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Ge:neral_ Preface to the Series

Because it is no longer posslblc for one textbook to cover the whole field
of biology while remaining sufficiently up to date, the Institute of Biology
has sponsored this series so that teachers and students can learn about
significant developments. The enthusiastic acceptance of ‘Studies’ in
Biology’ shows that the books are prov:dmg authoritative views of
biological topics.

The features of the series include the attention given to mcthods, the
selected list- of books for further mdmg and wherever posslblc,
suggestions for practical work.

Readers’ comments will be welcomed by the Education Officer of the
Institute. .

1979 ‘ T Instiise of Biology
: ; 41 Queen’s Gate
. - London SW7 sHU
Preface

Man has always bcenfaanawﬁbydnehbowemdo&enm-ybaunﬁd
vocalizations produced by birds. Writings of the early naturalists, as well |
as poets and philosophers, concentrated upon the descriptive, aesthetic ~
and musical aspects of songs. During- dle Alate 1950s, advancing
technology resulted in the development and use of equipment which at
last put the subject on to an objective, mnﬁtbcn:gﬁoe then, interest
and research into all aspects of vocal communication in birds has
continued to expand, and for this reason I have had to be selective rather
than comprehensive in compiling this short introduction to the subject.
In doing so, I have favot smrhesvhx:hateamlyﬁal and functional
rather than merely dcsmpuve, andin T have tried to emphasize
‘the experimental approach both in and field. The underlying
-theme of the book is not.only to show how birds communicate with their
vocalizations, but also to suggest wherever possible why they have been
selected for during evolution. In spite of considerable advances in recent
. years, the central problem of why birds have evolved such complex and
 varied vocalizations remains one of the most interesting; challengmgand
elusive quemons in the field of anmlmnununon ]

,Landon, x979 5 b O S e C K.C
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1- The Cdmmunicatioh System -

Although most people would probably agree that animals communicate
with one another, there is rather less agreement about how and why they
do it, and sometimes a tendency to compare the world of animal
. communication with that of human language. Communication is rather a
+ - difficult term to define,’ but in general it is the process whereby the -
behaviour of one animal alters the probability of some behaviour in
another. During communication, information is passed between animals .
hy signalling, but it is not enough to merely detect the signal. Forithe
scientist to establish that communication has really occurred it must also
be shown that the signal has in some way altered the behaviour-of the
. recipient. smrri (1965) has also pointed out that there is a clear
distinction between the message contained in the signal and its actual
medning to a recipient. The message may remain constant, but its
meaning may vary with context and receiver. For example, many birds
sing in territory, but whereas the song means ‘keep out’ to a rival male it
means ‘come in’ to a female. Most, traditional views of ‘anifnal -
communication emphasize the sharing of information between
individuals to their mutual advantage. A more recent view, put forward = -
by pawxins and kress (1978), is that during evolution the signallerhasbeen .
selected to manipulate and exploit the behaviour of other individuals to -
his own advantage. Any communication system must have a sender, a
signal, a medium and a receiver, and the general pririciples underlying
communication apply to all animals. In this book we will be dealing with
-only one type of communication — acoustic - in one group of animals -
/birds. Although they use other methods to produce sounds, those
-+ produced by their vocal ap| .are some of the most complex known
~ inany animal group, including humans. Whether bird vocalizations are in
~ any way analogous to human language is extremely doubtful, but they dq
represent the evolution of an extremely sophisticated communication
system which we are only just beginning to uriderstand.

1.1 Sound production , e ‘ i _
Sound waves are alternating changes in the pressure of the medium,
" which is normally air, The height, or amplitude, of sound waves are
measured in microbars, but a more familiar unit which measures sound
volume is the decibel (dB), a logarithmic scale of pressure ratios.
Wavelength measures the distance in millimetres of one complete wave
alternation or cycle, and the number of cycles per second is known ds the
. frequency. Frequency is normally measured in units of thousand cycles or



