion of what it might moan, The hust
documontod, most clearly provoen offvct of high intensity
neise oxposurs on heardng orgnnlama i3 that of damige to
tho auditory structuro with a rosulting loss of hoaring,

Kow, assuming that the lJovels of noise produced nro
gufficiont in an aroa to produce n lose of hearing in a given

animal, what aro the .likoly or possible consequonces of

1

such a docreass in auditory sousivivity? FPirst, 1t should
be notoed that animals diffor in their audiblo raogs and the
audible range for ull animnls 18 pot known, Anticipatod
consoquonces of a lous of hoarlng abllity nro many, Tho
proy-pradator gituation could b drastienlly changod, The
animal that depends eon its onrs to lochte proy eould
wptorvo if nudltory aculity decreasod, tho animol that
depunda on hearing to detoent nnd aveld its predutors could
bo killed. Rocoption of nuditery mating eignals could be
diminishod and affect roproduction, (Masking of these
tipnals by nolso in an area could also producce the same
affoct), Dutoction of erios of thu yourp by the mothor
could b hindorod, leading to increagsed rates of dnfant
mortality ur decroased gurvival ratea, Distrosu or waroing
¢alln pny not bo recolvad, agaln significantly uffecting
survival,

Con:idorably loss atsurance is posslble in discussing
the lixoly conmequencod af non~nuditory effecis, For onu
thingg, at beat some of the effocts are small, many are hot
clear gut and reproducible umivy preeisely coantrolled
conditioms, and gomu are only supgeusted, But assuming that
thore arv nou-suditory offects, as reported, an attempt will
be mide tu anticipate some of thelr condcguences,

Tho reports of significant chapgen io ropreductive
organg (tosten amd ovaries) aml sexual function lestrus)

sheuld bo viewed as possible serious threats to tho nnimal's
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roproductive capancity, If ghronie oxpdsure to sound proggure
levels oxpoctod t;n rosult from known or projectod sound
gources could be shown to produce auch cffectas, thore can

be 1ittlu doubt about tho danger to the spocions,  Studies

to verify and eloborate such offocts should by mado as soon
ﬁ hossihle,

The litorature deseribing audiogonic soizuras
following notao @xposure, and posolhly demonftrating
iperonsod suscoptibllity to audiogenic Bulzuros in fotuses
oxpasnd to mount during critical stagos of progoancy ozn
almost bo dismigsod summarily, FPirst, audiogonic mseizures
cant be induced in only cortnin strains of animals of a

particular spocios, It im oxceodingly difticult to induge

‘seirures to acoustic stimull in pnimals other than ganotio

atraing known to bo suscoptibdlo, There are reforoncos to
such selrures in isolated individuals of varlous npocics
including wan but they aro apparently raro, Thua wo

dtuniunlthtu offoct as ono moriting 1ittle or no furthor

. concorn,

A numbor of physiologienl measuros huve rovosnled
tolsp=indused changos in p variety of animnl specion,
Apparontly nolse can affoct the hypothalamio~hypophysoal

systom, producing altorations in clectrolyto excrotion,

- eireulating blood lovols of ooginophila, and rolosso of

; eatogholamines and storoids from the adrensls, Suel

chinnges can affoct animals' abllitles to withstand additional

stross, and influonce such hormonally-rogulated functions ns
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mating and ropreduction, Obviously these offeots could
have soricud cousvquunces for the speglos as woll as {for
the ipdividunl organism, Sephisticated oquipmant and
tochniques will boe nocessary to obitip measuros of such

changos in wild aninals in tholr nacural Labitat, 1f at all

‘pussible, do thet nolspc-inducod changes will not be

confoundad or masked by changos due to enptivity and rosatraint,

The podsible consequonces of somo of tho bolinvioral
cffects notod ave difficult to ovalunte, Doeroosed
oxploratory behuvior, fmmobility, and things of like nature
coulil have significnnt consoquopces 1f thoy occur undor
conditions of chronig stimilation and do not adapt out
over time, Any panic type behavier such as piling up or
huddiing, could well load to prohlems for survival of an
animal, Aloo, avoidanco bohavior could restrict nccoss to
food or sheltor and thorofore adversely a{foct an animnl's
or oven a apocles' chances for survival,

