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ABSTRACT

The overall alm 6f this theels is to ﬁrovide a clear doscripfive
account of pair formation and bond maintenance in the 2ebra Finch.
Factors important in the processes involved are assessed and the
hope, explained at the outset, is to provide a clear grounding upon
which future work can be based. The first three sections of the
work review and analyse the background to this bird species. Types
of pair bonding in birds are discusesed and the general bilology of

the Zebra Finch is explained in detail., Section 3 deals with the
Abehavioural displays observed during the course of the preeent study
and reviews such observations as have been made in the light of the
literature. One display, described probably for the first time,

is an 'intense head-forward threat'! posture which was previously
thought to be absent from the behavioural repertoire of this speciles.

The pair formation process is assessed in two situations} pairs
of males and females in isolation in individual cages and in emall
groups (two males and two females)e In both cases behavioural
chenges are found to occur which are indicative of pair formation in
this species. Courtship is initially high but declines after the
first watche It is directed at the mate from the outset which shows that
mate selection, in tﬁe groups, is rapidly concluded. Aggression
between mates is never obvious and that between non-mates shows an
interesting difference between males and females. In the former,
levels are high from therutset, the first day of introduction, but
the femaleg only show aggression after the bonding relationship has
been inltiated for at least a day. The result of this aggression in
the groups ie to provide a mobile 'mate territory' which, in many

cages, both male and female will defend. Other behaviour increases



in its frequancy of occurrence as pair bonds sre formed and 1is
Presumably impoftant in ths maintenance of bonds. This includes

the number of bouts of undirected song and fhe length of time spent
allopreening and in clumps. This contact behaviour (allopreening
and clumping) is confined to mates onlys The behaviour of the mates
tends to become synchronised and this change is more marked in the
groups thsn it 1s in the isolated mituation.

The birde used in the pair formation situations described above
had not met prior to the experiments end 1in some cases pairs failed
to forme Thias suggests that incompatibility 1s a real poseibility
in this species and also indicates that both the male and the female
have preferences for particular individuals which they express during
mate selesction.

As gn sddition to the work on pailr formation, experiments
described in Section 5 deal with changes in courtsbip due to the
Poseescion of & palr bond. WNales who are separated from a female
for a period of time will court that female on introduction and it
is shown that pair formation between the two individuals reduces this
tendency and, although courtship etill occurs on introduction, there
are far fewer bouts involved. In add;tion, males are found to remain
sexually active towards non-mate females even after the establishment
of & bresumahly strong pair bonds This so-called promiscuous
behaviour is not obgerved in mated females who tend to react
aggressively towards a courting non-mate. The possibility is thus
proposed that the bongd o;uld be 'zfronger' in the case of females
than 1t is in males of thig species.

Contact between ths mates will be important during pair
meintenance and Sections 6 and 7 are devoted to an examination of

the role of vocalizations in this process. In Section 6, 1t is
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clearly demonstfated that the cslls of both males and females provide
ample individual characteristics on which identification of the mate
cen be baged. These are accurately reproduéed in successive calls
and appear to provide & predictable and recognisable form of
communication, Of the calls assessed, the male *‘loud' calls emerge
as a long-digtance vocalization which is highly variable between
individuals, far more so.than female loud calls, and one which shows
marked individual distinctiveness. MNale song is also described and
was found to be eimilarly individually distinct. There sre some cases
/where two males sing almost the same song but the loud calls of the
males concerned are measurably different. This is taken as
indicative of the lumportance of a long range vocalization which is
individually distinct (male song is of low volume compared to the
loud calls).

Evidence for individual recognition of the calls of the mate is
providad by the work described in Seoction 7. Males and females do
cell more to one another when they are mated but the relationship
between the rate of calling snd palr formation is not a simple one.
Females are found to eshow more significant recognition of the mate
and this could be linked with the greater individual distinctiveness
of male vocalizations. In addition, females show that they can
alter thelr calling rates far more readily than can males which supports
the suggestion from Section 5, that the bonding relationship may Be
stronger, or at least more evident, in the female of the species.

The last two sections of the theels deal with pair maintenance
activitiesr The relative importance of vocal and visual factors in
bond maintenance is assesseds A male and female cennot form s bond
in situations where physical contact is prevénted, either by a solid

or trensparent partition. Complete contact ig essential which suggests



that activities such as copulation, clumping and allopreening sre
necessary before a bond can be fully established. Separation of
mates on the other hand, does not disrupt an established bond, the
bond is still evident after the period of separation even if the
bird re-pairs with another individual (see below). However,
behaviour common to a pair formation situation reappears on the
reunion of mates indicating that the responses of the male and
female have altered as a result of the lack of reinforcement of the
bonding relationship during the period of smeparation.

The importénca of auditory and visual reinforcement is assessed
'in a situation in which mates are separated and provided with s new
rartner. Psir bonds result with the new partner only in the
situation in which no contact is sllowed with the former mate. If
established mates can hear or see one another then the established
bond is retained and the new partner rejeoted. It is interesting
to note that on reunion with the established mate, both males and
females choose to re-establish their former bonds and, even after
having formed a 'new' bond, the new partner is rejected in all cases.
This raises the possibility that more than one bdond can be present
at any one time but, at least in the case of the 2ebra Finch, only
one (that with the mate) 1s ever expressed.

Finally, in Section 10, pair formation is reviewed in the light
of the experimental findings. It is divided into two processes, mate
selection and bond maintenance or reinforcement, which are discussed
Beparately. Comparisons with imprinting responses seen in parent/
offepring gelationships are made and the tﬁesis ends with a few

Proposals as to the direction future resmsarch could tskee.
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INTRODUCTION

The courtship diepleys performed by birds during pair formation
are some of the most beautiful andchmplex behavioural acts meen in
the snimal worlde In a paper published in 1940 Lack wrote that
thege was probably more ignorance concerning pair formatiog than
any other aspect of bird behaviour and since that date few researchers
have shed any light on the features of the processes involved. It is
true to say, however, that the role of pair formation sctivities in
reducing aggression and promoting copulation between potential
bartners has been well established in a number of species and_a
considerable amount of literature concerning the motivation and
derivation of the displays concerned haé built up over the years.

Yet little has been doﬁe to trace systematically the behavioural
modifications that manifest themselves during the pair formation
period or to assess the actual nature of the pair bond that results.
Indeed the term 'pair bond' itself is vague and ill-defined implying
some form of physical tle or link between two individuals.

‘ Thie thesis can be divided into two broad sections:s the first
deals withban examination of the changes in behaviour that occur
during the pair formation of a_ species within the laboratory environ-
ment and an aésassment of the length of time before such a process
is complete, 1.6« a pair is formeds This includes an analysis of the
role played by vocalizations in the process and forms the bulk of the
written work.. The second section involves an experimental approach
into the 1qportance of various factors in the formation and
maintenance of pair bondas., The main aim of the work is to provide

8 clearer pioture of pair formation and the pair bond which could

form the basis for future work.
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form the basis for future work.
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The species chosen for this study, the Zebra Finch,
Taeniopygia ggftata (Vieillot 1817), is ideal for the experimental
work describede It is an Australlian member of the Grassfinches
or Egtrildididae, a family well noted for the formation of prolonged
pair bonds (Kunkel 1974) and their suitability for laboratory
studies (e.g. Morris 1954, 19583 Goodwin 1959, 1960, 1962
Immelmann 1965, 1967, 19693 DButterfield 19703 Evans 19723 2ann
19723 Caryl 1975)e. The Zebra finch has been domesticated in this
country eince before the turn of the century and has the admirable
adVanéageu of béing cheap, easily obtainable in large numbers, and
possessing several well-established colour mutantse. The excellent
field studies carried out by Immelmann on this species (e.g. 1968 ),
indicate that the pair bonds formed between individuals are
maintained for life., Breeding is geared to the aperiodic environ-
mental conditions encountered in its natural semi-arid habitatj
the stimulus of rainfall appears all important and is apparently
responsible for pair formation and maintenance activities being
prolonged throughout any non-breeding periods. Thus it is possible
to study pelr formation in this species outside of the sctual
breeding situation, when endocrinal complications msy arise, and
at any tlme of the year providing laboratory conditions are kept
ﬁpproximately constant throughout. This offers considerable
advantages over those species with periodic breeding cycles where
for much of the year pair formation and bonding is not a likely
occurrénces Finally, in this extolation of the virtues of the
%ebra Finch as a laboratory subject, 1t remains to mention that it
has formed the basis for mome previous studies which in turn provide
a starting point for the present work. Morris'(l954, 1958) ana

Butterfield (1970) have examined pair formation ani bond maintenance,



l3‘

end Caryl (19705 I97ED considered the effect of pair bonds on the
agzresslon between conspecifics.

Other types of bonde, or relationships, between individuals occur
in the social organization of the higher vertebrates. These are
notably the parent/offspring relationship and the social téndency or ..
bond between members of the same species (the *gocial group')e. Of
these the latier, aside from some admirable work by Crook (1961), has
suffered from a similer leck of experimental analysis as has the
pair bond. The posaibility that the pair bond end social bond may
be similar processes, differing only in a matter of degree, has
received scant attention. In contrast the experimental investigation
of the parent/offspring relationship has proved remarkably rewarding
and our knowledge of at least the initial stages of the imprinting
process and its profound long term effects are considerably advanced.
The study of the interactions between parehts and offspring has been
oxtended to the primates and much im now becoming known of the nature
of this attachment in man. In view of thims development it is
surprising that so little time has been devoted to the other major
bonding prooess in men, the pair bond. Man is one of the few mono-
gamous primates who expends considerable time and effort in'the
procuring and retention of a mate for life.

It ip unwise to draw direct comparisons between birds and mammals.
There are for example large differences in dbrain structure snd the
respective evolutionary linea have diverged since at least the
Permian era. Yet striking similerities have been found in the nature
of thelr parent-offspring bonds. It therefore seems‘likely that an
understanding of fsctors involved in the pair bonding of birds will
be useful when extending studies into the realm of man himself.

An investigation of pair bonding would be incomplete without
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some knowledge 6f the ultimate and proximate factors which determine
the type and nafure of the bond under considerstion. A bond may

be monogamous or polygasmous, prolonged or merely last long enough

to enable copulation to ococur, and this will be dependent on the way ‘
in which environmental and physiological factors interact and affect
the social processes involved. Thus in Section I some time is
devoted to a discussion of the types of pair bonds found in birds

and the ways in which these may be adapted to the needs of & parficular
species. This is followed by sections dealing with the general
biology and behaviour of the Zebra Finch.

) Changes in behaviour occurring during pair formation of Zedbra
Finches are examined in Sections 4 end 5. The actual behavioural
changes are noted including such features as courtship, aggression
and proximity changos, Seotion 6 1s devoted to vocalizations; =
sonographic description of calla and song, their possible functions
in different contexts, and, Section 7, the possibility of individual
recognition of the partner by calls. The discussions at the ends of
these sections formulate ideas on what is meant by a pair bond in

the 2ebra Finch and the behaviour that is essential in its fofmation
and maintenance.

The question of the relative importance of these behavioural
changes in‘bond formation 1s investigated in Section 8. For exsmple,
is the experience of auditory and visual signals enough to develop a
relationship between potential partners or is contact behaviour (1.0
tactile) essential to the process? This question is carried one
stage further in Section 9 where the 1mportaﬁce of auditory and
vi?ual cues‘in maintaining already established bonds is determined
which makes possible a comparison of behavioural factors important

in the early stages of a bond with those prevalent in itg waturity.



Section 10 is in the form of a general discussion where
informstion gleaned from the preceeding work can be assessed snd

interpreted in the light of vertebrate behaviour in general.

)5.



. 6.
SECTION I. PAIR BONDS IN BIRDS

lel Types of Pair Bond

Lack's 1940 publication contained what is =till probably the
best and certainly the most quoted olassification of pair bond typese.
Drawing up such a classification is not a simple process as the
number of categories can vary depending on the criteris chosen, but
following Lack's lead, bonds can be placed into one of five groups

on the basis of their duration prior to and succeeding copulation.

(a) The sexes meet solely for copulations. Two groups can be
distinguisheds The so-~called lek speoiés in which the males perfornm
a communal display which sttracts femsles to a display ground where
- copulation may take place and the sexes then separate e.z. Blackcock,
Buropeen Ruff and, smong passerines, the Cockeof-the-rock. In other
species the male displays singly, not at a lek, and associates with
the female only until copulation has taken place e.g. Ruffed Grouse,
Spruce Grouse and probably most Bower birds.

(b) A _pair bond is formed for a few daye at the time of copulation,

This 4z the case in the Forth American Humming birds in which the pair-
ings :emain intact for a few days but the masles play no part in

nesting asctivities. Other examples are the Red-necked Phalarope and
the Tinamous, in these cases it is the female that departs after she
hag laid the eggs end the male continues with their incubation. and
rearing of the young.

(c) A _pair bond is formed some time before copulation but breaks

down shortly afterwards. This type is exemplified by many of the
Waterfowl (Anatidae)e Asg in (b), the male leaves shortly after egg-

laying, but the bond is formed in these birds seversl weeks prior to
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copulation often in the preceeding autumn or early spring.

(2) The pair bond lasts for the raising of the brood or for

the duration of the breeding season. This is the largest of the

categories including the majority of the passerines and almost all
the wading species. In many cases the bond is formed several weeks
or months before nesting e.ge. the Chaffinch and Furopean Robin, and
may be retained for successive broods. In addition the same bond
way be renewed annually as in the Robin (Lack 1939) and the
Kittiwake (Coulson 1966).

(e) The pair bond lasts for life. The pair bond is maintained

“throughout the non-breeding sesson in these species without the
sexee separating e.ge Great Tit, many grassfinches, parrots, some
swans and geese, and corvids, It could be argued that those birds
in category (4) which renew the same bond annuslly also pair for
life« The distinction made here is that in these species the pairs
separate during the non-breeding season and the bond is not
maintained throughout the year.

An assumption made in this classification is that the pairdond
is the same in each of the categories. Clearly, birds exhibiting
types (d) and (e) will emphasise behaviour important in the
maintenance of their bonds to a much greater extent than‘in those
cases where the pairing is far more transito:y. Indeed 1% could be
argued that no bond is formed at all in those species where the
sexes meet solely for copulation though the difference lies mainly
in the lack of pair maintenance, pair formation can remain essentially
the same. |

The msjority of bird species fall into either groups (d) or (e)
and, with the exception of a few polygynous species, these are all

monogamous bonds. Lack 1968 oalculated that over 909 of all bird



species are monogamous and explained his results in that if the
gex ratio is not badly distorted, and there are few cases reported
of wild bird populations in which it is, then a pair will produce
on average most offepring if both the male and female help in the
ralsing of the younge This help may be in the form of the provision
of food and/or proteotion of the mate and offspring. Promiscuous,
polygynous end polyandrous bonds are characteristically of short
duration end ocour in thope species in which one individusal is
.capable of rearing the young alone without any risk of decreased
chances of repréduotivo success. Interestingly the ploceid Cuelea
‘gquelea mey exhibit both types of bonding, the male often remsins
and assiests in the rearing of offspring from the first dbrood of
the meason and then shows successive polygyﬂy with & number of
females thereafter. This puggests that the bonding process under-
lying both monogamous and multi-individual relationships may be

essentislly the same.

1.2 The prolonged or permanent pair bond

The Zebra Finch pomsesses a permanent pair bond andi thus the
factors, both hormonal and behavioural, which are correlated with
the appearesnce of this bond type deserve consideration. Kunkel (1974 )
has recently drawn attention to the fact that the majority of species
with prolonged bonds ocour in the tropics and presumably therefore
selective pressures common to these regions must have been important
in their developments, Instances of permanenf bond s in species of
higher lattitudes cannot be ignored, however, end in these casesn

different selective pressures may be operating.
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(1) Factors affeoting the duration of pair bonds

There are fhree main factors which appear important in deciding
the length of a pairing relastionship.

a) The environment end its effect on the timing snd lenmgth of

the breeding_seagon

Every bird species ig appsrently adapted to bdreed at the time of
year at which conditions are moast favourable for rearing its offspring.
The ultimate control of breeding efficlency is thought to be the
availability of an adequate food supply and the moet critical time
'will be from the beginning of the nesting period until the young
are fledgzed by which time the species will be present in its largest
numbers (Lack 1968).

In temperate zones favourable condlitions last for only three to
four monthe and cover the seme predictable period each year. The
onset of the breeding meason can thus be socurately timed such that
rearing of the young will coincide with the most favourable months.
Pair formation will occur at the same time each year, usually early
spring, and all individuals in s given population will come into
reproductive conditions at the same time. In these species one can
argue that the main selective pressure influencing breeding success
will come from conspecifios of the msame pex and this will favour the
petting up of territories. The function of territories in the life
of birde i1s a disputed topic but this may indicate one of the
reasons why it may be adaptive in these apecies,

Different conditions exist in the tropics. Here the dominant
factor deciding when favourable conditions will ensue is the onset
of the rﬁiny season. Kunkel (l.c.) describes how close to the
9quator there are two rainy and two dry seasons per year but, with

increasing distance away from the equator one of these cycles is




reduced until the outer tropics are reached where the season
becomesn biphasié and the single rainy season is more prolonged.
It is important to note, however, that locsl conditions may alter
thie basic scheme considerably. For example, in the equatorial
forests conditions remain favourable for breeding throughout the
year, whereas in other areas the time available may be restricted to
a few unpredictable monthas It is this unpredictability of the
onget of the breeding meason, coupled with the tendency towards a
more prolonged subsequent period of favourable conditions, which
is probably one bf the most important selective pressufes lesding
to the development of permanent pair bonds.

In arid regions, such as those found in Northern Australia and
coastal Fquador end Peru, the breeding season, heralded by the onset
of the rainy season is frequently of short duration. Bird species
1iving in these regions (the Zebra Finch is common in Northern
lustralis) must react to the very first signs of improving conditiones
if they are to rear their young when food will be most plentifuls
Pair formation may take a considerable length of time and following
thig the nest has to be built end ovulation and copulation completed.
It is in order to reduce the time lost to breeding that birds of
these regions are thought to have developed a permanent pair bond
wﬁich musf be maintained throughout the unfavourable, non-dbreeding
periods. There is little experimental evidence to support this
suggestion but Coulson (1966) has shown that in the Kittiwake, s
species of the temperate zone, breeding success 1s increased in those
pairs returning to the nesting colony at an eérlier date. They
produce their eg2s wore quickly than the later arrivals who are
usually unmated birds and who 'lose even more breeding time through

fhe necessity of pair formation. Presumadbly a similar effect on

‘10
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breeding success would be found in birds living in arid conditions
who responded siowly to ithe onset of the favourable season.

The effect of a prolonged breeding season 1s somewhat different,
After the onset, envircnmental fluctuations are not strong enough to
synchronise the breeding cycles of all the individuals within a
population. This means that any two potential breeding partners
who meet cannot guarantes with eny certainty that they will be at
the same etage of the breedinz cycle end hence pair formation may
not be possible. Kunkel (1974) believee that this risk of non-
synohronisation.between breeding individuals is a major factor
govarning the development of prolonged bonds in these regionse.

Once synchronisation of a palr has been schieved it will be advantageous
if that pair remain together for successive breeding cycles, the need
for sn early response to a new breeding season will ensure that the

sane bond is retained throughout non-dreeding periods.

Thus the unpredictability of environmental fluctuations has
almoegt certainly pleyed a major part in the evolution of permanent
pair bonds., That similar selective pressures may sometimes operate
in temporate regions has been suggested by Simmons' (1970) study of
the nesting behaviour of the Great Crested Grebe. HNere the pair bond
1s apparently maintained so that nest buildinz can begin as smoon as
fhe cover (usually reeds) becomes sufficiently high to provide
protection for the nest and younge The exact timing of cover
availability appears to fluctuate in different years and cannot be
accurately predioted.

b) The length of parental care

There ie a clear relationship here, the longer the period of
parental care of the young then the longer the pair bond must be

maintained.s In cases where this period lasts from one breeding season



.12,

to the next it will enforce a permanent pair bond on the parents
if they share responsibilities for the care of the young. This is
thought to explain the permanent pair bonds of the larger Anatidae
such as swans and geese and would suggesti the pairs unsuccessful
in a breeding season would, without the need for parental care, be
expected to split up. Ninton (1968) found evidence of quite high
rates of 'divorce' amongst British swans but he was unable to
idetermine the reasons behind these cases of bond breskdown.

o) The effect of breeding sucgess or lack of 1t

This relies on the assumption that in bird populations all
individuals are not capable of achieving the same breeding success.
This means in practice that mating with one particuler conspecific
may result in a reduced breeding success when compared with the
rate that could be obtained with s more ‘compatible' or ‘'hard-
working' partner. Where such fitness or compatibility could be
accurately predicted from the appearance or behaviour of an individual
at the time of mate selection one could predict that pair formation
might involve competition for mates. In addition, selection would
favour the elaboration of those cues used in making the predictions,
1.e. sexual selection. In those epecies with prolonged periods of
parental care by both sexes this fitness will not merely involve a
genetic compatibllity but also the more physical attributes of nest
building, incubation and resring and feeding of the young.

There is evidence sccumulating that some bird species are not
capable of making predictions accurately at the time of pair formation
end thus the palr subsequently bresks down, in other words, the palr
are divorced. Coulson's (1966, 1968) excellent long term field
gstudies on the breeding behaviour of the Kittiwake in North Fast

England unearthed the surprisingly high figure of 255 of a ringed
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breeding population changing their mates in any one year. This
occurred in spifa of the fact that their previous mates were still
nlive and had been observed within the colony. Poor breeding
success in the preceeding year was found to correlate with this
change in mates, in those cases where a high number of offspring
were fledged the individual pair bond was apparently reinforced

and retained the following year. In addition,paired birds had the
advantagze of nesting earlier in the colony and thus a greater chance
that their offspring would survive.

Mills (1973) found thet essentially the same situation oocurred
/in the Red-billed Gull though in this case the link with breeding
success was more tenuous in that pairs retaining their bonds produced
a8 larger clutch size but this did nét necessarily mean that more
offspring were fledged. However, earlier breeding by mated birds
was similarly well established and as Coulson had also found, lLills
suggested that eny incompatibillity between mates probably occurred
during incubation. The smount of feeding of the female by the
male varied and in eome ceses the female was forced to leave the
egze in order to forage for food herself. Frickson and Morris (1972)
attempted to show that incompatibility and bond breakage could be
demonstrated in the laboratory with captive Ringdoves. However,
tﬁey were unsuccessful and blamed the controlled conditions which
did not punisgh inefficient breeding as strongly as it might be
punished in more natural surroundings.

This worklindicates considerable variation in the potentisl
fitness and compatibllity of partners in a bfeeding population and,
providing the species is long-lived, successful bonds will be
retained in fuiure years and probably for 1life. The fact that in

the Kittiweke the incidence of bond breskages is highest in young
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birds supports this viewe Le Resche and Sladen (13970) found that
in the long-livéd Adelie Penguln mate changes were common only in
the first few years of life. In small birds, with high annual
mortality rates (at least 50% in the Chaffinch), the effect of
choosing a poor partner on overall breeding success will carry the
same penalties but fewer cases of bond breskage can be expected.
This is'beoause incompatibility will only affect at most one or two
breeding cycles though multiple broods in a season may increase this
number, Selection will still favour an eccurate choice during mate
selection, however. Only in those tropical species, such as the
Zebra Finch, with extended breeding seasons and rapid succession of

broocds could we expect appreciable rates of bond breakdown.

(11) Reproductive rhythms and endocrinal modifications of species

with prolonged bonds

Before considering those species with prolonged pair bonds 1t
is worth outlining the situation occurring in more temperate regions
where a restricted breeding meason leads to short annual donds (bond-
type (4))s The ultimate factors controlling breeding success operate
towarde the end of the breeding season and therefore many species
mst begin egg-laying in what are at best, sub-optimal conditions.
They need to react to those environmental factors which predict the
advent of the new season} Immelmann (1971) has termed such factors
releasers or 'Zeltgebers'.

In the temperate cliﬁate, where the optimal secason occurs with
regularity each yesr, a fixed annual event can be chosen as the
2eitgebers The partioular phenomenon used by the majority of species
is the increase in day length at the onset of spring. An endogenous

reproductive cycle is brought into phase by means of the 2eitgeber
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stimulating the production of gonadotropins by the pituitary which
leads to testis 6r ovary development end the consequent production

of higher levels of androgens or oestrogens. Changes in behaviour
occur &8s a fesult of these hormones circulating in the blood stresm,
notably an increase in the amounts of courtship and aggression smongst
conspecifics, which lead to pair formation and the establishment of
the breeding bond, It is known that males are stimulated more fully
than females by the external Zeitgeber and complete spermatogenesis
can be induced by the light etimulus alone., Ovarian development
appears to halt at an advanced stage at which rapid follicle develop-
ﬁent can ensues The stimulus for this development, and hence the
timing of ovulstion, is determined by signals and dieplays incident
during male courtship and nest building sctivities (c.f. Lehrman
(1965) end Hinde (1966) for general reviews and Tutchi son (1974)

for a recent paper). ’

The end of the breeding season is distinguished by gonadial
regrepsion due to cessation of gonsdotropin production and without
the influence of the sex hormones, the pair bond breaks down.
Courtship no longer occurs and aggression becomes more prevalent
between mated birds and thus the total length of the pair bond bears
a direct relationship to the length of the reproductive cycle, and
the occurrence of bond maintenance activities are dependent on the
circulation of the gonadial hormoness The birds now enter a
refractory period during which temporarily favourable conditions,
at the wrong time of the year, will not result in ,étypidal breeding
behaviour. |

Leas 1; known abqut the reproductive rhythms and timing
mechaniems of species living in troplcal regions with extended

breeding seasons. A response to photostimulation has been demonstrated




in the laboratory (Immelmann 1971) but fluoctuations in day length
in the wild would be very small and this could .be at the most a
subslduary Zeltgeber. It may in fact dqmonstrate the primitive
origins of the photoperiodioc response. A totally endogenocus rhythm
has been suggested to explain the breeding cycles of some of the
tropical seabirds. An example is the Wideawake or Sooty Tern

(Sterns fuscata) which nests on Ascension Island and breeds at

intervals of 9.6 months. In terrestrial birds the Andean Sparrow

(7onotrichin capensis) has been extensively studied by Miller (1959 ,

1962) who found that they breed throughout the yearj the males have
'a gonadic cycle lasting eix months, their gonads are active for four
of these months and in a refractory state for two. The females on
the other hand maintain a state of readiness at all times and can
enter gonadic activity within a few days of stimulation by the males.
Both these cases resemble the temperate species in that their
breeding cycles involve a refractory period during which, however
ghort 1t may sctually be, one could expect pair bonds to dbreakdown.
Fndocrinal modifications which subserve a permanent pair bond
‘aro clearly demonstrated by the oppurtunist breeders of arid regions
end in theme specliez no refractory period 'has been found. The
breeding seasons are of lrregular occurrence and length with suitabdle
fearing conditions frequently lasting only for a matter of weeks.
The Zeitgeber in these cases im thought to b§ the sctual eight of
rainfall (Immelmann 1971) but both sexes maintain a continual state
of reproductive readiness and will breed at any time of the year
end will continue breeding as long as the favourabdble conditions last.
These so-called oppurtunist breeders include the Australian 2ebra
Finch and Budgerigar. Males of both species are not known to enter

a refractory period of gonadial regression and Brockway (1964b) has

16.



shown that in the Budgerigsr this is dependent on tke continual
etinuletion of wale vocalizations. She found thst in the absence
of male "loud warbles" both the male and female showed signifiocant
regression of the goneds. Ferner and Follett (1966) suggested »
hypothetical enlocrinel controlling eystem to explain the cycle of
the Zebra Finchs 1In thie trey proposed thét the hypothalamus
maintsined & tonic state of gonsdotropin secretion ani the negative
feedback effeotns of increasing levels of gonadiasl hormones was
wininized (in temperate species high levels of gonaiial hormones
suppress gonalotropin secretion). In epecies like the 2ebra Finch
‘therefore, the adasence of a refractory period presumsbly means that
gonsdotropin is continuously produced, even during unfavourabdle
coniitions, snl bond meintensnce bshaviour can be pro}onged through
the non-breeding periods.

A similar system oould be operating in those tropical species
with a permanent pair bond living under conditions of extended
treeling seasonse In general refractory periode of tropical
speoies are known to be short end have been shown to be absent in
et lesst two species, the Baya %eaver, Plooeus philippimus (Thapliyel
end Saxona, 1964) anl the loorhen, Gallinula ohloropus (Siegfried and
Froet, 1975)s In the latter bresling was founl to be contiﬁuoan in
iho two paire observed, successful hatokings deing raoorded at
remarkable forty-two lay intervals over s periol of two years,

They noted that breeding success was reduced in the winter periods
‘but there was no obvious seazonal alteration in the intervals between
c¢lutches. 4 %cfraotory periol, if one was present must have been

extremely short,.

17.



18.

(411) Behavioural modifications of species with prolonged bonds

A number of behavioural alaptations have been proposed as
important mechanisms involved in the prolongation of pair bonds.
These were extensively reviewed by Kunkel (1974) and a brief
summary will suffice here. It is worth noting at the outset that
the maintenance behaviour discussed is not necessarily unique to
specles with permanent bonds but it may reach whet 1s possibly its
most advanced and elaborate form in such species.

The behaviour patterns of importance includes

(a) Contaot.behaviour (clumping and mutual preening of allo-
preening) which involves body contact between mates during resting
periods. Whilst in contect individuals may preen the head or neck
regions of their pasrtners. Though such allopreening will no doubdt
result in clesning of the feathers in these otherwise inaccessible
regions, Sparke (1963) demonstrated that this was not its primary
function (at least in Amandavaz a8 the intensity of allopreening
did not alter with the degree of dirtinesas of the feathers. It seems
that 1its primary role is in the reduction of agsressive tendencies
between mates (Harrison 1965), and this will be perticularly important
during the non-breeding season when sexusl tendencles will be
presumably lowered.
| (b) The song given by birds with permenent bonds is invariasbly
of low volume which would be audible only over short distances ("Short
distance song" Kunkel l.o.). No mdvertising functions at the time of
pair formatioq have been amcribed to such song and it does not
appear to elicit aggression from potentially'rival maless Such song
is a feature of both the Feirildines and the Carduelines and it is
thought to be importent in maintaining contact’betweén mates.

(¢) A further development of (b) is duetting in which a particular
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song (or calls) are exchanged between the members of a pair, often
with an individualised temporal pattern. Such duetting occurs
throughout the year in, for example the Laniarus shrikes (Thorpe
1972), end must be of importance in maintaining contact between
individual pairs., In addition the more complex exchanges involve
learning and perfection of the duet which must result in considerable
fixation on the mate.

(d) ¥eny species with & prolonged pair bond remain on the same
well-defined territory throughout the year. The maintenance of such
& permanent territory by & palr could clearly assist in the retention
of a bond between theme

(e) In many cases, fidelity by the pair is to & particular nest
sites Immelmann (1963) describes many Fstridines which roost during
the non-breeding season in the same nest they used to raise their

younge This will have a similar advantage to that descrided in (a)

above,

(4v) The interaction between endoorinal snd behavioural factors

Butterfield (1970) drew attention to an interesting evolutionary
problem concerning the effect of the reproductive physiology of a
species on the duration of the pair bonds It could be that due to
ecological selective pressures modifications of the reproductive
rhythm was favoured and this then had a secondary effect on the
length of the resulting pair bond. Continuous gonadotropin and
gonadial hormone output, as postulated for the Zebra Finch, would
result in sexual activities (including 00urt§hip and nest bullding)
throughout éhe non-breeding sesson and this in turn would maintein
the bonds On the other hand it could be argued that the long term

pair bond, with its attendant maintenance activities, evolved directly



and that it 1s the interasotion between the mexes which affects
gonadial secretion. As yet this remains unresolved but the
evidence quoted earlier that male courtship and vocalizations may
accelerate ovariaen development possibly favours the second
suggestion. In addition, Arnold (1975) has recently published his
results on the affects of castration on the behaviour of the Zebra
Finch. He found that behaviour described as bond-maintenance
aotivities, allopreening, oclumping andvthe production of short
distance song, continued in the males in spite of the absence of

androgens in the blood stream.

Yore evidence is required to completely resolve this evolutionary

dichotomy but it raises fundemental questions as to the nature of pair

bonds in birds. Are they entirely dependent for their maintenance
on endogenous hormonal factors or 1s the bond to any extent

independent of such control? No conclusions can be drawn until far

more is known about the reproductive rhythms of birds with permenent

pair bonds but Arnold's findings suggest that at least some aspects
of the bond's manifestations is outside of the gonadial hormone's

control.,

20,
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SECTION 2. THFE GENFRAL BIOLOGY OF TH¥ 2EBRA FINCH

Introduction

It is essential in laboratory studies of behavioural phenomens
not to lose sight of the natural setting in which the particular
behaviour has arisen snd to which it has been adapted. The discovery
that 4t 18 not possible to teach chimpanzees to speak more than a
few simple words of the human language is not so surprising when
the nature of tﬁeir vocalizations in the wild ie exsmined snd the
‘fact that they never imitate another chimpanzee's calla, let alone
a human's, becomes clear (FRottebohm 1572)e In an attempt to avoid
such misapprehensione this seotion deals with the systematics,
habitat and specialized ecological adaptations of the 2ebra Finch.
In addition work concerning the effects of captivity on the Zebra

Finch's behaviour 1g reviewed.

(a) The Family Fastrildidse, order Passeriformee

The classification of the esirildids as a separate family has
been disputed for a number of years and remains to this date
unsettled. Delacour(1943) originally considered them a sub;family,
Estrildinse, of the Ploceidae which suggested a close affinity to
the true-weavers, the Ploceinae. On enatomical grounde Tordoff (1954)
proposed that they were related to the Carduelinae and Stallcup (1954)
went 8o far as to place them in the same family grouping. Thoﬁgh it
is clear that(they share the same ecological range, they are both
small, often social, seed-eaters, and will thus be subject to similar
selective pressures, most authors belleve they should be placed in

‘separate families. Sibley (1970), however, has again suggested a
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close relationship between the true weavers and the .estrildids as
a result of an énalyais of thelr egg-white proteins. The value

of these findings is not fully understood and, at least for the
time being, the Fstrididese retain their family ststus, though a
poesible relationship with the Ploceidae ani/or the Carduelinae
cannot be over-looked.

Confusion also stemmed from the popular title for the estrildids,
the weaver-finches, as none of the 108 ~ 125 species recognised in
Africa, Southern Aeia and Australia are known to utilise a weaving
action in their nest building. For this reason Immelmann (1965)
'proposed that they be known exclusively as Grassfinches., It is
thought that Africa was the likely evolutionary centre of the family
and they are the only seed-sating passerine to have reached Australia
in their dispersion. The Africen and Australian species share
similar habitats and the marked parasllel of adaptations which has
resulted has been the topic of a comparison of the two continental

groups by Immelmann (1966).

(b) The habitat of the Zebra Finch

The 2ebra Finch is the most widely distributed of all the
Augtralian estrildids and its range extends throughout thg continent.
it ie primarily coneiderel a species of the spmi-arid interior (some
704 of Australia is described as "erid land") where prolonged droughts
occur frequently which may force nomadic migrations of the indigenous
bird populations (Immelmann 1965)s One eesentisl requirement appears
to be the presence of surface water and the range has extended over
the years into previously inhospitable areas due to human settlements.

Although often described as a nomadic species, the 2ebra Finch

appears to be sedentary over the majority of its range except under
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extreme circumstances (Serventy 1971). Birds visit the same water
hole or pool each day which often involves travelling considerabdle
distancess FEnforced movements are similar to those described for
*true' nomads in that they are irregular in their occurrence and
may result in huge congregations of birds around available water.

Thelr food is mainly half-ripe and ripened grass seeds and some
ingeots are taken at sll times. Unlike gome African estrildids,
there is no evidence that insects form an essential part of the diet
during the breeding season in Austrslia, nor do they appear to use
insects to obtaih water as has been shown for some of the desert
‘bird species. There have been no specislised feeding methods
desoribed, Zedbra Finches spend much of their time on the ground
piocking up fallen seed oy jumping to reach meeds in standing grass
head s,

The nests are built usually in emall bushes and trees and this
is a further restricting factor to their range within arid regionse.
¥ore than one nest per tree or bush has been obsgerved where
potential gites are limited and Serventy (i.c.) describes an extreme
example of 21 nests in a single Acacia tree. The average distance
between nests measured for two sample colonies by Immelmann (1962)

was 14 metres, this distance was defended by the resident pairas.

(¢c) Social activities

The 2ebra Finch is a highly gregarious specles forming flocks
of from 50 = 100 individusls in the non-breeding season., The
breeding colony is made up from 5 to 25 pairs and Immelmann (1965)
found that ihey form tight, compzoct groups in which all members are
known and strangers are met with a speedy repulsion. Socisl

activities occur each day with pairs gathering to bathe, drink,
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preen or fly off together in search of food. Where the species is
resident during‘tho non-breeiing season the same nest sites are
often retained for roosting and thus the integrity of the social
group is probably maintained. In some of the other Australian
estrildids, e.g., Poephils epecies, the soclal groups are more
intensely organised with the evolution of greeting ceremonies and
the extension of bond-maintenance activities to include all members
of the eocial group (%ann 1972).

Courtship by 2Zebra Finches occurs often within the groups at a
social gatheringleite near to the nesting colonye. It is assumed
'fhat pair formation is initiated on these occasionss The dispersion
of nests ie in the form of a loose colony and the distances between
them, as mentioned above, 1s maintained by the pair in the form of
8 small territory. Immelmann (1965) suggests that neighbours vielt each
other at the nest but the stage of the breeding cycle to which he is
reforring is not clear. Frith and Tilt (1959) found that defence of
the nest was very intense to all comers, the attacks frequently
being launched with such alacrity that eggs were damaged within
the nest. Both the male and the female incubate the egzs and share

the duties of resring and protecting the young,.

(a) Drogght adaptations

Yuch of the behaviour exhibited by the Zebra Finoch oan be viewed
in terms of their adaptability to the unprediotable nature of their
arid environments. That these ecological selective pressures were

~of major importance was highlightad by Immelﬁann (1965) and the way
in which théy ere related to the general tropical adsptations of

birde was deescribed in Section 2.
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1) The breeding season.

In the arid regions conditions are conducive to breeding only
efter rainfall. The effects of sudden downpours includes rapid
growth of green vegetation which may appear as little as 48 hours
after the onset of rain. Fowever, such bursts of growth are often
transitory with the flora flowering and producing seeds within a few
weekse As alrealy stressed, the rains ocour st unpredictable
intervals and drought conditions msy be prolonged for many months.

¥eGilp (1923) noted that in dad drought years few bird species
attemptel to nest whereae after good rains there was often sn influx
'bt birds snd the nomads and residents would begin nesting very
promptlys A correlation between egg-laying and rainfall was found
by Carnabdy (1954) and it now appears almost certain that the chief
7eitgeber for breeding is the occurrence of rain.

Thus the “ebra Finch, and other inhsbitents of the aril regions,
tave broken free from regular breeding seasons ani will respond ¢o
rainfall in whatever month it may ococur. Izmelmann (1963) has even
suggested that the stimulus is the actual sight of falling rain
rather than the appearance of green vegetation, the latter is known
to be important in triggering the breeding response of the ploooid
Guelea gueles. To argu; his care Immeluann sites examples of
rhinfall ooccurring at night and thunderstorms, when humidity
increased dramatically without any rainfall, neither of which appeared
to stimulate breeding behaviour. Rezults were unfortunately not
quantified and there remains some doubt as to the exact identity of
the Zeitgober.‘ In Rorthern and Fastern regions of Aﬁatralia rainfall
is more regular ani favourable breeding conditions exist for s cone
siderable part of the year. ?2ebra Finches in these localities have

been reported by Frith ani Tilt (l.c.) to breed in all but the
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colﬁast monthe of the year, irrespective of the months in which the
rains actually felle Under Furopeean captive conditions the Zebra
Finch will similarly breed continuously throughout the year.

i1) The permanent pair bond.

The Zebra Finch, in common with many Australian birds that
inhabit the arid regions, maintains a pair bond for lifee. The
major selective pressure, as already outlined, is almost certainly
the irregular breeding seagon of these areas., The pair bond is
maintained so that whenever favourable conditions ensue a rapid
regsponse will tako place and l1little time will be wasted in the
(preliminaries of pair formation.

A state of reproductive readiness is apparently maintained al
all times. Farner and Serventy (1960) carried out an extensive
survey of Zebras Finches and found no instances of birds with completely
inactive gonada at any time of the year. One effect of this is a
reduction of the time taken before ovulation‘occurs at the start of
the season as the female ovaries will already be in an advanced
state of devolopment.i As 8 possible conse§uence of continuous
gonadial secretiona some sexual activity cen be observed even in the
non-~breeding season and Immelmann (1963) reports that nest building
is similarly extended.
| 111) Breeding potential.