2 SOUND PRODUCTION : “§1a

kiloHertz (kHz), and gives an indication of -how high er low sound is
pitched. ' :
Birds produce sounds in many different ways, clapping the wings
together, snapping the bill, and of course the well-known drumming of
woodpeckers. Interesting as thiese sounds are, they are still relatively
primitive: tompared to those produced by their vocal apparatus, the -
syrinx. The syrinx contains special membranes which, due to the passage
of air-forced over them, vibrate and so generate sound waves. Humans
and other mammals produce sounds from the larynx situated at the top of .
the trachea, but in birds the syrinx is much lower at the junction of the two
bronchi. There is considerable variation in syrinx structure, but passerine
birds, which- include the oscines or true song :birds, have the most
complex of all. The tympaniform membranes are situated,on the bronchial
-walls and vibrate as air is forced over them in each bronchial lumen.
Several pairs of syringeal muscles act to control membrane tension and
thus vary the quality of sounds produced. The most obvious differences
between this system and a mammal larynx is that there are two quite
separate sound sources, one in each bronchus, That the two sources might
produce separate sounds has long been suspected, as two harmonically
unrelated sounds which clearly overlap in timie have been detected on the
sonagram (see § 2.2) traces of several species. NOTTEBOHM (1971) was able
to. confirm this experimentally on the chaffinch (Fringilla coelebs) by
severing the right or left hypoglossal motor nerves which supply the right
and left sides of the syrinx. Birds which have the right side denervated and
are allowed to recover Idse only one or two elements from the song,
whereas those denervated on the left side lose practically all the elements
leaving only one or two (Fig. 1—1). It seems that although each side

ig;ﬁINAQAA*‘MMM‘\_k | A‘ P'} -kr"AJ\MM\"N .
6] " ’.\ : ‘__?c_).stopler_ative .‘ , \‘1

: Secoﬁds

Fig. 1-1 Two male chaffinches shared the sameé song type, then bird 1 had the
right hypoglossus cut and lost one song element (arrowed) while ¢ had the left
hypoglossus cut and lost all but one element (arrowed). (The unistructured sounds
in 2’s song are a result of airflow through the denervated bronchus.) (From
- NOTTEBOHM, 1971.) . A
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£ normally produces a partof the complete song, the left side predominates

and is mgf':nble for most of it. This lateralization of control has since
been: confirmed in other ‘species, but to what extent the intact bird

i synchronizes or independently controls output from both bronchi during:

normal singing is unknown. 1t is now thought that this lateralization may-
extend to the central nervous system (CNS) where attempts are being
made to mvcsugate the central control of vocalizations. If it does, there is
an intriguing parallel with the control of human speech whcre ccrebml '
dommanoc by one hemisphere also occurs.

'n Hurlng

The outer ear of birds is not very obv:ous. due to the absence of an -
external pinna; This is thought to be for aerodynamlc reasons, a.lt.hough .
bats which also fly usually have a large external pinna. The opening ofthe :
external auditory meatus is protected by feathers which, although th?'
hinder hearing, to some extent are essential to reduce wind noise
flight. The meatus conducts sound to the {ympanic membrane or eudmm %
which vibrates due to changes in pressure. The middle ear transmits these
changes mechanically to the inner ear. In birds this is done by a single
bone, the columella unlike the three ear ossicles: of mammals. ‘The
columella is held by ligagments against an oval window to the fluid-filled
cochlea of the inner ear. It is here that sensory hair cells act as the final -
transducers of mechanical vibrations into nerve impulses. The cochlea is
a tube which has a much folded roof, the tegmentum vasculosum, which
covers the basilar membrane. Pressure changes cause the basilar membrane
to vibrate and the sensory hair cells to discharge nerve impulses to the
brain. It has long been suspected that different sound frequencies excite
different regions of the basilar membrane. In birds, the length of the
cochlea and basilar membrane is much shorter than in mammals, which
, inay mean t.hat the CNS plays a more important role in frequency.
perception. The frequency range to which the ear is sensitive varies from
species to species, but the area of maximum sensitivity generally appears
to, be between 1 and 4 kHz (Fig. 1~2), much the same as in man. Early
methods of determining frequency ranges relied solely upon behavioural
audibility clirves obtained in conditioning experiments. Later techniques
used cochlear potentials, and now potentials can be recorded from the,
cochlear nuclei, groups of neurones in the brain itself. konsH1 (v970) has
applied  this technique to several species, and found that the threshold
curves pbtained closely match those found by earlier behavioural studies. *
(Fig. 3—2). His neuro ¥|ynologwa] studies. havc also confirmed that birds . .
cannot hear high (ultmmuc) frequencies nd the audible range of =
humans, above about 20 kHz. Although birds do produce ultrasonic -
sound (THORPEand GRIFFIN, 1962), itis of low intensity and always associated
with audible sounds. moss and Lockik (1979) have recently shown that

