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This paper reports on a procedure which exposes: /.lea birdi to acoustic stimuli simUlating aircraft
overflightB, and is: one of the first cxperl.menti to attempt Eo quantify the rosponses of birds in the
wHd to noise. The experiment, conducted on Australia's Groat Barrier Reef, involved prelienta.tion
or pr••recorded alrerart noi.e, with p.ale. overflight le.els of 65 dB(A) to 95 d8(A). to nesting
lea bird colonies. Sea bird responses were videotaped and those tapes were &ubsequently analysed
by scoring the behavioural response of each bird in the oolony, Results of a. tria.! of tbb
experimental procedure for one !Ipccie., the Crestod Tern (St,rna bergU), indicato that the
maximum responses observed, pteparin& to fly or flying off. were lGBnicted to exposures greator
than 8S dB(A), A !lcanning behaviourinvolving he9.d~turnin8 was the minimum response, and thili.
or 8. more intense re.Hponse. WllS observed in :nearly all birda a.t allleveb of exposure. However
an intermediate response, an alert behaViour, demODurated 8. strong positive rel&tionahip with

~ increuing exposure. While the experiment hu provided good control On :dmulated aircraft noise
,::~~ lcvds, preliminary observa.tions of responae of the colonie. to balloon overflights: suggests that
,\ visulll stimulus i.!llikcly to be an important componont of aircraft fiohe disturbance.

INTRODUCTION

There have been no definitive studies on the ef·
:', fects of subsonic aircraft noise on birds, and, in
::.! partiCUlar

f
, th~re is limited information on the effects

. of aircra 't nOIse on wild bird populations.
.:; Several features characterize previons investi­

.. ··1.·. gations of bird response to aircraft overflights.
::: Most have been based On observation of response
'.i., with no or limited control over the acoustic stimulus
:: (Dunnell 1977; Burger 1981; Hicks ct a1. 1987).
"l Measurement of the responses has been primarily
l .isual at the time of the disturbance, but videotaped

:'::1 recordings have occasionally been used. Further, only
1gross disturbance responses have been measured.

X/ namely flushing or locality avoidance (Hicks et aJ.
"" 1987; USDOI 1969; Gunn and Livingstone 1972;

':' Kushlan 1979) though a hierarchy of responses was
:': defined by Windsor (1977) in his investigation of
:, peregrine falcons affected by aircraft. However, the

·'1
:,1
::1'
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latter involved observation of nesting pairs only, not
the more difficult task of observing a larger colony.
Various studies have also recognized the possibility
that the bird populations under investigation may
already have been habituated to aircraft noise (Grubb
1978).

Three principles were developed from this prior
work to be the basis of new experimentation. Firstly,
the acoustic stimuli to which the colony was to be
exposed had to be carefully controlled. Secondly,
observations of bird response to the stimulus had to
be recorded on film to enable measurement of re­
sponses more subtle than flushing. Finally, initial
experimentation had ,0 be On a colony with no prior
exposure 10 aircraft disturbance. Habituation to
aircraft noise exposure may be an important phe­
nomenon, but it cannot be investigated without first
establishing a baseline of the response of unhabiluated
colonies 10 noise exposure.
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been recorded' on a different island. The record·
ings were of the aircraft operating al cruise speed
(100 knots) and at altitudes ranging from 1000 it tu
250 ft. (300 m to 75 m). Selections from these over­
flight sigoatures had their amplitUde conditioned In
the laboratory to provide seven treatments with peak
fly-over levels at 5 dB intervals from 65 dB(A) to
95 dB(A). The duration of each treatment was stan­
dardized at 30 to 35 seconds. A-weighted time histo­
ries of the seven treatments are shown in Fig, I, It
can be noted that the overflight treatments did not
have an identical signature as the more intense lev­
els, generated by lower altitude aircraft, have sleep
onset and decay of the signal. By contrast, the lowest
peale levels are generated by higher altitude aircraft
with a characteristic rounded peak. The treatments
have been described by A-weighted levels, not be­
cause of any relevance of this weighting to bird
response, but because this is the standard measure of
noise of general aviation aircraft and that which would
likely be specified in any future management guidel
lines.