During very prolonged droughts populations of 2ebra Finches can
be drastically reduced and the species has developed the ability to
rapidly incregae in numbers once the rains srrive. Breeding is
continuous ss long &s conditions last snd broods can‘f0110w each
other with remarkable regularity. As an example of breeding ability
in captivity Serventy (1971) describes a pair that raiged 23 broods

in succeseion over a period of 3 years 4 months| Youlting does not
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affect the breeding cycle (Keast, 1968) as it i= a continuous
process that can easily overlap with it. Serventy (1971) suggests
that this modification is unique to Australisn birds but the
Crossbill (Newton 1972) and Loorhen (Siegfried and Frost 1975) are
examples of at least two Furopean birds with this adaptation,

Z2ebra finches begin breeding at a very early age, in captivity
Serventy claims that males started nesting st 6} weeks post-hatching,
tenmales at 9% weeks, and clutches were hatched and reared when 11-12
weoks 0lde This will assist in increasing numbers in the population

rapidly and can be coneidered an adaptation to the drought conditions.

(e) The Z%ebra Finch in captivity

Captivity can have a marked effect on the behaviour of all
enimals. This is immediately obvious to anyone visiting a zoo or
pet shop ﬁher; enimals are kept in small, restrictive cages. The
repetitive stereotypéﬁ behaviour of small mammals in such oonditions,
often involving the meticulous tracing of an unvarying route around
the cage coupled with a variety of head-shakes and scratching
movements, mﬁst engender a eyupathetic reaction in all but the most
hard-hearted or ignorant of observers. Fediger (1950) first drew
attention to the problems involved in keeping 200 enimals and Morris
(1964) elaborated on the effects of restricted environments on
behaviour. In addition domestication can affect behaviour in that
artificial selectlion may ﬁake place such has ococurred in the canary
resulting in bizanreplumage types and peculiar song varieties.

Domestication of the Zebrs Finch has beén popular in this
country since the turn of the century and there has been a flourishing
Zebra Finch Society since 1952+ The ease with which the species

settles and ite extreme readiness to breed has lead to an increase
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in its numbers until today they are only surpassed by the
budgerigar and éanary. A comparison of wild-cesught and domestic
stock was first made by Morris (1954), and then by Immelmann (19629
and Sossinka (1970), They all found that differences appeared
elight, domestic birds tended to be larger, had different plumage
markings and slower gonadial development in juveniles. Display
behaviour did not appear to have been altered by domesticity though
Sossinka notes a reduction in the amounts of sexual amotivity given
by domestic males.s Thus any effects of artificial selection in
this species appéar negligible.
| The restricted cage environment im more likely to result in
atyplcal behaviour. The reduction in the amount of incoming stimull
is thought to produce smaller demands on the central nervous system
with the result thet the arousal system is generslly dampened
(Immelmann 19623, This may lead to a reduction in the endogenous
getimulation of certain drive actions which Morris (1966) suggests
will cause a loss of appetitive behaviour., This could explain the
reduced amounts of sexual aotivity Sossinka reported., However,
Iomelmann (loo.) writes that the sexual drive shows strong hyper-
trophy in captivity and the situation is not entlrely clear.
Repetitive stereotypes have been described for the canary by
Kelper (1969) and tkese eppear as repetitive route-tracing through
the cage and spot picking, repeated placing of the bill on the
perch or a region of the body. These were seon not only in domestic
birds but aleo with wild-caught individuals in captivity. Route-
tracing was found to be a result of reatriotion as 1t dipappeared
when birds ﬁere placed in larger aviaries. Spot picking on the other
hand appeared to be a feature of sensory deprivation ag it declined

when birds were required to work for their food. Neither of these
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stereotypes was seen in any of the birds used in this study nor
have they been ieported by sny previous workers and it is hoped.
that any effeots of restriction are minimal in this specles.

Thus the use of domestic stock csn be justified at least until
the Australian Government changes its views on the exportation of
live birds eand wild-caught individuals can be obtained once more.
Comparisons between behaviour in experimental situations will be

made with that seen in the wild though with some reservations in

mind (qeve Einde 1956).

(£) The colouration of the Zebra Finch

The 2Zebra Finch is sexually dimorphio throughout the year and
i1ts colour markings may be divided into those common to both seies,
the species markings (Morris 1954), and those peculiar only to the
male, the male markinge. The desoriptions given are of the
domestic wild-type or "grey" which closely resembles actual wild-
caught individuals.

1) Species markings.

The crown, neck, back and winge are greyjy the ventral surface
is white, often appearing more cream-like and this tendency is even
more marked in wild-ocsught especimens. The cheeks are white with a
aﬁort vertical black bar whilst the rump region is white with the
upper tail coverts banded black and white, the tail blacks. The
legs and feet are orange with the bill red, in the males the red
of the bill is deeper in colour.,

The red besk is thought to be an importﬁnt releaser in the
displays of the 2Zebra Finch. Immelman (1959) found that when using
models of females male courtship could be elicited from a female-

shaped object with a red beak and no plumage markingse This is also
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reflected in the fsct that Juvenile plumage in this species
closely resembles that of the adult female except that the beak
remains black until sgexual maturity 1s reached. In addition
Immelmann (1962 .) suggests that besk colour may be important in the
formation of mixed species flocks in the wild; he notes separate
flocks forming from those estrildids with red besks compared to
those species with yellow bills.

11) Vale markings.

In the males the sides of the face and ear coverts are chestnut-
brown and the flanks are a similar hue but speckled with white spots.
The throat and breast are finely barred with black and white
terminated by a broad black band below which the belly is a similar
white to that of the females. .

Considerable plumage variations occur within the domestic wild-
types such that 1t is possible to recognise individuals. The broad
black band on the male's neck region often appears in an incomplete
form for example.

111) Colour varieties or mutants.

In the course of domestication several colour varieties have
been established. These are quite recent developments, the first
recorded is that for a pure white in Australia in 1921, In this
mutant all the plumage markings are sbsent though invariably traces
of grey patches remains The only colour différenco between male and
female in this case is the depth of red of the bill.

The other varieties include, fawn, in which the grey areas are

replaced with pale brown, chestnut flanks, where individuals are

white except for male markings and tall and cheek bars, and pied in
which fawns or greys have irregular patches of white plumage, Other

'diluted’ forms exist, such as Silver (diluted grey), Cream (dilutea



fawn) and there is a white~-fronted "Penguin" type. In the present
study greys, fawhs, and chestnut flanks were used with one or two
pied individuals.

The only evidence of colour mutants occurring in the wild is
quoted by Immelmann (1965); the chestnut flanks are thought to

have been first obtained from the natural habitat in 1937,

31.
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SECTION 3. THE BEHAVIOUR OF THY 2FBRA FINCH

Introduotion

The following section deals with the dieplays and behaviour of
the Zebra Finoh both in the wild and in captivity. It is s
descriptive survey of the activities seen during courtehip, agonism,
nesting and contact behaviour with an attempt to mske comparisons
with other bird specles. During the course of the experimental work
many personal observations were made as to the form and nature of
particular displays and frequently theme differed from those
sccepted in the literature, Such observations fall outside of the ,
main scope of this thesls but can be included in this general review.

The descriptions that follow are based largely on subjective
unguantified interpretations and eny ettempts to outline the
derivations of display components are speculative and unproved. Work
on the derivation of displays must be speculative, no fossil record
exists for behaviour, but providing this 1s born in mind discussions
can still prove very interesting as Tinbergen (1952) and Andrew (1961)
have clearly shown. In view of this, the first discussion deals
with a short review of the origine and ritualization of displays.
Ih later descriptions many questions are raised which remgin
unanswered. This is unsatisfactory but refle§ta the difficultieg
involved in interpreting the kind of subjective data that must bve
dealt with in such studies.

Thus, whilst aocepting the speculative nature of the following
section, 1t is still oconsidered a worthwhile endeavour. The
descriptions of behaviour here will form a useful reference for

those unfamiliar with the displays of small passerines and will
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therefore precldde lengthy descriptions in later experimental

sections.

(a) The origin end rituslization of display components

A displey given in an agonistic or courtship context usually
involves numerous components which, when combined, msake up =
particular pattern in which it 1s performed. Vhenever a particulsr
display im elicited in birds 1t is usually given in its entirety,
the components following one snother in the prescribed temporal
pattern. Andrew (1961) 1listed the possible origins of such display
véomponents and inocludeds

1) Movements which are not given as part of the display but
which ocour within it either incompletely (e.gs intention movements) or
redirected in a new direction.

11) Displacement activities are patterns of behaviour other than
those immediately evoked by the context of the display and therefore
appear to be out of context (also called irrelevant behaviour), e.ge
pecking at food or wiping the bill during a courtship display.
Reasones why such behaviour should occur in these sesmingly unlikely
eituations is not clear at present, but Delius (1967, 1973) hase
proposed that they are important in regulating the arousal system
of the ofganiam.

114 ) Autonomic responses such as raieing of the feathers or
dilation of blood vessels (probably more common in mammals), appear
to have been incorporated into displays.

iv) Finally, there is what Andrew calle 6ompromiéo behaviour.
These are actions which arise Qhen two tendencies conflict and are,
in effect a partial expression of both of them, e.g. tall-flicking

in birds which is thought to indicate simultaneous tendencies to
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fly both towards end away from anothef individual.

Thise is nof presented as an exhaustive list but one which will
serve for the purposes of the present discuseion.

It hes been proposed that during the course of evolution the
components of displays have changed, certain elements may be
exaggerated, and that the sequence in which they are given has
become fixed and etereotyfed. This process was termed ritualization
of the display (Tinbergen 1952 ; Norris 1957 )e The selection of
components to be incorporated in the display is influenced by
environmental faétors as Crook (1962) clearly demonstrated in the
ploceids, but once the display is elicited it is given with the same
intensity on every occasion, what Morris (1957) called the *typical
intensity'. This stereotypy must involve a reduction in the amount
of information given in the display that is indicative of the
signallefs motivational state but in contrast the signal is less
likely to be viewed with any resulting embiguity by the receiver.

As Yorrie (l.c.) aptly states "a signal that is constant cannot be
mistaken",

The informational content of animel displays was considered by
Smith (1969) and he suggested that two main factors or 'modifiers’
were operatinge. The display provided en '1dentification' message,
e;g. the sex, maturity and charascteristios of en individual, and a
‘probability' message indicating to what extent a behaviour was likely
to occur. The latter could be achieved by mltering the rate and
repetition of the display or certain components within it. In this
way, in spite of the rigid ritualization of the display, information
as to the signallers likely motivational state could be transmitted.

Simpson (1972) gives some indication of how subtle this transfer may
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become in hie work on the Siamese Fighting Fish, Betta splendens.

Thus in the performance of displays there sre two conflicting
tendencies. Ritualization places the emphasis on a rigid, easily
understood signal whereas the motivational state of the signaller

affects the actuasl outcome in a particular context.

(b) Courtship dieplays and Copulation of tle Zebra Finch

The courtship displays of the 2ebrs Finch, in common with those
of many other bird species, cannot be easily divided in to those
g€iven by the male end those by the females There is consideradle
overlap and Hinde (1956) and Andrew (1961) have both pointed out in
meny passerines nearly all the components of the male's sexual
display bave been recorded, at one time or another, in the female's
repertoire. The difference between the sexes lies in the frequency
-with which the different displays tend to be given and clearly there'
will be occasions when a display cannot be rigidly essigned to one

or other of the mexes. Theee tendencles were quite marked in the
displays of the %ebra Finches obgerved in the present study and form
the basis for the following personal descriptions. Attempts will be
made to relate these obmervations to behaviour described in the
literature.

1) Behaviour immedistely prior to courtship activities.

On many occasions birds were seen to collect and mandibulate
negting materlal immediately before a courtship display began. It
appeared that such behaviour was often incidental in eliciting
courtship in that the partner would approach the mandibulating birg
and attempt, someiimes successfully, to remove the material frog the
bill. Much hopping about the perches then ensued with beak

mandibulations by both birde and often this lead into a courtship
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situations Both sexes were seen to initiaste such exchanges and
in some cases males were clearly seen to give courtship song
even whilat retaining the nesting material firmly in the bill.
Thies type of pre-courtship behaviour has been described in
other estrildids, though not the 2ebra Finch. MNoynihan and Hall

(1954) deecribe in the Spice Finch (Lonchura punctulata) both

individuals of a pair flying and hopping about the cage with nesting
material until close proximity was attained whereupon courtship
began. As in the 2ebra Finch, there were many occasions when court-
ehip began without such activities and thus the collection of
'negting material appears to be unritualized as far as the courtship
display 1s concerned.

Unritualized collection of nesting material 1s widespread
emongst the displays of Passerines (Andrew 1961) but it is particularly
interesting in the eatrildids as some species in the family have
ritualized this behaviour. Goodwin (1960 )and Harrieon (1962 )described
- the courtship display of the African waxbills (Estrilda spp.) in which
the male bows to the female whilst holding s long plece of grass in
the bill. This ritualized component of the display may well have
arisen from the tendency to mandibulate material noted in the Zebra
Finch. This seems even more likely when one includes Morris' (1958)
desoription of courtship in the Painted finch (Fublema picta) where
he maw the bowing, straw display degenerate into picking up and
dropping material when it was given on the ground. His findings were
oonfirmed by Immelmann (1965) who noted similar behaviour in the
Pictorella Finch, Heteromunia petoralis.

The importance of unritualized handling of nesting material in
eliciting courtship of the Zebra Finch, or indeed of stimulating 14,

is unclear. Iowever, in many passerines copulation only occurs when
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the female is réady to begin,'or has GOmpleted, buiiding the nest
(eegs the Snow ﬁunting,Tinbéggén 19393 the Chaffinch, Hinde 1970 )
and in these cases the sight of nesting matériai and its mandibulation
presumably has a stimulatory efféot on the female. This could

explain its 1néorporation into the courtship displays of the
‘egtrildids where it has become & rituaslized cOmpbnent in some apedies.

11) The courtship display - a general description

Typically the courtship dance occurs above ground in the branches
of & bush or tree (Immelmann 1965) and involves an introductory
rhase during which both male and female hop too and fro giving
frequent beak wiping. This is followed by the female stopping on
the perch and the male advancing towards her with charaotefistio;
pivoting movements and beak wipes whilst delivering bouts of court-
ship song., As the male nears her the female may solicit copulation,
by rapid lateral movements of the tail, and the male mounts her. The
exact form of this dieplay varles, however, and 1s affected by the
arrangement of available perches and may show 1nd1§idual variations,
Morris (1954) goes so far as to desoribe 1t as a 'semi-ritualired®
display in that the components are stylized but hot, as yet, entirely
emancipated (or divorced from their origins) and sre thus susceptible
tp changes in underlying motivations. This desoription appears
unnecessary in the light of current postulates 6f display origins
(mee above).

In the present study 1t was noticeable that the courtship dance
depending on the situstion in which i1t occurred. When only one
horizontal perch was offered, the male pivotéd up to the female,'though
she rarely remained stationary. Where two horizontal perches were

available with a gap between them, both individusls hopped too and

fro and there was little evidence of the male 'pivoting towards the
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female! as sﬁoh.‘ Finally on the ground the male's dance consisted
of short diagonal runs to either side of the female and no beak
wiping was seen. Courtship on the floor of the cages was rare

but 4t hae been noted in the wild (Immelmann 1965) where it appeared
baeically simpler.

In all these cases the dance of the male ensures that hlis flanks
are ﬁresented which Morris(1954 concluded, means that the species
and male markings sre displayed clearly to the female., This is not
always the case in established pairs. Males were seen to begin court-
ship song on ooc@sions without any accompanying movements and if the
females did not reespond, the bout ceased as adbruptly as it had begun.
This may be a feature of courtship between birds with establighed
ralr bonds thouzh no data was collected to establish its incidence
emongst newly paired individuals.

The components of the male's courtship display, whatever actual
form they take, are probably derived from the conflicting tendencies
incident in the male. Hinde (1970) reviews the evidence that in
birds the componente originate from a composite of aggressive, sexual
end fear responses which are elicited by the sight and close proximity
of the female.

141) Features of the pivoting dance -

This was first desoribed in the 2ebra Finch by Yorris (1954)
in the rather restrictive conditions of a maie moving towards a
female slong & single horizontal perchs The whole body of the bird
was swung from side to side with each hop, the head and tail being
pointed in the direction of the female. Beak wipings, in which the
male bent and eoraped the bill across the peroh, frequently occurred
between each hop in an unritualized fashion. Morri& concluded that

‘the pivoting movements were the outcome of alternating tendencies
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to first fl&e from, and then approach and behave sexually towards,
the temalo. Fach pivot first oarried the male away and then swung
him 5ack towards the female.

It would appear, however, that the nature of the pivoting action
i# not am clear cut as this suggests, In this study, two parallel
perches were provided end it was soon evident that in the introductory
Phase of the displa& both the male and the femsle indulged in pivoting
movementss They both hopped from one perch to the other with the
head and tail inclined towards the psrtner and pivoted with each
turn. BNo approabh tendency was in evidenoce, th- birds remalned from
10 to 20 cum. apart, anl they tondel to move asynchronously with one
bird vecating a perch as the other landed on it. Kunkel (1959) tas
described similar behaviour in the waxbills and notes pivoting as a
spiral or sgemi~circular display during which the flank of the mele is
presented to the front of the female thus preventing her from
departing. Iumelmenn (1965) does mention thet in the Zebra Finch the
female may incline her tail whilst hoppinz but he does not emphasise
that her movements appear essentlaslly the same as those of the male.

Female pivoting in this introductory phase of courtship may be
important in initiating the actusl dieplay. On some oocasiqns
feneles were obsserved pivoting towards males before they showed any
Advanoea in their directiony in the newly estadlished pairs of
Section 4. 247 of the courtship bouts obrerved were bezun by the
female in this way. These bouts appeared no more likely to lead to
copulation than d14 male~initisted ones though Winde (1954) suggested
such a relationship might hold in the Greenfinch as far as copulatory
success was concerned.

¥utual pivoting by both sexes is reported for the Cardelines,

‘the Goldfinch and the Bullfinch (Newton 1972) and, at least in the
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latter, tail inclination aleo occurs. In these species pivoting

has been linked‘with aggressive tendencles as it 1is often seen
outside of couftship during boundary disputes between rival males.
Andrew (1957) noted pivoting during the mobbing behaviour of the
Fmberizinae (Buntings) and suggested a similar aggressive motivation,
Pivoting often degenerated in these cases into actual approach and
retreating movements,

Aggressive tendencies could play a part in the motivation of
Plvoting in the Z2ebra Finch though it wae never recorded during
actusl fighting bouts. Morrie described two forms of pivoting and

’Buggested that they showed variaﬁions in the intensity with which
they were performed., In the first, low intensity dieplay, the dbody
and head were held more horizontally and the pivota were irregular,
The high intensity display involved a more vertical posture with
wide and etrong pivots. It is not clear whether Morris refers to
differences between individuasls or those within a single individual
but 1t 1s possible that the more horizontal display could indicate
greater sggressive tendencies in thst the body ie held in a 'forward
threat-1ike' postures The more verticasl dance, on the other hand,
could indicate a greater likelihood of flight on the part of the
male, Both types of dance were noted in this study but linkn with
Qither fear or aggressive responses were not establiehed;

A final note, pivoting is seen in the lécomotory movements of
small birds along perches (Kilham 1972) snd appears to be a common
form of progress. Such unstylised movements were seen in 2ebrs
Finches of both sexes and tail inclination was aleo noted when hopping
near to a stationary bird, The latier meemed to involve g balancing
movement to counteract asymmetry in the hopping movement due

to a

~tendency to lean away from the stationary bird, Thus both of the
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main featurea of the pilvoting dance occur during normal movements
around the cage; in one case fear may play a part in its production,
and this has lead Kunkel (1967) to suggest that in the waxbills
weak ritualization of these 'locomofory' wmovements has occurred in
their courtship displays. Aggressive tendencies are generally

less pronounced in eetrildid courtship displays (Einde 1955, Andrew
1961) and the part they play in eliciting the ambdivalent pivoting
may be subsiduary at the most with fleeing tendencies affecting

the form of ritualized locomotory movements.

iv) Beak wiping during courtship

Displacement besk wiping is common during the courtship
displeys of passerines, e.g. Hinde (1954) describes its occurrence
in the Fringillide and Carduelines. Both male and female Zebra
Finches were seen to give beak wipes during pivoting movements and
these resembled beak wipes given outside of courtship in that they
were always orlentated towards the perch. Invariably the besk was
actually wiped across the perch but in some cases only the tip of
the bill made contacte Norrie (1954) recorded a eimilar distinction
and added that displacement wipes were faster and "less complete”
than normal ones.

There 1s no evidence of ritualization of beak wiping in Zedra
Finch courteblp as has been noted in the related Spice Finch
(MOynihan and Hall 1954)., In this species béak wipes are no longer
orientated to the perch but are given in a lateral direction as a
"low twist". In addition Kunkel (1967) has proposed that displace-
ment beak wiping led to the ritualized dbowing or curf:eying displays
which are used by males in greeting conspecifice as well as between
pair menbers.

Displacement acts were classically considerei irrelevent
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behaviour and non-functional when given outside of their normal
context. Howevér, recent work has suggested that they play an
important csupal role in motivational adjustment systems (eege
wilz 1970). Delius (1%7 ) suggests they could serve a dearousal
function preventing the overloading, and consequent inefficiency,

of the handling of information by the central nervous system.
Dieplacement besk wiping in the Zebra Finchk was seen by Vorris
(1954) to be due to sexual frustration acting as an outlet for
ageressive and fleeing tendencles and thus prolonging a courtship
boute. Attraotivé as this theory 1s, one would expect displacement
beak wiping to inocrease in frequency the longer a bout proceeded

and to be more common in newly established pairs, but this is not
the case. DBesk wiping was often most merked at the beginning of
courtship and was given Jjust as frequently by establisked pairs of
birds.

Thie appears to rule out sexual frustration as an underlying
csusal factor but assuming besk wiping msy play a part in regulating
the arousal system it could play a direct function in eliciting the
courtehlip display itself. Hailman end Dzelzkahns (1974) carried out
a computor analysis of sequences of behaviour in the socisl displays
of Mallards. They noted that tail wagging, said by them to be a
&isplacement activity, tended to oscur most often inbetween different
bouts of behaviour and suggested that they might act rather as
punctuation marks. In this way they could denote the end of one
display element and the beginning of the next, Beak wiping occurs
throughout the courtship dance of the 2ebra Finch but it appears
particulerly marked in the early stages of the ‘introductory phase!
end may serve to draw attentlon to the bird about to displayy

a
'capital letter' as Hailman and Dzelzkahng might put 1t.
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Clearly thé nature of beak wiping deserves further attention
and 1t will be considered later in this study (Section 4s )e

v) Peather postures during courtship

During his courtship display the male 2ebra Finch assumes a
characteristic feather posture. The body, flank and neck feathers
are raised and fluffed out, the crown feathers asre strongly depressed
whilet thome of the back and sides of the head are raised resulting
in & trienguler head profile. Such trisngular head outlines are
common in displaying estrildids (Immelmann 1965) and Morris (1954)
has suggested thét the function of the feather raising is to ensure
vfhat the male #nd species markinges are clearly displayed.

The females were aeén to apsume & similar fluffed appearance
during courtehip but on only one occasion was the triangular outline
recorded, Fluffed festher postures are common emongst passerines
in reproductive condition (Hinde, 1954) and often they are
agsocisted with wing lowering during courtship, This was not noted
In the Zebra Finches but was seen in females about to lay eggs and
in sickly birds (both male and female): The fluffed appearance of
the birds contrasted markedly with the feather posture of aggressivo
or fleeing individuals where sll feathers tended to be sleeked.

This was seen in courtehip where the female was unreceptive and fled
from the advancing male. ¥Yild alarm situations apparently caused
sleeking of the head feathers only,.

vi) Courtship song

Singing by the male formed an integral part of the courtship
display., It was given during the pivoting dance thoﬁgh on some
occasions it preceeded sny movement by the males When given by a
stationary male 1t 1s eccompanied by rapid pivoiing of the heaq only

which is slso s feature of song given out of courtship, Morris (1954)
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found in the present work. Courtship can occur in virtual silence,
both birds pivoting with a few soft calls given, and this may even
lead up to successful 00pulation without a single song phase being
given. ‘Vhether such gilent bouts are more comuon in establisghed
pairs wag not recorded in this study but one would suspect that the
courtship song might be wmost important during pair formation when
the female must be sure thst the male is in fact a Zebra Finch and
giving the correct specles song-type. The female gives no song at
any time but may cell during the bout.

vii) Aggression during courtship

Aggressive components of courtship in the form of threat
dieplays, are largely absent in the Zebra Fihch (this was noted
earlier with a possible exception, see Section 3 (b) iii). Direct
aggression was noted asmongst some pairs where the male was seen %o
Jjab at the female's hesd at the end of a courtship bout. This has
been seen even amongst well-established pairs and may be a feature
of the bekaviour of particular individuals, Females rarely attacked
courting males, their usual resbonse, if unreceptive, was to fleo.

Aggressive tendencles are marked in the courtship of other
birds es.gs the hesd forward threats of the Paridae (Hinde, 1952)
and Laridae (Moynihan, 1955 ). Interestingly, the Dullfinch is a
notable exception to this trend amongst the Carduelines (Ilinde 1966)
with no threat postures involved in courtshipy it is the Bullfinoh
alone amongst the Carduelines that msintains a permanent pair bond
similar to that of the Zebra Finch., Thus the absence of aggressive
threatsa injcourtship way be correllated with the permanent pair
bond type. |

viii) Solieciting

This is considered to be a behaviour preiominant in the female
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and indicative of her readiness to sccept male copulation attempts
(Morris, 1954 snd Immelmann, 1965). The female sssumes a
horizontal position at right engles to the perch, she then quivers
the tail rapidly so that its actual movements sre lost in a blur,
and the male mounts her backe Since the females' feathers are
sleeked, unlike during the earlier stages of courtship, Norris
Proposed that solliciting wae derived frowm a flight intention move-
ment due to the close proximity of the male.

The moliciting mat of females ie epparsntly fully ritualizeld
ae little 1ndividual varlastion was noted in it. performance in this
study. Copulation did not appear to be entirely dependent on the
femsle soliciting; on some occasions males mounted females as soon
@8 they becems stationary. It was noticesble that unsolicited
wountings were common in biris that kad Just been introduced when,
Presumably, the sexual tendency of tre male was enhancei. In
addition, soliciting 4il not slwaye result in copulation attempts
and on only one ocoarion a female solicited before male courtship
started. This happened in a group situation, with newly introduced
tirds, whioh suggests that the wutual courtship display is importent
in eliciting, or stimulating, this belLaviour in the female.

Soliciting displaye are elso given by male "ebra Finches and
thie belaviour was quite frequently observel., Llorris (1554 and 1955)
first described this and termel it psoudofemﬁlo behaviour. This is
& rather unsatisfactory title as it sppsrently forms part of the
behavioural repertoire in the wild (Iumelmann 1565) eni male
soliciting hai been recorded in other bird groups, e.g. the
Cerduelines (Finde 1955) ani the Fuberizines (Andrew 1957). It
algo seems to be & more persistent part of the male's bekaviour

‘in other estrildid species, In the Lasked Finch Inueluann describvesg



gocial groups gieating one another with tall quivering snd such
behaviour is cl?arly recorded for both the sexes in the greeting
ceremonies of the Poephils species (“ann 1972).

The form of the male's display was exactly as that of the
female with the exception that on some occasions it degenerated
into tail fanning moveménta which was never noted in female solicit-
ing. Tail fanning is given by both male and female in nesting and
aggressive behaviour snd its appearence in male goliciting wmay
suggest a similsr underlying motivation.

Maleg tended to molicit after unsuccessful copulation attempts
.or prolonged courtship bouts during whioh the femsle did not
solicit., MNorris also noted thie tendency and considered that
"sexusl thwarting" was a "fundamental causal factor" in 1ts
elicitation leading to a "displacement-like spark over to dormant
female behaviour’”. As Hinde (1955) pointas out, this is not really
a causal factor and it seems more likely that it is linked with a
strong tendency to flee from the female. Andrew (1957) agrees with

this suggestion in that it represents coumpromise behaviour on the
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vart of the male which allows the expression of him sexual tendencies.

It 13 a stationary display which, as Andrew argues, enables the

@ale to avoid the female and indicates that he has a sirong fear

of hér. ‘It seems plaupsible that a motivation baged on a tendency

to flee whilst at the same time expressing a sexual tendenoy, could

explain the use of tail quivering as a greeting ceremony amongst

some Estrildidss It does not appesr to be used to any extent as

a submiseive sct during aggressive encounteés,'as has been reported

for'primatés; it was only observed on one occasion in this context,
Adkine and Adler (1972) found that in the Japanese Quail

‘ocastration and subsequent treatment with gonadal hormenes affected
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tha sexes differently. The males were apparently more “bisexual”
in that female ﬁohaviour eould be obtained froa either mex wlereas
usle behaviour was exclusive to that mex. CTupport for these
finlings caue from eubryological 4ifferences batweon the smexes and,
if the mawe tendency Lolds for other specice, way help to explain
thie frejquent observations of female dimplays given by male Zebra
Finchess

Finally, Yorris cbserved roversed'mounﬁings (the fexale mounting
& goliciting wale) in the Zebras Finch end on some occasions these
‘inaluled the fuli copulatory movements. In the present stuly females
were seen to place one or both feet on tke mala?lback, but never
slmulated sctual copulation. Iamelmann (1965) has never seen
complete reversel mountings, either in the wild or in captivity snd
it eeems tlat such belaviour ip extrouwely rare.

In concluszion, soliciting in esatriliils of Votk sexaes, appesrs
%0 involve strong tenlencies to flee from a conespeciflic end functions
in preventing such flizht whilst expressing the indiviiual's sexusl
tendencies. In the Zebra Finch suck betaviour le usually elicited
by trte mate only but, in eome estrildids, it Las been extended to
inclule tlhe members of s eocial groupe

ix) Copulation

This involves s atersotyped belaviour pattern Juring which tre
male cliube onto the fewale's back, spreals his tail snl then twists
it rouni end below that of the feuple and makes closcal contact,.
Bglence ig made by flapping the wings anl the moOvements are
sccompaniel Ly the copulation call (described in detail later).
On some occasions the male jabs at the feuale's hesd whilet mountedq
anl thlsz is also seen in reversed mountings Copulstion is not

repestel as in the louse Sparrow (Janje 1941) anl marks the ent of



any courtship bout.

Kot all cobulatory attempts are successful, birds were frequently
seen to fall from the perch for example, and even in esgtadlished
pairs, a long courtship bout did not necessarily lead to copulation.
There wams no obvious refusal by the female, 1.e. she did not attack
the male or fly sway as he approsched, as has been descrided by
Hinde;(1953, 1954) in the dominance relationships of Turopean finohes.
Wilson end Bermant (1972) have muggested that copulation in the
Japanese Guail originates from a different site in the central
nervous system tb that of the courtship displays. If this holds
for other bird groups it might help to explain how courtship can
80 frequently occur without any attempts at copuletion,

X) Summary of male and female courtship display components
The table below (Table 1) summarises the display components of
courteship by male and female 2ebras Finches., The terms ‘frequent',
‘occasionalt end 'never' are a subjective indication of the numbder

of times the behavioyr was observed during this study.

COLPONENT GIVEN BY GIVEN BY
VALE FENALE
(1) Pivoting Frequent Frequent
(2) Tail twisting Frequent Frequent
(3) Dieplacement beak Frequent Frequent
wiping
(4) Fluffed feathers Frequent Frequent
(5) Triangular head Frequent Frequent
shape
(6) Courtship eong Frequent Yever
'(7) Soliciting Frequent Frequent
(8) Mounting Frequent Occasional
(9) Cloacal contact Frequent Never
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(¢) Agonistic behaviour of the %ebra Finch

‘The term agonistic is used here in reference to all attacking,
threatening, fleeing end submissive behaviour on the part of
individualse Although these acts involve quite different motor
patterns and have different functions Hinde (1955) believed such
& grouping was Justified ss they share common causal factors and
are clearly interrelated.

Aggressive behaviour, i.e. fighting, is nearly always concerned
with the posseassion of some objest or pituation. It may be sub-
divided into reproductive fighting (Tinbergen 1939, Hinde 1952)
‘which ococurs in disputes over mate or territory, and fighting over
food or roosting sites. Fighting over food is elicited by the
feeding tendency whereas reproductive fighting is motivated by
the sexual tendency and this dichotomy hae been shown to exist in
the hormones that influence fighting in different contexts (see
Crook and Butterfield,1968 (a) and (b); Lazarus and Crook,1973, and
Dunbar and Crook,1975 in Guelea guelea).

The Zebra Finch is a partioularly pugnacious species at all
times hut the agoniesm described dwells on reproductive situations
in which fighting will be important in the establishment and
maintenance of the pair bond. Aggression is very notioeabl§ in
éroup situations and in those in which nest sites are limited it
ocan even lead to fatalities. Fighting over food could be differently
motivated to reproductive fighting in this species because birds
clearly dOmingnt over an individual on the perches were not'necessarily
dominant in a feeding situation. FHowever, one could argue that the
subordinate bird had s territory which included the Teeding site anad
was thus more aggressive close to home but the widespread oocurrance

of this dominance reversal, plus the fact that 1t was Bt411 geen in
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birds with territories on the perches, or even nest boxes,
suggests that the dichotomy does exist.

1) B1ll pointing and head forward threats

¥orris (1954) has proposed that the use of threats is
relatively unimportant in the 2Zedbra Finch where disputes are
settled by sctual aggression, He suggests that thie is because
the beaks can do little damage to the opponent. In view of the
hiehly aggressive nature of the Zebra Finch and the fact that
ritualized threats have been found in other compsratively small
rasgerines (e.g; the Carduelines, Newton 1972) this ommission seeus
surprising, However, Moynihan and Hall (1954) reach a similar
conclusion {0 Morris' in the related Spice Finch. They found no
evidence of rituslized threats and suggested that the role of
threats was filled by unritualized intention movements and that
this situation might be linked with the highly gregasrious social
habit which requires no long-distance hostile displays. The
Bltuation in the Zebra Finch is not clear, and personal observations
suggest that a review of threatening behaviour would be rewarding,

Yorris notes the occasional use of bill pointing as a threat.
It involves sleeking of the feathers and a horizontal attitude with
the bill directed at the opponents A possibly less intense form
ias frequently seen in which sleeking and pointing ocourr@d without
the horizontal posture, or with only a slighf inclination of the

body. This behaviour was not considered by Andrew (1961) to be a

full head forward threat because in other passerines it includes
opening or gaﬁing of the bill., However, Caryl (1975) desoribes 4%
es a head forward threat and 1t appears to have a similar derivation
in that 1t conszisis of attempts to bite the opponent. Yhether 1t

can be considered & ritualized display or not seems largely a matter
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The 5pice'Finch has been shown to bill mandibulate (rapidly
open and olose the beak) in hostile situations (Moynihan and Hall,
lecs)s Caryl (1970) 4id not report such behaviour in the 2ebra
Finch whereas it has been seen in this study accompanying bill
Pointing on many occasions. Such bill mandibulation (BM for
convenience) also accompanies nesting behaviour end is described
fully in 3 (a), 411). BM in aggressive encounters seems to occur
in situations where fear predominates and is directed at the
approaching Oppénent. Andrew (1957) described BM in the threats
v'of the Goeling Bunting and proposed & similar link with fear and
that 1t was derived from attempts to bite the opponent (other
Possible derivations will be considered with nesting behaviour).

Where rivals were evenly matched an intense threat was observed
which fulfilled all of Andrew's (1961) criteris for true head
forward threat in passerines. The desoription which follows has
not figured in any of the literature and 1% would appear that this
is the first time it has been observede The threatening bird
assumes a slecked horizontal poature with the head in line with
the body and directed at the opponent; <the bill 1am opened and
then‘gaped and the whole head shaken slowly from side to side.
ASlow, rhythuic tail-fanning accompanies the bill gaping And this
threat often resulted in an attack if it went unheeded by the
rival. This threat was not used as frequently as bill pointing,
it appeared particularly when two opponents were evenly matched
and often when they were rivals for the same potential mate, but
1t =t1ll must be included in the behavioural repertoire of both
males and females. Interestingly, rapid tail fanning occurs when

~ an individual lands on the perch between successive supplanting

s1.
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attacks and thus may be derived from a balancing action.

The above head forward threat display has figured in the
literature but in a completely different context. Morris (1958)
called 1t nest invitation behaviour and noted its occurrence
between mates at a potential nest site. This confusion could
Possibly have arisen because both tall fanning and BM are also
features of nesting activities. One clear distinctive feature of
the head forward threat, however, is that it occurs in eilence
whereas calls acdompany nesting bebaviour. In addition, head
sheking 1s not.seen during nesting and BM rather than gaping occurse.
‘The head forward threat shows in fact more similarities with
Juvenile food begzing behaviour than with nest invitation,
particularly the shaking of the head which will be described later.
The tail fanning in aggressive encounters figures in other estrildids,
the Crimson Finch (Morris 1958) and Waxbills (Harrison 1962), and
1t has also been seen in carduelines such as the Hawfinch (EHinde
1955)

Crook (1960) has described a very similar head forward threat

display in the Ploceid Quelea gquelea. It involves a head forward

rosture with depression and fanning of the tail. It is given by
a male in defence of his territory and appears to be derived from
.conflicting tendencies to attack, flee and behave sexually. XHe
suggests a 1link between tail fanning and copulation movements
though this seems unlikely. It could be significant, however,
that the threat occurs in the 2ebra Finch in situations in which
defence of the mexual partner, and possibly the nest slte, are
involved, and thus may represent a further relationship between
the Eatrildilae and Ploceldae groups.

Thus, it appears that the Z2ebra Finch does Possess a head
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forward threat posture but that this display is only seen
occasionally in situations where tendencies to attack and to
flee are in conflict. 4 less intense display, the bill point,
which lacke tail fanning and bill gaping though it may include
b1ll mandibulating, is more frequently seen in such situations,

11) Bill fencing attacks

Threats may lead to avoldance behaviour on the part of a
subordinate bird but in cases where this fails the encounter may
be resolved by actual physical contact. This is usually confined
to the bille, figorous Jabs asre countered and returned, with only
" infrequent attempts to deliver blows to the belly and flanks.

The two opponents rarely trade blows in s strictly one to one
ratio and dominance is indicated by a horizontsl posture, the
subordinate bird's stance is more vertical whilst leaning away
from the opponent {¥orris 1954).

Bill fencing may occur durlng courtship boutsz as was noted
earlier, and Caryl (1970) found a sequential link between these
two sotivities. Andrew (1957) noted the converse in the
emberizines, song wae given by males when fighting with females.
This represented a weak sexual tendency as song was notadbly absent
in encounters between males but in the Zebra Finoch no 00ur§ship
'tendanoies were seen in agonistic bouts.

111) Supplanting attacks

Supplanting attacks oocur when an opponent vacates the perch
88 the attacker arrives thus avoiding physical contact. These
often doveloﬁ into continuous ohases with the attacker repeatedly
landing in the position the subordinate bird has just vacated.
Actual contsct may well occur, as in bill fencing, the head is

~usually the target but the horizontal attitude of the initial
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lunge may result in biting of the flank of the opponent. MNMany
feathers may be femoved in such encounters, particularly in
captivity where chances of escape are fewer, and areas particularly
vulnerable seem to be the back of the head and tail region. As
Morris (1954) also desoribed, birds seem reluctant to let go of

a rival if they have made contaot and where the wing has been
g€rasped both birds mey end up hanging upside down from the perch,
the attacker tenaciously holding onto the wing with his bill, the
rerch with his feet!

It was found that supplenting sttacks occurred rarely between
&étes in the Zebra Finch and there wasm no evidence of sexual chases
during pair formation. Hinde (1952) has recorded how, in the Great
Tit (Parus major), the male 'drove' the female from the flock by a
series of supplenting attacks which resulted in the privecy from
intervention he required for courtship. This has also been seen in
the Carduelines (Newton 1972) but was notably absent at all times
in the present work.

iv) Submissive displays

The only submissive display, aside from sctual avoidence of
atteok, described for the 2ebra Finch is one common in many captive
bi;ds. It involves & general fluffing of all the body feathers and
the bird becomes lergely inactive as Morris (1954) describedj
Hinde (1954) notes e eimiler display in the Creenfinch. In neither
of these cases has the behaviour been seen in the wild and thus 1t
is thought to be associsted with an inability to make a complete
escape from an attacker. It was observed on fare occaslons in this
study, birds’presenting the featheras in this attitude weore usually

found to be sickly rather than healthy individuals. It way, as
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lorris suggests, prevent outrizht attacks by other birls tut 14
certainly 4id nét prevent plucking of feathers froa the unfortunate
individusl.

Earrimon (1962) proposel thet bill mandibulation seen in
azonintic encounters of Yaxbills eruld be an “appeasement gesture”
anl this may be {ts funotion in the Tebra Finch, particularly
between mates, This will be discuesed further below as will aleo
tendencies to bend away, or to offer allopreening which aay
ginilarly reduce aggressive tendencies.

A case of en indivitual using actuel begcing in aggresmsive
encounters was rocéiﬂed on one occarion onlye. A young male (6
monthe post-hstoh) was persistently attsckei by a rival male and,
unlike the examplen‘quotod by Yorris {lece),gave distinctive begging
cella, It ghould be remembered that these bLirds become mexually
active by 3 months post-hatch and thus this behaviour was surprising
when it first appeareds that 1t may indicate, however, 1g that
o0ther possible sppessmement behaviour, desoribed under nesting
activity, may share a similar derivation from begring behaviour.