capercaillies (Tetrao urogallus) produce very low (inftasonic) ﬁ'cquenues
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Fig. 1=2 A behavioural audibility curve (a) compared to neural thresholds
(b) obtained from the brain of a starling (Stumus vulgaris). (From kONISHL, 1970.)

inaudible to humans, below 40 Hz', but dicre i’s as yet no ”evid’cnce that
they’Gan hear it themselves. :
It has already been mentioned that the avian cochlea is much shorter:
than in mammals, but it is also broader and contains more sensory hair -
cells’ per unit length of basilar membrane. ‘Another difference is the
extensive folding of the tegmentum vasculosum which is thought to have - -
a damping effect bringing the system to rest more quickly. It has often
'been suggested that such design might well i improve the temporal resolution
~ ‘ofsounds which follow one another quickly. Even cursory examinationof
sonagrams shows that birds usnally produce as many ‘as ten distinct -
syllables per second, and also extremely rapid frequency modulations. .
Evidence will be presented in later chapters to show that birds are quite .
- “capable of discriminating between such minute variations particularly in’
. the temporal patterning of calls and $ongs. Neurophysiological evidence
of high temporal resolution of sounds has been obtained by xonisH1
(1969) from the cochlear nuclei of the brain. Single clicks were resolved
with intervals between them of only about s ‘ms and Sometimes less.
Behavnouralcvndencehasnowbecnobtamcdbywzmnsomnduowsz(1975)
who trained captive birds to discriminate between ‘double and single .
clicks for a food reward. ‘They could ‘still: resolve double clicks as two
separate sounds when the click interval was as small as 2 milliseconds.
Such: powers of resolution are way beyond those of most mammals
including man, and it does seem that birds are capable of communicating
- with sounds on a much faster time scale than humans. ;



2 Methods and Techniques

There are many different levels at which the investigation of vocalizations
can proceed. The first step is to find a singing bird and be able to hear it
clearly. By listening carefully and taking detailed notes, the early
naturalists were able to describe many important features' and
characteristics of the different species’ vocalizations. However, subjective
descriptions based ‘upon miemory and recorded in verbal shorthand are .
 oflittle use to the modern scientist, who needs to make an accurate record "

of the vocalizations. Tape recordings can be repeatedly analysed by

modern electronic equipment to reveal the precise details of vocalization
- structure for comparison and further study. It may also give clues as to’

* function, a hypothesis can be set up, and a series of experiments planned . -

 to test it. These may involve captive birds in the laboratory or playback -
experiments on natural populationsin thewild. -~ - . ) :

‘2.1. Sound recording B i 1 Sl
The recording equipment must satisfy the following criteria, It should.
- be of high quality for later laboratory analysis of recordings, and yet be
light, iomble and robust for work in the field, With the advent of solid-
. state physics and minjaturization, there is now a reasonable choice of such
equipment, some of it specially designed with the above requirements in

.’ mind. A battery-operated ‘tape recorder with an adequate frequency-

.. respomse-and high tape speed is essential to capture the rapid frequenicy -

- modulations mentioned earlier. I Y S A R SR e

. . Selection of the correct type of microphoneis extremely important, -
‘and for most work a dynamic microphone is best. Several arenowﬁigned

specifically for outside work and so are suitably robust as well as being’ . . -

sensitive and responsive to the frequency ranges described earlier. Since

- they mostly have low impedarice, long cables can be used if necessary to " .
.connect with the tape recorder input. There are only two ways of getting - -
~ close enough to: obtain a good: quality recording; positioning the * -

