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Synthetic bird calls and their application to
scaring methods

T. AUBIN
Laboratoire d’Ethologie Expérimentale, Station de St. Lucien, CNRS URA 667,
F-28210, Nogent-le-Roi, France

This paper suggests means of synthesizing efficient signals for bird scaring and examines five ways in
which synthetic signals may be more efficient: the coding/decoding process, transmission through the
environment, interspecificity, habituation and broadcasting techniques. Examples are taken from our
own studies comparing natural and synthetic distress calls.

The study of bird vocalizations has mostly concerned songs, especially from the
viewpoint of species-specific coding (see Becker 1982 for a review). These studies
have shown that the manipulation of parameters does not modify the information
content but leads to a diminution of the effect of the signal. Other authors (Richard &
Thompson 1978, Brémond 1980, Aubin & Brémond 1983) have demonstrated that
there are modifications in songs that could have the opposite effect, i.e. birds react
more strongly to amodified signal than they would have done to the natural one. This
last point is of particular interest when we consider the practical applications for
scaring birds by means of sounds.

This paper discusses some of the points which have to be taken into account in
synthesizing acoustic signals whose efficacy is greater than that of natural signals, in
particular: (a) how to obtain a maximum effectiveness in the coding of information;
(b) how to improve the efficiency of transmitting information to a receiver; (c) how to
elicit multispecific responses; (d) how to prevent habituation; and (e) how to
broadcast the signal (scaring techniques).

To support this review, I have used results obtained in the study of distress calls,
signals often employed in acoustic scaring techniques to repel birds.

Coding of information

To elicit an appropriate response, a signal must be understood by the receiver: the
processes of coding/decoding must be unequivocal. Consequently, it is necessary to
isolate in the signal the key features implicated in the information. In order to
discover what these key features are, acoustic experimentation is needed. Only the
use of synthetic signals as lures allows the experimenter to manipulate separately and
with accuracy the parameters of a sound. Different sounds are presented to birds in
the wild and their reactions to the experimental signals determine which are the
relevant parameters for the recognition of a given signal. When the variation of a
parameter leads to a clear decrease in intensity of response relative to the response to
a natural signal, the parameter is judged to be of importance in recognition.
Conversely, when the variation does not greatly alter the response intensity, the
parameter is judged not to be crucial for recognition. This method enables us to
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understand the coding/decoding processes used by many bird species, particularly
for territorial songs (Emlen 1972, Goldman 1974, Rice 1978, and see Becker 1982 for
a review). Once the key features have been identified in the signal, it is possible to
manipulate them, in order to build a signal eliciting very strong responses.

Earlier studies (Robisson 1986, Aubin 1986, 1987, 1989, Aubin & Brémond 1989,
Brémond & Aubin in press) have examined the mechanisms of coding/decoding in
the distress calls of some species such as Starlings Sturnus vulgaris, Black-headed
and Herring Gulls Larus ridibundus and L. argentatus and Lapwings Vanellus
vanellus. Their distress calls, in spite of their complex structure, follow a very simple
law of coding/decoding. A simple slope (slow frequency modulation) applied to a
carrier frequency that corresponds to the acoustic shape of a distress call was
sufficient to confer a distress meaning to the signal. Amplitude modulation and fine
details of structure of the frequency modulation were not necessary for the decoding.
This was true for all species studied and could certainly be extended to distress calls
of other species.

In carrying out these studies on distress calls, numerous synthetic signals were
constructed. Some of them emphasized the relevant parameters of the decoding.
These parameters were simpler than natural ones and parameters not necessary for
the decoding were removed (Fig. 1). These signals were more effective than a real
distress call in eliciting a response. The super-normal effect of ‘caricatures’ that are
simpler than natural signals was pointed out by Brémond (1980) for some bird songs.
Similar effects occur in visual signalling (Inglis 1980). The accentuation of the
characteristics of the relevant parameters seems to reinforce the information content
of a signal, while the non-relevant parameters seem to act as ‘disturbing’ elements
(noise intra-signal).

Transmission of information

To elicit a response, a signal must be transmitted without great alteration. Many
distortions occur during propagation through the environment, such as frequency-
dependent attenuation, boundary interference, reverberation and irregular ampli-
tude fluctuations (Wiley & Richards 1978, 1982). These processes degrade the
structure of acoustic signals and consequently the information contained by
important parameters can be lost. This is particularly obvious with signals that birds
use for long-range communication. Parameters such as amplitude modulation or fast
frequency modulation are altered by propagation (Morton 1975, Marten & Marler
1977, Richards & Wiley. 1980, Bérengier & Habault 1983, Cosens & Falls 1984). A
knowledge of these transmission effects is necessary in order to determine the
acoustic structures which must be used to build signals that are efficient over
distance.