The use of juvenile behmviour as sppeasement gestures in humana
tag been well documented by Tibl-Tibesfeldt (1970).

In oconclusion one ooulld sy that, apart from poaliblq SPPea st~
mént displaye between mates, submissive 1lsplays sre rare in the captive
%ebra Finch,

v) Plucking of feathers

Thin does not renlly fall into the agonistic category but is
closely relatoﬁ with the actual aots of eggresaion. ‘Subordinat.
end 111 birds may be meverely pluckeds feathers were frequently
rexoved without aggression snd it seeus likely that thig ectivity i»

linked with nest tuilding., Goodwin (1960) cites the case of a female
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Amendavs sp . removing feathers from her male when ready to re-
nest snd Hinde and Steele (1972) noted an increase in plucking

amongst canaries when nesting materliasl was not available.

(a) Festing displays and breeding in the %ebra Finch

The nest advertisement display has been linked with pair
formation in the past and will therefore be described in detail.,
’The Juvenile begging display is also included as some adult display
Gomponents mey be derived from it.
The term nest advertissement is preferred to that of nest-
soliciting (used by Caryl 1975) 4in that, as I will attempt to show,
it 1nvar;ab1y occurs in relation to a potential, or actual, nest
site and involves attraction of the mate. It was used by Crook
(1962) in & similar sense to describe the pair formation behaviour
of the closely related Ploceids and has the added advantage of
clearly distinguishing the display from the dissimilar soliciting
seen during courtship.
1) Nest advertisement; the "pairing ceremony" of Morris (1954,1958)
The display has been described by both Morris and Immelmann (1965),
and consists of twisting and turning movements during which bill
mandibulation (BM) ocours with tail fanning and, on some occésions,
wing drooping. The body 1s lowered to the perch with the head hunched
in and the tail raised whilst turning (the tail i1s depressed whilst
fanning). The display may also include short runs or hops as well
as brief vertical flights and is accompanied by low "mewing",
"chattering" aﬁd "whining" calls. These are the nesting calls of
Immelmann, and he notes that they resemble the crying of a small child.

Similar displays have been deeoribed in other estrildids ang
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other families; OCoodwin (1960) notes crouching dieplays accompanied
by nesting call and directed at the female in Amandava BPP+3 Andrew
(1957) obsmerved the emberizine, Gosling Bunting, giving head forwargd
threats with DM at an approaching female; in the carduelines Hinde
(1955) and Newton (1972) noted horizontal twisting from side to side
in the potentisl nest site with Bl! for at least the Goldfinch,
Bullfinch and Tewfinch. Apparently tail fanning does nof figure in
eny of these displays.

The Zaebra Finch nest advertisement occurs on and around s
potential nest site and also the completed nest. Xorris (19;8)
found that it was given away from nest sites and, suggesting 1t was
lmportant in psir formation, cslled it the "pairing ceremony". No
differences between the two displays were evident and it seems
unnecessary to perpetuate this dichotomy. 1In the present work,
birds 414 give the display in the abasence of nest boxes but it was
never given in the centre of the perches but always olose to the side
wallsg or occasionally in the corners on the floor of the cage, 1e0.
in sltuations where nests could most likely be constructed.

A final point arises from Immelwann's (1965)4suggostion that
males probably use the diesplay to attrsct females to the nest site.
At least in the captive birds used in this study, females were also
séen to zive the nest advertisement display in an identical form.

The components of nest mdvertisement have not been desoribed
in detail before and are discussed further below.

11) Bending away (twisting and turning)

A diepleying bird was found to alternate between bill pointing
at the approaching mate and then, after turning, bill pointing away.
The horizontel posture of sn sggressive bill point was usually

waintained end this behaviour accountis for the various descriptions



of "twisting and turning™ which have eppesred in the literature.

The bill point away from the mate was termed ‘'bending' away here,
ae when the body was held more vertically it was clearly inclined
or bent away.

The bending away appears to be thé gpame ritualized movement
as the bill pointing towards the mate with the exception that EY,
commonly directed at the mate, 1s usually absent., Once in close
proximity, both birds were smeen to BM and bend away, either
alternately or eimultaneously, whilst still edging closer until in
many cases actual body contasct resulted. The bending away only
became apparent after the mate approached indicating that proximity
may be important in its elicitation., It must be stressed that these
observations were not quantified.

It peems likely that this is an appeasement gesture in that
aggressive tendencies indicated by bill pointing and BY are removed
by turning sway from the mate, as in the well cited case of head
flagging in the Black headed Gull (Moynihan 1954). Even in well
ostablished pairs sudden turning of the heasd in the direction of
the mate can result in rapid fleeing hops on the part of the latter.
In this gense it may be similar to allopreening invitation postures
(see :3, (e)) in which the head and beak are directed away from the
birad approaching to begin preening. Fresumadly the ssme conflicting
tendencies are present in both cases, namely fhoae leading to
approach and flight whilst being attracted sexually to the incoming
bird (Sparks 1963). The tendencles to approach and flee are
clearly seen oh occasions where the turning movements break into
actusl running and hopping towards, and then away from, the mate.

In addition the body feathers are usually sleeked which is thought
to be indlcative of flight intention.
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Bending away did not appear to be used in aggressive encounters
where it could have figured as a rituaslized sppeasement gesture. It
appears to be restricted to members of a pair which is also the case
in the Z2ebra Finch, for allopreening. The normal response to attack,
as noted above, is counterattack or flight.

Zumpe and Michael (1970) have outlined an alternative
explanation for similar behaviour occurring in primates waich they
termed "threatening away". This is seen in Rhesus monkey encounters
when the male gives threats in directions other than towards the
female, 1.0 away‘from her. These threats are apparently not related
to environmental stimuli, such as potentisl rivals, end are apparently
related to the sexual attractiveness of the female as they are given
woet frequently when she is reproduotivel& receptive., In the Zebra
Finch, bending away regembles bill pointing and tail fanning énd is a
feature of intense aggressive threats which suggests that agonistic
tendencies are involved; the sexual tendency will presumably
increase am the mate approaches.

Thue threatening away mey be g2 better descriptive term than
bending sway but, whatever its derivation, it s clear thet this
dieplay component is important in promoting the close proximity
of mates, particularly around & potentlal nest site.

© 111) Bil1l mandibulation (Bir)

B! accompanies bill pointing as the mate spproaches the bird
giving nest advertisements, It has 8ls0 been observed in sggressive
encounters when the tendency to flee i1s apparently high and
presumably denotes a decreased likelihood of an attack being launched.
I{ would seem from Vorris' (1954) account .that I’ is sudible up to
a range of about 2 metres, however the display described tere were

not sudible over thias range.
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It i3 possidble that BM is derived from mandibulation of nest
material (Moynihan and Hall, 1954, Morris, 1958) end occurs in
nest advertisement pregumably as displacement behaviour. Hinde
and Steel (1972) found that, 1n the canary, early nest building
consigted of pecks and mandibulation without any material in the
b;ll. However, mandibulation-like bill movements also occur after
feeding, drinking and frequently at the end of preening bouts, though
in the last two, movements of the chin accompany those of the bill.
Morris (1954) remained undecided as to whether the derivation was
from nest buildiné or feeding.

B occurs in the related MWaxbills (Harrison 1962) end it
appears similar to billing occurring in the courtship feeding of
the Carduelines. In these species BM is directed towards the mate
end often both birds stretch towards each other until the bills
touch and "caressing" occurs (Hindo 1955, Newton 1972). This billing
leads into courtship feeding in the Carduelines and aleo in the
Budgerigar (Brockway 1964b), an ectivity not seen in any of the
Estrildids. FHarrison (l.c.) noted "kissing" in his waxbills but
" this waes not observed in the Zebra Finch ani bending away would seem
to make 1t highly unlikely that it could. A link with courtship
feeding in the Carduelines would suggest a derivation for BY from
fe@ding movements although the possibllity of Juvenile begging
being the source of this component has been suggested by Andrew(1961),

The derivation of BM must remain unclear, at lesst for the
present, but tbp contexts in which it 1s given suggest fear, with
resulting tendencies to flee, is involveds In adiition, its use
in the bill pointing threat suggest that agonistic tendencies are
also present. A derivation from elther feeding or nest material

mandibulation can be Justified whereas a decision between the two
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iv) Tail fahning

Rhythmic tail fanning occurs throughout nest advertisement
and displeys the vivid black and white species markings of the tail
end this probably aids in attracting the attention of the mate.
¥ing drooping has been connected with tail fanning in the Zebra
Finch (Morrie, 1958) but 411 not appear, at least not obviously,
in the present study. Tsail fanning is a common component of displays
of birde end it is thought to be derived in this case from the sun
bathing posture described by Vorris (1958). This was not observed
here but eppears to involve similar rhythmic movements and is
accompanied by wing drooping. Andrew (1961) has described its
occurrence in other specles end suggested that it mey be linked
with thermo-rezulatory behaviour. That it may slso occur during
entagontstic encounters has been described earlier éuggesting the
likelihood of aggressive tendencies in the display, which leads to
& similer situation to that described for BV,

Crook (1961) ras described tail depression and fanning in the
threatening behaviour of male (uelea on the approach of con-
specifics to the nesting territory. Tall depression is a feature
of copulation end thus Crook suggests a conflict between the sexual
reéponse end sttack tendencles 1s indiceted; the tail fanning i=s
indicative of the former tendency, the head forward threat that
of tre latter, A similer suggestion may hold for the Zebra Finch
but 4t must be remembered that copulatory movements are thought to
be independently determined from the rest of fhe courtship display
(see earlier’discussion) and its appesrance in these contexts is

unprecedenteds A soxual tendency is usually expressed as a8 component

of the courtship display.
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- Teil fanning is seen on two other occasions, during preening end,
commonly amongst birds, to assist in balance on landing. As noted
in the disocussion of threats, a sinzle rapid tail fan is often seen
on laniing between sucoessive supplanting attacks. Balance will
also he importsant during copulstion and this masy represent yet another
Poeeidble dérivation of this dieplay compdnent.

Further conslideration of the derivation of these display com-
Penents would be fruitless in the terms of the present theais. The
main points which emerge are that the nest advertisement display as
a whole contsine domponents which iniicnte that a conflict of
tendencies is occurring, nsmely thoss of an approach, flight and
sexual natures. Some or sll of these tendencies sre also present in
the elicitation of the head forward threat and courtship displays.

v) Juvenile fool begging

This behaviour is described here as the performance of begzing
dieplays by adults is known to be a source of many displey components
(Andrew 1961)s Young %ebrs Finchee adopt a horizontsl position, with
the boly held close to the perch, endi the head ie kept low and then
twinted to one side eo that the open bill is directed upwards. This
twisting of the neck is unique to the Fetriliiis ani Inmelmann
(1965) consiiers 1t 1a sn adaptation to the domed shape of théir
neats. Rowever, it must be noted that other species with ﬁimilarly
thaped nests lack this feature in thelr begging displays., During
fool begzing the real is sheken vigorously from side to side and_a
loud insistant begging cell is given until feeding bvegins.,
Similerities befwoen components of the head forward threst and the

begging displey sre quite marked in thie species.

(e) Contast behaviour of the %ebra Finch

‘Bediger (1950) was the first to divide social animsls on the



bagis of whether they showed contact behaviour or not. Fe suggested
two groupss the’oontaet species, in which individuals maintain
bodily contsot, particulsrly during rest periodsjy the distence
species evold such proximity and defend an individual distance

whick is an erea srouni theuselves into whick other members of the
species are not allowel to enters In tho latter, spacing of the
population occurs and distances are waintsined by esggression, Gege
tke roosting behkaviour of Starlings during winter wonthe when they
form huge cowmwunsl roosts with iniividuals clearly space out along

a ledge or frontaéa (perse. obsf). Contact epeoies esuch ae the Led
AVadavat roost in long rows with each individual preseing up sgainst
its neightours (Sparks 1963).

Thie divieion 12 undoubtably useful but cannot be useld too
indiscriminatelys. In the cese of the Zedbra Finch, and some other
estrildids, individual distances are maintained between conapecifics
at all tines but clumping, or physical contzct, is allowel between
mates, indeced it appesrs o be actively sort after. Close proximity
with other menbers of the species is prevented by aggressive
tendencieze In other estrildids, suck ss the Poephils sppe. (Zann
1972) the clumping response 1s shown towards all wmeabers of the
€0oial group tut not sirangere, and wkilst the birds azre amctive,
iﬂdividuai distances sre mainteined. Thls lesds one to view with
Bome trepidation the statement made by koynihan and Iall (1954) to
the effect that the Spice Finch shows no iniiviiual dietances. To
be sure they clump in long rows, but when aotive, distances sre in
$vidence and if the term contact species is to mean enything then
the context in wkick it occcurs must be referrel to.

Immelmenn (1965) coneiders the “ebra Finch a contaot specles

yet, as outlined above, contact and mutual preening is only allowed
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between mates and is very rarely shown towards other conspecifics.
Hedlger's divisibn is therefore not all that useful in discussing
this species and perhaps, if there needs to be a classification,

1t 18 time the situation was reviewed. For the purposes of this
thesis behaviour seen commonly smongst reoognis;d ‘oontact' species,
mutual preening (or allopreening) and clumping (1ndividuals pressing
together), will be referred to as contact behaviour end no further
labels are necessary.

1) Allopreening

Thie term was first introduced by Cullen (1965) to desoribe
Preening by one individual of the plumage of another, in contrast
to autopreening where the individual preens himself. It has been
of popular usage amongst researchers of bird species whereas in
the primates enalogous behaviour is referred to as social grooming.

The nibbling of feathers of other individuals has often been
noted in species forced into close contact e.ge Guillemots and
Domestic hens (Sparks 1963) and it seems that birds possess an innate
' response to0 the sight of feathers. In many contact epecies this
tendency takes the form of prolonged allopreening bouts and
ritualized sllopreening invitation postures have been developed.
Sparks (le.c.) concluded that this behaviour has probably reached
ifs highest development in the estrildids.

Sparks (1963, 1964, 1965) and Harrison (1965) have examined
ellopreening closely. Harrison lists three oriteria by which a-
Preening attempt can be classed as allopreening eand these arej
(1) the actions normally resemble those of aufopreeniﬁg; (2) tne
main areas allopreened (usually the head) are those normally
inaccessible to the preened birdy (3) often a characteristic posture

is adopted by the preened birds In this discussion Sparks' (1965)
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terminology will be useds ‘'sotor'! refers to the preening bird,
‘resator' to thevind1V1dua1 that is preened.

It is thought (Goodwin 1960, Harrison 1965) that allopreening
iz primarily caused by aggressive tendencies on the part of the actor
which are "sublimed" or "cut-off" by the stimulus of the offered
head and plumage of the reactor. These presentation postures are
in turn expressions of submissive tendencies and, by this argument,
one would expect the sctor to inveriably be the douminant bird, the
reactor the subordinate. However, this is not the case in many
tropical species in which Kunkel (1974) found that allopreening
alternated between mates. In the Domestic hen (Wood-Gush and Rowland,
1973) the incidence of "allopecking", a behaviour fulfilling all of
Barrison's criteria, had apparently no direct relationship with
aggremssive dominance. Narrison explained such phenomena in that
sllopreening may be primarily aggressive with a shift of its
motivation to sexual tendencioi as a palring relstionship develops.
This might sugzest that the form of asllopreening may vary as the
prair bond progresses, it could be expected to become less aggressive,
and this will be examined in the experimental data.

Kunkel (l.c.) has attempted to provide a 'simpler' explanation.
Aggressive tendencies towards the mate, he believes, wane as the
aéquaintance proceeds and this is accompaniod_by habltuation to the
parfhor‘as en outlet for any low aggressive tendencies which may
remaine These take the form of allopreening and this is facilitated
by low fleeing tendencies which may also still exist. In this way,
he argues, the outlet se allopreening is appetitively sort and
coherence of the pair is actively maintsined., Again, as in

Harrison's argument, one mey suggest that if thig theory holde then

allopreening between birds in the process of pair formation will
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contain more sgpressive components than that between well
estadblizghed mataé. In adiition, in the early stages of the pair,
when sggressive tendencies will be high, there should be much more
time spent in sllopreening then in later periode., This too will
be examined in the data.

Yhatever the outoome, 1t soems likely thet the primary funetion
of allopreening will involve the lessening of sgcressive tendencies
between mates whilet promoting close proximity. In this way the
likelihood of the pair disbanding should be reduced. A second
funotien, omitted.thus far, is the posaibllity that the cleaning
of the feathers by the sotor is of value to the reactor. This ism
largely ruled out by Sparks (1964) findings that the intensity of
8llopreeninz 414 not increase with the dirtiness of the plumage,
although kis findings hold for one specles, Amandava, only.

11) 2llopreeninz invitation postures

At least three such postures were seen in the allopreening
behaviour of %ebra Finches and these 40 not appear to have been
desoribed in letsil elsewheres. The term invitation is not meant to
imply that the reactor always sttempted to incite allopreening by
aasuming a particular posture, but refers to the attitude assumed
after allopreening was initiated and because of which tre preoning
bﬁut was prolongeds Fluffing of the head feathers is a festure
Sommon to nearly sll allopreening behaviour of birds (Sparks 1963)
&nd was seen in all of the Zebrs Finch poatuien describved.

Initiatioq of allopreening invariadly consisted of the actor
delivering a jab with the bill to the reactor's head or neck resion.
This peck, for such it appearel to be, was deliverel with the
mandibles closed and was descrided in Amandava as an "aggressive

thrust" by Sparks (1963)e The reactor respondel by offering the headl
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feathers for preening in one of the following ways, assuming that
he/she d1d not repel the actor and terminate the allopreening
bout with an aggressive act or flight.

(1) The head was turned through 180° so that the bill was
pointed away from the aotor. The bill could be slightly raised,
in which case the actor tended to concentrate on the cheek covertes,
or depressed which ruffled the feathers of the back of the head and
led to allopreening of this region.

(2) The legs were flexed and the body of the reactor was lowered
in relation to the perch, end usually at right angles to it. The
actor agsumed a vertical pose and allopreened the top and back of
the reactors head.

(3) On less frequent occasions, the bill of the reactor remained
pointing at the actor throughout the allopreening bout and was held
in a slightly raised position. The actor allopreened the short
festhers around the base of the bill,

Sparks (1965) has described similar invitation postures in the
estrildid Amendava smandava though he d1d not note any cases of type
(3).

The approach of the qotor was usually slow, appeared guarded

and was apparently correlated with asutopreening, a suggestion Sparks
also noted. The actor was seen to take advantage of the reactor's
lack of attentlion, the first jab might be delivered when the head

was turned away or whilst the resctor was engaged in sutopreening,
On some occasions the invitation postures were given as the mate

approached before contaot was made, particularly types (1) and (3)
end these wereﬂalso given by females of establisﬁed pairs to their

singing matese In the latter cases the aggressive jabs of the

mele, common in courtship (see earlier), eoon turned into the softer



allopreening movements. %hen reglions other than the head were
Jabbed‘at no invitation postures were seen, e.g. the flanks or
rump; a similar observation was noted in the Domestic hen (Wood-
Gush and Rowland 1974).

Aa in bending sway, discussed under nesting activities, Pointing
the bill away from a bird in close proximity seems important to
these allopreening invitation postures. It is thought that turning
the head away removes the potential opponent from the field of view
thus cutting off any sggressive tendencies that might otherwise be
elicited. A tendency to flee is also indicated, type (2) 1s very
like a flight intention movement, but rarely did the reactor
actually take flight (Wood-Gush and Rowland (l.c.) found that
invitations graded into fleeing in the domestic fowl)e It was
clear that allopreening was facilitated by this turning of the bill
away as unresponsive reactors repulsed an allopreening Jjad by bill
fencing, i.e. they did not turn the bill away but returned jab for
jab. In establighed pairs the observation of type (3) invitation
gives a subjective impression that the need for turning away becomes

less prevalent once the pair bond is formed. However, it must be remembered

that types (2) and (3) are still the most commonly given invitation,

even in established psirs.

'444) Clumping

Bodily contact is frequently maintained between mates in the Zebra
Finch and this has been termed clumping bekaviour in other estrildids
(esg+ Sparks, 1964} Evans 1970). The activity involves actually
rushing up againet each otker rather than merely sitting next to one
another, A110p;een1ng, though correlated with tke occurrence of

clumping, is not essential to it, birds spend consideradle lengths of

time sleeping or autopreening whilst in this position. A considerabdble
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part of the day is spent in cluuping particularly during the
longer rest periods of the late afternoon and evening.

Clumping 1is commonly seen in other estrildid species, Long
rowé of clumping individusls are reported in the Splce Finch
(Mbynihan and Hall, 1954) and clumping in more than pairs has been

seen in the Poephila spp., i.e. the raeked, Long~-tailed and Parson

Finches (Immelmann 1965)s Clumping with the mate only is seen in
the Star Finch and Crimson Finch during the breeding season, larger
clumping groups are formed at other times, and throughout the year
in the %ebra Finch (Immelmann, lecs). |

Sparks (1963) has shown that the separation into exclusive
c¢lumping pairs 1s assoclated with sexual dimorphism in at least one
eatrildid speclies. The Red avadavat, (Amandava) which he studied,
is the only member of the family known to enter eclipse plumage in
the non-breeding season, and during this time clumping consists of
rows of several individualse. With the advent of the breeding
' season males don the nuptual plumage, end females begin to show a
distinct preference for males in nuptual plumage as clumping partners.
The males will no longer clump with each other and the social group
breaks down into individual breeding peirs. A relationship with
gexual dimorphism 18 supported to some extent when a review is made
of clumping in those estrildid specles already mentioneds the Spice
Finch and Poephila group are all monomorphic whereas the Star Finch,

Crimson Finch and 7ebra Finch are dimorphioc,

In this study, wmale-male clumps were never observed when in mixed

flocks, whereas femsle-female clumping was more common. In monow
sexual captive flocks males will readily clump but only with one
perticular paertner. Immelmann (pers. comm.) has seen group clumping

in the wild on exceptionally cold occasions but a‘thermoregulatory
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function, along the lines of the ¥mperor Penguin huddles, is not
thought to be a major causative factor. Sparkse (1964) demonstrated
that in Avadavats there was no increased incidence of clumping as
the temperature was decreased, though it must be said, his lowest
temperature of 10°C would be frequently surpassed in the 2ebdra
Finch's habitat. The only time that group clumps could be obtained,
in this work or in previous studies (see Evans 1970), is when birds
were transferred into strange surroundings. This is thought to be
due to a general reduction of activity and, in particular, asggressive
tendencies and may indicate that, in the Zebra Finch, the function
of clumping 1s to reduce such tendencies between paired individuals.
It is thought that clumping 1s facilitated by allopresning
(Sparke 1965) and the majority of clumping species exhibit prolonged
ellopreening bouts. However, as Kunkel (1914) points out, there sre
tropical species that clump without allopreening and, conversely,
those that allopreen without clumping! Ultimately it 48 believed
that the two behaviours serve the msame function, i.e. the reduction

of aggression and the maintenance of close proximity between pair

(or flock) members.
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SFCTION 4. CHANGES IN BEHAVIOUR ASSOCIATED WITH PAIR FORMATION

Introduoction

Courtship behaviour in birds is often highly complex, consisting
of a series of auditory and visual signals, which are believed to
function in reducing tendencles to attack or flee as two individuals
come into close proximitye. This im, however, only one part of the
behaviour that is involved in breeding. Procesess, such as pair
formation, which has been called by many authors the period in the
breeding cycle ftOm the first meeting of the sexes until copulastion
has taken place and the nesting phase started (o.g., Hinde, 1955,

¥oynihan, 1955 and Stokes, 1963) are also evident in a number of
species. Changes in behaviour are also associated with this process.
In the case of the Chaffinch (Finde, 1955, 1956), the early stages of this
pair formation period are marked by much sggression between the sexes;
the male usually dominates. This is followed by a gradual reduction
in asggression and an increase in sexual tendencies culminating,
often several weeks later, in copulation. The aggressive superiority
is reversed at this final stage, the female assuming dominance and
this sequence is a festure of the larids, Koynihan (1955), the -
emberizines, Andrew (1957), and the carduelines, Newton (1972).
In the experiments described in this section the pair formation
period of the Zebra Finch was observed in two situations. 1In the
tirst, pairs of birds (i.e., one male and one female) were isolated
in cages and their behaviour‘contrastod with that occurring in mixed-
sex groupse of pirda. The aim at the outset was to discover and to

describe the behavioural changes that may take place during dbond

formation and the temporal characteristics of the Processs It is a
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common avicultural practice to pair birds straight from monosexual
flocks in individual cages and this technique was utilised here to
examine the formation of peirs in the absence of any possibdle
interference from conspecificse In contrast, the group situation
provides evidence as to the effects this interference may have and
thus should prove a useful comparisone. Previous workers on the Zebra
Finch have analysed palr formation in group situations but none have
compared their results with the process as it occurs in isolation.
For example, Butterfield (1970) and Caryl (1975) independently
considered the group situation and found several behavioural changes
ocourring over a relatively short period. However, both uszed
unbalanced groups, more females than males in each case, and this
tended to complicate the imsue in that bigamy is quite common
amongst captive estrildids (it was noted by both Butterfield and
Caryl in the Zebra Finch and by Goodwin (1960) in the Avadavat). In
the present study, therefore, balanced groups consisting of two

males 2nd two females were preferred.

Nest building, as a component of pair formation, was not con-
sidered and neither s nest site nor nesting materisl was provided.
Yorrie (1954) thought that repeated entry of the nest by the male
was an important source of stimulation to the female in the 2ebra
Finch. However, as Colliass and Collias (1970) pointed out in the
case of the Village Weaverbird, this stimulation is probably more
“importsnt in inducing ovulation by the female rather than actual
pair formation. In addition the advantage of excluding nesting
behaviour is that hormonal cohplioations, due to(releasera other
than those provided by the two individuals, were largely ruled out.
Such factors as the sight of the nest, handling and the manipulation

of materials have been shown to influence the timing of ovulation
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(e.g« Warren and Hinde, 1961 and Murton et al. 1969);1"1t it 1s
unlikely that they play a major pert in the formation of.pair
bonds in the Zebra Finch. Intenmification of nest building has
occurred (Immelmann, 1963) but this is looked on as en adaptation
to the prolonged breeding season, rather than pair formation, as
such intengification is aleo found in the successively pélygynous
ploceids. |

A number of behavioural changes were expected and in view of
this an attempt was made to quantify as large a spectrum of
behaviour as poseidble. Trickeon (1973) found such an approach
fruitful in & study of the Ring Dove and as he mtressed in kis
reporty "palr bond estsblishment in bdbirds may dbe manifested through

a variety of behaviour patterns."
Tethods

(a) Subdjects

Birds were obtained from breeders via a local pet store. There
18 no evidence of behavioural differences between different colour
mutants, and consgequently creys (wila-type), fawns, pled end
chestnué flenked were sll used. The different verieties rendered
rapid identification possible in group situations (tho use of
coloured rings for identification was not found to be successful
es at rest, birds invariably sit with their feathers covering their
legs).

Observations were madelon 12 isolated paira andi 10 groups,
each consisting of two males and two females. Care was taken in
all cagses to ensure that males and females were obtained from

different breedinz stocks to preclude, as far as was possible, eny
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of the birds having formed bonds prior to the experiments., Whilst
in stock cages birds were maintained in small monosexual floocks
for a period of between seven and fourteen days before they were
testeds Thls reduced the likelihood of eny previous bonds
influencing the formation of new ones. The prior experience of
the birds was not easy to assess bﬁt es far as was known they were

in thelr first or second years and had never bred.

(v) EBousing

Stock cages consisted of multiple units each measuring 60 x 50
x 38 cm. and individusl cages were meparated off by wooden
partitions. The wire cage fronts were of standard design. The
room was large, well ventilated and equipped with a‘humidifior.
Feeding oonsisted of panniocum and white millet mixture with cuttle-
bone and occasional green material (usually chickweed or groundsel)
available. Yortalities, in these conditions, were very rere indeed
throughout the study although breeding attempts, in order to
increase stock numbers, resulted in a few female losses. Supplementary
1llumination was provided in the winter to ensure that the light regime
was never less than 12 hours light, 12 hours derke.

The experimental cages were the same in both isolated and group
situations. A wooden freme messuring 124 x 90 x 39 cm., was covered
with 4 inch wire mesh, front ani top, and 4 inch plywood on the floor,
sides and back. The wire mesh on the top allowed more light to enter
the cage which led to clearer and therefore more accurate observations.
There were two horizontal peiches available to the birds; they were
set 20 cms apart with one, the resr-most, 10 cms higher than the other.
Only four cages could be accommodsted in the experimental room at one

time and this meant that repetition of the experiments, to complete
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the sample size (10 , for the isolated pairs), was unavoidable.
However, birds in any one cage were in suditory, but not visual,
contact with a number of other conspecifics. Conditions prevslent
in different trials were kept as constant as poesible} small
changes in day length might have occurred but would not have

affected the Zebra Finches undulye.

(o) Terminology

It is essentisl to explain clearly some of the terms used in
this section of the thesis.

Two birds who have formed a bond, or are in the process of
establishing such a bond, sre referred to as s psir. Any other
birds which showed no tendency to form a bond are, conversely, termed
e non-pair. There are two kinds of non-pairj; a heterosexusl non-

peir is one between a male and a femaley a homosexual non~pair

could either refer to a relationship between two males or two females.

The two experimentsl situations considered are that for isolated
pairs, in which only one male and one female occupy the experimental
cage, and group pairs in which two males and two females are present.
Non-pairs, as defined above, can only be found in the group situationj
the behaviour of an individual towards its mate can be compared with
that directed towards the two other birds in the group, the hetero-
and homosexual non-mates.

Analysis of the data required that the outcome of the study be
pre-judged to some extent in order to determine which birds could de
considered to have formed pairs. A subjective measure of overall
behaviour was used by Caryl (1975 ) in a eimilar situation but herein
a specific behaviour was chosen. The o0CCurrence of clumping

extenaively, and exoclusively, with one individual was chosen as 3
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precise criterion. Immelmann (1962), Butterfield (1970) and

Caryl (lsce) have all stressed the importance of exclusive clumping
with the mate in the pair maintenance behaviour of Zebra Finches
and, in presctice, this criterion was quite easily adhered to.
Amongst the isolated pairs there was only one case in which birds,
which might have been considered to have paired, failed to clump.
They were thus treated separately as a non-pair. In seven groups,
two pairs were formed (meking 14 in ell) but this was not the case

in the remaining three groupsj} data for these latter was considered

separately.

(a4) Procedure

On the day of introduotion (i.e., day 1) females were taken
from a étock cage and placed in the experimental cages in a separate
roome A carrying box was used for transportation, to minimige the
effects of handlinge. The males were introduced after a period of
approximately one hour. The males 4i1d not appear to be unduly
affected by the lack of an acclimitisation periody immobilization
and reduced calling rates, commonly seen in frightened birds in new
cages, were not observed in any of these cases.

The birds remeined in the experimental cages for & period of
10 days during which observations were made on days 1, 2, 3, 4, 5,
and 10, VWatches comprised 30 minutes esch day with the exception
of day 1, when a second period, immediatelysucceeiing the 30 minutes
after introduction, was observed. This watch was designated day 1b
(after Caryl, 1975 ) end was inoluded in an attempt to capture any
rapid changes‘of behaviour that might occur on fhe firet day.

Observations were made at approximately the same time each day

and were confined to the morning period (between.9.00am and 1.00pm)
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88 a pronounced diurnsl cycle of activity has been recoried for the
%ebra Finche Ollsson and Slater (1972) founi that msles teniel to
beoonme less sctive enl to ring less frequently as thke evening
approected and thue, by confining obeervations to tte morning only

this potential source of experimental bias was avoiiel.

(e) Bebavioural messures and recording teckniques
Usze waa made of both live anil recorded observations. The
experimenter was reatel approxinately 3m from the cages at e distance
unlikely to disturb snd ungettle the birds and from which it was
possitle to tabulate courtskip, agoniem, vocelisations and allow
rreening bouts from direct obeervations., Video tape recordings
were also male of the observation periods using a Skibaden FP100
cauera attected to a Shibelen SV-6100%(K) 4 inch VIR (recorder).
These recoriings were easily obtainei, without any sophisticated
lighting requirements, and were lzmellately available for playbacke
Trom them mearures of aotivity end proxisity wero obtsined.
The belavioursl uessures teken wered
1) Courtship A courtship bout was dofinel as a displey in
which song sccompsnied pivoting movements by a male in
tte presence of a fecales, Bouts in which components of
tte courtship dance occurrel witlout direotel song were
recorded in the remarks column only aﬁ they graled into
general locomotory sotivity snd wore difficult to
distinguish clearly. Suck inocomplete courtehip belaviour
was discumped in Se&tion 3.
tolieiting ani copulation ooccurred too infrequently to
be exsnined stringently but notes were made on ell sitings

inoluling those ococurring cutside of en soctual observation
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11) Agonism The number of besk fencing encounters were obmerved
(1.e+ all occasions on which a bird made contact with
anothers head and/or beak), The identity of the initiator
and the‘recipient of the attack was recorded.

Total numbers of supplsnting attacks were similarly
counted. Those which occurred as repeated supplanting
chases were still recorded as individual attacks and both
viotor (supplanter) and loser of the exchange were noted.

In discussing egonism in the 2ebra Finch, Caryl (1975 )
noted that actual numbers of encounters and the length of
time spent in fighting was highly correlated in both beak
fencing end supplanting attacks. He presented his results
in terms of thisg totel time measure, but here the number
of encounters was chopen as it 1s more readily available
and has been used quite extensively in other bird studies.

114) Vocalizstions The number of song bouts in which the male
was not obviously orientating himself towards another
individual, in the form of a courtship display, was taken
as a measure of undirected singing. The position of the
female mate, when the song began, was also noted. In
practice there were very few occasions on which courtship
gong and undirected song could have been confused.

Loud calls were given by all individuals and the total
number heard in esch watoh was counted. In the groups thie
1nvolved.diatinguishiﬁg the calls of 4 separate birds and
in these cases the results are approximated and only gross

.differenoes between groups can be compared with any certainty.

4v) Allopreeninz No measure of time gpent in allopreening was
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taken, but the number of sllopreening bouts and the identity
of the reactor and sctor birds was recordeds This provided
information on the frequency with which different individuala

sllopreened,

v) Clumping and Proximity (Settled distance) The distances

between individuals were measured at 60 second intervals
from the video tape recordings. Measures were only taken
for birds on the same perch and were accurate to within + 3cm.
Thus the maintensnce of olose proximity was indicated by a
small averege distance score gnd a high number of recordings.
Measures acrogs perches or to the floor of the cage intro-
duced too high s level of inaccuracy to prove useful.

The average distance apart, as measured here, corresponds
to Crook's (1961) *settled diestance' measure. In sddition,
this data provided evidence of the frequency and length of

clumping bouts.

vi) Activity snd Synchrony The activity which individuals were

engaged in was sampled at 60 second intervals, again from the
video recordings. Thoge recognised werej

Sitting alert (SA) - including hopping about, short
flights and sitting with the legs and neck stretched and
the eyes open,

Sitting drowsily (SD) - this involved sitting with the
feathers generaslly fluffed and covering the feet and legs.
Activities puch as preening, clumping and sleeping werse
common. A

Feeding (F) = of necessity this occurred on the floor of
‘the ocsge where the food was made avallable and included

aotivities such as walking about, pecking of cuttlebone, etc.
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Crook (1961) was able to differentiate between activities such
a8 hopping about, flying about énd preening, It wae found, in this
study, difficult to decide when a hop could be considered a short
flight and vice versa. It is interesting to note that in a recent
paper Crook uses a reduced number of behavioural categories similar
to those noted here (Dunbar and Crook 1975).

A measure of synchrony was obtained from the data. The number
of times two birds were engaged in the mame activity was taken as
indicative of the tendency for theee birds to perform the same act
at the same time. It must be noted that this method does not provide
an ideal measure of synchronye. The interval between observations
(60 seconds) is too short to prevent bouts of behavioural activity
overlapping from one trial to the next. This criticism 1s accepted
and Justified in the present cont;xt as it is a comparison of changes
in relative synchrony which is required rather than an accurate measure

of synchronisation itself.

(£) statistios

Non-parametric statistics were used extensively (after Siegel,
1954« Individuel variability has been avolded wherever possible
by the use of the Wilcoxon Matched paire test (VI'P) for related

gampless Independent samples were usually compared with the Yann-

Whitney U-test (MVWU).

Results end Discussions

Courtshi ]
(1) The number of courtship bouts (Fig. 1)

Isoleted peirs (Fig. 1(a)). Yost courtship involving directed
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song olearly occurred on Day 1 immediastely after the introduction
of the males. 607 of all the courtship bouts recorded were observed
in this watch and the decresse to the amounts shown on Day 1b, and
thereafter, is significant (p < 0.005, "MP). The level on
subgequent days remains low and roughly constant.

Group peirs (Fig. 1(b))s Courtship between birds forming
pair bonds in the group situation showed a similar emphasis on Day 1
and the fall off to the emounts recorded on Day 1lb 1g again
significant (p < 0.005, WP)s 9143% of all the courtship bouts
recorded were directed st the eveniual mate and the difference between
the amount that was directed at the mate compared to that directed
at the heterosexual non-mate (Fige. 1(c)) is significant on all days
(p < 04005, WMP).

The levels of courtship between pairs on days after Day 1 was
8lightly higher than that seen in the isolated pairs but the total
number of bouts, summed for all watches, 4id not differ significantly
(vvu)e

Heterosexual non-pairs (Fig. 1(c))e Courtship of the non-mate

female was rare in the group situstion on all days. EHighest amounts

were recorded on Day 1 (5 males were involved) and again on Day 2

but the difference, compared to later days, is not significant (WXP).
- Homosexusl non-pairs (Not figured)s In two groups males were

observed courting other males on Day l. In Group 2 male A and male B

-courted one another and in Group 6, A courted B once. These bouts

were of short duration.

(11) Soliciting by females during courtship bouts (Table 2(a))
Ipolated paire There was no peak in the amounts of female

soliciting corresponding to that recorded for number of courtship



TABLE 2 The incidence of solicitinz, copulation snd nestings behaviour

(a) Soliciting (Mean No.

of Obgservations)

Isolated pairs O0e7 003 043 066 0.6 0.2 0.3
ou airs 0.7 0 Oe4 042 044 044 0.2

(b) Copulation (Mean No.
of Observations)

~Jeoleted pairs 2.1 0,3 0.l
Group pairs Oe7 0O 042 0e¢l 0Oedl 041 0.4

(¢) Nesting behavioyr

(No+ of Observations)

Isoleated pairs
(xaxm. 11) 5 9 9 6 9 11 10

Groups (Faxme 7) 1
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bouts, Its occurrence was infrequent on all days but by Day 10

it had been recorded, at least once, in 9 of the 1l isolated pairs.
Group Rairs Soliciting was sgain rare and, if anything, less

frequents. By the end of the experiment it had been seen in only 8

of the possible 14 palrs. No soliciting was recorded for courtship

bouts between heterosexual non-pairs.

(111) Copulation (Table 2(b))

Isolated pairs The number of times copulation was recorded
did not follow the same pattern as female soliciting. It was most //ﬂ

frequent on Day 1, suggesting at moet a weak link between the two 4
activities during pair formation. Significantly more cases were
recorded on Day 1 when compared with all other watches (p < 0.01,
Sign Test). On days other than Day 1 soliciting may play a more
important role as the two pairs whioh showed no copulation similarly
showed a lack of soliciting.

Group pairs Copulation was rare in the group situation and by
Day 10 had only been seen in 7 of the 14 pairs. A link with
soliciting by the female was suggested in that oopulation was only
recorded on one occasion without this accompenying display. Overall
copulation was more frequent in the 1solated pairs than in the
groups and this was lsrgely due to differences on Day 1 when

significantly more pairs copulated in isolation (p < 0.025, Fisher

Fxact Probability Test).

(iv) Nesting behaviour (Table 2(c))

Isolated pairs KNesting behaviour occurred early on Day 1 in
sOome caées and thereafter it was observed frequently and was recorded

for all 11 pairs. Both male and female were involved in these nesting
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activities which occurred exclusively on the perches close to the

side walls (i.es in a 'corner').
Group pairs Rough notes in the remarks column of the data
indicate that nesting behaviour occurred less frequently in this

situation than in isolated pairss Further astudy 1s, however, needed

to confirm this point,

Discussion of courtship behaviour

Courtship behaviour iam traditionally associated with the firet
stéges of pair formation (Lack, 1940) end it was clear that in both
the imolated and group palr situations it occurred most frequently
immediately after introduction of the birdse The high level of
courtship was not maintained snd quickly fell off by the mecond
watch (Day 1b)s Courtship occurred between future mates from the
beginning in the group pairs which suggests that any preferences
for particular individusals must have been very rapidly expressed.
Copulation was apparently more frequent in the isolated pairs on
Day 1 and this supports Butterfield's (1969) suggestion that males
will frequently interfere with the copulstion attempts of others.
Indeed males were observed to break off their own courtship attempts
in order to launch sn attack on a copulating pair. Whether thLis
interference was due to the enforced proximity of pairs in ceptivity
cannot be assessed but it would presumably be an important factor.