In the field these recordings were amplified and.
replayed, unfiltered, through a column loudspeaker
positioned 1 m above the ground. Prior extensive
testing of the radiation patterns from the speaker had
established that a uniform sound field (± 1.5 dB) of
the required sound intensity could be obtained over
a ground area 6 m wide by 3 m deep located 8 m from
the speakers. Colony 1, being small a~d isol~te~frO?!
other colonies, was completely contamed wIthIn t~tS ,
uniform sound field. For the larger colony a selectIon,
of birds on the periphery was marked out and the '.
speaker positioned to provide a uniform stimulus
over this sub-group. No birds were located between
the speaker and the birds under study. While the
remainder of the colony was also exposed 10 the
flyover noise from the speaker, the souod levels ex- .
perienced by these birds were either eq ual to, or less
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Fig. 1. SimulAted tlircraft overflight signatures of each of the seven acoustic treAlmon,U presented ad nimuli in the experimenc. 1rcl'~

menn arc rcferrt!:d to by th~t' peak A-woighted lound lovell lind ItO in S dB mercmcnu from 65 dB(A) 10 95 dB (A).

The study site was Eagle Cay in the Cairns-Cor­
morant Pass section of the Great Barrier Reef Marine
Park. COlonies on this cay had no chronic exposure
to aircraft overflights or to other forms of human
distorbance. The species selected for initial study
was the Crested Tern (Sterna berglt). It is a colonial
nester. found mainly in open habitat among low grasses
and herbaceous vegetation, and breeds in large num­
bers, up to several thousands, in the summer months.
The eggs are laid on the bare ground in hollow scrapes
(Langham and Hulsman 1985). Because it nests in
open areas, this species could be filmed relatively
easily, allowing detailed measurement of the behavi­
our of individual birds in a colony.

The experiment was partitioned between two col­
onies. Colony 1 was small and isolated with up to 29
birds present at anyone time. This colony was in the
last days of the incubation period and several chicks
hatched towards the end of the experiment. Colony 2
consisted of several thousand birds, of whieh only a
portion on the periphery, up to 59 birds present at any
one time, was observed. This colony was in the mid­
dle to late stage of the incubation period. While it
was considered possible that size of colony and stage
of the breeding cycle could effect response, subse­
quent analysis showed that responses did not vary
across the two colonies and the pooled results are
reported in this paper. Hides were established in a
25 m-distance from the edge of the colonies. They
provided shelter for two research staff members and
were the locations from which the acoustic stimulus
was controlled and bird behaviour filmed.

Instrumentation quality mono tape recordings of
the overflight of a DHC-2 Beaver flomplane had

, ~' ..
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, Effe-ct of Aircraft noi~c on lea birds

than, the levels to which the observed sub-group was
exposed. There clearly could be Interaction effects
belween birds in differenl parts of lhe colony, but the
reasonable assumption is made here that the response
Qf lhe birds Qnder observation would have been de­
termined by their higher noise exposure. not by a
sympathetic response to olher birds in lhe coloQY
responding to a lower level of exposure. A micro­
phone localed in the colonies monitored the level of
every simulated overflight to confirm that the correct

· treatment level had been delivered.
The noise stimulus exhibited the typical frequency

spectrum of general aviation propeller aircraft, with
propeller'generated frequencies dominant below

, 500 Hz. Fig. 2 shows the spectrum at peak flyover
'. level of the signal used for the 85. 90 and 95 dB(A)

treatments. The speclrum of the lower noise level
.. trealments was similar, but with some reduction of
the frequencies above 1 kHz resulting from air ab­
sorplion during recording of the higher altitude flights.

· The hearing range of Crested Tern is not known, but
the range of its calls i's from just under 1 kHz to

· 7 kHz (Cramp 1985) and il is likely that all except
· perhaps the lower propeller frequencies would have
•been andible to the species.

In the experiment the aircraft overflight signals
would have been heard against a background of bird

"" calls from wilhin lhe colony and the sound of wave
J : action on the shores of the cay. Both were highly

variable, With wave noise depending on wind speed
'2',.- and generally in a 55 to 65 dB(A) range and with bird

·calls peaking al 60 to 7S dB(A). Bird call activity,
·unrelated to the experiment, was sufficiently intense
·al times 10 set the background levels in the colony
above those due to wave action.