In gonoral thon, fow 1f any of the roported or
suggestod offects of nolse on nnlwmnle would bonofit the
anlmal er incrossc his chancos for murvival, ©On the other
hand, some of them might poseibly lead to his doath or

decroase his chancoes of survival,

duggastions for flosenrch

In cxamining the literature on the offeocts of nolmo
on animaly in general and on wildlifo in particular, it i\



oxtramoly difficult to find whoro to hogin in dotailing
noeds for resoarch, Thero nre at lonst two roasons for
this, With the oxcoption of the large, woll donn body of
litorature exploring the effects of noise upon nuditory
structures and hoaring, woell controlled, woll dosigned
axperimonts eubatantinting non-auditory wifects of noise
are rave, In tho caso of wildlifo, such studios aro
virtually nonoxistont,

It 18 ppparent thon, that at least two difforont
conconitant programs of roaearch are indicated 1n opdor to
i1l the lorgo gaps in our eclontific undorstandlipg of the
naturo and oxtont of tho eoffocts of nodse upon wildlifo,

A thorough, moticulous, and procimo progean systomatically
gstudying the offecta of long term low luvel "chrouic" nolse
oxposure ahould bo initiated to oliminate tho uncortaintien,
amblguitios, and ovon conflicts in reports of non-nuditory
physiological, motabolic, aoxunl, and othor physien) offects
of npisc, It could woll bo that offocta notod with “acuto"
OXDOBUrY Ini.ght not be observed under conditions of “chronle'
oxposure. It should not be nocossary to ndd that the
intensity, spoctrum, and duratlon of oxposurs should Lo
precisoly set and coptrolled. Such A& program should consider
the auditory mensitivity of tho spocific animal studied and
tailor agoustic stimulation to maximize tho likelihood of
results,

Concurront with carcful oxamination ol physiologlcal
and other physical and chomical offocts of noise an animals

&l

should bo n program ol rosearch devotod to the study of
affocte of noigo on trut wildlife, existing in tholr mative
habitat wnder normal conditions, Such a program would have
many aspocts and would of wvcessity requiro n multi-disciplinary
approach, An adoquate approach te the problem would entail
study of many factorsa, Conuue counts of animpls in their
natural habitot would be noecossary as woell ay dotalled
atudles of tholy normal bleed chemintry, roproductive
functiony, and any other ngpoots that thore is reason tn
baliove may be affoctod by changes in anblont nolwe exposure
loveln, A survoy of the habitat should be mde in dopth,
i,0., ovor long cnouph poriods of time o that msufficiont
knowlodge is amanced regavding infrequently cccurring tut
rolovant vvonta. Onco Rufficlent knowledgo is avallahle
about the onvironmont and its inwbitants, the sound Jovels
in the tnvironmont should be systematically varioed antt thoe
offecta of such changes on the population compared with
pre=change data for all of the levels cousidorad, The
chiangon in lovel, for the sake of validity, ceuld woll bo

due to sound one mipght oxpect from technological advances,
t.e,, sireraft noise, othor transpertation noise, or industrial
nolse, Such o course would at least provide face validity
for tho ropults. Such chaapgos in luvel should bo maintainod
for a ¢onsidorablo length of time to provide "chronie" rather
thap “acute" data, A mindpum time course for a study of thia
mature, ip the field, uand undor the conditions outlined above,

would bo 3 to 4 years, For some types of anlpals in some
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places more time would bo noodod, At the mame tims in fiold
atudies, offorts should bo made to dotermine whothor tho
suisals loavo the arew upon stimylation by highor lovels

of sound, and if so, do they lntor roturn, or ig their
place takon by othor asimals of the sawe, or othor apoclon,
Othor relovant questions to bo apswered would include, doos
tho anlmal donsity level in the aron ineronse, docroass, or
romain tho aamo? Doos the gonoral hoalth, weight, ote, of
tho apimal phnngu? A study of prodator-~proy rolations might
also be valuable, to dotormine pousiblo nolse related but
unobvicus causes for chasgos in the population, Cortninly
tho food Mupply of animals in important and if tho data
Buggeusting nolue offocts on inseots wore correct, the food
source of gonc of the other animals in an ares could ghange
and thus be responaible for aubwoquent changoes in the animnl
populstion, An assantial part of a resoarch program guch an
that suggeated above would be to provide n control study aron
contigusun to the exporimontal aroas and an sisilar as