The incidence of female soliciting in different watohes did not
ghow the mame tendency ss courtship song in trat there was no emphasis
on Day l. This suggests tha£ soliciting is unlikely to play an
important role in the initial melection of mates during pair formetion.
These findings are in sccord with those reported by Caryl (1975)

who found a similear decline in %ebra Finch courtship after intro-
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duction. He went on to puggest that this early courtship phage

is replaced by nest bullding activities and this 1s supported by

the data in this ptudy. The smaller amounts of nesting activities
in the groups is probably again due to interference as in some
cages a subordinate pair was prevented from remaining in the corners
of the cage where such behaviour took place. It is important to
bear in mind that this replacement of courtship by nesting is not

a total one, courtship and copulation continued throughout the later
"nesting phase”.

The carduelines appear similar to the estrildids in that pair
formation is initiated by male courtship before a territory or nest
eite 1s established (Newton, 1972)s This i1s a fairly unique featurej
the situation is different in many pasmerines in which the male
isolates himself in a territory and attracts the female to him by
means of advertising song. The male courts the female on her
arrivel at the territory and there is then some evidence of nest
building activities. HNo further courtship occurs until the nest
building phase nears completion when courtship, female soliciting
and copulation take place. The whole process may last for several
weeks in, for example, the Snow Bunting (Tinbergen, 1939), other
enberizines (Andrew, 1957) and the Chaffinch (Newton, 1972), during
which there is little or no courtship.

The functions of courtship are probably complex. It is likely
that the following ones are of lmportance in the Zebra Finchi

(1) It may facilitate invasion of the individual distance in
these highly aggressive birdé, enabling activities such as copulation
and neet-buil@ing to occur. The high initial r;te of courtship in
the 2ebra Finch is probably due, at least in part, to the male's

sexual tendencies outweighing thosge likely to prdmoto aggression
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towards the female. Summers-Smith (1965) has intimated that sexusl
activity is important in the pair formation of the House Sparrow

a8 he found no pairs were formed during the coldest months of thre
Year when there is little courting activity.

(2) Courtehip may stimulate oiarian development in the female.
Erickson and Lehruman (1964) found that this was the case in the Ring
Dove and this probably explains the onset of nesting activities by
the female in both isolated end group pairs. This suggests that
introductory courtship is important in (a) reducing aggression,

(b) promoting proximity, and (c) stimulating the hormonal system

of the femasle., The funotion of courtship between mates later in
their relationship is probably similar suggesting & bond maintenance
function for this behaviour (i.e., it will promote and prolong the
pair bond). This later courtship is presumably linked with the

Z2ebra Finch's oontinual maintensnce of breeding readiness which
allows nest-building to begin at any time of the year. Newton (1972)
reports that amongst the carduelines, the Bullfinch is eimilar in
that courtship can be seen between mates throughout the yesr. A
emaller amount of courtship is required in these later stages of

the bond as femiliarity with the mate will lead to a reduction in
both sexual and aggressive tendencies as other activities maintaining
proximity (e.gs, contact behaviour) come into play.

(3) Courtship is probably important in selection of an appropriate
mates Two factors are involved according to Lack (1940), sex
recognition (the male snd female must recognise one another as suoh)
and individual recognition (the mate must be distinguished from
other conepec{fios). In sgpecies in which malesAisolate themselves
in a térritory 1nd1vidua1 recognition is probably at less of s
precedent than in the sooial 2ebra Finch. Here, Both visusl and

auditory recognition must be rapidly established as palr formation
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occurs within the confines of the social groupes Sex recognition

1g facilitated by sexual dimlorphism in the 2Zebra Finch yet males

do on occasions court other males. Caryl (1975, 1976) reported
gimilar tendencies and it is unlikely that this behaviour results
from wmistaken identity. It seems more likely that 1t is linked

with the maintenance of males in monosexual flocks in captivity.

One would expect that given time, and deprivation, courtship of
another male could become reinforoing. In any came Butterfield (1969)
found that homosexual bonds between males as a result of deprivation

were always broken when females were subsequently presented.

Agoniem ‘
(1) Beak-fencing encounters (Fig. 2)

Isolated pairs (Fige 2(a))e There were only a few signs of

sggression between mates in the isolated pairs and no besk-fencing
was seen after Day lbe This decrease in the incidence of begk-
fencing is significant (p< 0.005, WKP),

Group pairs (Figz. 2(b)). Of the total number of beak-fencing
bouts seen in the group situation, 21.5¢ occurred between mates.
Highest amounts were recorded on Days 1l and 1b with a fairly rapid,
and significant, decrease to the levels of subsequent days (Day 1>
Day 10, p < 04005, %WP), This decrease was evident in both male
end female besk-fencings yet, overall, there were still significantly
more encounters then between isolated pairs (p<( 0.01, HWU).

Feterosexusl non-pairs (Fig. 2(c))s There was more beak-

fencing between the heterosexual non-paire than between mates

(p<< 0401, qu). However, there was a similar rapid decline in

the number of male and female encounters after Day 1 (Day 1> Day 10
. 9

1){( 0.05, WP) with beak-fencing virtually absent.by Day 10,
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Tomosexual non-pairs (Fig. 2(d))e The highest scores for

beak-fencing were recorded in male-male and female-female encounters

on Days 1 and 1lbe Summing the data for all watches, Lowever,

reveals that the smounts between heterosexual and homosexual nonw

pairs do not differ significantly end the same rapid decline after

Day 1b is in evidence (Day 1> Day 10, p < 0,05, WP for both sexes).
Thus beak-fencing between non-pairs occurs more frequently than

that observed between paired birds but shows a similar tendency to

decrease with time.

(11) Supplanting attacks (Fig. 3)

Isolated pairs (Fige 3(a))e Supplanting attacks were seen in

only 2 of the 1l pairs in the first two watokes, Days 1 and 1b,

Thus sgonism (including beak-fencing) was completely absent after

Day 1b.

Group pairs (Fige 3(b))e As with beak-fencing, supplanting
attacks between paired birds were rare. !ale aggression towards the
mate showed a significant decreese with time (Day 1> Day 10,

p < 0.005, VMP); aggression by a single female towards her male

on Daye 4, 5 sand 10 prevented a eimilar decrease in the females.

Feteromsexual non-pairs (Fig. 3(c))s Individual mele and female

scores vary a great deal, in some watches as many as 200 attacks
were recorded for s single bird, Nevertheless trends are esvident
~4in the scores. MNale aggression towards the non-mate female remained
high in all watches and there was no significant fall off comparing
Day 1 and Day 10¢ In a similar fashion, female aggression remained
high and ghowed a peak on Day 2, though there waﬁ no slgnificant

difference. Oversll, s comparison shows that there was more

sggression between heterosexual non-pairs than between peired birds
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(p <0.001, YWU).

Fomosexual non-pairs (Fig. 3(d))s The greatest number of

supplanting attacks took place between birde of the same sex and
scores in excess of 300 attacks per watch were recorded in male-
male interactions. There were slignificantly more attacks than
between pairs (p < 0,001, L%WU) and aleo, between heterosexual non-
pairs (p < 0,05, ¥WU) for both males and females.

Male-male aggreseion was at its highest on Day 1 when courtship
was also commoneste The subsequent decrease does not reach
significant levels and the situation was complicated in that
frequently dominance of one male over snother changed between
watches (this will be discussed further later). The females, unlike
the males, showed few supplanting attacks in the first watch, Day 1,
and highest scores were recorded on Day lb and Day 2. The increase
shown is not significant but this can again be explained, at least
in part, in terms of feversals of dominance relationships. What is
particularly interesting is that male-male aggression on Day 1 is

much higher then that between females. Later female-~-female

aggression increases and overall the total number of attacks launched

by both sexes is the same.

- (144) Supplanting ohases (Table 3)

Many of the supplanting attacks occurred as a series of repeated
enoounters in which the subordinate bird was vigorously pursued about
the cage by the more dominant individuel. This was not a prominent
feature of supplanting attaoki between paired birds indicating an
aggressive rather than a sexual basis to this behaviour. In pome
species (e.g. the Great Tit, Hinde 1952) sexual chases occur during

Pair formation which take the form of repeated supplanting attacks



TABLE 3 Total numbers of supplanting attacks with those involved in

supplantinz chases

4

No. of supplenting No. involved in % as
attacks chases chases
Isolated pairs Y 0 0
Males 64 21 32.8
Group pairs
Females 103 33 32.0
Heterosexual Yales 708 315 44.5
non-psirs Females 622 34 5543
Homo sexual Kales 3026 2464 8l.4
Females 890 534 60,0

non-pairs
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of the female by the male. Fere chases were most evident between

homosexual non-pairs enl were probably due to the inability of
the subordinate bird to completely flee the vicinity of the attacker.

Due to the confines of the cage, the stimulus for attack was

repeatedly presented.

Digcussion of sgoniem

Besk-fenoing tends to decline in all situations until by Day 10
"1t i virtually absent whereas supplanting attacks, thouzh reduced
in overall number, are still present. Caryl (1975) noted similar
fiuctuations over s smaller time period and considered that, in
the 2ebra Finch, the two activitlies are interrelated such that
increases in one lead to a decrease in the other, Beak-fencing
18 more common in cases where priorities (dowinance) have not been
decided and attenmpted supplanting attacks are rebuffed. Later, the
subordinste bird retreats and offers no resistances IHence high
incidences of beak-fencing should indicate that relationships are
in a state of flux, either because two individuals are strangers or

because their present order of dominance is under revue.

(a) Agrreagion between mates

\There was more evidence of aggresslon between mates in the
group situation than in ieolation although, in both cases, it was
relatively infrequent when compared with sggression between non-
mates. The aggression that was seen was largely on the part of
females and could iniicate th;t they were unwilling to accept the
male's courtship advances. Mowever, the amount of courtship in the
two situations 414 not differ apprecisbly and therefore this eeem;

an unlikely explanation. DButterfisll (1969) found that male
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aggression was initislly high towards the mate and that this

graduslly waned until the female assumed dominance prior to
copulation, This resembles the sequence of reversal of dominance
seen between mates in the Chaffinch and carduelines (Hinde, 1955, 1956;
Newton, 1972)«. Though Butterfield's findings refer to the Zebra Finch
there was no evidence of a similar sequence in the present results,
in fact the dats suggests the opposite as it was the femasles who
appeéred mdst sgeressive in the early exochanges.

Hinde (1955) noted that in the Goldfinch reversal of dominance
d1d not take the form of overt aggression but was reflected in avoidance
-behaviour and thus it is poasible that it may have been miseed in this
study. However, copulation was seen much earlier in the pair formation
period of the Zebra Finch suggesting that revereal, if 1t is important

at all, must take place very rapidly. MNuch of the present aggression

appeared to be initisted by allopreening attempts and, in the males,
may‘hava been linked with courtship as beak-fencing has been observed

during courtship song. Caryl (1970) hés suggested a possible link

between aggression and courtship song.

Sexual chases involving repeated subplanting of the female by
the male are common in many passerines and it has been suggested that
they may be important in driving the female from the vicinity of the
flock so that courtship can proceed without interference (Hinde, 1952).
Hinde (1956) went on to propose that this aggression might have a
stimulatory effect on the female but, if this is the case, there is
no evidence of i1t occurring in Zebra Finch pair formation, at least
in captivity. It is 1nterest1né that Hinde (1956).notos that sggression
between mates in the Canary is less severe during pair formation
occurring later in the breeding season when levels of gonadial hormones

will be presumably higher. The 2ebra Finch is thought to maintain
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high levels of such hormones throughout the year and this could
account for the very low levels of aggreesion between potential angd
established mates.

The highest levels of aggression were recorded in the groups
and the remainder of this discussion is devoted to fighting in this
situation, For convenience it 1s smeparated into male and female

aggressiony the differences outlined esupport this dichotomy.

(v) wvale aggression

There was a great deal of esggression launched by males. Highest
levels occurred on Day 1 and accompanied the highest level of male
courtship. This was largely due to male-male supplanting attacks which
often reached extremely high rates with persistent chasing of one
male by the other. This aggression was probably enhanced by the
enforced proximity of the opponent and presumably in the wild would
have lead to the subordinate male being driven off. Nevertheless it
represents a real phenomenon as high levels of male-male sggression,
though falling slightly, are retained throughout the obeervations,
This was also the case in aggression directed at the female other
than the mate except that there was no comparable pesk on Day 1l.

Newton (1l+0e) has described pairing in flocks of carduelines and
he statéa that the first sign of impending pair formation is the onset
of sggression between males within the flock. In bitds setting up a
teriitory before pair formation, the situation is obviously similar.
Caryl (1975) reports that male-male eggression in 2ebra Finches ig
Usually at a low lov§1 but when a female is placed in sight of the
two males, fighting increase markedly and then falls off sgain once
the female is removed. It would appear that it is some feature of the

encounter with s female that 'sparks off' high levels of male-male
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aggression in the Zebra Finch.

There have been af least two attempts to explain this male
eggression at the onset of pair formation; (1) Bastock et al (1955)
suggested that aggressive tendencles which would normally be directed
at the potential mate were redirected at other conspecifics, (11)
mates may be competed for by the males (Butterfield 1970). The
merite of these two proposals, in the light of Zebra Finoh behaviour,
will be briefly discussed below with some additional suggeestions.

(1) Redirection of aggression.

Experiments with éichlid figh led Rasa (1969) to suggeet the
1mpor§anco of redirection of aggreesion in the mating behaviour of
this speciese. She found that the incidence of intrapair eggression
was higher in isolated pairs than between pairs in groupse. This
is clearly not the care in the 2ebra Finch where the isolated pairs
did not differ from the group ones. In addition, Caryl (1975) has
critioised her resulte in that the males in the group situation may
be preoccupled with interpair aggression.

If aggression 1s being redirected, then the amount observed
will be dependent on the aggression arousing properties of the
females Presumably, after palr formation the female is less likely
to elicit aggression from the male and oonversely one would expeof
a strange female to elicit more. Caryl (l.c.) carried out the
Pertinent experiment and found that in fact the temﬁle mate
stimulated more male-male aggression than did a female non-mate.

This suggests that the eggression is not due to aggressive tendencie§
towards the female but rather to some other feature which is enhanced
during pair formatione. Caryl suggests that it is the degree of

Sexual tendency expressed by the male towards & particular female

that determines the amount of aggression she will provoke. Thug



during pair formation the female must become more mexually attractive
to the male and this affeots his aggressive responses. This assumes
that aggression is similarly motivated in the male before and after
pair formation,

Duncan and Wood-Gush (1972) have recently revived interest in
the hypothesis that frustration provokes aggression in their studies
of the domestic fowle. This was a theory very popular in the 1950'sg
and they found that in their studles eggression could be induced
towards a subordinate when birds were prevented from obtaining viesible
food. Although Crook et al (1968, etc.) have demonstrated that in
Oueleﬁ‘aggreasion over food i1s differently motivated, this raises

i r————
the poeeibility that sexual frustration brought about by unsuccessful

copulation attempts leads to male aggreseion. Caryl's experimental

setwup with a female visible to the males, but unattainabdble, is
reminisoent of Duncan and Vood-Gush's thwarting situation. The

sexual tendency induced in the male would still presumably govern

the level of frustration.

(11) Competition for mates
At the beginning of pair formation, it would seem likely that

the greatest threat to a courting male would be the proximity of a
rival male., Hence, one could argue that aggression between males '
is duo‘to pexual competition for a limited number of females. This
is certainly an important priority for the male and'probably explains
whj he directs the majority of his aggressive ects towards males
rather than just any conspecific. However, the aggression recorded
did not appear to involve actual rivalry for a particular female,
although the results for the incompatible pairs suggest this could

be a possibility, and males were still highly aggressive even when

they were courting different females. Clearly, sexual competition

93.



will be an important feature of the pair formation process but it
does not appear to explain completely the high incidences of male-
male aggression.

A pecond possible factor involved in competition is that male
aggression may be influenced by selection on the part of females.
It 1s possible that a successfully aggressive male may prove better
at breeding and raising young than a subordinate males There is
some research evidence to support such a proposgitiony Spurr (1974)
studled aggressive responses in Adelie Penguins and found that males
neeting in_ the centre 6f the colony were more aggressive than those
nestiﬁg at the peripherys The centre nesting birds had better
breeding success and though the higher aggression could be related
to age or other factors, it is possible that this behaviour is an
advantage in thie species. lMourning Doves were found to establish

'peck-orders' before mating by Goforth and Basket (1971) and

interestingly, high ranking males and females paired off before
the lower ranking birds. Too much aggression could be ultimately

a disadvantage in a sooial species but where there is competition

for nest sites and food, as there 1s in the 2ebra Finch, a high

level of msle aggression may be beneficial to thp pair,

Thus, it is likely that male aggression at the start of pair
rormation is beneficial to both the male snd the female. Aggression
by the male does not end after pair formation and this later
aggression may serve a different, though related, funotion. Caryl
(1.04) showed that the pair bond enhsnced the female in that she
provoked more male sggression and this would be valuable in prolonging
the pair bond. The presence of his mate will induce the male to
attack other conspecifics over distances he would normslly tolerats,

1.es she would increase his indivijual distance, and g territory

would be built up with the mate at the centre, Caryl suggested the
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distence involved was about two and a half times the male's normal
“"80cial spzce", and he went on to demonstrate that the further

the female was from the male the less she affected his fighting
behaviour. Marler and Mundinger (1975) described a similar 'mste

territory*' in the Furopean Twite and noted that it tended to be

smaller away from the nest. 2Zebra Finches defend their nest site

and, clearly, this may have an lmportant influence on both male and

female aggression, The mate territory would meem important as a

means of separating the pair from thelr social group for mutual

displays, copulation and nesting to occur without interference,

(e) Female sggression

The major difference between male and female aggression was in
the timing of its onset. The females showed very little aggression
on Day 1 and hence there does not seem to be the same relationship
with sexusl tendencies that wae suggested for the males. High scores
appeared on Day 1lb and dey 23 DButterfield's (1969) findings were
similar in that she found ma;e Z2ebra Finoch aggression fell off with
time wheress, female aggression did not.

In tre Chaffinoh and carduelines Newton (1972) reports that
female aggression only becomes apparent after initisl pair'formatibn
hasg beén completed. Zann (1972) found that in the Poeghilg SDPDe
females were only sggressive when their preferred male was close.
Thus 4t would appear that the female needs to have established some
sort of bonding relationghip before she begins to show aggression
towards conspacifici. Caryl (1970) was able to 1nduc:z¥%male.
female aggression by {the sight of the male but, perhaps Significantly,
the male was not a mate of elther of the females concerned. This

Proposed link between peir establishment and feusle aggression is
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further supported by the evidence for the incompatible pairs

which will be discussed later.

Summarx

Aggression has proved sn interesting behavioural parameter
in this study. Aggression between mates is never very marked and
would not be a useful indicator of the completion of pair formatione.
However, high initisl male aggression would appear to indicate a
willingness to pair whereas subsequent aggression by both the male
and female mate show that a pair 1s becoming establisheds In
1ndi§idual cases the changes can be Very marked from day to day
and averaging the results tends to mask the effects of reversals
of dominance, It 1s interesting that the control of aggression in
male and female Zebra Finches could be different; male aggression
is probably linked with his sexual tendency and may be evoked, to
some extent at least, by any female, unlike female aggression
‘which is apparently linked more closely with a specific male. The
effect of the combined aggression is to set up a mobile territory
around the pair which will tend to prolong the length of the pair
bond. It seems likely that the size of this mate territory will

fluctuate quite considerably in different contexts.

V60aliagtions

(1) undirected Song (Fig.l4(a))

In isolation Undireocted song shows an opposite trend to that
of oourtship song with the lowest amounts ocourring on Jay le« The
increase to that of Day 2 is significsnt (p {'0.005' WP) and on

the remaining days it is maintained at a high level. The song wasg
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given in the majority of cases when both the male and female were
perched (60.1% of the total bouts recorded), the remainder
ocourring when the male was perched and the female feeding alone.

In _groups The meles in this situation introduced undirecteq

8ong more graduallyy the increase over the level on Day 1 is not

significant until Day 3 (p < 0,005, VMP), and the increase continued
until by Day 5 einging reached comparable levels to that heard in
igolations The scores for Day 2 are much lower than in isolation

(p‘<'0.02, ¥WU) but again singing occurred predominantly when both

birds were perched (89% of all bouts).

(141) Loud calls (Fig. 4(b))

In ipolation Loud calling was highest on Day 1 and whereas
in the males 1t remained at a high level throughout, there was a
marked decrease in calling by the femasles by the second watoh
(Day 1b)., This decrease in loud calling by the females ig
significant comparing Days 1 and 10 (p < 0,002, VIP), which resulted
in significantly fewer female loud calls when compared with calling
by males (p < 0.001, MWU).

In groups Comparable high numbers of loud calls were counted
on Day 1 but in this situation both male and female calling
decre@sed with time (Day 1> Day 10; p < 0.01, VP, in each capge).

However, males still gave more calls than did females overall

(p < 0401 W),

Discussion of Vocalizations

(1) Undireoted singing

Undirected singing, that is singing met involved in courtship

bouts, was inhibited after introduction in both the isolated ang
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group pairs. There was then a gradual increase in its frequency

of occurrence but it'was noticeable that the inhibition was more
prolonged in the group situation. Morris (1954) suggested 1t was

the presence of another unfamiliar male that led to the suppression
&and in the group situation this may have been the case here, However,
the results for isolated pairs and those of Caryl (1976), who looked

at one male with two females, indicate that females may have the

same effecte.
zann (1972) noted that minging by unmated males in Poephila spp.

was inhibited by the presence of a female and that the onset of

undirected song was indicative of a readiness to breed. Certainly

in the carduelines undirected song, or something very like it,

starts before the onset of pair formation, but here it is linked

with an aggressive response by the males (Newton, 1972). In the

2ebra Finch, and other estrildids, it is difficult to see what i
stimlating undirected song as an aggressive motivation is not
epparent, Moynihan and Hall (1954) concluded that in the Spice
Finch there was no common denominator although familiarity with
the surroundings, ae well as other conspecifics, has an effect
upon it. BHall (1962) proposed that monomorphic species may use
this song as a means of identifying the males but this does not '
apply in the dimorphic 2ebra Finch nor does it seem likely as the
courtship song or other differences in behaviour fhat have a
sexusl bamis oould easily fulfil this function,

The mate's aqtivity did not appear to influence male singing,

In fact the majority occurred when both birds were on the perch

and relatively insctive, The related Bengalese Finch was examined

by Birke (1974) and was found to show a tendency for undirected

soné during the transition between active and inactive Phases
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which suggests it may possibly a;d synchrony between the pair.,
Indeed Birke found that with male-male pairs song tended to be
€iven by a perched male when his counterpart was feeding. Thig
tendency was not apparent in the groups and in 1isolation 1t was

clear that the female did not return to the perch immediately on

hearing the male's undirected songs However, it was equally clear

thet when ghe did return the male's song bout was terminated

abruptlye Sepsration of mates could well be important, both 2ann

and Hall (l.c.) have noted an increase in undirected singing when

8 male hss been 1soléted from his mate or his flock,

.It remains difficult to suggest a function for undirected

song though group cohesion is a viable possibility. In the

Budgerigar, Brockway (1967) reported that devocalization of males
led to testicular regression and this suggests that undirected
song may have a self-stimulstory function in the 2ebra Finch, In
addition, Brockway (1965) showed that male vocalizations were
important stimulants to the female and thus undirected song could
be involved in developing breeding synchrony between mates. )ales

certainly spend a good deal of time engaged in singing and it woulq

be surprising if no positive function could be found for this

activity.

(11) Loud calls
The loud calling of both males and females was highest on

Day 1 which could be due to d;streus brought on by the new surround-
ings and strange conspecifics. Zann (1972) has suggested that the
loud call of estrildids is used in the wild as a lost call when g
bird becomes separated from the flock and Butterfield's (1969)

resﬁlts support his findings. Thus the calling on Jay 1 may have
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been caused by the disruption of stock cage flocks, In the groups

the rate of both male end female calling declines after Day 1

though the males still give more calls in each watch. The 1solated

Pairs are somewhat different, the males continue calling at a high

rate and there is no decline with time. This could be due to

auditory contact with other males, in separate experimental cages,

without the acoompanying visual contact. After all the 2ebra Finch

is considered a social species and it is possible that a single
Pair 18 in a similar eituation to isolated individuals end the
male continues loud calling in an attempt to regain the flock.
Whatever the motivation, it certainly seems likely that the sexes

differ in their reactions to it and the males appear to have a

lower threshold for loud calling than the females,

Allopreening
Allopreening bouts (Table 4)

Isolated pairs Allopreening began eerly in the experimental

period, No significant increase was observed from Day 1 to Day 10

and neither sex emerged as the dominant asllopreener as in all but

two pairs both male and female were recorded allopreening often

within the same watche. }Males allopreened more f:equently in §

Pairs, in 5 females and in one, two birds allopreened.

Group pairs Allopreening differed in the group peirs in that
little was recorded on Days 1 and 1b and the increase by Day 2 is

slgnificant (p< 0.005, WiP). In addition, there is & furthber

incresse from Say 2 to Day 10 (p < 0.005, WiP) with the highest

8cores beingz noted in the last watch.

As in the isoleted pairs, allopreening was shared equally by

the gexes but in this case there was an overall greater number of



TABLE 4 Allopreening bouts expressed in terms of mean number

recorded per bird per day

Days

1 1 2 3 4 5 10 Total

Isolated Xales 0¢6 343 1lel 21 2¢1 1e5 145 1242
pairs Females 1.5 48 18 048 1e3 246 3e1 1549
Totql 2el 8ol 2.9 249 3¢4 441 4.6 28,1

- Group Males  Osl 043 1,7 27 27 37 502 1604
prairs Females 0e¢d 242 246 366 406 342 4oT 2143
Total 065 245 4¢3 643 Te3 649 99 3707

Heteromsexual Xales 0.1 042 042 0,6 0ol 0 0 1.2
non-pairs Females 0.2 0Osl 0.3 0.9 0.5 042 044 :2.6
Total 0«3 Oe3 045 145 046 042 044 3.8

Homosexual Vales 0.2 O 0.2 0e3 06 043 0 1.4
non-pairs Females O 042 1e2 042 042 1a6 143 4444
Total  0e2 0.2 1le4 05 0.8 149 1e3 5.8
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bouts (group>isolated pairs, p < 0.01, MWU) and the amount

recorded for Day 10 is higher than that seen on any of the days

in isolation,

Heterosexual non-pairs Allopreening between non-mates was

rare and showed no tendency to increase with time. The bouts
recorded consisted mainly of allopreening attempts which were
usually rebuffed by the reactors Interestingly, 61% were
initiated by females suggesting that they might be more prone to
such extra-pair activities than are males.

Homosexual non-psirs Here again scores were very low and

the relatively high levels of female-female bouts are due to the

activities of two females only. As in the heterosexual non-pairs

the majority of these bouts were allopreening attempts which met

with aggressive rebuffs.

Discuseion of sllopreening
In the isolated pairs sllopreening attempts began almost

immedistely unlike the group pairs in which 1% only really became

apparent on Day 2. Butterfield (1969) found that allopreening was

a good indicator of the end of pair formation as it was the last

of the behavioural trasits to appear during the process, but this

does not appear to hold in this case. The smaller amounts seen

in the groups could have been due to a preoccupation with interpair

aggression although more clumping was seen in this situation. It

might also reflect s greater reticence to approsch the mate in the

groups or that, as Harrison (1965) has proposed, there are lees

aggressive tendencies towards the mate in groups where these may

be directed against other conspecifics. If the latter is true

fhen this suggests that allopreening asllows the release of
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aggressive tendencies and thus it will prolong the length of the
pair bond.

It was clear from the results that sllopreening is largely
confined to the mate, or future mate, in this species. The rare
exceptions that occurred involved females in the majority of cases
and it often seemed as if they were unable to 'resist' attempting to
Preen a nearby unsuspecting or inactive noﬁ—mate.

The length of the allopreening bouts also increased with time
as they became more frequent but there was no evidence of one
individual monopolising the behaviour as Butterfield (1969) had

reported in her study. Similsrly Harrison (1965) 8nd Wood-CGush and

Rowland (1973) who considered other species found no evidence of a

'dominant' allopreener, the activity was shared by the members of a

pair,

Clumping and_ settled distance

(1) Clumping (Figs. 5 & 6)

Isolnted pairs (Fig. 5, column (a))e Clumping was observed in
ell watchek and there was no apparent increase from Day 1 to Day 10.

Group pairs (Fig. 5, column (b)), There was more evidence of
clumping amonget group pairs and there was an increase by Day 3 both
in the number of pairs seen olumpigg (p < 0,001, Sign Test) and in
the actusl amount of contact behaviour (p < 0.001, WMP). The overall
amount of clumping recorded between group palrs was clearly greater
than that seen in isolation (p < 0.001, XWU), and this difference
was evident from Day 2 onwards.

Heterosexual non-pairs (Fige 5, column (e))s Clumping with

the amount recorded was minimal and

non-mates wes extremely rarej
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concerned three non-pairs only on Day 3+ This result is to be
expected as clumping with the mate was taken as the criterion for
pair formation (see Methods) and the extreme infrequency of extra-
palr contact behaviour supports its original choice.

Homosexual non-pairs (Fig. 6, columns (d) & (e))e No male-male

clumps were seen on any occasion, but in one group two females
clumped briefly on Days 2, 5 and 10. Such transitory contact was

associated with allopreening attempts by these individuals.

(11) settled distance (Figs. 5 & 6, Table 5)

Isolated pairs (Fig. 5, column (2))s The gettled distance,

maintained between pairs, decreased with time in spite of the fact
that oclumping behaviour did not substantially increase. The settled
distance measured on Day 10 was smaller than that for Day 1 when
compared using the Kolmogorov-Smirnov Two Sample Test (p < 0.001)
and this difference still showed significance when the clumping data
was excluded from the calculation (p < 0.05).

Group pairs (Fige 5, column (b)) The settled distance
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decreased from Day 1 to Day 10 (p < 0.001, K-STX, excluding clumping,

p < 0+05), and the distances involved, summed for each watch, were
clearly smaller than in isolation (p < 0.001, K-ST, both with and
excluding olumping). The small settled dietance between group pairs

developed rapidly and wés in evidence by Day 1 when compared with

the i1solated pairs (p < 0,01, K-ST). The number of times the mates

were adjacent on the same perch (Table 5) did not show the same

- tend;noies suggesting that it was the actual proximity of the two
1ndividuais that altered and not their readiness to sghare the same
perche

Heteroeexusl non-pairs (Fige. 5, column (¢))s Unlike the paired



4~ d Homosexual ej Homosexual

non-pairs (males) non-pairs (females)
Day 1
4- -
Day 1
-+ :
&
s Day 2
H ' y
(72}
z P I N R I, B
o
g
g 4- y
w
g Day 3
o
o — 77 I—L
(o] -
Z 4-
Day 4
rJ_rljjﬂ .
4- -
Day 5
L m
4

‘ Day 10
0 12 30 48 66 0 12 30 48 66
SETTLED DISTANCE (cm)

Fig. 6. The settled distance between individuals of different
pairs with the amount of clumping on each day shown

in black,

o«



TABLE 5 DNumber of times iniividuale were sdjacent on the same perch

(pean no. per pair per day)

non-pgirs -9 843

Days
1 1b 2 3 4 5 10 Total
- Isolated pairs 13.3 15.5 143 13e3 14.5 154 13.7 156.8
Group pairs 1244 1440 1241 1746 153 15.9 17.2 104.6
Heterosexual Tel 647 51 Ted 503 48 545 84.8

non-pairs _

Bomosexual oLo" 5.1 4:1 448 446 43 446 5.9 33.0
Te0 569  5¢7 5el 603  Te0 4543

TABLE 6 Aoctivity expressed as mean scores per pair per day

Activity 1 1b 2 3 4 5 10 Total
 Sitting M 1643 21.2 22.4 21¢3 21.1 1940 19.0 140.3
alert P 20e4 20,0 22.7 2003 1946 1942 16.9 139.1
. . . 407 503 6.6 7.8 42.9

Tsolateq Sitting U 8.5 503 4eT
m drowsily F 65 Tl 4.0 4e2 52 56 6.6 39.2
i 5.3 2.4 209 400 308 4.1 4:3 26.8
feeding F o342 249 3.0 53 563 544 6.6 3107
alert F 27.0 19¢4 1845 15,8 1647 1644 1244 12642
: . . o5 10,9 8.7 T8 10.8 5340

Grou 31t§1ng ¥ 14 T9 5

belre drowsily F 2.1 83 Tel 11e6 960 845 12.7 3943
¥ 4e4 4.0 448 3.l 4.8 4.1 4.1 2943 .
Feeding P 049 22 4e4 245 4T 5¢1 4.8 2446
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birds, the distance maintained between non-pairs tended to increacze
with time (Dey 1 <Day 10, p < 0,01, K=5T7)s The overall settled
distance was guch greater than that between group pairs (p < 0.001,
K-ST) and thie beceme spparent from Zay 1lb onwards.

The number of times heterosexual non-pairs were aljacent on
the pame perch (Table 5) were much fewer than tfor the group pairs
(» < 04001, ¥w) end, in this case, the difference was even
slgnificent on Day 1 (p < 0.01, ¥4U)s Thus non-pairs showed signs
of avoldance as early ms the first watch.

llomosexusl non-peirs (Fige 6, columne (d) & (e))s The mettled
distence between both males anl females incressel with time such
that the distance recorded for Day 10 is much greater than that for
Bay 1 (p < 0,001, K-ST). The settlei distance totallei for all
watches was much hizlter than in the group peirs (p-<:0.001, K-.sT,

for both gexes) and they were adjacent on the perches (Table 5) on

far fewer ocoasions (p < 0.01, ¥WU). Signs of avoilance were again

evident on DJay 1 in that the number of times birds were adjacent

in this watch was fewsr than for group pairs, male-male, p < 0,01}

female-female, p < 0.05, K¥U).

Discussion of clumping enl settled dimstance

(1) Clumping
Clumping 1s & variable activity that seoms to be dependent
on low asctivity levels and s lack of external stipuli which is

commonly found during resting periodse Clumping was exclusively

between mates, with one or two very rare exceptions, ani it was

during this body contact that the majority of the prolonged allo-

preening bouts took places It is interesting that more clumping

was seen between group pairs when the levals of sotivity and external



stimlation might be expected to be greater than in isolation. Zvans
(1970) found that in the Avadavat clumping was enhanced when groups
of birds were transferred to new ceges a8 in thip situation fear,
brought about by the strange surroundings, 1inhibited activit& and
promoted sitting drowsily and the accompanying bouts of clumping.

It would appesr from these results that thie *fear' response does

not occur readily in the 2ebra Finch at least in the group situation,

two males and two females, that was considered. The clumping that did

appear in the groups was sctively sought by individuals and requires

a different explanation, Kunkel (1974) surveyed tropical bird
species and concluded that those with prolonged pair bonds engaged
in clumping and allopreening as & means of maeintaining the bond,
Certainly, in the group situation one would expect the bond to be

under a greater threat of disruption than in isolation and this could

explain the observed increase in contact behaviour.

(11) Settled distance

As well as more clumping between group pairs, their settled
distance showed a similar reduction compasred to that of the 1solated

Pairs which suggests that cloee proximity 1s involved in maintenance

of the pair bond. One possible criticism which must be remembered,

however, is that there was a higher density of birds in the group

sltuation as the cage size was kept constants Yet even in the

isolated pairs there was & reduction in settled distance and Zann
(1972) found that préximity between pair members was important
throughout the year in the Poephila groupe In his birds mates were

séldom seen more than 1 to 2 metres apart.

Fear tends to reduce individual distances, it was noticeable

that disturbances outside the cages led to mates drawing closer

105,
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together, and perhaps in the groups the presence of a potentially
aggressive non-mate resulted in the differences observeds The
distance maintained between non-mates, both heterosexual and homo-
sexual, was much greater than that between group pairs which supports
the suggestion made earlier that aggression leads to the establishment
of a defended 'mate territory' around the pair.

Methods of amssessing the identity of pairs within a group of
Barbets were compared by Fernald (1973) and he came to the con-
clusion that the average distance between birds was not an sccurate

measuree. He found that the number of times two individuals were

adjacent was much better but, in the present study, this measure
merely supported the findings for settled distance.
Thus the individual distance of a particular 2ebra Finch (i.e.,

that diastance within which other conspecifics are attacked or avoidedj

Eediger, 1950), is not a constant entity. Dunbar and Crook (1975)

have demonstrated how, in Quelea, this distance may vary with the

activity engaged in and it seems from this study that the identity
of an enoroaching bird will affect the individual's response. The
distance over which an attack may be launched, or fleeing result,

can be affected by the sex of, or familiarity with, an approaching

individual and, most clearly, by the existence of a pair bond with

that particular bird.

Activitx and synchrony of behaviour

(1) Activity (Table 6)

Isolated pairs The pairs were active for the majority of esch

watch and showed no tendency to increase the amounts of sitting

drowsily and/or feeding as the experiment proceeded. The amount of

activity shown by each sex is similar.

Group pairs In general the activity of birds in the group
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situation was similar to that in isolation but the amount of
sitting droweily showed a significant inorease by Day 10 (Day 1<
Day 10, p < 0.005, W¥P). In addition, the total smount of sitting

drowsily by pairs in the groups was greater than by pairs in

isolation (p < 0.005, ¥WU). Thie is associated with the inorease
in the amount of contact (olumping) behaviour seen in the group

pairs which was noted earlier.

(11) Synchkrony (Table 7)

Isolated paire The greatest synchrony was evident during active

periods; when a bird was sitting drowsily or feeding eynchrony

so0ores were frequently lowe. There was no tendency for members of

&8 pair to become more eynchronous with time.

Group pairs The highest synohrony'soorea for eall activities

were recorded for group pairs. Synchronous sitting alert was most

evident on day 1 and showed s significant deoline by Day 10 (p < 0.05,

VMP)e Sitting drowsily and feeding, on the other hand, showed an
increase such that ecores in excess of those for isolated palrs

wére obtained by Day 2. A comparieon of the amounts of synchrony

on Day 10 feveals that group pairs were significantly higher in all

activities than the isolated pairs (sitting slert, p < 0.025,

sitting drowsily, p < 0.01, feeding, p < 0.025; LWU).

The greatest difference was over synchrony of feeding bouts in

which relatively hizh scores were obtained for group pairs from Day

3 on, It was noticeable that pairs tended to feed on their own and

members of the other pair were vigorously driven off if they

‘tt@mpted‘to approach a feeding pair.

Feteromexusl non-pairs Synchrony of all three activities was

less than for group pairs (p € 0,05, XU, in each case) and, apart




TABLE 7 Vean numbers of occasions when two individuals were engaged

in the same activity

Synchrony
Sitting
alert 14¢5 1740 1745 1640 1740 1605 15.5
Sitting
-I-s-o'le-t'_eg' drowsily 11.0 15,0 Te5 540 8.0 9.0 10,5
Relrs oo oding 505 065  4e5 5.0 4.0 6.5 6.5
Sittd
alertng 20,0 1740 175 20,0 19,0 18.0 15,5
Sitting
Sroup drowseily 2.5 13,0 17.0 1540 16.0 16.5 16.5
Dalrs Feeding 3¢5 445 9.5 1645 1640 12,5 12,0
S
ai::ing 19,0 14,0 12,0 15,0 11.0 11,5 9,0
Het - Sitting . . .
éﬁ;&?%' drowsily 15 960 565 1240 Te5  Te5 940
Relre  poeqing 5.0 3¢5 145 2.0 645 5.0 8.0
éitting M 1645 11.5 13.5 15.0 13,5 13.0 12,0
alert F 21¢5 170 11.5 1640 11.0 9.0 8.5
Homo- Sitting ¥ 10.0 10,0 Te5 13,0 6.5 740 7.0
Bexual
Rairs drowsily F 3.0 10.5 3.0 15,0 7.5 8.0 9.5
Feeding M  4¢0 2.5 240 2,0 440 345 445
F 3.0 5¢5 15 2.0 5.0 4¢5 740




from high scores for sitting alert on Day 1 (when all 4 birds were

especlally active), scores were low in all watches. Synchrony of

feeding bouts remasined at a low level throughout.

Homosexusl non-pairs These are based on a sample size of 7

only in each case and show similar trends to the scores for hetero~

gexual nonwpairs. Intereetingly, feeding attalned its lowest scores

of any category.

Discussion of activity ani synchrony

(1) activity
The aotivity scores tell us little of relevance t{o the pair

formation process. The birds in both situation were active for the

majority of each watch and this was to be expected from behaviour of

males in morning sessions (see Ollagon and Slater, 1972). The major

difference between groups and isolation comes in the amount of sitting

drowsily. There was more in the groups and this 1s largely due to

the greater amounts of clumping between group pairs which suggests
that the clumping may have been actively sought rather than merely

a consequence of rest periods occurring in the morning.