EXPERIMENTAL DESIGN

:! The smaller colony was exposed [0 all seven noise
',:, trealments and a cOOlrol each day for four days. The
:~ larger colony was then subject to experimentation in
A the same way. The order of presenlalion of the
" treatments was randomized across lhe eight days

."j: using an extra-period lalin square design involving
:';. eight treatments with nine replications of each treat­
,~, ment. The interval between each treatment was arbi­
'::j: trarHy set at 10 minules since earlier observ.lion

.:I ·indicaled {hallhis species settled from a noise expo­
.:';, sure well wilhin lhis period. Equipmenl failure re-

·sulled in lhe loss of data for seven treatments (2 of
65 dB(A), 2 of70 dB(A), 3 of80 dB(A). 1 of85 dB (A».
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Fig. 2. Frequency !fpl:!ctrum of the aircraft noi:le sumulus used
in the experiment.

OBSERVATION OF RESPONSES

Bird behaviour during each noise treatmenl was
filmed on videotape; and segments of videotape, stan­
dardized to 20 seconds before lhe peak 10 2S seconds
after lhe peak. were used to score bird behaviour. A
control segment of 45 seconds without any noise
exposure was also filmed each day, and for this con­
trol all experimental procedures were carried out
including powering the speaker system. These seg­
ments were analysed in lhe laboratory by repeated
replay, with lhe behaviour of a single bird observed
over the lenglh of the segment. The maximum reo
sponse behaviour of this bird was scored and lhe
segment then replayed 10 observe the next bird. The
following hierarchy of responses was adopted:

Scanning behaviour

This involved head turning. The head was more
extended than in repose and was turned quite rapidly
or dramatically in a horizontal plane. The head may
have been cocked slightly to the side giving lhe
impression of "looking up".

Alort behaviour

This was characterized by one or more of the fol­
lowing movemenlS: the neck was fully eXlended; lhe
carriage was more erecl/tense; the bird may have
re-oriented by eilher slanding or moving the carriage
unidirectionally Or side to side; lhe bird may have
laken a rew sleps on lhe Spol with some wing tenSing.
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Sran/elavoldance behaviour

This was an incomplete intention movement to fly
up or escape. The bird may eirher have raised and
flapped its wings momentarily whilst standing on the
spot Or moved off a short distance from the nest
before remrning. Eggs or chicks may have been ex­
posed momentarily.

Escape behaviour

This involved flying up. Birds may either have
flown a short distance away or wheeled out over
beach and reef flat before returning to the nest emit­
ting raucous alarm/distress calls. The nest was ex­
posed for a longer time.

It should be noted that these behaviours can also
result. not just from noise exposure, but from routine
interactions with other birds in the colony and also
from the presence of predators, Behaviours which
could clearly be attributed to such interactions were
discarded and only those behaviours which could not
be attributed to such causes were used in this analy­
sis, If responses which could be attributed to interac­
tion were observed before another which could not
be attributed to Interaction or predators. a conser­
Vative approach WaS adopted by excluding the lat­
ter from the analysis, To minimize observer bias.
behaviours were scored with no sound from the
videoplayer, hence no acoustic cue as to when re­
sponse attributable to noise exposure may have oc­
curred.

PILOT STUDY RESULTS

An initial analysis of the latin square design used
the GLM procedure of the SAS System (SAS Institute
Inc. 1987) with the noise exposure treatments. the
daily order within the eight-day experiment (DAY)
and the sequential position of the treatment within
each day's experiment (SEQUENCE) as effects in the
design. Three separate sets of analyses were per­
formed using, as dependent variables. the proportion
of birds exhibiting a scanning or greater response,
the proportion exhibiting an alert or greater response
and the proportion eXhibiting a startle or greater
response respectivcly. As only small numbers of birds
exhibited escape behaviours, no separate analysis
was conducted on these responses though they
are, of course, inCluded in the variables defined
above. (Means of the proportions of birds exhibiting
an escape behaviour are plotted as a broken line in
Fig, 3). Responses lost through equipment failure
were estimated by the least squares methOd within
the GLM procedure,

-::/: "",.;:",
, ,'i

"i ','
Parallel analyses were also conducted in which the . '~':

arcsin transformation of the dependent variables were .:i!
used. Such transformations are justified where the .ii'!;: ,
dependent variable is a proportion (Zar 1984). These ,i;;"
transformations made only minor differences to the::"',:,:,:1
results and are reported below only where differ.. ';:'\:.
ences did occur. ·t.