- poosibla in ovory way. This kind of dosign 1o sandstory

becauso of the wide pormal variations io the population
jdnmitr of a gront many aniwnla, If unaccounted for, those
ayclic normal fluctuations in animal populations might

; complotely mask any real offeccts, 1f aty, from the nuvise,

At important conaidaration in planning research should
be the fréquencies to bo invostigoted, ns woll as the sound

lovels, PFroguopcies thut are imsudible to humans {ultrasound)

' are woll within the audible rapgo of mupy animal specios,

L]

Aquatic mammals, bats, and rodonts, cmlt cries having vory
high frequency cemponconta, which aro conjidorced to play

an important role in communicntion, fPotontinl noise sourcoes

" pust be analyzad to dotormine what ulltrnsonic (to lumans)

as well ng what audible Irequoncics will bo producod, and
the impact of tho ontiro rungo of expected froqueonciss on
wildlifo must be invostipated,

Anothor aron whore roscarch offort would scom to be
Justifivd and ipdicated would be that of offocts of notse
on various domoetic anlmnla, Thore arv cloar suggestians
of pesgible influonces of noiso on ooxual functioh, ot the
fotus and wother during pregnancy, on welght galn and
utilization of food, In view of tho otonomic importance of
cattlo, chickons, turkeys, shoop, and the many othor domostic
animals it 1 eloar that resonrch in this area might prove of
value, MRNesearch of this goneral type 1s currontly underway
at the Institute Natienal Nesarche Agronomique, Jouy En Josas,
Franco {personnl communication, Dr, R. G. Busnol, INRA),
For oxample, a problem thoy aro currently considering is
how to deafen young shichens cheaply and safoly., They have
evidence which leads thom to suspoct deaf chickens might
gatn moro weight from thp same amount of foed, prosumably
togause they wore less distractod by the nodses of the
other chickons around them, woro lnss norvous, or porhaps
had lower activity levels.

It is exceedingly difflcult to assign prioritics to

the resoarch supposted abevo, Whon all of i1t iB nocessay
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and sheuld bo done in ordor to provide the comploto
information ossantial for docisions, all that can be done
by way of nasigning priorities is to polnt out that poasihly
wore information of immodiate and practical use gould he
gleaned from field studies than from laboratory studies, If
_conductod on A sufficiontly largo scale and oncompassing
large enough scope, vital informatien rogarding the offocts
of nolue on wildlife could be secured in 3 or 4 pears, It
would 8till be roquirod that concurront laboratory astudies
be conduetod, however, in ordor to obtain information that

could only bo securpd through laboratory rosoarch,
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Appondix®

The litorature soarch e¢nn gonorally be divided into
a soarch by manual, computor, porsonal interview, and
writton communieation meann, To assurc depth of covornge,
tho Iteraturo of modicino, agricultiure, consorvation,
and sclenco wag mearchod,

Mapuil searchos woro oonductoed in the public cutaloys
ot Homphio Otate University Litrary (John Beiater Library),
Univorsity of Tonnossoo Modical Library (Moonoy Memorinl
Library), and othor libraries listecd in tho dource biblio-
graphy, 4 rolatively gmall sumbor of bookd nnd mepographs
was found in the cataloygs, A compreohoensive manual saarch
on tho abstracts, indoexes, and bibliographins listed in
the souree bibllegraphy was carried out,

It is tho dosire e! everyone who hoB worked om this
sparch to thank the many poople who helped in any way,
vepocially thons who givo time four porsonal intorviews and

correspondenco,

*Tho literature soarch was cohductod undor Contract Ne, G8=04~0024

from the Environmontal Protegtion Agoncy under ‘the diroetion eof
Dy, Johr L, Flotchor, Profussor of Psychology, and Dr, Michacl J,

Harvey, Associato Profossor of Dlology, Wilmn P, Homdrix

compilod the Suurce hibliopraphy and sorved as library consultant,

The information was obtained and analyzed LY June W, Blackwell,

Virginia M, Noprton, Clara I, Bavis, and Richard L, Taylor,
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Library Catnlogs Soarchod