(11) synchrony
The isolated pairs showed most synchrony whilst active although

not when engaged in feeding bouts. In fact it often appeared that
mates were taking turns in going down to feed, the non-feeding bird
remalned on the perch and flew down to the bowl only when the mate

returneds The group pairs were synchronous in all three meacures

and, in marked contrast to the isolated pairs, this included feeding

bouts after Day 2. Tach pair took a turn in visiting the feeding

bowl end it was only on Day 10 that cases of all four birds feeding

108,
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slmultaneously were observed. In large stock cages flocks of
birds tend to feed as one group and this could indicate that the

separation of the pairs during the early stages of pair formation

was beginning to break down by the ende This could result from

greater familiarity with the non-mates and the waning of aggressive

tendencies, in other words they are beginning to establish social

bonds that are common in established flocke of Zebra Finches.
Synchronised behaviour is thought to be largely due to two

responses (Crook, 1961), the following response and social facilitation.

The latter refers to the immediate copying of a behavioural act by

another conspecific. Birke (1974) demonstrated that familiarity with

an individual enhanced the effect of that individual in eliciting

synchronous responses. It seems likely that palr formation further

enhances this tendency, the mate becoming the most effective model

for both the following response and sooial facilitetion. This means

that the mates, after pair formation, maintain a close proximity end

engage in bouts of sotivity or rest at similar times. It seems

important to the maintenance of the bond that they should be in close

contact at all times, with the possible exception of periods of

1ncubation.Whon the mates are forced to separate.

Changes in dominance

It 1a difficult to‘gatigfactorily represent dominance in tabular

form and this will not be attempted here. A measure could be taken

from the results in terms of numbere of wins and losses during

supplanting attacke. This was carried out and the results are

presented below am short case histories for each group studied.

Dominance was ascribed to a bird, in eny watch, which built up a
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clear excess of wing over losses (+60% of all attacks). In cases
in which the subordinate bird managed no wins, dominance was only
designated 1f more than 5 attacks had been recorded in that watch.,
For the sake of the discussion, males are labelled A and B, their

respective mates, C and D.

Group 1
In this group male A and female C emerged as the dominant pair

on Day 2. Yale B was dominant over both A and C on Day 1 but on
Day 2 a clear reversal took place and B became subordinate to both

individuale. Female C was particularly aggressive towards B and

thie may have facilitated A'e improvement. Day 2 also saw changes

in aggression directed at female D} A renewed his early aggression

and C reversed D's previous dominance.
Allopreening first developed between AC on days 1lb and 2

suggesting that the reversal occurred at or around the time the
pair were becoming established.

Group 2

This group provided a clear exsmple of the interaction between

members of a pair affecting thelir dominance over conspecifics. On

Day 2 AC emerged ms the dominant pair. B was initially exceedingly

aggressive towards A and recorded over 600 successful supplanting

attacks on Days 1 and 1b. However, on Day 2 the reversal occurred

and this wae coupled with extreme aggression towards B by female C
(over 200 attacks). A also became'aggressive towards D for the first
time and, though B was dominant on some of the later days, he never
again assumed the same sort of preeminence seen on the first day.

Clumping between AC was first noted on Day 2 and became

increasingly more evident.

Groug 3

No dominant pair emerged in this group but it ie interesting
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to chart the progress of male A, On Days 1 and 2 A was heavily

defeated by B in over 900 encounters and then, on Day 3 he began
to show aggression for the first time and by Day 10, as B's
aggression appeared to wane, he assumed dominance in the exchanges,
A's aggression towards female D also appeared on Day 3.

Allopreening by AC appeared for the first time on Day 3 wheress

BD were allopreening as early as Day lb.

Group 4

On Day 3 BD became the dominant pair. There were no excessive

soores but At's initial dominance disappeared in this watch and B

also became sggressive towards his non-mate C. At the same time

female D began supplanting C in quantitye.
- Clumping eand sllopreening developed in both pairs on Day 1b.

Group 5

AC were the dominsnt pair. A dominated over male B throughout

the watches and female D in all but the last watoh where D won most

of the exchanges. Female C, on the other hand, was initially

subordinate to D but assumed, and retained, dominance from Day 1b

and became aggressive towards B on Day 3.

D's aggreesion towards male A on Day 10 is difficult to explain
in the light of pair establishment.

Group 6

A was the most dominant bird on most occasions, successfully
defeating both B and D; Female D became aggressive towards A on
day 4 but this was sccompanied by renewed aggression towards her

own mate, male B, and thus is difficult to explain,

GEOU P i

The dominant pair were AC and this was clearly evident by Day 2.

A'g aggression towards both B and D emerged and C reasserted herself
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over femsle D. A's aggression remsined high in subsequent watches
but that between the females died out rapidly.

An overall comparison of the results reveals certain trends
or tendencies. Vhere clear reversals of initial dominance occurred
this was invarisbly during the first few watches, Deys lb, 2, and 3,
Clumping between pair members first became evident at thie stage

and 1t peems likely that these changes in asggression are related

%o the establishment of the pair identity, ie.es the formation of

the pair.

Discusgion of changes in dominance

This section was included because measures of overall aggressive
success, pfesented earlier, tended to mask individual fluctuations

of dominance observed in encounters between hetero- and homosexual

non-mates during different watches. In addition, these changes in

success tended to cancel one another out giving the impression that

agzgression between individuals did not decline at all during the

course of the experiment.

Short-term fluctuations in Zebra Finch dominance were reported

by Caryl (1975) in male-male aggression resulting from the sight

of an inaccessible female, Changes were often abrupt and Caryl suggested

they were due to variations in the tolerance of a rival from moment to

moment and because of this individual variation Caryl was unable to make

any conclusions about group dominance hierarchies. 3Such fluctuations

in aggression are found in many passerines (Hinde, 1966) and work on
several ppecies has shown that dominance is characterlistically fluid
end is dependent on previous experience, hormonal siates, individual

differences and meny other independent variables (eeze Tsuneki, 1966,

Kirkawa, 1968, and Williams et al, 1972). Tsuneki concluded that



dominsnce relations in the Java Sparrow indicated, at the most,
the state of affairs on a particular daye. An additional variabdle
that has emerged from Dunbar and Crook's (1975) study of EﬁsﬂigL
flocks is that the activity engaged in msy affect aggression,
They found that dominance in a feeding situation was not necessarily
similar to dominance over nest sites or nesting materials.

There has been 1ittle to suggest how such short-term variations
may be‘controlled in birds. Perhaps Delius (1973) has provided a

possible explanation in his work on electrical stimulation of the

brains of juvenile gulls., FHe found many loci which elicited an

aggressive reapbnee but he also located placea where stimulation

caused changes in mood lasting as much as 15 minutes. He postulated

that these might be controlled by "liquor hormones".
%hatever the controlling mechanism it is clear that sudden

changes in dominance occurred during the experiment, both in male

and female aggression. These marked changes tended to occur on or

around Day 2 when other behaviour, such ae clumping and allopreening,

tended to indicate that preferences had been established., It thus

seems likely that they are due to the formation of pairs and evidence
from the {1noompatib1e' pairs (see below) supﬁorts thise Individuals
whieh_in the previous watch were totally subordinate or uninvolved
in encounters were quite suddenly repulsing challenges snd in many

cagem actually reversing the direotion of dominance altogether.

The "Incompatible" pairs

This mection reviews the behaviour of those birds which di4d

not satisfy the criterion for pair formation (100., they did not

show exclusive clumping with thelr partner). They include one pair
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form the isolated situation in which no'clumpiﬁgaﬁgsirécorded and
aggression persisted, end three groups in which bonds failed to

crystallize clearly.

The isolated situation (Table 8)
Yo clumping was observed in any watch and the female behaved

aggreesively towards the male on Days 3 and 4 which differed markedly
from the other isolated pairs. Undirected singing by the male
developed normally, but courtghip was unusually high on Days 4 and 5.
Allopreening was rare, although the settled distance was not unduly
increased.

Thus the main differenoe from the 'true' isolated pairs lies
in the high female sggression and the lack of contact bebaviour.
Such apparent rejection of a male had eslso been observed in some

preliminary studies and the particular stimulus for female supplanting

attacks, in all cases, appears to be male undirected mong. It was

pParticularly noticeable that on Days 3 and 4 the female would launch

an attack ap soon as the male gave the introductory notes even

before the full songz was heard. After Day 4, behaviour appeared

more typical though there was stlll an absence of contact behaviour.

The group situation (Table 9)

The scores for the three 'aberrant' groups sre presented with

the behaviour between all poesible pairs shown. The average scores

for the more typical group pairs sre shown in parenthesis.
A complex situatidn arose in all three groups largely due to

both males, here designated A and B, showing a preference for the

‘8ame famale} Ce This is clearly evident in the courtship behaviour

where bouts were directed towards female C by both males (note that

the amount of total courtship by each male is comparable to that

for the typical pairs).



TABLE 8 The 'incompatible' pair(isolated pairs average scores shown

in parenthesis)

1 1b

CLUMPING

0(0.,2) 0(1.1)

COURTSHIP

4(1244) 2(1.7)

UNDIRFCTED SONG

0(2.4) 0(3.0)

BFAK FENCIKG

Yale 0(1.0) 0(0.1)

Female 2(0.8) 0(0.2)

SUPPLANTING ATTACKS

Nale 0(0.5) o0(0)

Female O0(0.6) 0(2.3)

ALLOPRETNING

¥ale  0(0.,6) 1(3.6)
Female 0(1.6  1(5.1)

SFITLED DISTANCE
(Average)

22.0 41.1
(32.5) (21.0)

0(0.1)  0(0.3)
3(0.8)  1(1.3)

3(21.1) 15(13.9)

b) 0
0 2
0(0) 0(0)

0(0) 28(0)

0(102) 0(2'3)
3(1.6)  1(0.8)

25;5 35‘3

(30.9)  (28.4)

0(0.3)  0(0.7) 0(1.2)

7(2.1)  6(1.5)  3(0.9)

55(33+8) 33(13.9) 33(15.8)

0 0 0
2 0 0

0(0) o(o) 0(0)
21(0) o(0) o(0)

0(2.3) 0(1.6) 0(1.6)
0(1.3)  0(2.8)  0(3.4)

2244 28.0 27«3
(25.3)  (26.3)  (22.7)




TABLE 9 The ‘'4ncompatible' groups

CLUMPING AC AD BC BD AB CD

8 0 0 15 0 0 0

9 16 0 39 3 0 0
o2 __1___u__ 6 __0o ___._ O e e -
X 14,043 21,7 3.0 0(0) 0(0)

(21.4) (0.2)

COURTSHIP |

8 12 1 11 1 28 0

9 4 0 40 0 0 0

10 17 0 8 -0_ . _o ----- o )
' %'- S ;1- o ;.; T -1;.; ) 0.3 9+3(0.2) 0(0)

(23.9) (23) . )

E%%Eéé%?lﬂg'- females scores in brackets

8 4(2) 85(0)  38(35) 75(0) 75(59)  78(13)

9 61(32) 117(14) 27(3) 19(11) 538(478) 298(221)

10 6(0) 14(1) 6(4) ﬁﬂ)iqqq-~%@{_'~

X ©23.7 114.3 237 4643 %igé; (ig?.z)

(11.9)  (95.1)

- eR T A en «E» o
- e - e Gm G B M SR GBS W e e
- ew e e ow o=

ALLOPREENING
8 0 0 24 0 0 0
9 6 0 55 32 0 6
10 84 5 _ 22 3 b ‘9 ......
:“-‘---~----‘-—— [ 5.0
X 30 1.7 33.7 11.7 03 )

(37.7) (3.7) I o L
SFTTLED DISTANCE

Average
8 22.4 3241 16,3 32,1 2045 32,5
: 0.

9 13.8  45.1 9.2 21.4 26,9 2005

/Continued



Table 9 (continued)

10 Te2 31.9 12,8 22.3 12.9 13.1
X 1445 3644 12.8  25.3 20,1 22,0
(14.3)  (30.7) (32.2)  (24.1)
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In groups 9 and 10 both males clumped with C, often
simultaneously, and it was amusing to note beak-fencing encounters
taking place above the intervening female's back. In group 8, C
showed a distinct preference for B and rejected any of male A'g
allopreening attempts. In fact it was famﬁle C who made the firgt
advances to male B on Day 2 by epproaching and a2llopreening him.

Both malee ghowsd aggression towards the non-preferred female

end were clearly dominant over her in all cames. Aggression with

the preferred female was also quite high in groups 8 and 9 in which
the female, C, was dominant in encounters with both males A and B,

This high aggression was not reflected in the smount of clumping

with either of the males. Male-~male aggreesion was high snd in

each group one male was usually clearly dominant in the early watches.
The dominance by one male did not apparently affect his success with

female C although he courted her on more occasions in groups 9 and 10,

The amount of female-female sggression was not particularly high with

the possible exception of group 9.
Allopreening showed a similar trend to aggression but in group

9 a considerable amount was noted between B and Ds This culminated

on Day 10 in clumping snd it appeared that at this, the eleventh
hour, they had formed some kind of pair for in this watch female D

suddenly, and quite dramatically, assumed complete dominance over

female C mupplanting her on 220 occasions! A similar reversal in

dominance occurred accdmpaniod by clumping in group 8, Fere, male
A was dominant on Day 1lb and attacked B so successfully that the
latter was foroed to spend the complete waich on the floor‘of the

Cage., MNowever, on Day 2, C made advances towards male B and sllo-

Preened him whilst he was on the floores Within the same watch,

B bvecame aggressive towards male A and was able to retain a position
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on the perches for the first time. Thereafter clumping occurred
between B and C and B remained dominant over A for the remaining
watches,

The settled distances are similar to those for group pairs but
it was interesting to note that the non-preferred female was driven
off by both males. Male-male distances are somewhat reduced but
this was probably due to the fact that they were both attracted to
the same site in the cage (1.6., female C).

In general, therefore, the scoree are similar to those for the
typical group pairs but the situation is complicated by one femsle

Ccapturing the attention of both of the males with the resulting

exclugion of the non-preferred female.

Discussion of the incompatible pairs

(1) The 1soleted pair

The one incompatible pair from the ieolated situation con-
tinued eggressive encounters snd were never peen to clump successfully.,
The female wae the eggressor and her attacks seemed to be triggereqd
by the undirected singing of the male which increased normaily during
the experiment. The past history of individusl birde was not known
8nd 4t is possible that this female had formed a bond prior %o the
@xperiment end was rejecting the male in favour of the former mate.
A1ternatively, her rejection could have been due to selection and
her 'dislike' of this particular male. One thing that is suggested
by the results is that the increase in male undirected song as the

experiment proceed was not dependent on the formation of a normal

balr bond,

(11) The groups
In these cases two males seemed 1o favour the same female, both



courted and clumped with her whenever possible. The female
invariably showed aggression towards one of the males but this
did not appear to deter hims The non-preferred femals, on the

other hand, was treated aggressively by both males and there was

no tendency for the subordinate male to palr with her. For the

first time clumping in excess of two individuals was seen, both
males clumped with the one female at the same time., There was thus

evidence of both males and females executing a preference for a

particular individual. Previously, Immelmann (1962) had suggested

that only the female was responsible for mate selection yet in

this study female aggression did not appear to influence male

choice though sdmittedly that choice was limited. In addition,

the non-preferred female often approached one of the males but she

was elther ignored or asttecked.

Caryl (1970) reported four or five cases of atypical pairing

in Zebra Finch triad situations involving one male and two females.

The male in thesme cases behaved bigemously and seemed unable to

choose between the two femaless. Caryl chose to ignore these results

and, to my knowledge, this is the first time incompatibility in the

2ebra Finch has been described. There are other instances of

atypical behaviour in the literature. For example, Goodwin (1960)
Cited the cage of a female estrildid rejecting the advances of a

male and demonstrating a preference for a second male who in turn

rejected her. Zann (1972) found that female Poephils spp. showed

Preferences for particular males even when they ignored thelr

attentions.
Re@earch bas suggzested that the female is involved in mate
Belection as melection pressures agalnst her are thought by some

authors to be greater if she were 1o make & wrong choice (Orians,

1969) ag she then must incubate and rear the young alone., In birds
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with prolonged bonde, however, Hinde (1970) has suggested that the
Pressures are probably more equal and hence males would be involved
in mate gelection as wells The results suggest this is likely but
it is important to remember that the females used in the experimenta
described were different colour mutants. Both Immelmann (1972) and

Walters (1973) have shown that males imprint on the colour of their

rarents whereas females do nots Thus the males msy have rejected

the nonwpreferred female on the basis of her plumage colour alone.

(111) Dominance

Dominance relstionshipe within fhe incompatible groups were
interesting. Male-male aggression was high and one male was usually
clearly dominant over the other. This did not apparently affect
his success with the female as far as time spent clumping was
concerned but he was able to court her more frequently. It is
possible that the female was uninterested in both males and, as a
last resort, allowed both to clump with her.

The cases of reversal of dominance were described at length in
the results and these clearly support the suggestion that the
estéblishmant of some sort of bond with an individual can markedly -

affect aégreaeive levels shown by both males and females at any one

time,

In conclusion, there is some evidence to suggest that both

male and female selection mey occur during the pair formation of

Tven in cases where the female rejected a male

It s

Zebra Finches.

repeatedly he still showed a diatinot preference for her.

pPossible, however, that this male preference could have been due

1o plumage colour differences between the females.
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GENFRAL DISCUSSION

The aim of these firast two experiments was to discover what
changes in behaviour were associated with paiﬁ formation and the
temporal sequence 1nvolved in the establishment of a pair bond.

The results indicate that the situation is not as simple end clear
cut as might have been‘imagined.

There is sn initial burst of activity on introduction which,
in the group situation, revolves around selection of metes and
during which preferences for individuals are shown. This is a
relatively short period and is heralded by high levels of male-male

rivalrye. Once thim mate selection period is concluded behaviour

that ig important in the maintenance of the pair relationship
appears including courtship and copulation, clumpling and alloprnening,
rroximity maintenance and aggressive defence of the mate. Activities

promoting proximity occur only between pair members and will presumably

continue for the duration of the particular pair bonde. In reference

to prolonged pair bonds Kunkel (1974) termed such activities 'pair

meintenance behaviour's Thus there is a short period of mate

selection followed by active maintenance of the paire that emerge.
The term pair formation as such can only be accqrately usged to
describe the first period of mate melection as, to all intents end

purposes, once this is concluded the palr identity is formed and the

Pair maintenance period ensues., However, one could ask if this is

ell that occurs. Is the bond complete after what amounts to in many
oaées a mer; 30 minutes, or does familiarity with the mate increase
during the long maintenance period and the bond become more secure
and resistent to dissolution? Newton (1972) writes that in the

Carduelines it takes o matter of days, or weeks for the pair
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relationship to develop; Frickeon (1973) postulated that 1t
might teke as long as two or more breeding cycles in the Ring
Dove before the bond became resistent to geparationy 4n the
budgerigar Brockway (1964) correlated the length of time the members
of a pair were together with the ease with which they would re-pair
on separatione. Thus there could be two features of the pairing
prooess in the 2ebra Finch - mate seleotion (= pair formation)
followed by pair maintenance leading, at some vague, unspecified
time in the future, to a relationship that 1s highly resistent to
separation and disruption.

Lack (1940) wrote that though pair formation might differ, even
between members of the pame family, it was possible that bond
formation did not in that its salient features consisted of

familiarization, individual recognition and changes in responses to

mates and non-mates. In other words psir formation (mate selection)

will very, for example where it tskes place, a nest, territory or
flock may be involved, but the remaining processes could be similar,

Crook (1962) has clearly demonstrated the variations in pair formation

types of the Ploceidse. Thus the pair maintenance activities

involved in the pair bonds of different specles may be similar
although one could expect that in birds with prolonged pair bonds

such activities will be mccentuated.

When is pair formation oomplgto? Immelmann (1962) suggested 1t
wag, in 2ebra Finches; when the palr were first seen to clump.
Butterfield (1969) thought allopreening was most important and
Caryl (1976) picked out maintenance of close proximity and male-male

aegresaion. Such behavioural paremeters are quite useful, in individusal

Cases, but is it in fact necessary to select out a particular

behavioural trait? Yate selection is complete once two birds show
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a preference for one snother and during thie period the birde have
quickly learned each others identity. This may take anything fronm
30 minutes to several days, the incompatible groups show that, if
choiceiia limited, 1t may take considerably longer end may not occur

2t all. From then on this tentative relationship is continuously

maintained and it remains to be seen how resistent to separation the

'bond* then becomes. Vhat reinforcement is necessgary to prevent

mates re-psiring once they have been sepsrated? Such questions are

consldered in later sections of this thesis.

The differences noted between pair formation in the individual
and group situations éan now be considered in the light of the
arguments outlined above, Tﬁo main differences involved an incresse
in the amount of pair maintenance behaviour in the group pairs;

there were greater amounts of contact behaviour, closer proximity

and defence of the mate was intense. It is possible therefore that

Pairs formed in the individusl situation were wesker than those
formed in the groups and would have been less resistent to dis-
ruption had s choloe of mate been subsequently presentied. Craig

et al (1965) examined domestic hens and compared the learning of
doninano; relationshipa in isolated pairs with that in groups. They
found that though dominance relationships learned in groups could

be transferred intact to the individual pairs situation the converse
was not poseible, Thus the individual pairs might have proved weaker
in the present atudyvin that no gompetition wag proyidod and there
was less time spent in maintenance of the pair bond.

This fifat examination of the pair formation of the Zebra Finch

"tells us little es to the processes underlying the establishment of

bonds. There must be a rapid period of learning during which the

mates come to recognise one another and to adjuat their behaviour
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appropriately., Subsequently mutual displays will stimulate the

two inlividuale and these presumably sct as reinforcers. In

isolatel pairs, where loss reinforcement is necessary, it is possible
that bonds may be wesker. Butterfield (1970) reported that the

sight of tke mate was reinforoing, though ske was not able to
establiah this in females. Longer term hormonal changes are also

probably involved., Chasins of betavioural events culminating in

nest builiins and ovulation kave been akown in a number of epecles
to be oontrollei by varying levels of different hormones (e.z.

Letrman et =21, 1961, Letrman, 1964, 1965 ). It is

probable that similar changes occur in the 2ebra Finche. Iowever,

euch changes cannot explain the rapil individual recognition of the
potential mate which is common to most pair formation situations.

It is this feature of the process which may well prove to be the

'bond' itself, Vhat i¢s it that makes one inliviiual sttractive in

the face of numerous others? Stettner et al (1971) hksve shown that,

et least in the Bob.white (uail, the boni is not dependent on the
males territory or nest site 20 one ocan assume that the fidelity
observed ig to the individual rather than the environment in which -

ke or she  is eituatel, though, of course the latter may sffect mate

selection.
Thue the terms 'pair formstion' end 'pair bond' emerze rather

shekily. DPair formation ocan be equatel with the mate selectlon

period elthouzh further chenzes in the strength of the bond may

8till ocour. It is thus of en indefinite length but would appear

to be at ite eimpleet interpretation usuelly rapid and quickly

concludeds The bond itegelf requires continual expeniiture of energy

to maintain 1t and relles on a number of different activities the

smount of which will depeni on the particular gituation of tre pair
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concerneds. It remains to be seen whether the bond becomes more
resistent to dieruption as it is established or whether it dissolves

once the peir maintenance activities can no longer be performed.
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SECTION 5. CHANGES IN COURTSHIP AS A RESULT OF PAIR FORMATION

Introduction

The experimental work described in the laet section raised many
questions concerning the behaviour of Zebrs Finches during the pair
formation period. One of the most interesting, and the one which
has received the most attention in the literature, is that concerning

changes in courtship behaviour between mates. Morris (1954) noted

varlations in courting Zebra Finches. For example, he found that

Components of the displays might be omitted or given at different

intensities and frequenciees A similar situstion was reported by

Iinde (1953) in the Chaffinch., lorris proposed that the difference
between courtehip responses of individuals were due to differences
in underlying motivstional states, poesibly arising from the pairing

Process, Therefore, it should prove interesting to compare court-

ship behaviour between paired 2ebra Finches with that occurring

between unpaired birds.

In addition to changee in responses between members of a pair,
there may also be changes in reactions of mated birds to the

appearance of unmated conspecifice (1.ee, potential mates)s These

elicit a curious resction in many estrildids. There are numerous

examples of epparent promiscuoue behaviour by males on the intro-
duction of "novel” females (e.z», in the waxbills, Kunkel, 196Tj

the Spice Finch, Moynihan and Hall, 19543 the Poephils sppe, Z2ann,

1972). Such extra-peir sexual sctivity often involved attempted,

and sometimes successful, "rapes" by the males end eimilar behaviour

has been reported in the Zebra Finch by both Morris (l.c.) snd Caryl

(1976).
| Tte experimentai work descrided in this section yevolves around
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two potentisl changes in behaviour as a consgequence of pair
formation, (a) changes in the courtship directel at the mate, and

(b) changes in courtship towards a non-mate.

Yethodms

Procedure

During the experiments a male ani a female were sgeparated in
a two compartment cage for a period lasting 30 minutes. The wooden
partition between them, which kept them in visusl ieolation, was
then removed. The birds were still in auditory contact during the
separation time, Birds were transported from the stock cages to

the experimental room as in the previous experiments (see Section 4).

Fxperiment 5,1 Chenges in courtship associated with the formation

of pair bonds

In this experiment the initial courtship reaction of & male and

female was tﬁated end then compared with that between the same birds

after they had been together for T days. 12 pairs were used snd care

was taken to ensure that the males and females concerned in the

respective pairings had never met before. After the separation period

(30 minutes) they were introduced for the first time and their

behaviour analyeed for 20 minutes, Thie first introduction is

referred to as Day O (zero) in the discussione Tach palr was then

housed in individual stock ceges for seven days during which time

they could establish pair bondse They were then reintroduced and

exactly the pame procedure was followed as on Dsy O, Thie second

intro@uction was termed Day Te

A comparison of responges of birds to their

Fxperiment 5.2

mates and to ‘'strangers!

10 pairs of birds were used which had been paired for periods
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in excees of one month in individual stock cages. They were con-
sidered to be 'established’ pairse The same apparatus was used as
in Fxperiment 5.1 and the established pairs were tested first,
They were then rehoused together for & period of one week after
which the male of each pair was introduced to a strange non-mate

femsles After rehousing with the mate for a further seven days the

female was tested with a non-mate malee

Behavioural measures

Recordings were taken live and also from videotape recordings.
The VIR equipment used was desoribed in Section 4.

Yeasures taken were,

(8) Courtship - The number of song bouts and the number of

80ng phrases in each bout were noted live. The duration of singing

end the latency of the male's response to the female were taken from

the recordings. The latency was the time from the removal of the

Partition 4o the onset of the first bout of courtship song.

(b) The Courtship dance - The distance from the female that

the male began his courtship song was measured and also the number
of pivots involved in his dance. The proximity during courtship

was éﬁsessed in terms of the minimum distance between the male and

female during the actual bout,
(c) Beak wiping - The number of beak wipes was counted, both

those occurring during courtship bouts and those outside of the

courtship situation. In each case it was possible to distinguish

between three types of action. Full wipes (F) in which the beak

was lowered below the level of the perch in a functional movement,

e _’c__mz_g};_”('r), in which the bill wae lowered but only touched against
the top of the perch, and no contact (NC) which, as its name applies,

involves g bowing movement without the bill making contact with the



perch.

(d) Copulation and copulation attempts - It was possidble to

make a distinction between full copulation, involving apparent

cloacal contact and mounting of the female, in which the male was
able to "climb” on to the female's back but proceeded no further,

and gttempts to mount, in which the male "leapt" for the female but

made no, or only very brief, physical contact.
(0) Aggression - The frequency of any asggressive acts and the

identity of the initiastor was recorded in all watches.

(£) Contact behaviour - An estimate of the amount of clumping

was made by recording behaviour as either clumping or not clumping

at 60 second intervals. Allopreening bouts were aleo noted.

Results and Discuesions
(a) Courtship song

Experiment 5.1 (Fig. 7 and Table 10)

Levels of courtship in birds which were introduced to one

snother for the first time (Day O) were bigh, and comparable to

those seen in the pair formation experiments., The amount of singing

by the males declined rapidly as is shown in Fige 7+ There was

also a high level of courtship on reintroduction of these birds on
Day 7 (after pair formation) but there were pignificantly fewer

courtship bouts, fewer song phrases and shorter durations of displays

than on the first introduction (p < 0.01, WP, in all cases).
The speed or latency of the male's response on introduction 1is

shown in Table 10 and this was significantly shorter after pairing

than before 1t (p £ 0.01, WMP). Thus though the males sang less

on Day 7 they began their singing more quickly once the partition

was removed, In three pairs no courtship at all was recorded on
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TABLE 10 Features of courtship sonz and the courtship dance

(1)

(11)

Experiment I Day 1 Day 7
Duration of courtship . '

bout (average) 11.3 secse. 6.9 secse.
Latency, time to first
courtship song (average) T+9 mecs. 249 Becs,.
Distance from female
song began (average) 11.7 cm 1044 cm
No. of pivots during
courtehip bout (average) 2.2 0.7
Foes of pivots per
second during bout 0.21 0.12
Proximity, wminimum o
distance during bout 98 om 92 om
Initiator of the 1343 0.6
courtship bout 3e4 0.l
Experiment II Between d'with ¢ with

mates non-mate non-mate

Duration of courtship
bout (average) Te6 26 1541 s 13.3 s
Latency of male's ‘
ragpo;lio , 109.3 =, Tel B 14.3 8. -
Diat?noe from female o
song began 13.4 cm 15.8 OQ 1605 Cle
Ros of pivots during :
courtship bout 1.0 2.8 1.4
Noe« of pivots per
second during bout 0.13 0.l3 011
Proximity, minimum
diatance auriné bout 849 cm 10.1 cm 13.7 cnm
Inttiator of the ¥ 2.6 53 6.6
courtship bout F 0ed4 044 1.3
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the firet iﬂtroduction and it was interesting to note that the
Bame response was obtained from these.pairs on Day 7 presumably
after pair formation.

~ Experiment 5.2 (Fig., 8 and Table 10). The mated males showed
a8 marked increase in the amount of singing on introduction to o
strange female compared with that shown on reunion with their mates.
The number of song bouts differed, though not significantly, whereas

the number of song phrases and the duration of the bouts (table 10)

showed a large increase (p < 0.01, WP). The latency of the male's

response was reduced towards the non-mate (Table 10, p < 0.01, WMP)

and in both this measure and the amount of singing it resembled the

unmated male's behaviour towards the mated females

(b) The Courtship dance

Experiment 5.1 (Tabvle 10).

at which the male began his courtship song did not differ

The mean distance from the female

significantly in the birde on introduction and after pairing but

the number of pivots involved in bis dance were fewer on Day 7
(P‘<:0-01, WY¥P)., Proximity during courtship, l.ees the minimn
distance‘between individuals during the bout, wae smaller after‘pair

formation (p < 0.01, WMP) suggesting that the females did not move

off ae much during the courtship bouts The males initiated most

o0f the courtship bouts on Day 1 (p < 0.01, WP).
Fxperiment 5.2 (Table 10)s Again, the mean distance of the

male and femamle at the start of courtship was not significantly

differont between masted birds and strangers. Birds stayed furthest

epart in the mated female / male non-mate situation and the distance

involved was significantly higher than that between the mates during

courtship (p < 0,01, WiP)., This was due in part to the female's
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svoldance of the mele and also to her eggression towards the non-
mate (which 1g diecuesed later). In all the poseible pairings, the

male initiated the majority of the courtehip bouts.

Discussion of courtship end the courtehip dance

Vele courtship song ceases after pair formation in the majority

of passerines, although it reappears briefly at, or around, nest
building during the period in the breeding cycle when copulation
occurs (Andrew, 1961). The male in most species (unlike the Pebra
Finch) does not court strange females once he has paired, which
suggests that he has undergone some physiological change. This
change could be a hormonal one and may be dependent on the mate's
presence for ite duration. During and after the incubation period

the bond between a pair is thought to wesken since they must now

‘8eparate on oocasions, such as those that occur when one remains

8t the nest and the other forages for foods. In many passerines

the male has been found to become sexually asctive again at this

stage, singing snd courtehip being renewedy Tinbergen (1939)

described this in the Snow Buntinge. This seems to suggest that it
is the continued presence of the partner which inhibits male

courtship,

Zebra Finoch courtship behaviour does not appear to follow this

general pattern. The results of these experiments suggest that

Courtship sonz directed at the mate is continued long efter pair

formation 1s‘probabiy completed, though at a reduced level, and

that the male remsins sexually active to non-mate females to which

he ia introduced,

The first aim, quoted in the introduction to this section,

Concerned changes in individual courtship patterns as a result of



pair formation. As was found end reported in Section 4, the
overall level of courtship singing decreased after pair formation.
There was, bhowever, no evidence to suggest that the individual
components of courtehip varied in frequency or emphasis. The 2Zebra
Finch 18 therefore unlike the Ring Dove in which part of the
courtship displaey 1s reduced as a result of pair formation (Lorris
and Erickson, 1972). On the basis of this finding they proposed,
as Hinde (1959) had esrlier suggested, that this part of the display
muet be important in pair formation but not in the later maintenance
of the bonds Using a similar srgument, Zebra Finch courtship in
its entirety seems important both in pair formation and pair
maintenance.,

It has been sugzested that aggressive tendencles are important
in determining the smount of courtship a male exhibits towards a
female. Courtehip on reunion of mstes can be seen as a means of
reducing guch tendencies end thus preventing the disruption of the

bonde Spurr (1974) describes how in the Adelle Penguin, aggression

between the pair is reduced by mutual displayse Kunkel (1967) tas

pointed out that the greeting ceremonies of the waxbills have
probably evolved to overcome aggressive tendencles and, in the case

of Poephila spp., bill mandibulation on reunion of mates or flock
members may serve as appeasement behaviour (7ann, 1972)s In
contrast, 2ebra Finch courtship of either the mate or a strange
female appears remsrkably void of any over? aggression or, for that
matter, appeasemeni behavioure Caryl (197 6) reported an increase
in nest soliciting behaviour by mates on reunion but this was not

apparent in the present study, though no nest site was available.

The behaviour of mated males towards sitrange non-mate females,

described in Fxperiment 5.2, raises interesting possibilities. It
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was shown that the males remain sexually active after pair formation.
Caryl noted similar results for mated 2ebra Finches whereas
Inmelmann (1962 ) and Butterfield (1970) found that mated males

were less responsive. "Extra-marital" relationships in monogamous
species have been reported recently by Kushlan (1973), the White
Ibip, and YacRobert (1973), Lesser Black-backed and Herring Gulle,

but in both theee cases males were involved in the incubdbation reriod

of their breeding cyole; their partners were absent, Zann (lece)

noted promisculty in the Poephila both during incubation and after
s0me outai&e gtimulue that generated fear in the birds., It 1s
therefore possible that the sudden introduction of a stirange female,

with the accompanying noise and disturbance, induces courtship

whilet other tendencies, e.g+ aggressive ones, are suppressed.
Certainly, it is quite common for birds which have escaped from

their cages to begin courtship suddenly whilst being actively

pursued with a net.
It thus seems likely that fear of s female may play some part

in eliciting courtship by a males The fact that males will even

court astrange males introduced intd their cages suggesfs that it is a

very widespread response, In this case it is worih remembering that

Immelmann (1959) demonstrated that males would court a Zebra Finch

‘model the only markings on which was a red beak! It could well be

that the male possesses enough of the female releasers to elicit

courtship by other males. This need not necessarily only be a feature

Of domesticated birdsj 2Zann noted similar male-male courtship in
Poephiia although he attempted to explain these sightings as cases
of mistaken identity (the Poephila spp. are monomorphic). Other
wonomorphic species do not appear to have recognition problems (e.gs

Snow Bunting, Tinbergen, 1939, Robin, Lack, 1939, and the Black-
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headed Gull, Moynihan, 1955), end this seems to be an unlikely

explenation of the phenomenon.

(O) Beak wipinge during courtship

Results (Table II)
Experiment 5.1 Beak wipes given during courtship show that

thies behaviour is more common in malee than it is in females both

before and after pair formation (p <0.01, MWU)s In other respects

males and females were egimilar, Nearly all beak wipes were directed

towards the partner in both sexes, and both beak wiped more on
introduotion than sfter pairing (p < 0.01, W'P),
The majority of these beak wipes appeared to be all full ones (F)
and similar to the functional wipes meen ocutside of courtship.
Touching the bill against the perch (T) was meen in the males and,
more rarely in females, whereas incomplete wipes in which no perch
contact was made (N), were only given by males and only whilst courting,.
Nearly all besk wiping observed outside of courtship appeared
fully funptional. Again, there were differences in male and female

behaviour. The males gave more beak wipes on introduction than

they d1d after pairing (p < 0.01, WMP), whereas the amount given by
Tfemales outside of courtship remained the same. The direction in
which the wipes were given also differed in that, on introduction,

nales gave more on the gide nearest to the female than they did to

the side away from her (p < 0401, WNP); this was not the case after

Pairing,

Experiment 5.2 In all three situations males gave more beak

wipes than 414 females during courtship (p < 0.01, MWU). The
direction of the wipes were significantly more frequent towards

the female in only two cases in the male with a non-mate female



TABLE 11  The mesn smount snd type of besk wipine during snd outside
of courtship

Experiment I Experiment II
Between J'mate with ¢ mate with
DPay 1 Day 7 mates ¢ non-mate Jd'non-mate
Total during M 3245 445 52 11.3 20,3
courtship F 4.5 0.4 0.5 449 1.5
Total outside M 3643 14.0 14.7 17.5 20,2
of courtship P 16.6 13.8 847 14.5 942
Direction ( + 31,0 4l 3.8 11.3 20,5
during = (Male) 1. o 0.
courtship - 1.4 0.4 4 3
Directio? + 345 044 0.l 3.7 0.5
during (Female) 0 0. 1.2 1.0
courtship - 10 . 4
Direction ( + 2648 845 79 8.9 12,4
outside Male) . 6.8 846 748
of courtship A 243
Direotion( + 8.7 749 51 845 5.0
outeide (Female) . o2 640 42
of oourtsehip - 14 6.1 4
2 . 0 4.7 14.2
Type during F 2445 3ol 4
courtship T 7.0 1.2 0.8 444 540
(MBlO) N 0 0 0.4 242 1.6
° 004 308 102
Type during F 4.2 1.7 0 o
courtship T 0.3 0.1 0.l 1. 3
(Female) XN 0 0 0 0.1 0
" . . 1444 17.3 19.4
Type outside F 357 1345 5.0 0.8
of courtship T 045 0.4 0.3 y *
(rale) 0 o 0 0 )
. . 801 13 '7 8’9
Type outside F o161 1344 0.8 0.3
of courtship T 0.5 04 0.6 . .
(Female) N 0 0 0 0 . 0
KEY
M = Male F = Funotional beak wipe
F « Pemale T « Touching the beak on the percp

+ = Towards the individual N = No contact with the perch

= = Away from the individual
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and the female with a non-mate male (p < 0.01, WiP). The mated

male's beak wiping increased when courting the non-mate female

though not significantly. Non-functional beak wiping (T and N)

was again largely restricted to the courting situation of the males.
Outside of courtship there were no apparent differences in the

number, direction, or type of besk wipes observed.

Discuesion of besk wiping

Beak wiping is worth some discussion as its occurrence is

thought to be linked with ambivalent or conflicting tendencies

common in the courtship situation. During ocourtship males tended

to give more wipes than 41d females in all the pairings studled.
This may suggest that displacement wiping, if that is what it is, is
linked with high levels of sexual motivation rather than eggreesive
tendenciess This i1s apparently the case in the females since they
frequently showed aggression with the non-mate mals (d1scussed later)
but 414 not show an increase in the incidence of beak wiping.

The decrease in beak wiping by males after pair formation

suggested a reduction in sexual tendencies towards the female,

probably as a result of pair formation. The high levels during

courtship on introduction appeared to carry over into beak wiping
outside of courtship for the males suggesting en overall enhancement

of this behaviour possibly due to sexual "excitement" on their part.

(d) Copulation end mttempts et copulation

Results (Table 12)

Fxperiment 5.1 Complete copulation (i.e., that including female
soliciting) was observed once in birds on first introduction,

aithough four males mounted females during this watch, without any



TABLE 12 The occurrence of copulation, mounts snd attempted mounts

with or without gsoliciting

Fxperiment I

Experiment II

Day 7 Between d'mate with ¢ mate with
mates ¢ non-mate non-uate
Ave Noe 0f Ave YNoe 0of Ave Nos 0f Ave KNoe Of Ave
indls. indl=s. indls. indls.
Noe of
attempted
mounts 0 0 0 1 0.1 3 0.7 3 23
Nos of
mountsg 1.4 1 0.1 0 0 6 242 1 0.1
Nos. of
copulations 062 0 0 0 0 4 0.6 0 0
Koe of M 0 0 0 0 0 0 0 o] 0
goliciting
acts F Oel 0 0 1 0.1 1l 0.l 0 0




gigns of soliciting, but 414 not copulate., Only one male mounted
& female in this way after pairing.

Fxperiment 5.2 The highest numbers of mounts and copulations
were seen when mated manles were introduced to non-mate females.
Attempted mounta (1.0+, those in which the male 'leapt' for the
. female unsuccessfully) were slso observed and similar bekaviour was
noted in the female with non-mate male eituation. Female soliciting
was geen only once in these encounters. In the courtship of tke
established pairs there was only one case of a mount sni this

followed female moliciting.