- microphone near the singing bird at the end of a long cable, or using a
parabolic reflector and microphone some distanceaway. .
The parabolic reflector has undoubtedly made the colléction of good
quality .recordings much easier, and is indispensable to the modern
- recordist. It consists of a shallow dish, which-when pointed at a distant
sound source reflects the sound waves and concentrates them to a focal
‘{)oint. The microphone is positioned facing ifito the dish at the focal point
Fig. #-1) and s0 receives the greatly amplified sound. The reflector also -
makes the system more directional and selective by cutting down' on
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;jpig 2-1 Dldgmmmauc representation of a bolic reflector, to show the

L posmomng ofa xmcrophone at the focal pomt of sound-wave reﬂec‘on

T unw,a;nted side noise so improving the signal-to-noise ratio of the whole -

- system. The dish can be accurately directed on to the sound soyrce either
by sight, or by wearing headphones and acoustically monitoring the

- -sound input. Dishes come in a variety of sizes, the larger the' more -

- ‘powerful, and are made of either aluminium or fibre glass for lightness.
They have some disadvantages in wind, and overall frequency response is

. far from uniform, but generally the advantages more than compensate
An excellent review of different recording tcchmques and equnpment has
been pubhshed by cuLLEDGE(1977).

2.2 Sound analy.il and sonagrams

~ The cathode-ray oscilloscope can be used to display recorded sound as a
series of waves on the screen. These can be photographed at intervals and
then measured to determine: frequency and amplitude. There are,
* however, a number of d:sadvamages in analysis by oscilloscope, mamly
due to the rapid rate of frequency and amplitude modutation in bird
vocalizations. To be sure that all the changes are detected, minute
" sections, measured in fractions of a second, must be displayed and
photographed: one_after the other, before a composite song can be
constructed and studied. Oscillographic methods are better suited to the
study of sounds which remain fairly constant and for this reason are most
often used in the study of insect sound communication.

The development of a special frequency spectrum analyser, called a
sonagraph, revolutionized the study of bird vocalizations. Its potential was
" soon realized by Thorpe, who was the first to use it extensxvely on
passerine songs. Now available in a variety of forms and with various
accessories, - its basic principles remain the same. The sonagraph re- -
. records on a magnetic drum a short sample of about 2.5 seconds of the
-sound to be analysed. It is then rapidly scanned by being revolved and

replayed over 500 times through a filter which is gradually tuned to
higher frequencxes As this is done; a dark trace is produced on sensitive
white paper which is also revolved on a cylinder connected to the-drum.
“The main result of this is to produce a graph of frequency against time,
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. but amphtude isalso represented as the darker the shadmg the greater the .
amplitude. The trace is called a sonagram and may be stored as it is, traced,
photocopied or photographed and'a great deal of information obtained -
later by measurement. The main criticism levelled at the sonagraph is that
if incorrectly calibrated, used or interpreted, it can give misleading

- information; but this surely appllcs to any scientific instrument. Another
criticism is that by displaying in'detail the extensive minutiae of frequenc
variations, it acmally confuses by giving too much information. This
rather curious criticism can be remedied by simplifying the final trace,
and obscuring the finer details of harmonic structure and amplitude
variations by Indian ink. Many feel that such a slmphﬁcd trace, which
merely shows frequency range and modulations in uniform black, gives -
sufficient information, particularly for illustrations in books. The main
advantage of sonagrams is that they really do give the reader a picture of
what sounds are like, and after a little practice even a novice is able toread

“them with far greater ease than leammg musical notation. By actually
presenting an objective representation of the recorded sound itself, the
sonagram also renders obsolete the necessity to resort to inadequate

. phonetic descriptions. Although sometimes useful for field ormthologlsts

_there are very real dangers of placing any reliance upan these for serious -
scientific research. In her book, JeLLis (197 7) points out how field guides in
different countries give remarkably different phonetic’ descriptions for

- the same spec:es The call of the golden oriole (Oriolus oriolus) is given as

‘weela-weeo’ in England, ‘tuolio’ in Frarice and ‘dudelio’ in Germany. .
Upon actually hearing the call from a wild golden oriole for the first time
she felt that none of them had given her much help in identifying it. In
looking at a sonagtam for the first.time the reader may experience a
similar feelmg, and so at this stage here are a few useful hints as to.the
interpretation of some common vocalizations shown in Fig. 2—2. All these
sounds are found in the songs of one single male sedge warbler
(Acrocephalus schoenobaenus), and are the units, or building blocks, from