Dopartment of the Interior Library

. W, Cnlhoun Modical Library (Administrative Beadquarters
for the Soutbeantorn Rogioual Modical Meogram)

: John Bristor Liteary, Momphis Btato Univoraity
I Library of Congroas

l Iibrary of the MNational Acadomy of Scionce

Hootoy Momorial Libeary, Univernity of Tenhooszsee Hodical Undts
Natiopnl Liberary of Medicine

Smitheonian Inntitution, Library of Natural History

Robort 8. Woodruff, Library for Advancod Studies, Enory
Univeraity

Alabama NEDLANS Conter
The Univeraity of Alabawa
Yodical Contor Library
Sirmingham, Alabamn 35233

Effects of Noise Pollution on Wildlifo, January, 18064 -~
bocombor, 1968.

i
i
!
i . Conputer Sonrchos
i

: Koy Words: Animal kingdon = inovortobratos
: Animal kingdom = vertobratos
: ' Acoustic trouna

Acoustics
: Audiomotry
, Auditery porcuptien

- Auditory threshold

Hoaring

Hearipg tosts

Noigro

Pilteh discrimination

Sound

Ultrasonics

Effects of Sound on Wildlife, January, 1069 - July, 1871,

Koy wWorda: Animal kingdom = invortcbrates

AT At . e R e i £ 41 e e
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Computer Soarches {continuod),

Aniznl kingdom - vevielratus
Acaustio trauma

Acountics

Auditory porception

leonring

loaring tests

Noisue

Sound

Library Roference Service, Curront and on golng research
Consarvatlion Lihrary Coater

Foderal Ald in Fish and Wildlife

bonvor Public Library

1357 Broadway

panver, Colerade 80204 -

Holsco Pellution and its Effocts on ¥Wildlifo

North Carolinn Scionce and Tochnology Nosoarch Center (S1RC)
Rosearch Trianglo Park, North Carolins 27709

Dliological Abatracts, 1958 - Jupo 1971

Koy words taken from DB,A.5.1.C, Koyword and
Subjoct Indox

I'roliminary searches wore conducted on cach of the
following:

The NASA Information Filo
Doparteent of Defonso File
Engineering Indox
Chowlenl Abstracts

The rosults of tho proliminary sonrchos woru such that
the STIC onginoors ndvisod that no furthor attompts bo
mudo to search these filos for matorials on noise and
ity effocts on wildlifo

Scioneo Information Exchangoe

Emithuenian Institution

& Natlanal Reglstry of Resuarch lu Frofruss
Madison National Dank Building

1730 M, Stroot, N, W.

Washington, D, ¢, 20036

Effocts of Noise, Ultrasonies, and Other Sound
Froquoncios on Wildlifo and Insccts
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Computor Scarches (continued).

Alreraft Nolso and Sonic Doom Studies: FErfoects on
Pooplo, Animnls and Bulldings

donoration and Propagation of Nolso

Dovelopment and Dosign of Low Noimo Adrcraft Englnes

Noise ip the ¥iecinity of Alrports

Noiuo Abatumont Studies

Abstracto, Indoxes, and Catmlogs Searchod

Abstracts of ¥World Medieirn. London, Dritish Modioal
Angoeintion, 1847 =~ May 18971,

Agricultural Indox, MNew York, N. W, Wilgon, 1940 =~
1964, (Ceasud publication)

Arpod Forcos Medical Librayy Cntalog, U, 8, Army MHodical
Library, 1980-54,

fiibliographic Index, XNow York, H, ¥, Wilson, 1350 -
Juno 1971,

Bibliography of Agriculture. Dopartmont of Agricultura,
washington, D. ©,, 1942 ~ Juno 1871,

Biclogichl Abatrasta, DPhidadelphin, Pa,, 1954-1871,

Biolegical and Agricultural Indox, New York, H, ¥, Wilson,
1964 = Juno 1971,

Diormaearch Titles, Philadelphia, Pa,, Bloscisonce Information
Service of Plological Abatracts, 1885 - 1967,

Biorossarch Index, Pbilladolphia, Pa,, Blosclopce Infarmation
Barvico of Diologienl Abatracts, 1087 - May 1071,