Discugsion of copulstion

mt—

A in the experiments of Seotion 4 successful copulation was
an unusual roﬁture in these experiments, Fowever, males maile
frequent attempts to mount non-mate females without the stimulus
of eoliciting. Otker writers reviewing this copulatory behaviour
on introduction of birda spesk in terms of "rape" (e.ge, Yoynihan
end ¥all, 1954, orris, 1954, Caryl, 1970, end Zann, 1972),and it
certainly appears as if the female 18 an unwilling partner.
Attemptei mounts are uncommon between mates on reunion after

goepsration,

(e) Azzression

Results (Tadble 135) ,

Fxperiment 5.1 Very little overt asggression between the birds
was peen either before or sfter pairing. Yhat little there was
ocourrei on Day O invariadly during male couriskip.

“xperiment 5.2 For the first time marked aggression was

observed between a pair of birds in the isolated situation. Five
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TABLE 13a The emount of sggression shown

Experiment I Experiment II
Day 1 Pay 7T Between Smate with ¢ mate with
mates Q non-mate ¢ non-mate

Noe 0f Ave NOo Of Ave NOw 0f AVve NOe 0f Ave KOs Of Ave

Indlse Indls. Indls. Indis. indls.
Bi11 u 0 0 0 0 0 0 0 0 o] 0
rointing
lunges F 0 o 0 0 o] 0 1 0.2 4 2.8
Beakem LU 1 0.1 0 0 0 0 1 0.l 3 Oe6
fencing
F 1 0.1 0 0 0 0 2 047 5 2.4
Supp=~ M 0 0 0 0 0 0 0 0 1l 0.1
lanting
attacks F 2 0.2 0 0 0 0 1 0.8 0 0
TABLE 1%b The amounts of sllopreeninz and clumping recorded
Day 1 Day 17 Between d'mate with ¢mate with
mates ¢ non-mate d'non-mate

Nos Of Ave XNOe O0f' Ave Noe O0f Av, Noe Of Ave

Noe 0f ALve )
indlase. indlse. indls. indlse. indls.
Nos. of M 3 2.8 4 1.5 4 2.8 5 3¢9 1 2.1
alloprecn~
ing jabs F 3 1.0 3 043 1 049 4 1.6 3 1.1
Noe. of M ) 0 4 0.8 4 045 0 0 0 0
allopreen~
ing bouts F 1 0.1 3 043 2 045 0 0 o o
Amount of 0 ) 6 4.0 5. 4.8 1 0.3 o0 o

clumping
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mated females responded to non~mate male courtship with bill
pointing, supplanting sttsck attempts and beak fencing. There
was no aggression between mates and only a relatively small amount

between the males and non-mate femalese

Discussion of Aggression

These results indicate that mated females are less inclined
towards promiscuity than are the mgles. This was particularly clear
in some cases in which females attempted to rebuff and curtail non-
mate courting attemptss This occurred even in the absence of the
mate and msy suggest, as Immelmann (1959) has intimated, that female
2ebra Finches form a stronger pair bond than do males. This behaviour
by mated females was very interesting in that 1i{ constituted the

firet occaesions in which females had behaved aggressively to courting

males (1.0., had indicated a rejection of the presented male).

f) Contact behaviour

Results (Table 12b)

Fxperiment 5.1 Clumping was only seen after pair formation and
signific;ntly more oocurred on Day 7 than Day O (p < 0.01, WMP).
Allopreening showed a similar trend. |

Experiment 5.2 Only one case of clumping was seen between non-

mates and allopreening bouts exclueively occurred between mates. 5

out of the 10 mated pairs clumped by the end of the watch.

Discussion of contsct behaviour

Clumping and allopreening behaviour does not really relate to

the topic of courtship which is under discussion here. However,

they are both believed to be appessement behaviour important in



reducing aggression between pair members and promoting proximity
(see Section 3 for discussion), and as such may reflect the
motivationsl states involved in the sexual behaviour observed.
Clumping and allopreening was exclusively (with one exception)
between mates, unlike the bill mandibulating display of Poephila
(2ann, 1972) which 1s thought to have a similar appeasement function.
In these species all conspecifics are greeted with the display and
it 18 merely enhanced when it is directed at the mate. Clearly, in
the Zebra Finch, appeasement behaiiour present in their repertoire

is not extended towards unfamiliar conspecifics.

A General Discussion

In this section it has been the changes in behaviour due to

pair formation that have been examineds, It 1s clear that the male's

courtehip behaviour on introduction to a female changes as that

female becomes his mste. This change does not, however, affect hip

responses to an unfamiliar conspecific whom he will court readily on
introducstion, It has been shown that rearoussl occurs when a
sexually satiated male rat is introduced to a novel female, the

so-called Coolidge effeot (see Brown, 1974) and the Zebra Finch

response may be essentislly similar. The decrease in courtship

directed at the mate as a result of pair formation may not be

confined to the mate alone. In a group the male's initial court-

ship response falls off to all females present. Caryl (1976) high-
lighted this point and suggested that it was familiarity with an
'individﬁal which reduced the courtship response. The pair bond
has the effect of making courtship betweén the mates more likely

and familiarization with eny individual reduces the tendency to
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exhibit courtship on reunion after meparation.

| In some estrildids reunion with congpecifics, mate included,
takes the form of a ritualized greeting ceremony involving some

or all of the components of courtship behaviour. The ocurtsey dance
of the waxbillse (Kunkel, 1967) is accompanied by courtship song if
the conspecific greeted is a strange female, and in the Poephila spp.
head bobbing, bill mandibulating, and tail quivering are common in
both sorts of display (2ann, 1972). There is no evidence to suggest
that a greeting ceremony exists in the Zebra Finchj introduction
end reunion are marked by completg courtship of variable duration,
It may be that in the wild such responses lead to famillarization

with other oconspecifics which would be important in the establish.

ment of social groups. In addition separation and reunion will

occur between mates during incubation at a time when the bond

between them is in danger of being weakeneds Courtship between

mates at thege times may help to strengthen snd maintain the pair
bonds, It is possible that the greeting ceremonies of other
estrildid species have evolved from complete courtship on introduction
which is seen in the less ritualized behaviour of the Zebra Finckh. '
Tho‘reaults presented here suggest that a male by no means '
restricts his courtship to his mate. Yet, clumping and allo-
preening are still restricted to pair members which indicates that
such contact behaviour may be Very important in pair maintenance.
Indeed Arnold (1975) has shown that contact behaviour by Zebra
Finches appears to be independent of gonadial hormone levels as
1t continues in castrated males whereas courtship is reduced. Thus
1in the QOn-breeding geason it may be more important in prolonging

the bond than would be the occasional courtship bouts that continue

throughout this period.



The elicitation of courtship on introduction has been linked
with aggressive tendencies on the part of the male. Kunkel (1967),
for example, noted & relationship between aggressive (territorial)
behaviour and the display song given to unfamiliar females in
Fstrilda eppes Similarly, Andrew (1961) pointed out that many of
the responses given in reproduotive fighting by passerine species
are not just aggressive but may also include nesting, fesr, flight
end sexual displays and similar behaviour is commonly directed
towards strange females as wells Such observations led Caryl (1976)
to suggest that there is a link between the sexual and aggressive
motivational systems of the Zebra Finch whereas in the past, these

have been considered to be mutually antagonistics In the Three-

epined Stickleback, Vilz (1972) demonstrated that aggression could
have an enhancing effect on later sexual behaviour and Brown (1974)
showed that sexual arousal in the rat could well be linked with

aggressive relationships between the individuals concerned. Thus

the responses of male Zebra Finches to an unfamlliar female may be

aggressive but, because of the sexual releasers she possesses, these

are expresseld as courtship behaviour.
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SECTION 6« A DESCRIPTION OF 2FBRA FINCH VOCALIZATIONS

Introduction

I seens likely, from the results of Section 4, that puir
formation in the “ebra Finch involves s period of tlme during which
mates come to recognise one another as distinct 1ﬁdiv1duala from
within the social flocke. Visual ckarscteristics are slmost
certainly involved in their recognition process and it sesas likely
thet suditory signals, in the form of vocalizations, will play a
major, 1f not equal pert in the maintensnce end establiskment of
the pair.

Auditory cues could assiet pair formation in a number of ways,

For example, they might be usel to recognise and locate a lost or

temporarily hidden matej they could have s contact function,

eliciting an approach responme on the part of the receiver of the
~call or songs they might stimulate gonadial development in the
mate thus promoting the performance of mutual displays and enbancing

Pair maintenance activities. Cleesrly, if any of theese proposed

functions were to operste then the vocalizations given by mates
would non to be iniividually distinct and, moreover, the birds
capable of accurately detecting such differences,.

The recognition of ;ndiviiuale by their vocaliszations has been
reviewed by Beer (1970c) end it would appear that in many species

iniividual differences mre used both in recognition of the mate

and of the parents by their young. In tte 2ebra Finch subjeotive

impressione pugsest that there is a good basis for individual
recognition (Morris, 1954, Imuelmann, 1965) but there has not been
& thorough descriptive and experimental approsch to ike problem.

Beer suggestel three possible approaches to the investigation
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of individual recognition in birds. These were,

(a) rield observations,

(b) a descriptive analysis of vocalizations,

(c) an experimental investigation of the reactions of birds
to the sounds of their congpecificas.

Unfortunately, field observations were not possible in the
present study but work by Immelmann (e.g. 1965) and Zann's (1972)
exhaustive descriptions of similar vocalizations in related Poephila
species, suggests that individual variation does oocur in the wild.
In this section, and the following Section 7, work will be con-
centrated on approaches (b) and (c) in an attempt to assess whether
Zebra Finch vocalizations provide a basis for individual recognition
end, Just as importsntly, whether birds mske use of any differences
which are found. The latter, in effect approach (c), will be
described in Section 7. It is not enough to demonstrate inter-
individual variation in vocslizatione it must aleo be shown that
conspecifics are aware of this variation and can meke use of 1t in
their social behavioure.

It would be impossible, in a study of this size, to describe
the vocalizatione of Zebra Finches in the minutest of detail. It
is therefore important to bear in mind that interest is centred on
the ability by members of a pair of birds to uao‘auditory cues as
part of their peir formation and maintenance processes. First
then, are there differences between sounds made by individuels which
could be used for recognition?

In the discussion which follows calls and song will be treated

éeparately as has been the practise in the majority of previous

studies (e.g. Hinde , 1969). This is not only for convenience but

Can be justified in that definite differences between these
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vocalizations can be recogniseds The song is far more complex
congisting of a series of elements and is used commonly in courtship
situations., Calls, on the other hand, tend to be mono- or disyllabic
and thus of shorter duration. In addition, as Marler (1956) and
Messmer and Messmer (1956) point out, calls are apparently entirely
genetically determined in the majority of specles whereas songs

have & variable number of learned components. These are the maln

differences on which the dichotomy can be based.
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6.1 The csalls

A, A _sonogramic description of selected calls

Introduction

The sonogram provides a two dimensional representation of a
sound and has been used extensively in studies of bird vocalizations.
It presents graphically the frequency of the call against timey
intensity is indicated by the "degree of blackness" of the trace.
(other representations are aleo possible). The problem inherent
in its use, however, conoerns the interpretation and nature of
measurements made from sonograms (q.vVe Lanyon, 1969)e A selection
of parameters to be measured must attempt to represent features
which birds may in fact be using ms informational cues. The problem
is, if enything, that they mske available too much information
rather than too little.

The size of the call repertoire of different bird species varies

but Yarler and Mundinger (1971) have estimated that it is in the
region of 5 to 14 different units in the majority of cases. In the
Zebra Finch seven different calls were recognized by Immelmann
(1965) 8$d of these four were chosen for close examination in the

present study. These were calls desocribed here as "Loud", "Loud/

Soft", "Soft" end "Tet". These calls are frequently given by members

of both sexes during general movements around their cages. The

nsmes of the calls were arbitrarily chosen and, if anything, attempted to

indicate their relative aural qualities. This is poesibly better

then a contextual interpretation, as used by Immelmann (1e04),
‘with names such as "digtress”, "contact" and "feeding'calls. The
danger is that without the backing up of a quantified experiment

such 1nterpreti§e names can lead to unconcious, or concious, bias



in the classification of cslls and to svoid thie Yulligan and
Olsen (1969) used numbers to denote different calls.

Once the calls have been obtained and the sonograms made they
must be compared for both intra~individual and inter-individual
variations. larler and Mundinger (le.c.) stress that in view of
the "completeness"” of the sonogramic record it is necessary to
decide which features of the call are most importent as auditory
cues and then concentrate on these, MNethods used in the past to
make these comparisons include the superimposing of graphical
representations (Bert:am, 1963), subjective interpretations of tlre
general shape of the sonogram (Beer, 1970c, IKarler and Mundinger,
1971) and quantified measurements of frequency, frequency chenges
and duration (Falls, 1969, Beer, l.c., Yarler end Yundinger, lec.,
Zmlen, 1972, and Beightol and Samuel, 1973).

The superimpoeing of graphs of calls is time consuming and 1t
is doubtful whether it gives more information than a subjective
impression of the overall shape or 'whole' of the calle The latter,
the so-called "gestalt" view, was preferred in this study as it
allows descriptions of large and complex individual differences
which mléht be difficult to demonstrate by measufementﬂ alone.

These differences can then be backed up by a quantified treatment
involving measurements of selected frequency and temporal parameters.
Both of these measurements sre important because, although frequency
differences are used for individual song recognition in the White-
throated Sparrow (Falls, 1969), end in the Indigo Bunting (Folen,
1972), temporsl patterning appesrs to be involved in conveying
'species;speolfic characteristics in at least the latter specles
(Fulen, l.ce).

Accuracy in such measurements is also necessary since there is
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evidence to suggest that the frequency and time discrimination of
small birds is good enough to make use of small variations in pitch
and duration of calls. Greenwalt (1968) estimated that frequency
discrimination was on a par with humen standards whereas time
measurement was in the region of fifty times finer. Hence the
parsmetere measured in this study are ones which the birds are
equipped to mske use of and the results will indicate the amount
of individual variation of calls sghown by each sex. It should be
remenbered that the aspect of communication that is under con-
sideration is that occurring between mates where individual
recognition of one particular male or female from conspecifics of

the same sex will, presumably, be of paramount importance in maintain-

ing proxiumity between the paire.

Methods

Ten "establighed" pairs of birds were used. These had Dbeen
housed as isolated pairs in excess of 3 months and had presumably,
during this time, completed the pair formation process. l'ale and
female calls were recorded separately using a two compartment cage
with a mév;blo wooden partition, By separating members of a pair
calls could be elicited quite readily from both sexes. Notes were
also made on the classification of calls "by ear alone" during

these recording sessions and in previous experiments. They are

presented in the form of preliminary observations.

t

(a) Preparation of the sonograms

Calle were recorded on a Sony TCBOOB Tape recorder at the

highest speed setting (19 cm/sec.) which allowed for marimum

frequenoy resolution and avoided the production of ‘spurious harmonios'



due to over-emphasis of the lower smplitudes (Greenwalt, 1968).
The microphone was a standard distance (approximately 30 cm) away
from the calling bird in each case. Calls were usually given from
the perch of the cage.

Selected calle were then played back directly onto & Kay
Sonograph ueing & narrow band filter (45 ¢/s) over an 8 kEz range.
Zach sonogram has a duration of 2.4 seconds. These settings were
chosen as likely to lead to the most amccurate representation of the
calls without excessive duplication of sonograms. The wide band
filter macrifices frequency representation for an accurate temporal
measure whereas the narrow band gives accurate frequencies and can
also be used for a measure of duration. Sonograms covering 16 kEz
showed that some higher frequencies were present in these calls

but the emphasised region, that containing the most sonic energy,

fell well within the 8 kIz range.

The sample size for each bird was a minimum of 10 calls in each

call category making a total of at least 40 sonograms per individual.

(b) Assessment of the sonograms

1) [The overall appearsnce The entire shape of the calls,

their "whole" appearsnce, was compared resulting in e subjective
interpretation of the arrangement of the sound energy, its harmonics
and attack and decay (the way it etarted and finished). The
harshness of the call could be sssessed by the amount of non-hesrmonic,
"apeckled' points on the sonogram which indicate & noisy qualitye.

A pure note, for instance, has no such speckles whereas a hareh

call is"end0wed with a 'nasal® quality. Harshness can be readily
discerned by ear but would be difficult to measure quantitatively.

Interindividual variation (that between individuals) of the
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whole call can be assessed, where necessary, by visual sorting of
calls using impartial human observers. Belghtol and Samuel (1973)
had some success with this method when eneslysing the calls of the
dmerican Woodcock but it wae not used in this study.

11) The selected measures Measures were taken of the frequency

and duration of callse.

84
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LF = Lowest frequency measure, .
r HF = Highest frequency measure,
D = Duration measure,

Yoet calls of grassfinches have a harmonic etructure and show
frequency changes (i.e., are modulated during the course of the
.6a11).“Provious suthors have, to avoid replication of work, chosen
2 single harmonic and mede measures of its highest and lowest

frequencies (e.g. %ann, 19723 Beightol and Samuel, lecej &nd

146,



Marler and Mundinger, 1975)., 2ann chose the fundsmental or first
harmonio but this falls outside of the emphasised reange of the
Zebra Finch and is frequently only inocompletely represented on the
sonogramic trace. In the present study one hermonic (the sixth)
was chogen because it falls within this emphasised range. The
alternative is to increase the amplitude of the call to ensure
clear markings but Greenwalt (1968) warns against this practise

a8 1t may lead to the production of false harmonics.

The duration of the sixth harmonic, or its equivalent, was

taken as a measure of call lengthe The 'tail'! or smudging which

appears on the traces was not inocluded in thie measure and only the

darker, louder, well-defined part of the call was taken. This tail

appears to be a feature of sonograph recording rather than of the
harmonioc input and was therefore ignored.

111) Actual measurement lMeasurements were made to the nearest

millimetre giving sn inaccurscy level of # 0.5 mme This error 1is

equivalent to + 0.04 kHz end + 3¢9 msec and therefore frequency
meagures were taken to the first decimal place only and duration
to the nearest millisecond. Conversions used were, 1.0 kHEz = 1.2 cm

and 1 second =« 12.9 cme.

1v) The statisticsl trestment Intra-individual variation

(that within individuale) was assessed in terms of the standard

deviation (SD), the standard error (ST) and the coefficient of

variation (CV) of the measures taken. The latter is computed from

the formula, CV -.SD/mean, and is expressed as a percentage. It was
used by Hutchinson et al (1968) and Thorpe (1968) for the 'fish!

calls of Sandwich Terns. They suggested that characteristics

showing the greatest variation in proportion to their average

values (1,0., the highest CV scores) would be moet easily dis-
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criminateds Thus in this study, in which each individual is
treated separately, a high CV score indicates poor accuracy in
succeselve reproductions of the same call and Presumably less
likelihood of individual recognition.

The amount of variation within individuals (1ntra-1nd1v1dua1)
were compared with variation between individuals (inter-individual)

by means of & one way analysis of varience (as in Naxwell, 1970).

Results

(s) The preliminary observations

The four calls of both sexes could be readily distinguished
and categorised by ear with little difficulty. Subjective
observations ang impressions suggested the following points,

Loud (L) calls These were relatively long calls which
tended to be given in alarm situations such

as disturbances in the stock roome. They
were usually given by perched birds, rsrely
in flight, and many birds might call or
"chorus" together producing a particularly
strident and effective noisse. Loud calls
of different birds appeared to show
individual qualities that could be detected

by ear.

Loud/Soft (L/S) These were heard frequently when birds were
calls in flight and resembled an incompletely
delivered loud call or a lengthened soft

call, hence their name.

Soft (S) calls These were oalls of shorter duration and
variable amplitude though slways quieter
than the above. Thelr communicative value,
therefore, could only be useful for con-
veying messages over short distances.

Tet (T) calls As the name suggests theme calls had a harsh
nasal quality. On occasions their delivery

was repld and regular such that they resembled
the mtsccsato of a machine gun. They, like

the soft caslls, were short and of low, but
variable, amplitude. Individual varistions

in the eoft and tet calls of birds were not
pronounced and could not be detected by

ear alone.
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(b) The structure of the calls

Unfortunately the space available restricts the number of
sonograms which can be used as 1llustrative material, 'Typical!
calls have been chosen and where possible more than one, of each
call type, is includeds In some cases the second or third calls
demonstrate unusual, but interesting deviations from the more normal
type.

The first and possibly most siriking result of this survey is
inmedistely evident from an examination of the male loud (L) calls

(Plo 1)s¢ The inter-individual range of different call structures is

quite remarkable even in such a small sample., The female L calls

show eimilar variations but by no means to the same degree,

The secondi feature is that all the calls for both the males
and the females show a harmonic structure with varying proportions
of harsher OVerlying components. The harmonics extend above the 8
kHz range illustrsted but the emphasised region of each call, that
through which the majority of the sound energy has been delivered,
falls between 2,0 and 6.0 kHz in all calls for all individuals.
This emphasised rezion thus appears to be a characteristic of the
gpecies as a whole.

Finally, the shape of the harmonics in each call type show
similarities (with the exception of those males with non-harmonio
L calls), Generally, they are dome shaped with a steep attack or
start of the call shofing a rapid increase in frequency followed
by a decay during which the frequency falls, often more gradually
than 1t rise. This is well shown by the L and Loud/Soft (L/S) calls
of females. In the shorter calls, the soft (S) and tet (T), the

rate of decay is more equal to the rate of attack snd a more rounded

&ppearance resulte in many cases.
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There are differences in the structure of each of the four
call types and these will thus be dealt with in turn. The relevant
sonograms should be referred to in each case.

(1) The loud calle

¥ales (Plate 1)

The L calls of males 1, 4, 5, 6, T, 8 and 9 show variations on
the domed harmonic theme with the number of harmonics visible varying
from 8, in msle 9, to 12 in msle 4. 1 snd 5 have rounded harmonics
whereas 4 and 6 incorporate an extended, flattened middle portion to
their calls. Males 7 and 9 have interesting alterations to the
general domed formj 7 has an overlying harsh component partially
obscuring the more typical displsy whereas, malé 9, shows a second
increase in frequency part way through the calle.

Males 2, 3, and 10 are atypical in that they incorporate more
extengive harsh elements which transpose the harmonic appearances

Male 2 has an initially hareh portion showing rapidly decaying
components distinguishable particularly in the lower frequency range.
It 1s Aifficult to describe the quality of this sound as it resulted
in the call but it contained a more grating, less musicsal tone. The
terminal bart of this call ie more typlcally harmonic and resembles
the decay portion of male 4's L calle

¥ale 3 has even more extensive harsh elements such that no
domed harmonics are in evidence in the calle The harsh, rapidly
decaying components seen in male 2's call are here strongly
emphasised end the call appears to be disyllable. This double
structure could be discerned by the human ear and the male's song,
presented later in this section, suggests that he was capable of

producing it in a monoeyllabic form. The notes preceeding male 3's

éong, the so-called 'warm-up' notes, are exactly the same as the



151.

first half of this L call,

Last, male 10, shows a reduction in the number of harmonics in
the measured range and an overlying harsh quality.

In summary, the L calls of the males show ~ ~  considerable
structural variation, &0 much g0 that it is surprising that they
are all given by the same species of bird.

Females (Pl, 2)

The L calls of the females show less marked individual variations
than those described for the males and they all possess curved
harmonics, at least in this samples, One immediately apparent
difference is their gfeater length and there ie some evidence that

the female can alter the duration of different L calls without

aeffecting the frequency parameters. An example is illustrated in

the case of feumale 10, the second call is quite obviously of longer

duration than the first. In addition, atypical changes in fregquency

were obeerved on different occasions. An example is the mecond call

of female 6 which shows an extended attack with each harmonic rapidly

increasing in frequency and becoming harsher. This call had a

distinctly "mournful® quality to a human lietener end was given after
& prolongéd silence whilst the female was separated from her mate.
Typical femsle 6 calls accompanied the production of this call,

Female 7 demonstrates another example of intra-individual
frequency variation. The call shoWn has a peculier *hiccup' half
Way‘through 1t where the frequency suddenly changes for a short time
only., This particular call was given whilst the female was manipulat-

ing seeds at the food bowl and possibly this interfered with its

production., However, females 1, 4, and 10 (the first call) show traces

of & similar sudden small inorease in frequency.

The general appearance of the harmonics show some interesting
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structural features. The attack is stepped in meny cases (i.e.,
it is preceded by a short horizontal component). This is particularly
pronounced in female 3 but can also be seen in the calls of females
1, 4, 6, 7, 9, and 10 whereas it is apparently absent from the calls
of females 2, 5, and 8. The rest of the attack is generally steep
although female 3 has a more gradual increase in frequency leading
to a rounded appearance. The decay involves a gradual tailing off
and decline in frequency. The lengthened call of female 10 suggests
that 1t is the middle portion of the call which is actually increased.
The call of female 1 illustrates this admirably in that the three
parts of the csll, thé attack, middle and decay appear to be almost
separate componentsge.

Females 6 and 9 ere similar in that, unlike calls of the other
females, they are quite short and the frequency of the middle portion

of the call continues to rise after the initial attack has been

completed.

The structure of female L calls shows a considerable range of
individual qualities though these are less marked than in the males.
There 18 some evidence to suggest that the exact form of the calls, -
both frequency and duration, may be altered in successive deliveries
of the eame bird which was not a feature of male L callse.

(11) The loud/soft calls

Males (Pl. 3)
Firet, an omissioﬁ, there are no L/S calls presented for male 3.

In faot thie male was never heard to utter such a call. The

structure of the remaining calls confirms the aural 1mpression,
quoted earlier, that they consist of incompletely delivered L calls.
The calle sre softer and the traces that result are less complete

yet in all the males, with the exception of male 2, it is possible
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to see the harmonic structure of the L calles One difference is
the frequency of the harmonics which is generally lowered and there
are fewer recorded resulting in a softer, lower pitched note.

The smecond cell illustrated for male 4 i1s interesting as it
showe a fluotuation in frequency similar to the female L call
*hiccup' (female 7). This call was recorded as the male took off,
the shaded appearance of the trace is due to wing noise, and delivery
could have been influenced by the sudden exertion.

¥ale 2 seems to be the '0dd man out'! in the sample. His L/S
call consists of a definite reduction of the L call. If these two
are compared it is clear that the L/S ig the first harsh component
suggesting that the L call could really be termed disyllab ig a harsh
L/S call followed by a harmonic component.

Females (Pl. 4)

As in the males, these resemble the respective female L calle
but are generally shorter, softer and show more frequent irregularities
in their structure. The attack of the calls appears to be unaltered,
those with a step in the L call retain this feature in their L/S calls.
Harsher qualities are in evidence which result in'a thickening of the
harmonica.particularly noticeable when the call was given as the
female took off (e.gs, females 1 and 4, their second calle; 6 snd 8),
As their name suggests these calls, especially in the females, showed
similarities with both loud and soft calls.

(111) The soft calls

Vales (Pl. 5) ~

The large structural variations found in the male L calls are

strikingly absent from their soft calls, All the S calle ere harmonic

even those of males 2, 3 and 10 whose L calls contained mainly harsh

elements. More harmonics are in evidence on the irasces (up to 17 as
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in male 2) and their structure is based on two major themes.

Xales 1, 2, 6 and 8 incorporate a stepped attack reminiscent
of that seen in female L calls, Thie is especially evident in the
calls of males 6 and 8.

Males 3, 4, 7 and 10 share s domed harmonic with no visible
step. However, the second group of three S calls illustrated for
male 3, given whilst the male was in flight, show traces of a
stepped appearance. As yet, the signiéicance of this step in the
attack in terms of the sonic quality resulting in the call is not
clear.

The two exceptions are males 5 and G« Male 5 has a more
extended harmonic structure similar to that seen in his L call.

The attack and decay is not emphasised as much as the middle portion
which, 1f taken alone, resembles the S calls of the other males.
This raises the poesibility that the S call may be derived from the

middle portion of the L call which is produced at a lower frequency

and amplitude, or vice versa. In the case of male 2 his S call

resembles tﬁe terminal part of his L call.
Male 9 is atypical compared to the other males in that his S

call waahharsh as 1llustrated in the first call shown. All his S

calls contained this quality.

Females (Pl. 6)
The S calls of females appear to show a further shortening of

the L call from that represented by the L/S calls. The shape of the

attack of the harmonics remains in evidence but the middle and decay

portions are severely reduced. Less variability is in evidence, for

example the calls of females 6, 9 and 10 are visually identical.
Some intrs-individual variation is illustrated in the second calls

of females 3, 4, 5 eand 6 but it is d1fficult to decide whether these
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are lengthened S calls or merely shortened L/S calls.

(1v) The tet calls

Males (Pl. 7)

The structure of the male tet calls reveal a marked harsh
component provided in all cases by an emphasls on the middle or the
decay (tail) parts of the call. All the calls are short and, where
they are visible, the harmonics resemble those seen in S calls.

The harsh elements tend to fuse together as is particularly
shown in the calls produced by males 4 and 10, Nale 5 is again
unusual in that no attack is apparent in his call, it 18 made up of
continuously falling frequencies.

Females (Pl. 8)

Like the S calls, the T calls of females resemble those made
by the maless They are short, harmonic and the harsh quality is
again provided by emphaeis on the middle and tail of the harmonics.
The attack of the call is similar to that seen in the S calls and
interestingly, though possibly not significant, the call of female

5 is very similar to the T call of her mate, male 5.
There is some intra-individual structural variations as shown

Particulafly in the calls of females 3 and 6. In the latter, the

last call illustrated im much longer, louder (indicated by the
darkness of the trace) and coneists of components showing a steep
fall in frequency. These are eimilar to the harsh elements in the
L calls of males 2 and.3 and are also apparent in the T of female 3.
Other females show an extension of the middle part of the call, it

rieges to a higher frequency in some calls, @.gs femalee 2 and 10.

(0) Intra-individual vesriastion (Appendix I end Table 14)

The Tables in Appendix I show that the standard errors calculated
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for‘thé éeaﬁé of all the parameters measured sare of low ﬁagnitude
which;iﬁdidétea a high degree of accuracy in the successive
ﬁrOddbéiaﬁ 6f ﬁalls. In addition, the coefficient of variation
acore;‘fo;féach"iniividﬁal rarely rise above the 5% level with the
excapfion ofvdﬁrationEméasures wherg-higher values wefe frequently
obtained; the maximum is 22.2¢ for the L/S calle of female 10.
Thiu is ‘of obvious 1mportance if the calls are to be used for
1nd1v1dual recognition as it must be aocurately reproduced if its

r

charaoteriatioe'are to be learned.
ﬁﬁihg;a‘ohe-wﬁy Aﬁalysis of Variaﬁce it was possible to éombare
the amount of variation within individuals with that between
individuale. Table 14 gives the results in terms of 'F' ratios and
théirxﬁfobébiiifiwéf occurrence and in all cases variation between
1ndividuals was'by far the greatest. Again, duration measures,
thoﬁgh:éfill';hOWing significance, had the lowest F ratios.

It wouid appear from these results that all four calls examined

are ‘stereotyped and accurately produced such that any one could
inolude features that might be used in individual recognition. TYet,

“4n somézc;é;s,'fifds 414 tend to vary their delivéry of certain
callsvahd‘fhesé‘afe’worth examining briefly.

(1) Loud calle

Male L calls were very stereotyped, a possible exception was
ﬁr;vided By‘male 9 who tended to alter both low and high frequencies.
The duration of all these calls was accurately timed, more so than
for’anf.othér7ca11 type of elther sex. |

fH'l’lile frequéncy of female L calls were accurately reproduced but

the‘durétidﬁ'of'célls'éhdwed variability, Females seemed capable of

. pfbioﬁgingtéerﬁaihﬂbéils end thie raises the interesiing possibility

that L and L/s calls may be extreme varieties of the same call.

156.



157.

Presumably an extended call could carry additional information
over that of the normsl type and may show that male end female L
calls have different functions.

(11) Loud/Soft calls

The males did not show an excessive emount of intra-individual
veriation whereas, the female calls varied considerably for the measure
of duration. The frequency scores, on the other hand, were consistent
though always lower than those for the L calls.

(111) Soft calls and tets

Both of these calls were accurately reproduced by the males.
The same tendency evident in the female calls was apparent (i.e.,
duration of the calle showed the highest coefficient of variation
scores)s Uost noticeable variations were the extended loud tet
calls given on infrequent occasions. The females similarly showed
variability of duration whilst retaining individual frequenoy
characteristics. Extension of some tet calls was, 1f anything, more

prevalent in the females than in the males.

(4) Inter-individusl variation (Tables 14 & 15)

As noted above, the analysis of variance revealed that all the
calls of both sexes were produced accurately enough to render them
individually distinct. In other words, the amounts of intra-
individual variation were small. There was certainly no evidence
to suggest that the calls of matealwere more similar fhan those of
non-mates as Mundinger (1970) found was the case in some carduelines.
In fact, in general terms, the L calls of mates differ widely and the
S and T calls of all males and females are superficially similar but

differ in detail as the majority show individual frequency and

+

duration parameters.



TABLE 14, The results of a One-way analysis of variance (the

ratios are shown, their probabilities are 81l p < 0.01)

(a) Males Low High

frequency frequency Duration

CALL N F value F value F value
*Loud 80 95 4345 81.6
*Loud/eoft 79 42.1 559 32.3
Soft 143 10846 216.8 30.1
Tet 125 72.8' 82.6 9.6

(b) Females

Loud 100 77.9 3147 3041
Loud/soft 89 13645 6748 13.2
Soft 138 16247 18.3 13.1
Tet 127 48,6 2444 942

* The calls of males 2 and 3 were not included in this calculation

as they are both non-hermonic in structure.



TABLE 15 The results of t tests comparing cslls of particular

individuale for inter~individuel variation (t values are

shown)
MALES FENALES
(a) Loud calls Low High Duration Low High Duration
frequ- frequ- frequ- frequ~
enoy ency ency ency
lv) 1.8 10,5% 34 lvill O Gel# SeT*
l1vsg 14.1% 14.0% Tel® 6v$s 34.2% 6.8% 25
5v38 14.6% 21.1% 9T 5v7 3e9%  6u4% 0.7
(b) Soft calls
1v8 T4% 9.3 2,2 9 v 10  4.3% 2.7 5.8%
6v8 10.9%  15.3% 2.7 6v9 O 0 1.7
3 v 10 9.5%  14.9% 0 6v 10 4.5% 3.1 2.4
(o) Tet oalle
3veé 17.4*% 18.0% 0 l1vi4 0 0 4.0%
4v 6 2.7 6ol 1.9 5v6 9.0% 2.0 4.2%
8 v 10 10,0* SeT®* 0
0.001

t values marked with a * have probability values of p



A visual 1nepectiqn of the sonogrems supggest that certain
birds give very esimilar callse Theme "pairings" were compared
using the 't' test and the probability levels associated with the
results obtained are shown in Table 15, Few calls share the same
values for all tlree measures. Yale L calle with etrikingly eimilar
harmonio shapes show large frequency differences, e.Z+ males 1 snd 5
bhave a similar low frequency score but in male 5 the high frequency
peaks a clear 300 Hz above thst of male l. Similerly the call
durations eppear critical.

Female L calls, with their more variable durétions, show
greater overlap but again iniividusl freguency scores are in
evidence. The L/S calls of both sexes show inter-individual
variation much as was recorded for the L calls they resemble., In

the S and T o2lle the greatest degree of overlsp was located

particularly in duration measures. The 5 and T calls of males 6

and 8 were 1dentical ss far as the measures used could show and
this was also true of the & calls of females 6 end 9. It segus
safe to argue that the smounts of inter-individual variation in
these softer oalls is reduced, compsred to the L calls, though
there still remain significant differences between the calls of

most individuals. It is interesting to note that whilst males 6

and 8 share the same, or very similar S and T calle their L calls

are elgnificantly different.
Thus 1t would appear thet the softer calls of the Zebra Finoh,

the S and T, are not particularly reliable as far as individual
distinctiveness is concerned, though they can still provide s=ome
clues to the identity of a callers This tendency towards more
uniform short-range calls is revealed in "Appendix lwhich shows the

doofficiont of variation calculated for the means of ell the

158,
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individuals in each call category. These CV scores become
progressively smaller from L calls down to the lowest values for
S and T calls in both sexes. A large CV score in this case can
be tsken as indicative of greater amounts of inter-individual

variation.

Discumsion

In answer to the question posed in the introduction to this
section, it is clear from the results that the Zebra Finches used in
this sample produced calls which were individually distinct. All
four call types examinéd showed significant variation in both

frequency and dquration measures for both sexes. This was nowhere more

apparent than in the loud calls of the males. In addition, the amounts

of intra-individual variations were small and the accuracy with which
the same call was reproduced was remarkably consistent with two
possible exceptions, the duration of female loud and loud/soft

¢allses Thus these calls could provide ample and predictable clues
as to the identity of a calling individual.

In view of this largs variation it is difficult to pick out any
charactefistics of the calls which could be considered species-
specifioc (i.e., features which are common to the calls of all
1nd1§1duala). Certainly they asre all harmonic and they share a

eimilar emphasised range (that part of the range with the most sonic

energy)s Zann (1972) found that in related estrildids, the Poephila

8Pp., the frequency of the fundamental harmonic of their loud calls

was species dependent, at least its maximum frequency appeared to be.
However, 2ann'e sample size, only five individuals, was rather small
end, although the fundamental was not measured in the present sample,

1t seems unlikely that it could be the same in all casesn.



Thus, there is a strong basis for individual recognition;
particularly of the male loud callse. The calls of lower amplitude,
the goft and tet calls, show more signs of convergence whilst
retaining some individual features. These calls cen be heard only
over short distances and presumably could have different underlying
motivations and separate funotions to the louder calls. The female
loud and loud/eoft calls showed the greatest levels of intra-
individual variation in their duration which suggests that they
could be variations of the same call which is modified and thus
carries additional information, This will be discussed in more
detall later in this Qection.

The sexes can readily be distinguished by their loud calls
which confirms Immelmann'e (1965) subjective impression. MNarler
(1951) has proposed that the degree of difference between male and

female signals in finches is dependent on the amount of sexual

dimofphism ghown, The 2ebra Finch seems to conform to his theory

in that 41t is sexually dimorphic and the calls of the sexes differ
markedly. 2ann (1972) found that sexuel differences were less

spparent in the sexuslly monomorphic Poephila spp.. There is no

evidence of mates ueing the same or very similar calls in the Zebra
Finch as Yundinger (1970) found in captive cardueline paires. In
addition, the large differences in the sexes suggest that call
matching et the time of pair formatlon (Lees, calls being part of
mate selection) seems unlikely in this gpecies though 1t has been
suggested in other species (e.g. Beer, 1970c, Marler and Mundinger,
1975). This reises the important question as to whether these calls
are entirely innate or could be influenced by the effects of

oexperience. A wealth of evidence has accumulated suggesting that

in the mejority of species calle are entirely genetically determined

160.



(e«ge, Schjelderup-Fbbe, 1923, ¥arler, 1965, Lade end Thorpe, 1956).
However, Mundinger (le.c.) found that carduelines cen apparently
learn to copy the calls of their mates during pair formation. It

is interesting to note that the Bullfinch, a species with a permanent
pair bond, hae been found by Nicolai (1959) to possess learned calls.
It must be noted that not all the calls need be affected by
experience, in the Chaffinch only one call, the "rain" call (FNewton,
1972) is thought to depart from an exclusively innate basis.

It would thus be interesting to examine the ontogeny of the
calls of the Zebra Finch and in particulsr, the origin of male loud
calls which ghow such remarkable individual distinctiveness., However,
the possibility that domestication may have influenced the genetic

bagis of these o0alls cannot be overlooked.

In pummary, this section suggests that there is a strong basis

for individusl recognition by calls in the Zebrs Finch. Of the

calls exemined the loud calls of the males seem to be most adapted

for conveying the identity of the caller.

lé1,



162,

6.1 Be. The discreteness of different calls

Introduction

This experiment is a continuation of the previous work
(Section 6e12) and was designed to sssess one potential source of
error inherent in the method used. The dangér in ssmpling the
vocalizations of a species comes in the selection of calls for
snalysis. 'Good', clear calls are invariably chosen and this may
result in a misleading repreaentatipn of the amount of variation as
less clear, possibly more variable, calls arebignOred.

It has been shown that in some bird apéciee extensive grading
of calls does exist (e.g., Konishi, 1963, Smith, 1965), the exact
form of the call varying with the context in which 1t ia given.

This grading hag also been found in studies of primate vocalizations
(Rowell and Hinde, 1962, Andrew, 1963, and Nottebohm, 1972) end thus

it is important to examine the scores for intra-individual variation

in the 2ebra Finch in more detail, The discrete nature of the calls

which was apparent in the previous experiment might in fact be a
false impression brought about by experimenter selection of eimilar
calls rather than scouracy on the part of the calling bird.

In ;n attempt to avoid this selection continuous tape recordings
of vocalizatione made by pairs of Zebra Finches were made and from
thesé a sonogram produced for every call heard in.the time allowed.
Measures were then taken of the parameters of the calls and a

possibly more accurate interpretation of the amount of intra-

individual variation obtained.

Methods

Three established pairs of birds were rchogen" from the previous

experiment. In an attempt to avoid a biased choice of subjects the



paire numbefad l, 2 and 3 were elected irrespective of their
actual callse Zach psir wae housed in turn in a flight cage
(124 x 90 x 39 cm) equipped with two horizontal perches and wire
mesh on the front and top surfaces. A microphone was attached to
the wire mesh at the height of the perches and midway along them.