DAY and SEQUENCE were included as effects in '. ''1: :
the design because bird behaviour observed in the "':i"
e.xpe)riment could includdebhabhituation

l
(?r senffsilizar· :,'.',.,.•":"·•.•.... 1.:,,,· '.,'

tlon components cause y t e Cumu atlve e ect 0 , "

sequential application of noise exposures throughout . ::i"
a day and by the continuation of the experiment over 'i":.

,',,1'

successive days. In fact, the proportion of birds,\,:
observed in each of tbe three response categories .-.1.

was found to be independent of both DAY and SE-."1.
QUENCE (p > 0.05) and it must be concluded that :'1':,
bird responses to the simulated aircraft noise were . :.;',!.:. ,,'

not conditioned by the course of the experimentation, '3;
Further analysis also showed that responses were not '''.,
influenced either by the level of the treatment imme- ;,~

diately before, or two before, the current treat- ,;it"
ment. These are important findings as they indicate' d:; Fig, 3, J
that sbort to medium term habituation/sensitization d~ "
(within one day, and over successive days up to four ,4, '" ,
days) does not occur in the observed responses-at ..:;, mterpretat
least not with the stimulus provided in ·this experi; :,:i,l"Jevel whicl
ment. ';'f "most of the

A different result did emerge asing the arcsin trans-, ";! ;'stimulus. S
form of the proportion of the colonies exhibiting a ';;;tion of th,
scanning or greater response. Responses did depend ;';C;'k ,response w
on DAY, though subsequent examination of the mean,;'" "ttOl, and Fi
responses across the eight days showed that the sitE:} ,'Btrongly w
nWeant difference was confined to a single day of::::' , cape behavj,
lower responses (Day 3). While no explanation has,?", exposures (r
been found for this particular result, it is a saIutaIL::' (significanll)
reminder of the need to carry out such exploratory',::'1 ~a relatively
experiments over mOle than one day, even if system"';:!-, In the fie
atic habituation/sensitization effects are known to be):,,;:ious enviro~
absent.,:::::'might have'

With habituation/sensitization resulting from the:,',i .. at the time v
experimental procedure itself discounted as a source,,:'iii ",the state of
of variation in each of the three response categorieSi'~" "behavioural
bird response was found to depend clearly on the:i,~! llhe applicati
level of simulated aircraft noise. Fig. 3 show. the':'ii,;,the a,nalys"s
mean responses across the colonies to each of the,,::, 'state of the /
noise treatments (mean of nine replications) and their::!t ;'of birds obs
95% confidence intervals. 'iii!i '['unhurried' n

Few birds exhibited any of the response behavioars!::l ::tion exhibiti
at the control t~e~~ments. The, proportion of birds, ini,\:i~ {latter is a sig
the colony exhlbIllng a scanning or greater response:::.,:!' ,';of these cov
was significantly higher at all levels of noise expo,:i; '''sUIts. TIME,
sure than for the control (p < 0.05) and a reasonable::':, "covariate (p

"II,
::!)!J ,:'
I,,'.,

I:'~i .

:::1,
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DISCUSSION

Careful control over the stimulus is a prerequisite
for studies investigating the response of wildlife to
aircraft noise, This e~periment has demonstrated that
simnlation can provide the tool by which precise and

or greater behaviour, but only when measures of the
prior state of the colonies (AGITATED and PANT) or
state of the TIDE were included in the analysis. For
the alert or greater response, the proportion of birds
exhibiting panting (PANT) was a significant covari­
ate, but only when AGITATED was also included in
the analysis. For the transformed responses the
only relationship observed was between the startle or
greater response and TIME (but only when TIDE was
also inclUded in the analysis). These covariates arc
clearty interwoven: high temperatures which causo
panting clearly depend on time of day; Slate of tide
does also; and presumably the prior level of activity
in the colony may be related to feeding activity which
itself depends on both time and tide (Hulsman et al.
1989). One can postulate reasons why any or all of
these faCtors could influence colony response to an
aircraft noise stimolus. but, while the present sludy
indicates that such effects may e~ist, it is not able to
unravel them. It should be noted however that their
influence is small relative to the design factor of
level of noise exposure,
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interpretation is that, at any simulated aircraft noise
level which can be perceived above the background,
most of the colony attempted to locate Or evaluate the