Dooks in Pript, New York, Bowkor, 1870-¥l, (Ono yoar)

fritish Abstracts of Medical Scienpce, Londoh, Porgamon Pross,
for Biologieal and Medical Abstracts, 1054 - 193G,

Catalog of Grants, Washington, D, C., Natioonl Scionce
Foundation, 1870 - Juno 1971,

Cumulative Deook Index, Now York, H, W, Wilson, 1950 -~
Juno 1971 '

Cumulative Votorinary Index; o scloctod list of publications
from the American litorature, Arvada, Colorada,
Index Incorporated, 1970 — May 1971,

.
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Current Contonts - Lifo Scioncem, Philadelphia, Instituto
for Bclentific Information, 1958 - June 0, 1971

DS Abstracts, Awerlcan Spooch and Noaring Association and
Gnlloudot Collega, Washington, Deafpess, Spoech,
and Hoaripg Publisher, 1960 - Juno, 1071,

Dissertation Abdatracts, Ann Arhor, Michigan, Unlveraslty
Migrofilma, 1952 ~ Juno, 197E.

Rnvirenmontal law Abatrocts.  Oak Nidgo, Tonn,, Oak Nidge
Natlonal laboratory, 10855 - February, 1971,

Excorpta Modicn, Horengracht, Amstordam,

Oto=, fihinu-, laryngology,
gection XT, g E. T ‘ pM48) =~ Vol, 24, Yo, &

o
(June, 1971)
General atholo nml Pathologlenl Anntom
Fouilon ¥, %OI. Js 12 ~ VoIl 21 gt‘). 4
(April, 1971)
Miblic Jipalth, Social Medicino, and lygleno
Juction X . vol, .\."3) - \raE, ]’f"No_ K
{Aprtl, 1971)

Indox Catnlopuc of the Library of the Surgoon Gonoral's
Oifico, Unitod Statos Army, Washington, Suporinteondent
of Ducumunis, Sories, 188C-1061,

Indox Kedicus

Quartorly Cumulative Indox to Current Madical
Litorature. AMA, Chicago, 191626,

Quartorly Cumulative Indox Medicus, AMA, Chicago,
1827-1946,

Curront Ligt of Madical Literaturs, AMA, Chicape,
1050-1059, '

Curront List of Modienl Literature, Army Modical
Library, ¥ashington, (Vols, 19.30}, 1950-1950,

Index Medicus, American Modical Association,
Chicagoe, 1960 - July 1971,

International Abstracts of Biolppgleal Sciences. Londen,
Pergaman Press, 1056 = May 1070,

Monthly €atalog. Washington, Superintondent of Doguments,
1950 « May 1970,
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fationnl Librury of Mediodlpo Cntalog, Washington, D, C.,
Nationnl Institute of Ronlth, Publig Hoalth Sorvice,
llealth, Educationh and ¥olfaro Departwont, 1055 = 1965,

Natlonal Library of Modlelne Curront Cataleg, Washington,
By €., Nationnl Inmtitute of Honlth, Public Mealth
gorvico, [Health, Education and Wolfare Departmont,
1008 - 970,

Pundox, New York, Pandox, Ing,, 1987 ~ 1968 (Microficho)
(Publishod since 198% by CCM Information Scionco
Incorporatoed, New York)

Pollution Abutrscts, W, Former. Lo Jolla, Califoraia,
1970 = Juno 1871,

Paychological Abatracts, American Paychologicnl Asmocintion,

Iagorporatod, Washington, D, G,, 1680 ~ June 1971,

Public Affalys Information Hervigo, Bulletin of the Public
Aftfairs Informntien Borvico, Now York, 1050 -
Decembor 1970,

Rondora’ Guide to Periodicanl Literaturc, New York, N, W,
#ilson, 1650 = May 1071,

Selongo Citation Index, Philadolphin, Institute for
Bedentifin Information, 1061 - May 1971,

U, 8. Govornmont Rokenrch Reports, DPopartmont of Commorce,
Cloaring flouse for Foderal Sciontitic and Technicnl
Information, Washington, D, Q,:

Y, B, Qovornmont Raesparch Reports, 1054 ~ 1964,

tovornmont-wide Index to Fodoral Resoarch and
Dovelopmont Roports, 1984 - 18740,

U, 8, -Govorbomeat Ressarch and Development Reports,
Japuary 1871 « Moy 1871,

Govorament Reports Indox, June 1971, (ono issue, namo
of publication chnpged)

¥ildlife Abstracts, Washington, D, €., Fish and Wildlifo
Servico, 1854 « Decombor 1970,

Zoological Record, London, The Zoologicnl Secioty of
London, 1950 -~ May 1871,

Gl
Bibliegraphtics Scarchod

Acoustical Socioty of Amorien. Ropert of the BOth Annual
Meoting, Novewmbur, 1970, Houston, Toxns,

Advances in Ecolegical Rosenrch, HNow Yorl, Academic Press,
198% ~ Juna 1971,

Advancos in Enviroamental gcloncos, Now York, Wiloy =
Intersclonca, Vol., 1 -~ 100% « Juno mvi.

Envirenmont, BSt. Louis, Missourl, Committee for Eavirommentnl
lngormaticn, Vol, %, Yo, 1, Jrnunry«Pobruary, 1961,

Environmontal Rosoarch, New York, Acadowlec Pross, Inc.,,
vol, 1, No. 1, June, 1067 ~ June 1971,

Bnvironmontnl Scicnet and Tochnology, Washington, D, C.,
Amorican Chomical Eocloty Publicrticns, Vni. 1,
Yo, 1, January 1967 - June 1971,

Holpnomann, Jack M. FRiffocts of Sonlc Booms on tho Hatchability
of Chickon Eggs am\ Othor Btudios of Adreraft-Goneratod
Noise Effects on Arimals, TAW Life Scloncos Center,
Iazleton Laborateries, Inc,, 1065,

Intornationul Civil Aviation Organization, 8onle Boom Panel,
Sunplemont., Montreal, 12-21 October, 1970,
" pp. 1-55/1-59, Doc, B804, 3AP/II,

Notional Academy of Schlopco, Natlonnl Hesoearch Councll.
Committot on SST - Sonic foom, Subcommittes on
Animal Rosponso, An Annotatod Dibliography on
Animnl Rosponso to Sonic Booms - and Qthor Loud
Sounds, Washington, D, C,, 1970.

Nico, €, G, and G, M, Lillay, University of Southampton,
Report in fivo.-parts on tho senle boom, Prepared for
the OECD Conforenco on Sonic Doom Resoarch, Part 4, 1869,

Scionce and Citizon, &t., Louis, Mlssouri, Commitfoe for
Environmontal Iaformation, Vol, I~X, 1258 -~ 1968,

Unitod Nations. Fond amd Avedrultueat Desanization nd tha
United Nations, Report on a Mocting for Consultationa
On Undorwater Nolsa, Rtoms, Italy, Docembor, 1968, (1970)

U, 8. Departmont of Hoalth, Educntion and Welfaro, public
liealth Section, Raports on tha Epidemology and
Surveillance aof Injuries., No, FY 71-iI, The Rolp
of Noise as a Physiologic Stressor, pp, 1-59, 1989,
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Porgons Providing Materials,

Y Information, and Assistanco

Bible, Sonntor Alan, (Nevada), Chairman of the Subcammitton
on Parks and Roercation loarings on Alterratn Vellcles
on Public Lands,

Dend, James, Resoarch Animnl Sclentist, Animal Sctence
Rogoarch Sorvico, U. 8, Dopartmont of Agriculturo,
Dultsville, Maryland,

Carlisle, John 6., Jr. Associnte Marino Iielopglat, Dopartmunt
of Fish and Game, Marinc Resourcos Region, 380 Goldoes
Shoroe, Long Boach, Californin 90803,

Chatham, Goorge N, Analyst in Enviroumontal Doliey, Environ-
mental Policy Diviasion, legislutive Reforence Servie,
Library of Congrouss,

Copa, Oliver, f$isheries Hesonrch, Dureau of Sport Fiphurios
and Mildlifo, Fish and Wildlife Servige, Dopartmont
of tho Im:or.tor, ¥ashington, D, €,

Crummott, Japmes G, Av=Alnrm Corporantion, 960 K. San Antonle Rd,,
Bulte 170, Lea Altos, Californin 94022