Distress calls are long-range communication signals. In order to study the laws of
propagation of distress calls, we conducted sound propagation tests in open grass
fields. Distress calls were broadcast at 1-50 m above the ground and recordings were
made at 0-40 m and 150 m from the loudspeaker, 0-20 m above the ground. Calls were
then analysed through different numeric techniques. As predicted by sound
propagation theory, distress calls were modified with attenuations essentially at both
ends of the spectrum (Fig. 2): below 1-5 kHz (ground effect) and above 3 kHz (due to
scattering and atmospheric absorption). In addition, all the details of the amplitude
and frequency modulations were greatly altered. Structures that were only slightly
modified were the harmonic distribution, the slow frequency modulations and the
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Figure 1. Digital sonagrams and oscillograrns of Black-headed Gulls’ distress calls: (a) natural signal; (b}
synthetic signal without amplitude modulations and with frequency modulations simplified compared to
the natural call. This synthetic call is more effective than the natural one in eliciting a response.

length of the signal. These parameters are precisely those used by the bird for the
coding/decoding of its calls. The decoding of distress calls appears to be adapted to
the constraints of long-range transmission. Nevertheless, there was no perfect
agreement between the parameters not degraded by the environment and the
parameters used for the decoding. Birds tended to react more strictly to signals
containing only higher harmonics than they did with those containing only the lower
ones (Morgan & Howse 1974).

Thus, to increase the efficiency of the signal it séems necessary to minimize the
attenuation of higher harmonics. This agrees with information theory (Shannon &
Weaver 1949): to increase the quantity of information transmitted, one possibility is
to expand the width of the spectrum. This can be done with synthetic signals. The
enhancement of the acoustic level of higher harmonics (Fig. 3), in order to prevent
the degrading effect of the transmission channel, leads to an increase in the signal’s
efficiency (unpublished data).

[
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Figure 2, Spectrum analysis of a Black-headed Gull distress call re-recorded at 0-40 m (short-range
transmission) and at 150 m (long-range transmission). The effects of transmission are noticeable below 1-5
kHz and above 3 kHz.

Interspecificity

To elicit multispecific responses, a signal emitted by one species must be understood
by others. There are numerous accounts in the literature describing interspecific
responses among birds elicited by acoustic signals, such as alarm, distress, flight and
aggressive calls (Marler 1957, Busnel & Giban 1960, 1965, Bridgman 1980).
Interspecific responses are also evoked by some territorial songs (Catchpole 1978,
Rice 1978). This interspecificity of reactions has been associated with the structural
convergences between signals of different species (Marler 1957, Busnel & Giban
1960, 1968, Cody 1969). More recent studies suggested that interspecificity might
also be related to similarities in the process of recognition of the different species
(Stefanski & Falls 1972, Murray 1976, 1981): interspecific responses arise through a
failure to discriminate between signals of other species. Additionally, for some
categories of signals, learning may also play a role (Catchpole 1978, Catchpole &
Leisler 1986). Birds learn to recognize and respond to the signals of species that are
regularly encountered.

In the case of alarm calls and particularly of distress calls, it seems most unlikely
that learning contributes to interspecific recognition. Distress call are rarely given in
nature so that opportunities for learning are extremely limited. Furthermore, the
learning of such signals seems to be limited to a perinatal auditory exposure (Miller &
Blaich 1984). Thus, the interspecificity observed with distress calls can be explained
by only two factors: convergence of structure and similarities in the process of
recognition. Aubin & Brémond (1989) have shown that distress calls follow a very
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Figure 3. Simplified synthetic distress calls of 2 Starling: (a) the different level ratios between harmonics
are those of a natural call; (b) the levels of the higher harmonics are reinforced. The second signal elicits
stronger responses than the first one.
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Figure 4, Synthetic distress signals of a Starling: (a) with slowly increasing frequency modulation; (b)

with slowly decreasing frequency modulation. Unlike the first signal, the second one is ignored by the bird
(from Aubin 1989).