. which songs are constructed. There is considerable variation and

. disagreement among scientists as to the correct terminology to use, and

they are often referred to as notes or syllables. For the sake of convenierice

and consistency in dus book all sug units within songs will be called
elements., '
~ In sonagrams, l:he axis is frequency, measured in kiloHertz (kHz). As
frequency ap&roxlmates to pitch, the higher the noise is, the higher it
appears on the trace. The time scale along-the abscissa is usually in

seconds. Perhaps the most common sound people associate with birds is a

whistle: If you make a short whistle of constang pitch, it will appear as a

pure, unmodulated frequency on the sonagram, a fairly straight horizontal

band (a). A whistle which starts at a higher frequency and drops to a lower
one is said to be frequency modulated and appears as a slope (b). If more
rapid modulations are mtroduced as in a slow (c) or fast (d) vibrato, they
will be shown on the sonagram. A completely different sound is the harsh
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Flg 2-2 Sonag'rams of some dlﬂ'erent soutids (elements) produced by a male -
- ‘sedge warbler and descnbcd in the text. :

nmse produced when a w1de frequency spectrum is sused. A short burst of -
wide frequency noise results in a single click (e) and if several occur close -
together a harsh: buzing ‘or ratt]mg is produced (f). Frequency, -
modulations can occur in a wide variety of complex forms and marty will
be encountered later, but (g) for example sounds rather like a chirp.
- Another complication is gen a sound which has a low fundamental
ﬁequemy also has higher frequencies which occur as multiples of the
fundamental. These are called harmonics and in the examp[e here (h) result :
v in a rather gruff barking noise. _
There are a2 number 'of new mstrumcnts whnch havea peared since the
- sonagraph. The melograph plots only the main or fundamental frequency
" as a single line, but also plots amplitude beneath. A confinuous frequéncy
specirum analyser can now quickly produce sonagram-like traces on an
oscilloscope screen. These can be photographed every few seconds to
greatly specd up what has been a much slower process on the orthodox

sonagraph. .

.3 Experim:nu iy _ S o -
Many laboratory expenmems dre concerntd wuh the role of audwmy
ﬂcdback inthe development of song. Young blrdsarc often (aken from the
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nest and then raised by hand in aviaries away fmm other birds. A better,
but more difficult form of acoustic isolation, is to hatch and raise the
young in special sound-proof chambers. These ensure more completc
> control - of the acoustic’ environment, and often have «built-in
_microphones and speakers for various experiments. Drastic experiments,
to remove auditory feedback altogether, involve deafening young birds
after hatching by cochlea removal. The results of these methods will be
discussed in Chapter 5, but important as laboratory « experiments are for
song development, they tell uslittle about the functions of song in the wild.
The most common type of field experiment now ormed is the
playback experiment where an extension speaker is p ced in or near
territory. It relies upon the well-known tendency of a blrd in territory to
- defend it by showing aggressive behaviour towards the sight or sound of a
rival male. Although models and preserved birds canaalso be used, the use
* of a recorded acoustic stimulus by itself has the advantage of removing
other variables from the experimental design. 1f a strong baseline response
to normal recorded ‘song is elicited, then presumably the bird is
recogmzmg and responding to speciﬁc features contained -in it
Expenmenu can then proceed to investigate these by vaxxlmg those
features in a variety of ways. A series of pilot experiments will show how a'
particular species responds to playback and the most appropriate criteria
can then be selected. For example, a typical responseofaveryreacnve‘
bird . might . involve. immediately stopping any other - behaviour,
orientating towards the speaker, approaching it and finally even
contacting it. It may also produce vocalizations and visual threat displays.
At the simplest level, the response could be scored on an ‘all or nothing’
basis, bur usually each of the different categories are scored separately.
They can also be ranked, so that a bird which approaches the speaker
scores more than one which merely orientates towards it, and so on.
. Useful as scoring methods are, they do qulve subjective factors, and if
. possible the best method is to quantify responses by objective measurements.
Ideally several different categories of behaviour should bemeasm&. and .
f;huhasbeendoncmthemmpleshownmhg 2-3. sl :
... .Five categories were selected to measure the mponm oftcn male
¢ :edgewa:blcn to 4 mmofpla dofthdrspeaumngbo¢ before and’
- after pairing (CATCHPOLE, 1977). Latency of response (a) was the reaction time
" measured from the start of the experimental song to the first movement of
the ‘wholé bird towards the speaker. As can be ‘séen, this increased
gnificantly after pairing. Tunum arching within a 1 m radius of the
spcakcr(b)mstotallcdanddmshowfda,u;mﬁmmdmsea&er
pairing. Tm:pewnngmgdumgthe4uxjn!@wowedthcmostdmanc
chapjge, as no males sang after - The nearest. distance each bird
eventually approached to the spcaﬁ'r(l:i’)& masured towithin 1'm, and
thisalso showed an increase. However, the number of cails given(e) showed a
significant ‘increase after pairing. We' will ‘not a.n:mP; to:draw "any
conclusions from the experiment at this stage, but it does mmhow