Curtis, William H, Tho Wilderness Society, Washingion, D, C,

Fish, James P, Naval Undersea Nosearch and Devolopment Center,
Deparimont of the Havy, San Diege, California 92132,

Fogpter, Charles n.' Department of Transportation, 400 7th Street,
8. W,, Washington, D, C,

Gales, Roport S. Noval Undorson Nosoarch and Dovolopmont
. Conter (Tho Listening Group), San Dioga, Californin 02132,

Gntos, Doylo, Manager, Marino Rosourcos Regicn, Californin
. Departoont of !‘iah and gamo, 150 Golden Shoro,
Lang Besch, Califernia 90804,

Konlahl, Masaknzu. Assoclate Prefessor, Departiment of Blolegy,
Princeton University, Princeton, New Jorsey 08540,

' Lomke, Darrcll #l, Coordipator of Library Programs, Consortium

of Universitios, Washington, D, C.

Lipscomb, David W, Asgociante Profossor of Audiology and
Speoch Patholegy, Dircctor, Univorsity of Tonnosscy
Nolse Study laboratory, Kooxville, Tenmessoca 3781G,

i)

Marlier, Poter, DProfessor of Animal Behavior, Dupartment of
Anlmnl lohavier, Rogckefellor Unkiversity, G6th Stroot
and York Avanue, Now York, Now York lﬂoﬁl.

Miller, Japas D. loiud, Psychelogy Laboratories, Roscarch
Pepariment, Contral Instituto for tho Doaf, §18 South
Fuclid, 8t, louls, Missouri §3110.

Nixon, Charlos W. Avrospacoe Modiecal Research lab, 8570
AMRL (BBAY, Wright Fattersen AFD, Ohio 45433,

Norrin, Hennuth 5, Dirvctor, The Ocoapic Institute, Makapuu
Ocennic Coanter, Wnlmanaln, Pawatl HA7DS,

Potash, Lawronce, Daycholegy Popartmoat, University of
Alborta, Hdmonton, Alborta Canpada,

Sofal, Migdon, Analyst in Enviroamental Policy, Environmontal
Policy Division, legislative Rueforopce Sorvico,
Library of Congruess,

Bhaw, ¥lwer, Analyst in Envirenmental Policy, Environmontal
Poliey Mvinidon, logislative Noforsnco Service, Library
of Cepgrosy, Washipgton, D, C,

Taylor, John P, MNational Acadomy of Sclonces, Natioml
Research Council, 2101 Comstitutien Ave,, H.W,
Washipgton, N, C, 20414,

Thosrsan, R, D, U, S, Dureau ¢ Sport Tisherles and Wildliifo,
Nouver, Colorndo,

Tombaugh, Larey., Nationnl Sclenco Foundation, Washington, D. C.

wWolch, Iruce L, Friands of Puychintrie Rosonrch, Incerperated,
52 Wade Ave,, Daltimore, Maryland 21224,

Orpapnizations Providing
Matorials, Information, and Assistance
Alrceraft Noide Abatemont, Foderal Aviation Adminiscration,
U, S, Dopartment of Traasportation, Washington, D, C.

Agricultural Research Contor, U, 8, Department of Agriculture,
Beltsville, Maryland,

Boll Avrospaco Campany., [uffale, Now York,
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Offlco of Nolse Abatoment,

" Environmental Planning Division,

- Epvironmental Policy Diviamion,

‘o1fico of Environmontal Qunlity,

. G4
Doll I.-ngg;;:oriea. G600 Mountnin Ave,, Murray Hill, Now Joraoy
.

Binchwater Natlonnl Wildlifo Rofuge, Duronu of Sport
Fisherios apd Wildlifo, Fish and Wildlife Sorvice,
U. 8. Dopartment of tho Intorior, Rt, 1, Box 121,
Canbridgo, Maryland 21613,

Bureau of Sport Pisherios apd Wildlife, U, S, Dopartmont
of the Interior, Washington, I, C.

Citirona Ioague Against tho Bonile Doom, 10 Appleton Stroot,
Cambridge, Mawsachusotts 03138,

Citizons for a Quiotor City, Inc, Tho Amorican Ned Crosa
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