simple common law of coding/decoding, and that the basic rules of this common law
are the same for different species. Consequently, to build a signal that elicits
interspecific responses, it is necessary to include all common acoustic parameters
Jjudged to be of importance in recognition by each species. These common key
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features correspond closely to those described above for the coding of informatizn: a
fundamental frequency and harmonically related frequencies that increase or
decrease. It is important to note that the signal must not contain parameters termed
by Brémond (1976) as ‘rejection markers’. These are elements which, when added to
or withdrawn from the eliciting signal, bring about a rejection of that signal by the
receiver. For example, a signal with a slow decreasing frequency modulation applied
to the carrier is not accepted as a distress call by Starlings (Fig. 4b). This rejection
marker is specific to Starlings as similar signals are readily accepted by other species
such as Herring Gulls (Aubin & Brémond 1989), Black-headed Gulls (Brémord &
Aubin in press) and Lapwings (Robisson 1986). In the same way, the lack of
harmonics between 3 and 4 kHz Jeads to a rejection of the signal by Lapwings bu: not
by the other species (Robisson 1987).

To build an efficient interspecific signal, it is therefore necessary to include ali the
relevant parameters that are involved in the process of identification and which are
common to the species concerned, and to exclude all the specific rejection markers.
We thereby effectively obtain a signal eliciting multispecific responses. Such a signal
(Fig. 4a) has been tested with success against Starlings, Rooks Coruvus frugilegus,
Magpies Pica pica, Lapwings, Black-headed and Herring Gulls. The interspecific
value is greater than with a natural call, as, for example, Starlings react only weakly to
the natural distress calls of other species (Busnel & Giban 1960).

Habituation

Repeated presentation of the same stimulus to an individual leads to a decline in
response. Habituation was first described in detail for bird songs by Hartshorne
(1956) who postulated the existence of a ‘monotony threshold’, where the duration
and rate of emission of songs on the one hand, and variety of songs on the other, were
adjusted to prevent monotonous acoustic behaviours and consequent habituauon.
The functional significance of habituation has been often discussed. Some authors
' (Verner & Mulligan 1971, Petrinovich & Peek 1973, McGregor 1986) consider
habituation to be a basic mechanism involved in the maintenance of lowered levels of
aggression between conspecifics. However, this remains somewhat speculative and
experimental evidence is lacking. Furthermore, this theory applies only to territorial
songs.

In the case of alarm and distress calls, the almost complete loss of response t an
enemy appears to have little adaptive value. Nevertheless, this type of behavicural
adaptation is very often ocbserved with these calls in the acoustic control of bird fiocks
on airfields or crops (Busnel & Giban 1960, 1965, Blokpoel 1976, Bridgman 1930).
Unfortunately, in this context, habituation has not been studied from a quantitzzive
point of view, nor in terms of learning processes. In many cases assessment o7 the
habituation was based solely on subjective estimates and was seldom scrutinized by
trained experimenters. In addition, in natural conditions habituation is :ilso
subordinated to the birds’ motivation. For example, to repel Night Herons
Nycticorax nycticorax from fish ponds with their distress calls, Spanier (1930)
considered that bio-acoustic methods could be relied upon for an extended period
i only if the birds have convenient alternative resources to those from which they are
i being repelled. Brough (1968, 1969) also stated that feeding birds were more difhcult
: to repel when food was scarce than when plentiful. In addition, Langowski ¢ al.
, (1969) indicated that adult Starlings habituate faster than juveniles. Such an
! influence of environmental and physiological factors increases the difficulty of
establishing a reliable test.

Habituation also emerges as a problem with synthetic calls. Indeed, a synthetic
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signal is just as likely to be learnt by the bird as a natural one. In a previous study
(Aubin 1982) I demonstrated that Skylarks Alauda arvensis habituate very quickly to
a monotonous synthetic signal which initially elicited very strong responses. In
another study with Chaffinches Fringilla coelebs, Zucchi & Bergman (1975) showed
that birds’ responses decreased when they were exposed for a long time to a series of
alarm signals. Nevertheless, every change in the original stimulus resulted in an
enhancement of the responses. Using a combination of calls allowed more recovery
time between presentations of the same calls and greater likelihood that the bird
continued to perceive them as at the initial response. The response strength in the
tests, however, never reached the original level. Thus, it seems that the habituation
process can be slowed down, not by the synthetic signal itself, but indirectly by the
broadcasting method. In actual bio-acoustic scaring techniques, the broadcasting of
distress calls is always limited to repeated rigid playback sessions recorded on
continuous loop tape. By using a computer to broadcast synthetic calls, it is possible
to enhance the efficiency of the method at two levels in regard to habituation: by
introducing variety into the signal and into the rhythm of emission and by reducing
the quantity of sounds delivered to birds. These last points will be discussed in more
detail below.