Amplitude variations due to birds being at different distances away

from the microphone could have occurred but, in this situation, they

would be minimal and sre unlikely to have affected the parameters
measureds, Incressed distance from the microphone would have
resulted in attenuation of frequencies higher than those measured
in these calls. |

Recordings took place in the morning and lasted for a period
of 15 minutes, FEach pair was allowed 24 hours in the experimental
cage to allow it to become sccustomed to the new surroundings.
Sonograms were produced as in 6.,1A and the same parametefa were
measureds The calle were classified as before (Loud, loud/soft
soft and tet) on the basis of both aural and sonogramic comparisons
and the sexes were presented separatelye.

Frequency distributions of the calls could then be constructed
and the ;mount of overlap between the call types assessed using the

"4 test, Measures were treasted in terms of millimetres ae there

wae little to be gained from converting them to kHz.

Reggltg
The frequency distributions of the different parameters are

ghown for each individual in Figse 9~14. Table 16 gives the mean

" mcores for each call with its standard error (SE) and the t values

(and their probability) obtained when the different measures were

compared are shown in Table 17
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TABLE 16, Mesmsurements of the calls of Pairs 1, 2, and 3, Yean
gcores are shown together with their standard errors

/Continued

VALE FFRUALE
DAIR 1 No. of Low High Durs Noes of Low  High Dur.
calls freqe freq. calls freqe freq.
Loud calls 6 5
X 5652 6453 1467 3,30  3.92  2.28
SE 0.05 0.03 0,02 0.03 0,02 0,29
Loud/Soft T 44
cells 3 4,86 5461  1.47 3.30  3.98 1.96
SE 0.34 0O.41 0.08 0,02 0,02 0405
Soft calls 94 ‘ 165
b3 3.55  3.87 0.94 3.26  3.77  1.45
SE 0.03 0,01 0.04 0.01 0,01 0,02
Tet calls 97 5 ‘
X 3433 3466 0476 3426 3448 0,72
SE 0,01 0,02 0.01 0,08 0409 0,09
PAIR 2
Loud calls 19 3
X 3,50  4.21 2455 4420 4490 2,67
SE 0.05 0403 0,02 0,10 0417 0420
Loud/Soft
calls 57 35
X 2497 5436  1.40 3498  4.61  1.68
SE 0,03 0.03 0.03 0,04 0.03 0.06
Soft calls 122 100
X 3,35 3.62 0,89 3.60 4.19 1.08
SE 0.01 0,01 0.0l 0,02 04,02 0,01
Tet calls 178 62 _
X 3,12  3.66 0476 3,50 3492 0,69
ST 0,01 0,01 0,01 0,02 0,01 0,02
PAIR 3
Loud calls 29 21
’ X 3026 5.62 1435 3,62 4445 2493
, SE 0,04 0,04 003 0.03 0.03 0,06
Loud/sof4 0 43
calls X 3455 4420 2.09
SE 0,02 0402 0405



TABLE 16 /continued

¥ALR FRMALE
No. of Low High Tur Noe. of Low High  Dur.
calls freqe. freq. calls freqs freqe.
Soft calls 313 165
X 3.50 4.04 0496 3452 3.98 1.56
SE “0s06 0405 004 0,08 04,06 0.01
Tet calls 206 35
X 3,60 4420 0475 3e41 4423 1.00
0,01 0,00 0,01 0,02 0,03 0.03

SE
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In general terms, the calls of the maies show very good
evidence of discreteness in all parsmeters measured. Three
distinct peake are in evidence in the graphe in all casees except
for male 3, low frequency (LF), Female calls, on the other hand,
indicate more possible overlap between different call types and in
the duration measure a continuous overlapping spread of the four
calls was obtained. Nevertheless, the results of the t teats
indicate that female calls still remain eignificantly different in
many casees Detalls of the calle are as followss

(a) The male calle

Loud and loud/eoft cells
These were clearly distinoct from the softer calls and little

overlap was found except in low freguency scores in some cases.

Differences between‘L and L/S calls were difficult to assess as

male 3 gave no L/S calls, male 2 had en atypical harsh L/S call,
the frequency of which was difficult to measure, end male 1 gave
only a few of the louder calls during the recording period.

In 8ll the males the louder calls were clearly longer than the

so0fter onee.

Soft and tet calls

The ranges for the S and T calls show congiderable overlap
though their mean values remain distinct in all measures (except

the low frequency of male 3's calls). The harsh nature of the Tetl

meant that, in practice, these two calls could be readily distinguished

by a human listener.

(b) The female calls

Loud end loud/soft calls
Unlike the situation reported for the males, the femsle L and
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L = Loud call

TABLE 17 A _summery of t values obtsinel when the measures of
different cslle were compared
KALE FYALFE

Calls Low Bigh Duration Low Figh Duration
compared frequency frequency frequency frequency
PAIR 1
T VS 619 10.30%K% 4,570k 0 3e39%%%  7.70%ex
S VLIS 3.79%#% 40,10%#%  £,04%%% 1,80 11.30%%% 9.80% %%
L/sS v L 1.90 17.40%%%  2,43% O 2420% 1.10
S VL 33,30%8R  44,50%#% 40, 40%*% 0,20 2.,30%88%  2,90%#
PAIR 2
T v§ 15.20888%  2,65%% Te3THuR  4,008%% 11.80%#% 18 ,80##»
S ¥ L/S 11.60%%8  49,20%R% 17,1088 8 ,10%e% 12.90%#8  10,10%%#
/s v i G GORRE  25,20%%84 33 ,40%#% 2,00 1.70 4470
S vl 3.208%  19,10%8%  (4,20%R% 6,004+ 4410800 7.80%%%
PAIR 3}
T v38 1.90 14,6088 2320888 [ 0804 800888 18 ,60%%n
S wvUL/s 1.60 Q.?O*** 11,60%#a
/s v 1L 2439 GoT0%R% 1] ,10%%#
] v L T 4ORR 38,300 16.40%8% 3 ,96%n% 8 .90% 8% 18 . 40%#»
T = Tet call * = p<0.05
S = Soft call ** = p<0.01

L/S = Loud/Soft call *** - p <0.001
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L/S calls were not clearly separated from the softer calls. In
fact, the L/S calls tended to form a bridge between the soft

and the loud calls. Similarly, the L/S and L calls did not show
marked differences; the calls of female 1 were not significantly
different by the t test; the L/S was discrete only in the duration

measure for female 23 the L/S end L of female 3 shared the same

low frequency measure.
Soft and tet cells
Again, as in the males, the low frequency measures showed the

greatest overlap. Apparently all the calls of female 1 shared the

same low frequency and the S and T calle of all the females tended

to share the same range except for duration where they were clearly

distinct.
Thus, the four calls studied here in the cases of both the

males and the femalea, appear to be distinct and discrete units in

8% least one of the three parameters measured. The duration of the

S and T calls clesrly divides them into two discrete units and of

the parameters low frequency apparently shows the greatest degree

of overlap in each bird. There was a tendency for female calls to

show a Béeater amount of overlap than male calle, in which the
louder vocalizations (L and L/S) sre well defined in both frequency
and duration from the eofter (S and T) callse It ie possible that

the S, L/3, and L calls of the female form a continuum in which the

bigh frequency and duration of the call is successively sltered.

Diaougsion

¥arler and Mundinger (1971) referred to two types of vocal

repertoire in aniumals; those which are 'discrete' with non-

overlapping categories and those which are said to be 'graded' with



a8 varlety of subtle variations. The majority of birds studied
seem to have the disorete type (see Marler and Yundinger, l.c. for
references) and thus, as Xarler (1961) pointed out, they appear to
obey Morris* (1954) principle of "typical intensity". Morris used
this term to describe those displays in which the signal varied
little, if at all, with changes in the intensity of motivation

of the signalling individual. On the other hand, primate
vocalizations have been found to show exteneive grading (Rowoll
and Hinde, 1962, Andrew, 1963, and Nottebohm, 1972).

» The evidence, in the case of the Zebra Finch, suggests that
the smount of grading of the different call types is limited.
However, the separation into four different call types seems no
longer justified as the loud/soft calls of both sexes resemble
closely the loud calle end cannot be clearly separated from them.,
They differ only in completeness and intensity with which they are
delivered and in the females the suggestion is raised that the

loud/soft is possibly an intermediate between the more discrete

soft and loud calls. These two, therefore, represent the minima

and maxima forms of a continuume In addition, the tet cslls in

both sexes can be extended on occasions and intermediates exist

between the short tet and this longer, louder, hersher version.

In all the paremeters measured the females show more evidence

of grading in their calls than do the males. In the latter, the

loud calle stand out on their own with the only variation in the
call being to prédﬁce the incomplete loud/soft types In the
female Zebra Finch, the lowest frequency of the harmonioc measured
remaihs roughly constant and it is alterations to the highest

frequency reached and the duration of the call which results in

the four different call types and their intermediates. In the

166.
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males this tendency is far less marked and probably holds only
for the tet and soft calls. This could be linked with the ontogeny
of these different calls as Immelmenn (1968 ) suggests they are all
developed as variants of a #ingle juvenile call, the tet being the
first differentiated. Jann (1972) sgreed with Immelmann in
general terms but suggested fhat, at least in the Poephila spp.,
there was a separate origin for the loud call in both sexes. The
results shown here for the Zebra Finch support 2ann and suggest
that the mexes may differ in the development of their loud calls;
the males appear to have a separate ontogeny for the loud call.

It is interesting to note the possibility of a difference

between the sexes in that the female loud call shows signs of

grading whereas the male's is very aoccurately discrete, At first

sight, i1t might appear contradictory to suggest that the female's
calle can be both discrete (in terms of loud, soft and tet) and
yet, at the same time, graded but a similar situation has been

desoribed in the calls of the domestic hen by Konishi (1963) and

in the Laughing Gull by Beer (1970c). In both these cases the mexes

were simller and Konishi noted thet each call type of the domestic

hen coul& be varied in two main ways (in addition to their intensity);

(1) discontinuous or digital coding in which the rate of delivery

of pulsed or multiple sets of sounde is variedj (11) continuous or

analogous coding of eustained sounds in which the duration of the

calle 18 varied depenﬁing upon the intensity of the stimulstion.
Both male and female loud calls of the Zebra Finch are

relatively short and could show digital coding, but only the females

"show any evidence of the analogous type of coding, i.e. variation

of the duration of the call. The individual frequencles of the

female's call does not alter appreciably as the duration 1s incressed
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and thus only one parameter is apparently involved. Konisghi goen
on to propose that calle possessing discrete differences function
to convey qualitatively different information (1.e., the tet, soft
and loud calls), whereas variation within types indicates
differences in the intensity of stimulation.

It seems likely therefore that the highly discrete nature of
male loud calls is important to convey a particular piece of
-information, one whose content cannot be jeopardised by grading
of the csll with the resulting chance of misinterpretation. The
information transmitted could well be the identity of the calling
birds If thie is thé case then the grading of the female's call
suggests that less emphasis is placed on conveying predictable
information end the call is altered to carry additionsl information.
This raises the possibility of different functions for male and
female loud calls which may well have bearing on the way in which

they are used in the maintenance of the pair bond.
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6¢l C. The context of different calls

Introduction

In subepections 6.1 A and B it was shown that the calls of
Zebra Finches show considerable inter-individual variation end
that they are probably reproduced accurately enough to be used
for recognition by mated birds. As yet little kas been said about
the contexts in which the different cell typee are used snd how
.they might be of benefit in pair msintenance snd hence prolong pair
bondss This is likely to be a lengthy topio and one which would
benefit enormously from studies of “ebra Finches in the wild,
However, this short feport on celling rates, in the laboratory
situation only, may be useful in at least indicating the use of
different calls in the pair bonding situations consilered so far
(1-00, flight cages in captivity). It is not meant to be an
exhaustive study but will indicate how the distinctive features of
the loud, loud/soft, soft and tet calls may be suited to the role
they sre expected to fill in the day to day 1life of the pair bond.

The term "context" cen be taken to have & nﬁmbor of meaninge snd
thus it 1s fmportant to define thie term clearly at iho outset.
Smith (1965) discussed the context of vocalizations in some detail

end listed two fectors that could be of importance to the receiver

of a particular call. These were, (a) the immediate context of the

cell (i.e., the specifioc environment in which the call was received,
where snd when), and (b) the historical context of the call es the

input will be modified by the receiver in the light of any genetic

and/or learned preferences. In the case of the %Zebra Finch one must

assume, at this stage, that some preference for the mate's calls

exists, be it genetic or learnei, and in this experiment only the

izmediate context of calls will be assessed.
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Obviously, in the laboratory cages movements of birds will be
restricted and conclusions about the functions of the calls
difficult to draw. This point was made by Crook (1970) and the
observations that follow were undertsken with due regard to the

limitations set by studies on captive animals,

Yethods

10 "established" pairs of birds were used, the same as in 6.1 A,
with the identical flight cage and microphone placing outlined in
6.1 B, Each pair was exsmined separately for a period of one hour
in the morning after'spending at least 20 hours in the experimental
cage (the preceeding afternoon and night).

The experimenter remained in the room throughout the recording
and ﬁaseasod the activity of the birds. This could be related to
the recording by mesns of the numbered scale on the tape recorder

which was zeroed at the start of each session. As the sctivity of

a bird changed the new activity was noted with the accompanying scale
reading which indicated its relative position on the tape. On
subsequent playback this position could then be recognised and

preliminary trials suggested that potential stretching of the tape
d41d not affect this measure appreciably.

The different activities noted were,

(1) voth male and female flighting,

(2) male flighting / female sitting alert,

(3) female flighting / male sitting alert,

(4) voth birds sitting alert,

(5) both birds sitting drowsily (plus sitting clumped),

(6) both birds feeding,
(7) male feeding / female sitting alert on the perch,

(8) female feeding / msle sitting alert.



Clumpiné was not pariicularly frequént in these morning
segsions and therefore it did not deserve 1ts own category and
was included in sitting droweily. However, the calls given during
these few clumping pericds are presented separately as well.

On playback of the recordings it was usually possible to
distinguisk the male's calls from those of his females The softer
calle tended to be the most difficult, as the study of sonograms
suggested, but with practise such difficulities were quickly overcone,
The length of an activity bout was first measured with s stop watch
and then the number of different calls given by the male and female
during this period was counted. Vhere calling was rapid the tape
speed could be reduced to make the tabulation easlers In this way
it was poesible to calculate the rate at which the different calls
were given during each activity category for the whole experimental
periods From this, computation of the mean calling rate for both
sexeg was possible.

Different rates of calling were compared, where necessary,

uging the Wilcoxon matched pairs test (wuP) for related samples,

171,

and the Mann-Whitney U test (xwU) for independent soores (s1egel, 1956).

Results
The bistograms (Fig. 15) and Table 18 show the rate of calling

per minute in each activity. Missing are figures for 'female

flighting / male sitting alert's This 1s becauge femaeles were never

seen flighting without their mates whick is an interesting result

in 1tself, Flighting cénsistad of short to and fro flights across
‘the oag§ above the level of the perches and males spent, on average,
more than 26 minute§ of a 1 hour watch engaged in this activity.

fhe females joined them for wore than half of this time (+16 minutes),
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TABLE 18 The rate of calling by males and femsles engaged in

different activities expressed as number of calls per minute

Activity No, of Loud Loud/Soft Soft Tet Total Time spent

indls. calls calls calls calls calls (secs)
Veles
M £1/F sa 10 3.7 3.8 2646 1.1  35.2 625
M £1/F £1 10 349 249 22.6 1.5 30.9 994
¥ sa/F sa 10 2.7 0.6 1445 Ted  25.2 860
¥ sd/F sd vi 0.4 0 67 5.0 12.1 513
¥ ¢l/F ol 3 0.1 0 2.0 548 749 184
M fe/F ea 9 049 043 ‘5.6 1443 21.1 287
M fe/F fe 9 1.2 045 4.1 8.8 1446 105
¥ sa/F sa 10 546 1.3 9.8 3.4 20.1 454
Females
M £1/F sa 10 0.2 045 17.0 4¢3 2240 625
M £1/F £1 10 0.5 642 23.8 1.3 31.8 994
¥ sa/F sa 10 045 043 143 6.2 2143 860
M sa/F ed 1 0 0 ' 4ed 440 8.4 513
¥ cl/F ol 3 0 0 2.5 2.6 5.l 184
1 fe/F sa 9 1.8 1.0 9.1 2.9 14.8 287
M fe/F fe 9 0.6 0.1 8.0 5.0 13.7 105
M sa/F fe 10 0.1 0+l 4.9 144 1945 454
¥ « Male ed = Sitting drowsily

I = Female cl =« Sitting clumped

fl « Flighting fo = Feeding

88 =« Sitting alert
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they tended to follow the male and each bird alighted on the perch
in turn before beginningvthe next flight acrosse. The birds were
thus 'active' for the majority of the watch and only 8 minutes 33
seconds, on average, was spent sitting drowsily. Both birds quickly
became sctive at the end of such a period of rest and hence there
were no recorded cases of 'male eitting alert / female sitting
drowsily' or vice versa.

From the results it is clear that calling rates varied with
the activity birds were engaged in. The highest rates occurred
during flighting in both sexes, the lowest were given during periods
of rest (sitting drowsily). Overall, with one exception, males
called more frequently than females in every category (p < 0.05, ¥WU).

The exception was when both individuals were flighting the females

in this case gave slightly more caslls than the males. A general

pattern emerged when comparing the total calling rates of the two
sexes. Highest rates were given in flight, then sitting alert,

then feeding snd lowest rates when sitting drowsily or clumped.

Loud calling

These calls were associated with active periods in both sexes

and were given at a higher rate when gitting alert than when sitting

drowsily (p < 0.05, WXP). The highest rate was recorded for both

sexes when the caller was perched and the mate feeding on the floor
of the cege though this did not differ gignificantly from the rate

when sitting alert. Calle during flighting perlods were mostly

given between each flight rather than in flight.

Loud/soft calls

These calls, like the loud calls, were given when birds were
sctive but differed in that far more were given in flight than when

sitting alert (p < 0.05, WMP for both sexes). The calls were given
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whilst asctually in flight and often immediately after take off
and 1t could therefore be regarded as a "flight" call (see Fvans
(1972) for the flight calls of Cordon Bleusj FEstrildidae).

Soft calls

The soft call was the most frequently heard call and was given,
on average, once every three seconds when flighting. Highest rates
were assoclated with active periods and particularly flighting when
both sexes gave significantly more than when sitting alert (p < 0.05,
“MP). Low rates, comparable to those whilst sitting drowsily, were
noted during feeding bouts whether these occurred with the mate or

alone, the rate duriﬁg feeding was significantly less than that

whilst sitting alert (p < 0.05, WMP).

Tet calls
These calls were heard in all situations but, unlike the other

call types, lowest rates were given during flighting (flighting <
sitting alert; p < 0.05, WMP, both mexes). They appeared to be

agsociated with feedingz bouts being given from the floor of the
cage or the feeding bowl particularly when an individual was feeding

alones In thie latter case, the calling rate was increasedi over

that when both birds were feeding simultaneously end this was

largely due to an increased number of tet calls (feeding with

partner < feeding alonej p < 0405, WKP).

Discussion

The results of this experiment show the consisteni use of

different calls in different contexts by the Zebra Finch. The eexes

tend to be similar though some differences did emerge. For example,

in all situations except those in which both birds were flighting,

males gave more calle than females. This was noted in the



Budgerigar by Broockway (1968) and she suggested it reflected a
lower threshold for calls in the males due to the presence of
androgens in their blood streame This could also be the case in
the Zebra Finch.

Taking each call in turns first tﬁe loud call. These werse

associated with active periods and have been termed *identity' calls

by Immelmann (1965). 2ann (1972) points out that they are the

loudest signal produced by estrildids. 2ann also noted that they

wore given by members of a pair of Poephila after separation or when

an individusl was removed from a‘flock. They could therefore be

considered 'lost! cails, he concludeds However, this is not the
only context in which this call type is heard as they are also
given in alarm situations (e.zs, during sudden disturbances) and
hence *lost' call is not an entirely satisfactory term to use.

As shown earlier (see 6+1 A) the loud calls could carry
ebundant information indicating the individual identlty of the
caller and the contexts in which they are given suggest an additional
message, possibly one of "come to me" as 2ann (1.0s) proposed for

The calls should therefore be easy to locate

the Poephila sppe.

and the fact that they cover a wide frequency range, begin and end

abruptly and are repeated often suggests that this will be the case

(qeve, Marler, 1956). FHowever, Zann queries this basis for location

of sounds by birds in that he noted attraotion to a pure note, a

whistle, which was given in the field and whose suditory queslities

were the exact sntithesis of those Narler proposeds The fact that

these calls may attract the mate, or other conspecifiocs, does not
"necessarily exclude their usage in alarm situations. MNorgsn and
Howse (1973) report that in corvids and gulls the initial response

to a dimtress call im one of approach which is only subsequently

174.



followed by dispersal of birds. The rate at which the calls are
given can be altered and presumadbly this indicates the degree of
alarm registered by the sender. In addition the females, as noted
earlier, can increase the duration of the call in exceptional
motivational circumstances.

Loud/soft calle are interesting as they appear to be con-
textually d4fferent to the loud callss The latter were always
given from a perched position whereas loud/soft calls were most
Prevalent during actual flight for both the males and females. Thus,
at least in terms of context, thise callvcategory meems justified even
though Section 6.1 A’auggested the loud/soft call was 'only' an
incompletely delivered loud call.

The soft call was the most frequently used call by both sexes

particularly whilst the bird was sciive around the cage. I! meems

to be the game call as Immelmann's (1965) "contact" call and
pPresumably, as he suggested, it serves to keep mates in close
contaoct as it can only be heard over short distances. It may be
important in coordinating take off by the mates as its rate of
repetition increased just prior to sctusl flight. The soft Qall was
used 1in £1ight scoompanying the loud/soft type. Male 3 geve no
loud/softs at all, instead he used a rapid repétition of smoft calls
thrdughout hie flighting activities.

Finally, the tet call sppesred to be asgociated with feeding
boute by the Zebra Fiﬁches used in this study. It was given at 1ts
fastest rates when a bird was feeding alone, its partner on the
perch. Immelmann (1962) noted that tets were used by Zebra Finches

“to indicate flight and they incressed in rapidity of delivery prior

to take off. 4m outlined above, in this study soft calls were used

in this context. 2ann (1972) reported that tets were never given

175.
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by Poephils which were feeding in the wild and without similar
studies on the 2ebra Finch in its natursl environment the situation
with regard to tet calls must remsin unclear., The extended tets
glven occasionally on the floor of the cage may well have been
examples of the alarm or "Cha" call described by Immelmann (1965).
If this is the case, evidence from Section 6.1 B suggzests that a

gradation exists between tet and Cha calls.,
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6+2 The Song

A sonogramic analysis of courtship snd non-courtship song

Introduction

The songs of Z%ebra Finches have been described by Yorris (1954)
and Immelmenn (1969) and have featured in reviews of estrildid songs
(e.g., that of Hall, 1962)., They are given only by males and consist
of a short individually distinct phrase made up of a series of notes
or elements which is repeated several times in any song bout. The
sound that results is unmusical, monotonous and has been likened by
Morris (1.,c.) to a "mqueaking wheél”. It is not a loud accoustical
eignal snd would presumably therefore only be affective for
communication over short distances.

Male mong could well have a pair maintenance function similar
to that suggested for calls and thue it deserves analysis in this

study. Presumably the song may attract the female both during the

initial period of pair formation and subsequently during the 1ife

of the pair bond. If this is the case, it will be important that

the female can recognise and behave preferentislly towards her own

mate's eong. The songs of different males could be expected to

show individual characteristics to facilitate this recognition and

therefore the songs were examined closely snd the amounts of intre-

and inter-individual variation assessed.

The pame smong is given in two situations. One, when accompanying

the courtship dance, is most likely sexually motivated and is thus
easy to define as courtship song. The second song type, however,

18 less clear and has been termed undirected songs This is a less
useful term as it can only be defined by exclusion of the other
song type, that 1s, it is song given in all situations other than

c¢ourtship. In addition, it may also be misleading in that this song
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could well be directed towards some object in the environment on

some occaslons. One possible situation in which undirected song

can be used is on peparation of the mates when it may agsume a
contact-promoting role which clearly is of relevance to this thesis.
In view of these considerations, couriehip and undirected song of male

%ebra Finches will be compared to discover if their structure differs

10 any extent.

Vethods
Song was obtained from the 10 males of the established pairs

used in the experimentes of Section 6s.1s Courtship song was readily
obtained by separating the male from his mate and then reintroducing
bim to her after 30 minutes. The undirected song was obtained from
tapes recorded during the course of Fxperiment 6,1 C.

Sonograms were made of the songs (ae 4n 6.1 A) and at least
10 phrases of each song type was obtained for each of the males.

Yeasures were sas for the calls but in many cases harmonics were

absent from the song elementss. In these cases a recognisable or

Prominent feature of the element was chosen for measurement. The

large differonces between songs of different males mean that
subjective comparisons were frequently the most useful.

| The duration of each mongz element was measured as for the calls
but, in addition, a second possibly more accurate measure was taken,
This wase suggested by Marler and Isasac (1960) and involves messuring
the distance from the start of one element to the start of the next
(i‘°°' it includes the interval between the alements). This, they
argua’“will exclude posesible errors due to incomplete, or variable,

Tepresentation on the trace of the decay portion of each element.



179.

Resultse

The sonograms are presented (Pl. 9 - 14) and should be
referred to with these results. Tables in Appendix II sghow the
quantified measures. To avoid duplication of comments, the court-
ship songs (labled DR on the plates) will be compared for intra-
and inter-individusl variation. The numbers on the scnograms
indicate the different elements of the song phrase. There then
follows a comparison of courtship and undirected (labelled UN) song.

The sample of songs i1llustrated reveals a tremendous variety
both in song phrase construction and the elements of which they are
composed.s In malens 9 end 10 the phrase im of highly variable length
and made uf of a single element which 1s repeated in a monotonous
fashiony males 1 and 6, on the other hand, possess a short, stereo-
typed phrase consisting of several complex elemenis. These songs
apparentiy abound with informational clues which could be used
for individual recognition of the different maless The only feature
8ll the males seem %o share im the emphasised range of the sound

energy comprising the songs. This is from 2.0 to 6.0 kHz, which is

much the same as for the calls (see Section 6.1 4).

Oné other general point, the songs, both courtship and

undirected, sre preceeded by "warm-up" notes. These sre given

before the actual phrase in variable numbers and are included on

most of the sonogramse. They often resemble soft calls, but in some

Cases may represent a new element in the vocal repertoire qf the

male. They appear to demonstrate considerable variation and a

discussion of them iz included below.

(a) Intra-individual variation
The songs of the individual males are remasrkably stereotyped,
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Variatiqna in frequency and duration measures are extremely small
(2ee Appendix Ifor sf?ndard error and coefficient of variation
sooies) end are of the mame Order as those reported earlier for the
‘calls. The duration measures again show the greatest lability but
it 18 interesting that using Marler and Isasc's (1960) method it
can be demonstrated that the timing of the elements is in fact very
- accurate and the errors involved are of the same order as for
frequency measures. This suggests that if the duration of the
individual elements in the phrase is being altered then the 1nferval
between elements is also altered to compensate for this change and
the overall length of the phrase remains the same.

In view of the highly accurate nature of successive song phrase

renditions it would seem acceptable to closely compare the songs in

order to assess inter-individual variation.

(b) Inter-individual variation

The first impression is of wide disparity between individualsy
each male sppears to have a unique song with elements which bear
little structural relationshlp to other vocalizations. The sonograms
of different males can be readily eorted by eye and the individual

songs are quite easily distingulshable by ear. A closer examination,

however, reveals some interesting gimilarities between the songs of
d1fferent meles and one case of & male with two different song
Phrases! In additioﬁ, oomparigoﬁs between songs and other
vocalizations (i.es, calls) shows that many of the song elements are

unique in the vocal repertoire of the males (for the calls data see

-Section 6.1 A).

(1) The songe of males 6 and 8

The subjective impression from the sonograms for these two males



is that they sing exactly the same song phrase. The courtship
phrase of male 6 can be described as follows
warm-up note - very short, harmonic soft call,
Element 1 -~ hareh, tet-like btut extended note,
Element 2 - harmonic but with an initial harsh overlying
component in the 3.5 - 5.0 kHz range.
Element 3 ~ this is similar to Element 2 but the initisl
harsh component is missing,
Element 4 - again similar to 2 but far more tet-like with
little evidence of any harmonic structure,
Element 5 - é harmonic soft call,
Element 6 - & harmonic loud call.
Male 8 shares these elements, the measures (Appendix II) are
almost 1dentical but there is one marked difference between the two
songs. The sonogram for male 8 shows that the warm-up note and

Element 1 of male 6's song have exchanged roles.

It i also interesting to compare the calls of these males with
the elements of their songs. The loud calls of males 6 and 8 are
‘harmonic but differ both in frequency and duration (male 6, 37 -
444 kHz,.144 msec.j male 8, 4.1 - 4.9.kHz, 151 msec.)s The
frequencies of Element 6 of thelr songs wmost closely resembles the
loud call of male 8 (4.0 - 4.7 kHz) whereas the duration differs in
the game way as their loud calls did (i.e., it is 144 msec. for
male 6 and 151 msec. for male 8)e Thus thig loud call-like Element
6 1s similar in both birds yet their actual loud calls differ
significantly (p < 0.001, t test) iR both frequency and duration
meaBuUres.

Element 5 bears no relation at all to the soft calls of elther

male which is especially interesting as the latter are identical,
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Similarly, measures of the harmonics of Elements 2 and 3 are not
similar to the soft calls.

Thus, though the harmonioc song elements of these birds show
similarities to their soft and loud calls they are not identical
with theme This may suggest a separate ontogeny or development of
these sounda,

(11) The songs of males 1 and 5

The warm~up notes and elements in the eong phrases of these
two males are identical with one notable exception. The fourth
element of male 1's song is missing from the song phrase of male Se

The songs consist of few harmonic elements though these are
present as components of Flements 2 and 6. The frequency of the
6th hermonic is different in each case but bears no resemblance to
the loud or soft calls of either male.

The loud calls of males 1 and 5 are structurally very similar,
They share the same harmonic shape, the same low frequency but
differ both in highest frequency and duration measures (p < 0.001,
t test)., Thelir soft calls show similar significant differences.
(111) The songs of males 9 and 10 '

Tﬁese males are similar in that their song has one repeated

element onlys. In each case the element has a harsh, noisy structure
with harmonics only partially visible. The attack 1s much more
pronounoedvin male 9 and, though they share a monotonous delivery
rate, the two elements are clearly different., There was no
evidence by either male of a tendency to group the elements into
phrases within a song bout,

One interesting feature developed in male 9's songs A more

musical couplet was used to terminate the song bout on some occasions.

This is 1lluétrated end resembles the structure of a male loud call



but, interestingly, pot that of male 9 This would suggest that
the couplet forms part of the song,as an occasional additive,
rather than the call repertoire.

(iv) The songs of males 3, 4, and 7

These are dissimilar and are grouped for convenience onlye.
Fach song will be discussed only briefly.‘

¥ale ) has a song consisting of four harsh elementz. The warm-
up notes and ®lements 1 and 3} resemble the male's loud call. The
normally disyllabic loud call is, however, reduced to a monosyllabic
element. Zlement 4 is unlike eny other recorded, it consists of
an extended harsh s§und of much longer duration than elements
produced by the other males.

Male 4 also has four elements. All contain harsh components
which overlie succeeding elements. The harmonics visible in Rlement
4 40 not appear similar to the loud or soft calls of this male.

Finally, male 7 is interesting in that only two elements are
used in his song but these are arranged in a definite pattern.

With the elements numbered 1 and 2, the pattern consists of 112121
which was shortened during bouts of esong so that a rhythm of 112121
2121 often occurred.

(v) The use of loud calls to accompany song bouts

On many occasions song bouts were terminated with a series of
loud calls. These could be given at the end of a phrase or the
male might bresk off in the middle and begin a rapid rate of calling,
There did not appear to be any consistency in the use of these loud
calls but the occasional additive couplets of =ome males (e.g.,
male 9) may'be derived from this tendencye. In the case of male 9,

it was only after the sonograms were produced that it became clear

the couplet did not consist of his normal loud call and hence, it
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is possible, that other males may also meke use of an unusual
vocalization in tﬁis context,
(vi) The songs of male 2

Finally, the songs of male 2 deserve special attention. At
the start of the experiment this male produced a complex song phrase
labelled Phrase 1. On some occasions two elements were attached to
Phrase 1 am an additive couplet much as was the case in male 9.
However, these elements were heard more and more frequently as the
experiments proceeded until they were ultimately incorporated into
their own song bout and produced Qithout any evidence of Phrase 1.
This second song was termed Phrase 2. To complete the confusion,
on ocoamsions part of Phrase 1 (Elements 2, 3 and 4) was used as a
terminal flourisk to a bout of song conéisting of Phrase-type 21
Illustrated are examples of Phrase 1, Phrase 1 + 2, Phrase 2 alone

and Phrase 2 + 1,

Phrase 1 deserves close scrutiny as all the elements used

show resemblences with calls made by male 2j

goft call of male 2,

warm-up note
Flement 1 - poft call with emphasised attack and decay
. components,
Element 2 - loud/soft call of male 2,
Element 3 w gimilar to Flement 1 but with the attack less

emphasised and no decay,

Flement 4 - loud/soft call of male 2,

Tlement 5 = similar to 1 and 3 but no attack or decay,

Element 6 - a loud call of male 2 .that was not always present,
The eiaments do differ from their counterparts in the call repertoire
of male 2, The loud/soft elements (2 and 4) are structurally the

same as loud/soft calls but are of much shorter duration (more than



50%)s The soft call-like elements, 1, 3 and 5, neither match with
one another nor with the male's actual soft calls. The frequency
increases successively and they are all higher than either the soft
call or the harmonic part of the l&ud call., Tven Element 6 differs
from the normal loud call, 1is frequency is much increased. Thus,
although the elements resemble call-types they are not exact copies.

Phrame 2 consisted of two elements only with warm-up notes;

warn~-up note - this was the soft call as in Phrase 1,

Element 1 - this was the same as Flement 1 of Phrase 1,

Element 7 - a harmonic sound resemdling a loud ocall but

‘ng_j_ that of male 2.
The frequencies of Element 7 differ from all male 2 cslle and
elementsy 1t is spparently a new element. Although the song bouts
of this type were of variable length it was noticeable that they
did have one consgistent feature. They always began and ended with
Element 1 which meent that they always included an odd number of
elements.

Thus male 2 illustrates a sirange phenomenon of 2ebra Finch
song. The male was adult which suggests that the change in song~-.
type could not be linked with maturation. In any case, Phrase 2
was a reduction from Phrase 1 whereas changes from the Jjuvenile song

usﬁally involve an increase in couplexity (see Immelmann, 1969).

(o) & comparisén of courtship (OR) and undirected (UN) song

The sonogrems of undirected song appear visually identical to
those for courtship song. The mame elements are present in each
case and they apparently teake exactly the same forms Possible

exceptione are masles 1 and 5 where the harsh components appear more

emphasised in undirected song, and the songs of male 9 which

185,
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demonstrate an opposite trends To the ear, the two song types were
indistinguishable in all cases,

Yeasures of frequency parameters revealed that the elements
were remarkably similar and the only significant difference appeared
in a measure of the duration of the total phrase length. For
obvious reasons, this was not apparent in the songs of msles 9 and
10($hey poesessed no phrase) but the undirected song of all other
individuale was of longer duration (p <0.001, ¢+ test, for all
eight males). Changes involved alterations to the elements at the
end of the song phrase. Usually the element ltself was more proloﬁged

but in some cases the interval between elemente was lengthened, for

example, male 8 between Flements 5 and 6.

Discussion

(a) Inter—-individual varistion

The sonograms, and measures from them, reveal a great deal of
individual varistion in the songs of Zebra Finches. In spite of this
the songs of different males are remarkably stereotyped in sll the
parameters used, including duration. The latter 1s'emphasised as 1t
was shown to alter in some calls and Fmlen (1972) found that temporal
patterning 6f gongs was very imporitant in specles recognition in
the Indigo Bunting. No common specific pattern emerged from this
Zebra Finch study but it would seem that temporal parameters are
important as they vaiy 80 little.

The songs could provide ample individual information enadling

females to readily recognise their mates. This inter-individual

- variation is not merely e feature of captive, domesticated birds

as Immelmann (1969) found a similar degree of variation within a

“wild 2ebra Finch population. In fact, he concluded that there was
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as much variation within the population as was found between

populationse In addition, the work of 2ann (1972) and Gtittinger

(1973) on wild-csught estrildide (Poephila and Lonchura epp.)

revealed large variations within individuals from the same populations.
The smongs of the estrildids show some general similarities

which hold true throughout the family. Hall (1962) reviewed 24

species sonogramically and, though no data 1s presented for intra-

individual variation, concluded that their songs tended to be soft,

simple and usually harsh and toneless, in fact completely lacking

in 'musicality'. The song phrases consist of a series of harmonically

rich elements with a large frequency range which is rather unique

amongst the passerines with the exception of the soft, Jjumbled song

of the carduelines. The sonograms presented here resemble those

shown in the literature (ee.gs, Immelmann and Hall) 4in that the

elements are of comparable struocture and the phrase length (around 1

second) is eimilar. Zann (lec.) considered that because of this

short phrase length, Zebra Finch song was primitive amongst the

family. The evolutionary trend, he argues, is towards a longer

phrase with more complex, louder elements (e.g., in Poephila the

phrase length is about 2.5 seconds).
Returning to the question of the individuality of Z2ebra Finch

song, one is drawn towards‘the conclusion that they must be
important in mate recognition. Immelmann (1968), in spite of a
paucity of experimeﬁtal evidencé, felt certain that they aided
p?raonal recognition of both mates and flock members. This must
include members of a close social unit only as the song is soft
end audible only over a short distance (Zann estimates about 5 m).
It has been demonstrated in other species that song plays an

important role in stimulating ovulation by the femsle (e.g.,
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Brockway, 19653 Lekrman & Friedman, 19693 Newton, 19723 DPutwman &
Hinde, 1973 and Putchinson, 1974).

The social Zebra Finch in which, because of the lack of external
stimuld (e.gs., dsy length), breedins may occur at eny time of the
year 1t will be important for mates to synchronise their particular
breeding cycles (see Kunkel, 1974, for further discussion). In
this instsnce, it would be advantageous for a female to recognice
her mate's esong and be stimulated by that more so then by the songs
of other conspecifics. In this way individual pairs could closely

gynchronise their nest-building snd other breeding activities.

(b) 2ebra Finches singinz the mame, or very similar sones

There were two instances of striking simlilarities in the sample
of songs illustratedy 4in fact, males 6 and 8 had apparently
identical song phrases. The history of these individuals is not
known for certain buf it ie likely that Zebra Finches with very
siniler songs are siblings or, at least, close relatives. This
follows Immelmann's (1969) work in which he demonstrated that Zebra
Finches learn the songs of thelr fathere whilet still in the nest
and then reprojuce them exsctly as adults. A eimilar relisnce on
the paternal song phrase was reported for the Bullfinch by Kicolai
(1959).

This situation, the young learning the song of their father,
soemg contradiotory in that seleétion sppeara to favour individuals
witi very dissimilar esongs. However, Nottebohm (1972) eppears to
have suggested s viable explanation for such phenomenszs In his view,
- there are two advantages) (a) the species eong ie of low volume in
the Zebra Finch and Bullfinch and therefore it is 'better' for the

young to learn that which is heard most often and which is most
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likely to be their own species, and (b) if the female ultimately
decldes mate selection and she imprints on her parental song type,
then she may reject individuals singing this, or similar, song types
when she reaches adulthoods This will mean that inbreeding becomes
unlikely and gene flow ia promoteds The latter would certainly be
important in these species in which maturity is reached very quickly
and, as Nicolail (l.ce.) has shown, temporary sibling bonds may be
formed in the nest which are only broken once the juveniles leave
the nest and the males begin to sing.

Yales 1 and 5 may illustrate that if copying has occurred 1t
ims not an asccurate onee Arnold (1975) presents sonograms of sibling
2ebra Finches and compares these with thelr father's song. He
concluded that, whilst there were great similarities, they still
showed large differencess FElements could either be missing or
repeated more frequently than in the parental song. Z2ann (1972)
described a similar situation in the ontogeny of Poephila song. Young
birds tended to copy their father's song but not exactly and
individual differences still existed amongst siblings. In one case,
an individusl did not use his fathers song but instead that of

another; nearby malee Presumably, if 2 male does not sing frequently,

for whatever reason, during the early life of his offsepring, then they
maydmcorporata features of the songs of other males into their owne.