trans- stimulus. Similarly, at all levels of noise, the propor­
,ting a ';,' don of the colony exhibiring an alert or greater
,epend,:,response was significantly higher than for the con­
,mean ", :trol, and Fig, 3 shows that this proportion increased
Ie sig- 'i,;'strongly with increasing noise level. Startle or es­
lay of f;' cape behaviours were e~hibited only at the higher noise
)n has· e~posures (responses at levels of90 and 95 dB (A) were
lutary.~ significantly greater than for the control) and by only
ratory ,. relatively small proportion of the colony.
Istem-}:~, In the field, measurements were also made of var­
I to be::,:.iO~S environ,mental and bird colony conditions which

,".mlght have mfluenced response. Weather conditions
,m the ;;~at the time of the treatment, the time of day (TIME),
;Qurce",:]' Ibe state of tide (TIDE), and two measures of the
:ories; '>lbehavlOural state of the colony immediately prior to
m the Allbe application of each treatment were included in
YS the '.,:,:,·llbe analyses as potential covariates. The behavioural
of the/: slate of the colony was measured by the proportion
j their " of birds observed to be ,neither still nor eXhibiting

\ 'unhurried' movements (AGITATED) and the propor­
Yiours,; lion exhibiting panting or gular flutter (PANT). The
,rds in '-:'I.tter is a sign of heat stress (Dawson 1976). Analysis
,ponse;;~ 'of these covariates did not yield unambiguous re­
expo',J 'lults, ,TIME of day of the lreatment was a significant
mabie ,'I, covatlate (p < 0.05) in the analysis of the scanning
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replicable aircraft noise exposures can be applied to
wild populations, avoiding the logistic difficulties
and expense associated with aircraft overflights and,
of utmost importance, providing the opportunity to
avoid disturbance to most of the population under
srudy and to other resident populations. This ethical
consideration must be paramount where manipulative
experimentation is the only means by which important
management information on wild populations can be
obtained. The current data set show that short term
habituation/sensitization effccts in the experiment
arc insignificant, allowing simpler experimental de­
signs to be used in the future to determine dose-re­
sponsc relationships.

The observation procedures adopted in this study
demonstrate that effects of a noise stimulus on nest­
ing seabirds involve far more subtle behaviours than
flushing and that these behaviours can be observed
at levels of noise exposure only marginally above the
background noise levels of wave action and bird
calls. Clear trends have emerged relating noise expo­
sure to observable behaviour. However, there is in­
sufficient information on these behaviours, as yet, on
which to attempt assessment of their ecological
implications. Gross disturbance resulting in escape
behaviour, observed at the higher noise exposures, is
quite likely to effect breeding success through pro­
cesses such as gull predation of eggs. But a
more difficult question is whether repeated ex­
posure to lower levels which result in alert and scan­
ning behaviours does also. Fletcher (1988) notes that
a series of investigations On the effects of low level
jet and helicopter overflights on domestic animals in
West Germany clearly identify physiological changes
which indicate that aircraft noise exposure may well
constitute stress to the animal. Management criteria
should preferably be based on knowledge of the eeo­
logical implications of disturbance, but where non­
disturbance to wild populations is critical, interim
guidelines based on limiting any observable response
to disturbance may be justified. There is a need to
develop the experimental procedures further to ex­
amine the combined efCects of visual and acoustical
stimuli and to test the responses of other species. For
example. some trials of free balloon flights over the
colonies subsequent to the acoustic experimentation
indicated that there may be additional, or imeractive,
effects from the visual stimulus. The mean percent­
age of birds eXhibiting a startle or escape response
to these flights was 98% in one colony, but 10% in
the second colony. While the difference between the
colonies cannot be explained at this"stage, though
possibly due to different distances frum the colonies
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