-
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3 Calls and Communication

' Bll’d vocahzanons are’ traditionally divided into a.lls and songs, and i
although there are considerable difficulties in exactly defining the two -
terms, the distinction still remains auseful one. As agencral rule, songs are.
long, more complex in structure and produced by males in the breeding
season, whereas calls ‘are short, simple and produced by both sexes
throughout the year. As we will see later, there is still considerable debate .
as to the pomblc functions of songs, but for several reasons the functional

' interpretation of calls is less dlfﬁcult and so provxdea a useful starnng
pomt

jl.'ﬂlcﬁmcdmuofclnl

_ One reason’ why the functions of calls are better understood is that
t.hcy are glven in qulte speuﬁc ‘contexts or durmg certain behaviour
- patterns. oz variation in calling rate, intensity, or sometimes the -
-occurrence intermediate form, probably reflect underlying changes
in motivation which may also be transmitted to other individuals. If a
- -particular call is only given during territorial displays and fighting, it - .
*, seerns reasonable to assume it is an aggressively' motivated threat call.

g Funhcrmore, if the call itself is seen to effect the behaviour of other .

" members of theé species, then it fulfils our criteria of communication,; as

- ‘well » as “ providing additional clues as to function. Indeed, one

 ‘characteristic of calls is that in many cases they do have an immediate
% !ﬂ'ecﬂapon the behaviour of other individuals. Calls can be thought ofas”
iexpressing a tendency to behave in a certain way, arid also transmitting
" that information-to other individuals who upon recewmg it may modify -
- thieir behaviour accordingly.
By studymg different calls in relation to behaVnour, it has been possnble ;
++...40 build up the total vocabulary of calls for many species. THORPE(1961) has -
+ tabulated data from.several species and it can be seen (Table 1) that the -
* size’ of .call’ vocabulary varies -considerably from species to- species.

Passerines, ‘of average, have a rather larger votabulary than other .

groups but overall there seems to be an upper limit of about 15 different
calls in any one vocabulary. In most cases there is room for at least one -

call for flight or aggression, but as many as three calls for different alarm .-

s andcoumhxpnmﬁom.myonngmohavethmownspcualcaﬂs,meh

.as- when begging food from their parents, The various . catégoriés :
‘ .pmgdby'rhorpemhusummmygweagoodndeaoftheoverallrange‘_a;q )

and type of calls to be found in most bird vocabularies. -
i Howcvcr, ‘these categories are not oomprehcnswc, and therc are alw‘
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(or 18)

calls which have more unusual and highly specialized | Fanceions. Thes
may mvolve communicating w:th other species, interspecific communication,
or using calls as a form of sonar, ewtocommunication. One particularly
interesting c:ample is shown by African honeyguides, such as the aptly
named Jndicator indicator, whose special calls.and behaviour guide men
mdothermamnuhwthqnmsafwﬂd ny .. The nests, which
- birds, ate broken into by the larger
ryguides can then feed pn broken pmoesoflhccomb.
ish pmwwﬂwﬂomdmnﬂybﬂwm