Itis important to note that habituation is a natural biological phenomenon. It can
never be totally suppressed, but only slowed down. Several fundamental principles
may be used in order to prevent a rapid habituation (Slater 1980): (a) stimuli should
be varied as much as possible; (b) stimuli should be presented as infrequently as
possible; and (c) occasional reinforcements should occur.

Broadcasting methods

To disperse birds effectively by means of acoustic signals, it is necessary to use good
apparatus that can achieve both loud volume and high quality reproduction. For
distress calls, a volume of about 80 dB is recommended in the area needing
protection (Briot et al. 1988). Brémond et al. (1968) demonstrated with gulls and
corvids that high fidelity equipment produces better results than low fidelity. The
use of a loudspeaker having a wide frequency response is important. Until recently,
broadcasting equipment consisted of analog instrumentation, e.g. tape recorders
(Brough 1965, Kuhring 1965, Sugg 1965, 1968, 1969, Pearson et al. 1967, Bridgman
1980). Nowadays the development of digital techniques has allowed the production
of sophisticated synthetic sounds (Shiovitz & Lemon 1980, Dabelsteen & Pedersen
1985, Brémond & Aubin in press). Digital methods using a programmable
synthesizer do not have the physical and biological drawbacks of analog equipment
with regard to bird scaring.

At a physical level, signals obtained by digital methods have a very good signal/
noise ratio, better than those obtained by playing recorded natural signals. A
svnthetic sound does not deteriorate with time, as is the case with sounds recorded on
tape, and with digital equipment there are fewer mechanical components that may
fail. These factors contribute to a much greater reliability of the total system.

At a biological level, the improvements provided by these new techniques are
very important. First, it is possible to produce synthetic signals that are efficient with
regard to coding/decoding processes, transmission through the environment and
interspecificity. Secondly, and this is the most important point, it seems possible
with these techniques to delay the development of habituation. Indeed, with a
synthesizer driven by a microprocessor, it is easy to program variety during
broadcasting, both between successive signals and in the rhythm of emission. The
use of a computer provides nearly unlimited possibilities for modifications of sounds

i
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or rhythm of emission. Thirdly, a microprocessor can also receive information from
the environment. For example, the computer can detect the presence of birds by
means of Doppler radar or infrared and then decide whether to broadcast or not. The
punishment effect (the distress signal) only occurs when the bird comes into the area
being protected. The number of emissions is thus limited and this scaring method
conditions birds to avoid particular areas.

In our laboratory, we have built and patented a device which includes a
synthesizer driven by a microprocessor (Brémond & Aubin 1989). A commercial
version of this device has been used with reasonable success at airports (Briot &
Eudot 1989) and linkage with Doppler radars to detect birds has been studied
(Dupuis 1987).

Conclusions

The information content of an acoustic signal can be greatly altered by numerous
factors. First, defective coding of information or distortions of relevant parameters
during propagation through the environment elicit inappropriate responses.
Secondly, the presence of a specific marker reduces the interspecific value of a signal.
Thirdly, excessive presentation of the same signal to the same individuals leads
to a decline in response. These phenomena can greatly reduce the effectiveness of
acoustic signals in bird scaring. With synthetic signals, these problems can largely be
solved. Once the background knowledge of a given signal has been acquired, it is easy
to manipulate the relevant parameters to build a signal eliciting stronger responses.
Some parameters can be reinforced or added, others weakened or removed. The
result is a signal with a clear, unambiguous message, that will resist degradations
during transmission. In the case of signals eliciting interspecific responses, such as
distress calls, it is possible to obtain very good results with synthetic signals by
keeping all the parameters common to the different species and by removing specific
markers. Thus, with synthetic calls, it is possible to create a ‘super-normal’ stimulus,
a signal which is more effective than the natural call in eliciting a response.

With habituation, the solution seems to lie with the broadcasting method rather
than the synthetic call itself. A synthesizer driven by a microprocessor allows us to
attack habituation at two levels: by varying the signals and their rhythms of emission
and by limiting the number of signals emitted. The precision in the construction of
synthetic signals and the flexibility of the broadcasting method provide an invaluable
enhancement to the classic bird scaring techniques. The use of synthetic calls
broadcast by an ‘intelligent’ device is also quite new.

1 am grateful to J. C. Brémond, C. Catchpole, C. J. Feare and P. Jones for valuable comments on the
manuscript. The study was supported by the CNRS URA 667, the Service Technique de la Navigation
Aérienne, the Association de Coordination Technique Agricole and the Ministére de I’Agriculture.
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