Jumelmann (1969) demonstrated that Zebra Finches possess an innate

preference or auditoiy template for their specles song, in that if

they were reared by females only they learned the song of nearby

male conspecificss In the normal development of the song, therefore,

" the paternal bond must override, or enhance this preference and the
father's song is used exclusively as & models It may be important

that there is interaction between the singer of the model and the
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offspring as Thielke (1970) showed that Furopean Treecreepers would
not learn the songs of conspecific from recorded 'tutor' tapes alone.
Thus providing the father sings frequently end interacts with
his offepring during their development then one would expect eidbling
%ebra Filnohes to produce songs very similar to the paternal one,
The coples would not necessarily be exact which may suggest that
there im some value attached to individual recognition even of
different sidling songe. Cittinger (1973) concluded that in the

lonchurs aﬁp. the father's song may be modifled by .his offepring,
on some occasions, with learned components from other conspecific
gongs and 1nd1v1duaiity could also earise from inaccurate copying
of the model. It has certainly been poastulated that dislects, in
other species with an auditory template but which 40 not use the

father as a model, may have arisen through inaccurate copying of

the locel mong typee.

(0) Louj cplls ani song

An interesting situation emerged when the loud calls given by
supposed siblings in this study were compared. In both cases,
wales 1 and 5 and males 6 and 8, the loud calls of the two
individusls shared the ssme harmonic shape but differed significantly
in their frequency pearameters. Vhether the loud calls are learned
or genetically determined, 1t 1is particularly interesting to note
that they could easily be distiﬁguished from one another whereas
the songs were far more similar. This mey puggest that whereas
£iblings can 'afford' to have very similar, or even the same, songs
the loud calls must retain individual features. The latter is
thought to be an important long distance signal used to maintain

contact between mates and flock members as well as warning of danger
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and alarm situations. fo fulfil this role, each male must,
presumably, produce a different call.

Loud calls were, on occasions, used in conjunction with the
male songe A courtship song bout was frequently terminated by a
series of loud calls and, though this was not recorded here, Goodwin
(1960) noted Avadavats ueing loud calls in place of courtship song.
Andrew (1961) has pointed out that the main motivation for song in
birds ie probably the absence of the mate and, as this is also one
of the contexts in which loud calls ere used, this may explain their
incorporation into song phrases. Alternatively, song is considered
to have an attracting function in many passerines and, as discussed
in the previous subsection, loud calls may also promote contact

between mates. This suggests,at least, a similar motivation for

both song and loud calls which is presumably sexual, though it is
not impoesible that the loud calls at the end of a courtship bout
are registering alarm or fear on the part of the male. However,

Potash (1972) found that in the Japanese Quail 'separation' calls

(similar to loud) were related to sexual ones and shared the same

motivation.

Male 9 is interesting as the loud calls that he occasionally

added to his song were not his own. These elements were an entirely

new vocalization for this male and were not recorded at any other

time. They could possibly be linked with the loud calling of other

maless,

(4) The song of male 2

¥ale 2 produced the most unusual song of all the birds used

in this particular sample. He added a second phrase-type to his

" original song and then asctually switohed to this new type and eang



it exclusively, with the first song-type assuming the role of the
occaslonal terminal flourish.

This situation is remarkable as Immelmann (1969) demongtrated
that the 2Zebra Finch has & well defined criticel or sensitive
period for the development of song and this period is concluded
before the offspring leave the nest! However, Goodwin (1960) reported
a "young" Avadavat that ocould sing s Blue-breasted Waxbilll'e esong as
well as its own and, in other species, an extended period in which
the song can be modified has been recorded (mee Nottebohm, 1969).
Arnold (1975) found that the critical period was lengthened by
castration of male Zebra Finches and it thus appears to be dependent
on androgen levels. The hormonal state of male 2 cannot be assessed
but within a few months of these experiments, and still singing song-
type 2, he was breeding and rearing young successfully. In addition,
the chahge in song-type involved a drastic simplification rather

than an addition or modification of the original song.

(e) The nature of undirected song

A comparison of courtship and undirected song reveals only
slight ﬂifferences in terms of the duration of the song phrasese.

The elements used were the same in each case but undirected song was
consistently longer and Immelmann (1969) noted a similar elower tempo
of deliverye. )

Arnola (1975) hap recently shed some light on this state of
affairs. He found that castration of male %ebra Finches did not
abolish song completely and some song was still given. He noted
that this song was different in that 1t involved a slower rate of
delivery and, one can assume therefore, that it was undirected song

that continued after castration. Certainly, Prove (1974) in a similar
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study, showed that courtship song declined and undirected continued

in the Zebra Finch,

Thus, undirected song appears to be independent of androgen
levels in the bodys Arnold (le.c.) found that injection of testo-
sterone into castrates quickened the tempo of their song though,
.again, it is not clear whether he is referring to all song or merely
courtship song. These findinge puggest that undirécted and courtship
song may be influenced differently by the hormonal system of these
birds and that they may have different motivation fectors. pndireoted
song continues during the non-breeding season when androgen levels
will be low and sexual motivation reduced.

Zann (1972) has listed the proposed functions of undirected
song in the estrildids andi these includes '

(1) It 1s functionless in the majority of cases and has a social
function (promoting contact) in the remaining species (Immelmann,1968).

(11) It has a contact funotion (Morris, 1954, Moynihan and Hall,
1954, and Harrison, 1962) between the members of a pair. In this
case it could be useful over short distances only.

(111) It may be important in group ocoheslon in those especies in
which group singing occurs (e.gs, Poephila sppej Zann, 1972).

(4v) It 1s importent during incubation when the female is in the
nest and the male sings from outside (Zann, l.c., Birke, 1974).

This may 'reassure' the female as to the masle's contlinued presence
nearby and could be important 1nlaynchronising nest relief ceremonies.

Some, or all-of these hypotheses, may well explain features of
undirected singing but any, such as (4v), which refer to its
- occaslonal use, do not explain why the song 1is given in such large
smounts in the presence of the female and during the non-breeding

season. A contact function during these times seems most likely and
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certainly in species with louder songs it has been shown that females
are attracted to and epproach a ginging male in some situstions (e.g.,
Tinbergen, 1939, Yarler 1956, Andrew, 1957a,Payne, 1973). However,
the =o0ft nature of Zebra Finch song argues against this function.
Another possibility is that of gonadlal stimulation both of the female
and the male by the sound of undirected song. It is known that the
gonads do not regress completely during the non-breeding season of
the 2ebra Finch (Farner and Follett, 1966) and if male courtship
etimlates the female, and song 1s an important part of this, then
the same song given outside of courtship may retain a stimulatory
function. It could maintain a tonic state of gona@ial development
during this non-breeding season in both sexes which would allow
sexually motivated (hormonal dependent) activities to continue thus
promoting and prolonging the permanent pair bond.

This stimulation hypothesis seems to explain the use of a soft
song throughout the non-breeding season. Its independence from high
levels of gonadial hormone, as Arnold demonstrated, is an important

proviso. Its additional use to promote contact and cohesion between

congpecifics is not excluded and presumably there would be an

advantage, in both cases, of the female learning, and behaving

preferentially to, the song of her particular mate.



SECTION 7. EVIDENCE OF INDIVIDUAL RECOGNITION OF CALLS

Introduction

'It‘has been established in Seoction 6 that the vocalizations
of different ”ebre Finches are individually dietinct and vary
sufficlently to form a basis for individual recognition by suditory
means. The following three experimental situations were designed
to test whether Zebra Finches actually make use of these differences
end, 1f they do, how thie might assist the maintenance of pair bonds.
This represents Beer's (1970c) third approach to the investigation
of individual recognition in birds (see Introduction to Section 6)
end involvee experiments to investigate the 'reactions' of birds
to the sounds of conspecifics. As was siressed earlier, it is not
enough to merely demonstrate inter-individual variation in the
vocalizations of a species, it must be shown that birds actually
make use of such variations.

In order to assess mate recognition of vocalizations, it must

be demonstrated that a preferential response is obtained from a
bird when the calls of its mate are heard. This response should be
enhanced and greater than that given to a non-mate conspecific giving

similar vocalizations. It is in the measurement of the response

that difficulties may be encountered (e.zg., it may be difficult to
describe any preferential behaviour) and, in addition, the Zedbra
Finch is 8 socisal speéies that f;eds in flocks and hence birds can
be expected to respond to some exteﬁt when any conepecific calls.

These problems aside, the experiments that follow used two types

‘of c¢all ag stimull for subject birds. The experiment labelled 7.l

deals with tape recorded loud calle which were played back to

individuale and the rate of calling in response to the calls of their
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mate cbmpared with that in response to a non-mates In 7.2 and 7.3
calling between mates and non-mates was assessed when birds were
in auditory or visual contact and the number of calls given to the
subject bird was not controlled by the experimenter in any way.
Thus, in contrast to T.l, these latter experiments demonstrated

the responees of individuals to "live", unrecorded calls.

Terminologx

In this section a number of terms are used for the first time
which could have smbiguous mesnings. To clarify the situation a

short glossary is provided here.

Subject bird(es) These were individuale in the experimental

situation whose responses to the calls of other conspecifics was
measured. The Subject bird could either be 2 male or a female, on
different occasions.

Stimulus This term is used in reference to the recorded calls,
or calling by a conspecific, to which the Subject bird was expected

to respond.

Stimulus calle In 7.1, the Stimulus calls were on tape whereas

in 7.2 and 7.3, they were provided by the actual mates or non-mates

concerned who could be referred 1o as Stimulus callers.

Stimulus bird(s) These were the birds used in 7.2 and T.3,

whoee calls could be heard by the Subject bird. Thelr own response

was measured and they could either be the 'Stimulus mate' or the

*Stimulus non-mate's

"Live" calls This term is used in contrast to 'recorded’ calls.

A subject in 7.1 heard taped calls, whereas one in T7+2 or Te3 heard

calls made by a bird in a 'live' situation.

Suocessive presentation Stimulus calle of different individusls
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recorded or live, were presented in turn (i.e. one followed the

other).

Simultaneous presentation Calls from Stimulus callers were

presented concurrently in an experimental situation. Thus, the
subject could hear more than one individual (i.e., both the mate

and the non-mate) at the same time.



7+1 Responmes to playbacks of recorded loud calls

Introduction

Playback of tape recorded vocalizations has been used
extensively in experimental studies of individual recognition in
birds (g.ve. Beer, 1970c, for s review)., They have the advantage
of complete control over the stimulus which can be varied at will
in terms of both the quality and quantity of calls presented. The
opportunities open to the experimentation sre thus vast but not
without their inherent dangér-.

The object of tﬁin experiment was to examine the responses of

individual birds, of both sexes, to the calls of their mate and to

other conspecifics. The measurement of a 'response' was difficult
in that a Subject bird might well recognise a call but not respond
preferentially towards 1t in the particular experimental situation
useds In addition, the motivational environment of different

Subject birds could presumably vary and thies will affect their

resctions to a stimulus (i.es., they may respond to the situation

rather than to the calls). An example of such difficulties was

provided by the work of Evans (1970a & b) on the responses of
Laughing Gull ohicks to the calls of their parents and other adults.
He found that reactions to playbacks varied depending on whether
different stimulus calls were presented simultaneously or success-
ively. The latter is the aimplér situation to sotAup but Evanes

was only able to obtaln a significant preferentiel response when

the calls were presented simultaneouslys. Thus the context in which

the calls are heard ie important and Beer (1970c) went on to suggest

that the difference illustrated in this particular gull ocould be

adaptive.
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Clearly, any study which involves the use of playback of calls
needs careful control of the experimental situation if satisfactory
results are to be obtained. The following account, bearing the
limitations in mind, deals only with responses to one call type,
the loud call, which was shown to be individuslly dietinct in a
sauple of both male ani female Zebra Finches (Zection 6.1A),
Recorded Stimulus calle of different individuale were presented
successively, a oontext which could arise in the wild when a
preferential response to the mate might be expected. The Sudbject
birds response was asgsessed in terms of both vocal ani physical

parameters for any indications of a preferential reaction to the

calls of the mate.

¥ethods

In this experiment 10 established paire of birds were used.
These were birds which had been kept as isolated pairs for periods

i{n excess of one wonth during which time palr formation was mssumed

to have been completed.

The loud oalls of the ten males and femsles were reocorded on

a Sony taperecorder. Separation from the mate faclllitated the

production of loud calls for theso recordings;>’they?were thus given in
a context in which mate recognition could be expected to be important
(1., contsct promoting)e One clear loud call, for each individual,

wag then chosen end transferred'to a second tape recordier from which

a series of repetitions of this single call were recorded onto a

Stimulus tape. Fight consecutive loud cells, epaced at one second

intervale, were produced for esch bird and four Stimulus tapes made,

two for each sex. In each case a tape held the calls of five

different individuals with a two minute gap between each caller. 4



subject was presented with one of the Stimulus tapes and heard,
successively, its own mate's calls together with the calls of four
other conspecifice of the same sex as its mates The particular

sequence in which calls were presented to each subject varied as,

Subject bird Stimulus Tape I (Females)
Males 1 (1) 2 3 4 5
2 1 (2) 3 4 5
3 1 2 (3) 4 5
4 1 2 3 (4 5
5 1 2 3 4 (5)

() » mate's calls

The Stimulus calls (on the Stimulus tape) were presented from
a tape recorder situated directly in front of the subject bird and
approximately 3m away. Sonograms made of some of the Stimulus calls
revealed no unusual auditory phenomena which might have resulted from
the recording procedure used.

The experimental procedure involved:

(1) The Subject bird was separated from its mate and placed in
the experimental cage. This consisted of a single wire-fronted
wooden compartment (40 x 30 x 35 cm) equipped with one horizontal
perch and food and water bowls.

(2) The experimental cage was left in the stock room over night
(a period of some 15 hours). Du¥1ng this time the mates were in
suditory contact but could not see one another.

(3) On the following morning, the experimental cage was
transferred to a different room which was well out of earshot of

the stock room. Care wes taken to disturd the Subject bird as

little as possible.
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(4) After a 30 minute period, during which the Subject bird
was not disturbed, the recording schedule began. This consisted of:

the control period - 2 minutes during which no
Stimulus calls were given,

the calls of Bird 1 -~ 8 8timulus calls followed by 2
minutes silence,

the calls of Bird 2 - 8 Stimulus calls followed by 2
minutes silence,

and 80 On « o« o o s o through to Bird 5.

(5) 4 10 minute interval then followed before the complete
recording echedule ﬁaa repeated. During this time the tape was
rewound.

(6) The recording schedule, in its entirety, was repeated a
further two times giving four repetitions, or trials, in sll.

Observations were made on the Subject bird live snd on video-
tape recordings. The VIR was described in Seotion 4 (Methods) and
in this experiment the cameras was placed 3m from the cage with all
but the lens hidden behind a cloth screen. From the videotapes
activitj”and head movements were assessed. The responses measured
weres

Vocalizations Fach two minute watch was divided into 10 gecond
periods and the number of vocalizations heard during each of these
intervala counted. Calle given in response were categorized as
loud, loud/soft, goft or tet and any song heard noted in terms of
number of bouts and phrases used.

Activity At the stert of each ten second 1nterval the behaviour
of the Subject bird was sampleds Two behavioural measures were usedj
"active" denoted any movement on the part of the subject (e.g.,

flight, hopping, feeding or sitting alert) and "insctive” any periods



of immobility and/or sleep.

Head moiements This was taken as a measure of searching
movements. It might be expected that a Subjeot bird trying to
locate the source of a sound would move its heard through various
angless The number of changea in position of the head (1ndioated
by the direction of the bill) was counted for each 10 second period.

Socores obtained were ocompared for significance using non-
parsmetric statistics (Siegel, 1256); the McNemar test (¥cN) and
Wilcoxon matched-pairs test (WXP) for related samples and the Mann-

Whitney U test (MWU) for independent samples.

Results

(a) The regponses of Subject birds to the first calls on the

Stimulus tape
This can be determined by comparing the behaviour during the

control period with that which took place in the two minutes following
the first calls played-back. An assessment of calling, aotivity and
head turning is shown in Tablé 19.

The males

On hearing the calls males showed a significant increase in
calling and head turning (p < 0.05, "MP). In addition, they tended
to become active in Trial 1 (p < 0405, MoN) but not in subeequent
trisls., Two males showed eigns of fear in the experiméntal situationy
male 7 gave no calls in any triai and remained immobile throughout
the whole procedure, whereas male 10 gave one call to the first
stimulue bird in Trial 1 and thence remained silent.

The females

Responses by females were less pronounced than those of the

males and in this case two females (2 & 4) remained silent and
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TABLE 19, The behaviour of Subject birds during the control period

. compared with that after the first Stimulus calls expressed

in average scores

(1) The males (11) The females

Behaviour Trial Control After Control After
stimulus stimulus

(a) Total 1 0.6 13.1 0 1.3
calling 2 0.8 12.7 1.} 3.7
3 0.4 7.6 1.4 2.5
4 0.4 6.6 1.9 3.5

(b) Activity 1 0 3.4 0.1 0.5
(No. of times 2 0.2 1.7 0.8 2.8
active, maxes 3 0.1 1.6 0.4 1.3
. 12) 4 0 1.2 1.1 1.6

(c) Heaa 1 7243 14644 4740 7443
turning 2 5945 122.1 6649 108.6
3 69 +8 10645 704 8846

4 6548 111.9 8247 8643




immobile throughout the four trials. Comparing the control period
with that after the first calls, the females showed no overall
increase in calling during the playback, became more active only
during Trial 2 (p < 0.05, ¥cN) and showed increased head turning

in Trial 1 only (p < 0.05, WMP).

(b) Vocalizations (Fige. 16 and Table 20)

The males

The males who answered calls (all but 7 and 10) d1d so to all
the Stimulus females. This was particularly noticeable in Trial 1.
Loud calls were predominantly used (96% of all calls given) with
the remainder being soft calls. The majority were given actually
during the Stimulus calls often at a very rapid rate which reached
3 or 4 calls per second in some cases.

There was no evidence to suggest that males called more to
their mates then to non-mates. However, 1t was clear that within
each trial more calls tended to be given to the first stimulus
female heard than to the last (Female 5). This reached significant
proportions on Trials 2 and 3 (p< 0.05, ¥MP). In sddition, the -
number of calle given to each female showed a significant decline
from Trial 1 to Trial 4 (p < 0.05, WP, for each female stimulus).
This seems to suggest that the males who responded were habituating
t0 the calls of the Stimulus females in that both within trials, and
between successive trials, their vocal responses were reduced.
Responses to the calls of the mate in Trial 1 versus Trial 4 showed
a similar decline to that towarde other female non-mates.

Song was infrequently heard during the four trisls and was

never givén as an immediate response to the stimulus calls of any

female.
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TABLE 20 Vocalizations during and after Stimulue calls

Calling by subjeoct to each stimulus bird (average total calls)

Stimulus birds Average to
Trial Control Vate 1l 2 3 4 5 non-metes
Vales 1 0.6 11¢4 11.5 15.1 9.3 8e3 13.6 11.5
2 0.8 TeT 126 1046 3.0 Tol 6.6 8.0
3 04 5¢6 840 9¢3 2.1 644 5.1 6.2
4 044 503 649 3.9 044 Tel 740 5.1
Females 1 0 1.8 0.9 0.8 0,1 2.5 1.3 1.3
2 1.3 2,8 3¢l 5.0 1.3 1.1 2.0 245
3 1.4 3¢l lel 2¢4 141 33 3.6 2.4
4 1.9 1e2 265 1e3 048 13 244 1.9

TABLE 21« The number of times subjects were active after Stimulus

calls (average scores, possible meximum in esch case is 12)

Stimulus birds . Average to
Trisl Control Mate 1 2 3 4 5 non-mates
Yales 1 0 207  2¢4 3¢9 4e5 1.9 4.1 3.4
2 002  3e3 2.1 2.8 2.0 1ud 1.5 2.0
3 0s2 2.0 045 145 1e7 1.9 1.5 1.4
4 0 17 1.0 0.3 0.2 1.2 1.6 049
Females 1 0el 244 Os1 0e3 O 1.8 1.9 0.8
2 008 1.5 2.7 2.9 0.5 046 049  1u5
3 1.0 1.9 1.1 1ol Oedl 2.2 2.7 1.4

4 1.5 1,0 lel 140 O0e7 146 143 1.1
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The females

The females gave fewer calls than 4id the maies; there were
significantly fewer in Trial 1 (p < 0.01, MWU)s Only one female
answered all of the Subject males (fémale 3) the remainder responded
to three or lesa individualss. The vocalization used was again mostly
loud calls (94.4%) with a few soft calls.

The calls by females were too few to bear up to a rigorous
statistical treatment but there was certainly no detectable tendency
to call more frequently to the mate than to non-mate males.
Similarly, there was no evidence of habituation in the four trials,
those femsales who gave answering calls did e0 in small emounts on

each occasion.

(c) Activity (Table 21)

The males

Whilst in the experimental cages few pefiodu of activity were
observed in any trial. As noted earlier, only in Trial 1 was
significantly more sctivity seen after the first stimulus calls
(p €< 0,05, WMP)s There was no evidence of more activity after
hearing the calls of the mate than after hearing the calls of a
non-mate.

The females

As in the males, there was no apparent tendency for females to~
become more active before or aétor hearing Stimulus calls. If
anything, females tended to remain even more static than d4id the

males.
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(d4) Head turning (Table 22)

The males

Head turning was noticeably more frequent during stimulus calls
and the results for this response support the trends seen in the
vooalizations of the males. There was a genersal reduction in the
smount of head turning as the triale proceeded end significantly
fewer were given in response to female 5 compared to that to female
1 in Trial 4 (p < 0.05, VP).

The females

The females did show head turning as a response to the calla of
the Stimulus males Sut on no occasion were more given after the
mate's calls compared to after non-mates. There was similarly no

trend towards habituation of this bshaviour from Trial 1 to Trisl 4.

Discussion

The playback of loud calls induced behavioural and vocal responses
in the Subject birds of both sexes. A few individuals remasined silent -
throughout the four trials and they possibly indicate a flaw in the
experimental procedure used. Beer (1970c) noted that playbdack
experiﬁents in the past had been most successful when they involved
an approach response on the part of young individuals and Paymne
(1973) had success using a similar technique on adult female whydahs.
¥Whilst accepting that these 's;;ent' birds throw some doubts on the
results obtained, tﬁey are still conesldered interesting enough to be
discussed in more detail.

One very interesting feature to emerge is the different responses
to the Stimulus calls given by males and females. Males tended to
answer all female calls and showed some evidence of habituastion with

time. The females, on the other hand, were more selective and, though



TABLE 22« The number of head turns by subjects expressed as

average SCOres

Stimulus birds Average to
Trial Control Mate 1 2 3 4 5 non-mates
Males 3 7243 10640 149.9 129.2 129.5 8244 135.5  121.3
2 5945 126,9 124.8 127.0 104.6 91.2 111.6  110.2
3 69.8 113.,9 103.8 122.6 1044 110.6 B86.6  105.6
4 65.8 112.3 120,6 104.3 83.0 105.5 85.4 9948
Females 1 470 100.0 5949 8443 73s9 874 9449 80.1
2 6649 105.9 9544 12844 T244 5849 9443 8949
3 7044 1045 63¢3 11le4 7646 99.8 103.8 91.0
4 8247 95,2 8349 107.5 100.9 93.5 7843 82.8
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they did not answer their mate's calls preferentially, they did
not answer all the male stimulus calls equally. In both cases,
males and females tended to answer like with like, that is, they
answered loud calls with loud calls of their own.

This difference in the responses of the sexes is interesting
when one recalls the differences found between the structure of male
and female loud calls. Those of the male were more stereotyped and
cerried predictable clues as to the identity of the caller whereas,
the female loud calls tended to sbow less individual variation and
could be altered in at least one of the parameters measured (1ee0,
duration). Thus, the struotural differences which suggest a possibly
different funotion for the calls of the two sexes, are born out by
the results of the behavioural responses to the calls, It would
be intéresting to ascertaln how males and females react to the
calls of their own sex, but this is outside of the scope of the
present thesie.

Immelmann (1968) is certain that 2ebra Finch mates recognise
one another by their loud calls end Glittinger (1970) suggests a
similer situation in the African estrildid, Odontospiza, .However,
neithef of these authors provides any experimental proof to back up
their statemente and this experiment suggests that it is not a
simplo phenomenon to demonstrate in the laboratory situation. In
fact, the male's responses suggest that he will answer any female
he hears irrespective of whether a sexual bond exists between that
female and himself. The faot that the link between calls and the
responses of birds is complex is not necessarily unexpected. The
Zebré Finch is a highly social species and each individual must
strike a balance between recognition of, and responses to, the calls

of their mate with the recognition and response to the calls of



wmembers of the social flock.

I£ is clear that this experiment does not dembnstrato
preferential responses by isolated individuals to the calls of
their mates. This does not mean, however, that it does not exist
in other contexts and what is apparent from this study is that males
and females respond differently to the loud calls made by conspecifics

of the opposite mex,
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7+2 Responses of subject birds to the "live" calls of their mates

and non-nates

Introduction

The use of playback of oallg allowed the reasponges of
individuals to a constant stimulus to be compared. However, it is
unlikely that a similar situation would arise in the normal use of
calls by the 2ebra Finch when calling by a Stimulus bird would be
expeoted to alter after replies from the subject were received.
Such alterations might, in turn, csuse e further change in the
Subject bird's caliing rate and s0 on and thus involving a dynamic
exchange of vocalizations., It can be postulated that mutual
stimulation of calling rates could occur and the experiments that
follow attemﬁt to discover whether in such a situation of "live"
calls, not playbacks, mates will call more to one another than they
do to‘a congpecific non-mate. PFresumably this would be advantageous
to a palr of birds in that continuous vocal contact would assist in
maintaining proximity particularly whilst both birds were active.

2ebra Finches are soocial and are frequently found in groups
away from the nest site (mee Seotion 3). It 1s unlikely, therefors,
that in the wild calling between mates would occur in the absence
of other calls from nearby conspecifics. In this situation
recognition of the mate would be at a premium and in order to assess
how non-mate calling may affoo; the vocal responpges of mates an
experiment was designed in which two Stimulus birds could be
presented to an individual simultaneously. In other words, the

context in which the calling between mates and non-mates occurred

was altered from one of isolation to a possibly more typilcal situation

in which both calls could be heard at the same time.
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These two experiments 7.2(A) and 7.2(B), were termed successive
presentation and simultaneous presentation respectively. They were
both conducted with the calling birds in asuditory contact only
(4404, they could not see one another). In this situation it
seems logical that calling between mates would be enhanced. 1In
order to test this suggestion the final experiment involved a
simultaneous presentation of two Stimulus birds (a mate and a non-
mate) but, this time, whilst in visual, as well as suditory, contact.
(experiments T+2(C)).

In addition tq voval responses of Subject and Stimulus birds
other behavioural reactions were monitored such as synchronisation
of activities by mates and non-mates. These are explained in more

detail in themethods.

Methods

All the birds used in these experiments were members of
established pairs (1.9., had been kept as isolated pairs in excess
"of one month). Three separate experimental situations were employed.
The original sample size was 10 pairs but during the second
experiment (7.2 B) one individual died and the results for that
palr were excluded. This meant that the sample eize in experiments
7+2(A) and 7.2(B) was 9, in 7.3(C) a replacement pair was used
bringing the total to 10 pairs. The methods involved in each
experimental situation will be outlined in turn below before any

results are discussed.

7+2(A) Successive presentation of Stimulus birds (mate and non-mate)

Subject birds were tested with a stimulus bird when out of

visual contacte The stimulus was either a mate or, on a different



ocbasion, a non-mate, Kales and females were tested, as subjects,
in turn and the following procedure adopted in each case.

(1) Both the subject and the two Stimulus birds (mate and
non-mate) were transported and tested in small wooden, individual
compartment cages (40 x 30 x 35 cm)¢ Fach cage was equipped with
e standard wire front, a single horizontal perch and food and water
bowls.

(2) Teats were carried out in the mornings (between 9.00 and
12,00 hours) and the afternoon prior to the test the Subject bird
was placed in the experimental room. This involved meparation
from the mate and once in the experimental room no vocal contact
was possible with any conspecific. The two Stimulus birds were
placed in a second room in éeparate cages. They were in auditory,
but not visual, contact with one another but well out of earshot
of the subject bird.

(3) On the morning of the test the subject was observed for s
10 minute control period without stimulation,

(4) The firet Stimulus bird was then dbrought into the room and
its cage placed 1 metre away from the subject. The birds were not
in visual contact and the test began after the first calls were
heard., The teat period was 10 minutes and, in practise, calling
usually started soon after the Stimulus bird was brought in.

(5) The Stimulus bird was removed at the end of the test
period and a one hour interval.allowed before thg second Stimulus
bird was brought into the experimental roome. 10 minute control
end test periods were observed as for the first stimulus bird.

(6) With successive subjects the order in which the two
Stimulus birds were presented was reversed, that iss
Subjeot bird 1 - Stimulus mate, followed by, the Stimulus

non-mate,

210.



Subject bird 2 ~ Stimulus non-mate, followed by, the
Stimulus mate, and so on. The males
were used as subjects first.

Observations were made direotly (1.6., live) and from videotape
recordings (equipment desoribed in Section 4) on the subject bird
onlye The following records were made:

(a) The initial response to calls from the Stimulus birds

The subjects immediate remponses to these calls were described
for the first 30 seconds of the watoch. Notes tsken consisted of a
subjective impression of the behavioural activity shown.

(v) Vocalizationa

The number of calls and undirected singing bouts per minute of
the observation period, were tabulated for both the Subject and
Stimulus birds. No atteupt was made to categorise the vocalizations
other than into song and calls. The experimenter was seated behind
and between the two cages st a point where hé was unlikely to
disturb the test birds and binaurasl comparison of the calls rendered
the identification of the calling bird easier,

(e¢) Activity

The Subjeot bird's behaviour was sampled at 20 second intervals.
At these times its behaviour was categorised as either ective
(including sitting alert, hopping, flighting and feeding) or
inactive (sitting drowsily, preening and sleeping).

(4) Head turning '

This was taken as indicative of searching movements, as it was
in Experiment 7+ls The number of head turns made by the subject in
the first 10 seconds of each minute of the control and test periods

were counted.

All of the measures, with the exception of (b), were taken from

211,



videotape recordings,

T.2(B) Simultaneous presentation of two Stimulus birds (mate and

non-mate)

In this experiment the subject and the two Stimulus birds were

tested at the msme time. This demonstrated the ability for mates

to communicate with one another when a congpecific was calling
nearby. A three compartment cage was employed with a single
horizontal perch and solid wooden partitions separating the
individual units. The Subject bird was placed in the centre compart-
ment and the two Stimulus birds in the compartments to either side.
They were thus completely out of visual contact.

The same procedure as described above for 7.2(&)‘wae adopted
withk a few modifications. The period of acclimatisation for the
Subject bird in the experimental room was greatly reduced and the
subject placed in the cage 45 minutes before recording the control
period. The Stimulus birds were housed in individual cages in a
separate room as before. After the control, they (the Stimulus
birds) were brought in and placed in their separate compartments
of the.experimental cage and the test began from the firet calls
heard. The position of the Stimulus mate was switched with successive
sﬁbjects (1,e., with one Subject bird the mate was on the left, the
non-mate on the right, with the next the mate was now placed on the
right and so on).

Recordings were made for 10 minutes and the same measures taken
The activity of all three birds was monitored so that

as above.

synchrony in behaviour between metes (as & result of calls) could be

compared with levels between non-mates. lMeasures of head turning

were no longer possible as the camera had to be focused on a wider
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image snd movements could not be seen iIn sufficient detalil.

?.2(0) Simultaneous presentation of two Stimulus birds (mate and

non-mate) in visual contact

Experiments in (A) and (C) concentrated on calling between
birds in auditory contact only end in this experiment the effect
of visual contect was asseseed., KExactly the same procedure was
used as in 7+.2(B) but in this case the solid wooden partition was

replaced with 4 inch wire mesh.

Results

7¢2(A) Successive presentation of Stimulus birds

(a) The initial reeponse to csalls from the Stimulus birds
Descriptions of the first responses of both male and female

subjects suggested that calls mede by the Stimulus bird induced

an increase in ocertain sctivitieess Thesge impressions were confirmed

by & statisticel comparison of the control and test periods. There

was an increase injg

(1) the rate of calling (if the subject had been silent calls
were initiated and none of the birds remained totally eilent
throughout the test period),

(11) the number of head turns,

(111) asotivity (hopping and flight) was induced, (p < 0.05, WMP,

in each case).

(») Vocalizations (Fig. 17 and Table 23)

(1) The behaviour of males

The total number of calls given by male subjects was greater

when calling to the Stimulus mate than to the Stimulus non-mate
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TABLE 23. VYeasures of vocalizations, activity, snd head turning during the Successive Presentation

of Stimulus birde (No. of subjects = 9)

STRMULUS BIRDS

BEHAVIOUR SUBJECT CONTROL RESPONSE CONTROL RESPOKSE RESPORSE RFESPONSE
TO MATE TO NON-MATE BY MATE BY NOR-VATE

CALLS Yales 11.3 8l.2 1403 6906 70.1 54-1
(vean no.) Femalos 4.5 179.2 62 57 o2 127.4 54.6
SONG Males 0 12 04 0 12.0 - -
(Mean noe

of bouts) Females - - - - :l.4 9.6
?CTIVITY Males 24 20.8 9e4 18.5 - -
Yean noe. - _ -
— 30) Females 7.1 42-5 6.2 12.2

HEAD TURNING  Males 62.5 1077 58 +2 92.0 - .

(Kean no.) Females 41.0 12449 3844 92.1 - -




suggeating some recognition on their part. However, the amount
involved did not reach significant proportions. ﬁndirected singing
bouts were given on occasions (Table 23) and significantly more were
heard during the test period than during the control (p < 0.05, WMP).
However, similar amounte of singing were recorded for both the
Stimulus mate and non-mate. |

When used as a Stimulus bird the males behaved similarly to
when & subjeoct and gave similsr amounts of calls. However, the

smount of undirected song was reduced.

(11) The behaviour of femsles

There was evidence of the females recognising their mates as
they gave significantly more calls when the Stimulus tird was the
mate than when a non-mate (p << 0,05, WKP)., Taking the total number
of female calls overall the females etill gave fewer calls than
did the males (p < 0.05, MwU).

Comparing the calling of the females as Subject birds with
that when they were used as Stimulus callers 1t was clear that they

gave fewer calls in the latter situation (p<<0.05, wMP).

(111).The correlation of cslling rates by mates and non-mates

As well as giving more calls to a Stimulus mate 4t is possible
fhat mated birds tend to answer one another more than they would a
non-mate conspecific. Thie tendency was looked for in the results
by calculating Spearman Rark Correlation coefficients for Subject
and Stimulus bird‘oalling rates. This is a comparison of the
closeness of f£it of the number of calls given in each minute of
the‘tast period and a positive correlation indicates that the two
birde concerned were calling at the same times end, therefore,

probably answering one another.
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The correlation scores obtained are presented in Table 24
and with the male as subject, calling between mates showed positive
correlation in all cases and significantly so0o in 8 out of the 9
possible pairs. Positive rB values were obtained for calling between male
and none-mate but in this came only 4 reached significant levels. The
Ty values obtained for the femalee as subjects showed fewer significant
positive scores (only 4 from 9) but remained at similar levels for non-
mates (3 cases). Bearing in mind that the females gave more calls to
their mates when used as a subject than when as Stimulus birds, the
correlation scores guggest that they called lees with their mate in
this situation. When used as a stimulus, females gave fewer calls but,
more often, at times when the mate was also calling.

(o) Activity (Table 23)

Both the male and female subjects tended to become active on
hearing Stimulus calls and the females ahOwedla significant increase
in activity when the stimulus was her gate rather than a non-mate
(p < 0405, WMP). This supports the evidence from the vocalizations
results and suggests that females were correctly identifying their
mates on the basis of their calls. ‘

(4) Head turning ( Table 23)

There was an increasse in head turning movements by all Subject
birds during the test period but there was no evidence to suggest

that more of these searching mqvements accompanied mate calls.

7.2(B) Simultaneous presentation of two Stimulus birds

(a) The initial response to calls from the Stimulus birds
As in 7.2(A), 1t 1s clear from & comparison of the control
and test periods that both male and female subjects increased their

calling rates and became more active on hearing Stimulus calls (p < 0,05,



TABLE 24« The Spearmsn Rank Correlation coefficient values (rs) for

the successive presentation of Stigpluslbirds (mete and
non-pate)

(2) The males as Subject birds

Pair Vale snd mate calling ¥ale and non-mate calling
No. r_ value p value r_ value p value

1 04647 0.05 04579 0.05
2 0.275 NeSe 0.680 0405
3 04659 0,05 04592 0405
4 0.818 0,01 1.000 0.0l
5 0.876 0,01 0,074 N.S.
6 0.997 . 0.01 0.289 NeSe
i 0928 0,01 0.084 N.S.
8 0.759 0.01 04450 N.S.
9 04745 0.05 0.196 NeSe
b3 04745 04439

(b) The femsles ms Subject birds

Pair Female and mate Female and non-mate
. FNo. calling calling
| r, value p value T, value P value
1 0.5317 NeSe ~04104 N+S.
2 0.107 NeSe 0,745 0.05
3 04642 0.05 0.771 0.01
4 ~0.151 NeSe -04159 NS
5 04564 0.05 0.215 N,.S.
3 0.239 NeSe 0.486 NeS.
1 0.830 0.01 0.563 N.S.
8 04251 NeSa 04693 0.05
9 1.000 0.01 04324 NeSe
X 04447 04393

NeSe = Not significant



216.

WMP, 4in each case).

(b) Vocalizations (Fig., 18 and Tables 25 & 26)

(1) The behaviour of males and females

There was evidence to suggest that recognition of mates by
their calls was occurring when both s mate and a non-mate were
calling at the same time. When the male was the Subject bird it was
possible to compare calling by the mate and a female non-mate (1.0.,
the two Stimulus birdl).in response to the males calls. The non-mate
femaleyéava gignificantly fewer calls than the Stimulus mate in this
situation (p < 0,05, WWU) which indicates that the mated female could
recogniee her male's ocaslls. With the female as subject, the two
Stimulus males (mate and non-mate) did not show a significant
difference in their total calling but the male mate did give more
calls, on average. These differences are evident in Fig. 18.

In the previous experiment, 7.2(A), the females gave fewer
calls when used se &8 Stimulus than when a Subject bird. This tendency
was not apparent here and, like the males, females gave the Bsame
number of calls in both situations. This suggests that some feature
of the Stimulus bird situation in 7.2(A) may have inhibited female
calls. Undirected singing appeared to be reduced in this experimental
set-ups Only three males gave any at all when used as subjeots and
none when they were Stimulus birds. This represents a possible

difference between successive and simultaneous presentation of

Stimulus callers.

(11) The correlation of oalling rates by mates snd non-mates

r scores prepared for the calling between mates and non-mates
s

are shown in Table 26 and in this case, unlike 7.2(A), it was possible

to test for the correlation of calling between the two Stimulus birds



30+ Male as Subject

Female as Subject
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Fig., I8, The number of calls given by the subject and the Stimulus
birds during the simultaneous presentation of two Stimulus
birds. (a) Experiment 7(B) - in which birds were in
auditory contact only. (b) Experiment 72(C) = in which
birds were in both auditory and visual contact,



TABLE 25.

Measures of Vocalizations end Activity during simultaneous

presentation with the callers out of visual contact.
(Noe of subjects = 9)

STIMULUS BIRDS

BEHAVIOUR SUBJECT CONTROL RFESPONSE RESPONSE RESPONSE BY
BY SUBJECT BY MATE  NON-MATE

CALLS Males 7442 140.0 91.8 33.0
(Mean No.) Females 22.1 9446 125.1 82.3
SONG Malee ) 5e1 - -
(Mean noe Females - - 0 0

of boute)

?CTIVITY Males 11.7 26.0 21.6 15.4

Mean no,

maxm = 30) Females 704 2007 2107 21.9
'SYNCHRONY MNales « 14.8 .

13.1
L N v v
Females : 18.2

A
12.1




TABLE 26« The Spearman Rank Correlstion coefficient values (ra) for

the similtsneous presentation of two Stimulus birds

(a) The males as Subject birds

Palr ¥ale and mate Male &nd non-mate The 2 Stimulus females
No. r, value p value r_vslue p value T value p value

1 0.790 0.01 0,000 N.S. 0,000 K.S.
2 0.186 NeSe ~0+329 N.Se. «0.137 N.Se
3 0.576 0.05 ~04075 NaSe 0,073 NeSe
4 04463 NeSe 0.117 NaeSe 0.527 N.S.
5 0.874 0.01 0.765 0.01 0.766 0.01
6  0.811 0.01 0.494 N.S. 0.576 0.05
T 0.537 N.S. 0.101 N.S. 0.294 NaS.
8 04336 N.S. =0.192 NS 0.060 NaSe
9 0.353 N.Se 0.387 N.S. 0.456 N.S.
X 0.548 0.142 0.275

(b) The females as Subjeot birds

,frcg;;ggggQ:g:_. Female and non- The 2 Stimulus

Pair - nate mate females

Noe

r! value p value rs value p value ra value p value

1 04992 0.01 04588 0405 04702 0405
2  ~0.480  N.S. 0.160 NeSe 0,056  N.S.
3 . -0.121 NeSe 0.412 N.S. -0.237 N.S.
4 0,840 0401 -0.161  N.S, 0,048 NS
5 0,214 NeSe 0.117 N.s. -0.014 N.S.
6 0.994 0.01 0340 N.Se 06327 NeSe
17 0459 NeSe 0.481 N.S. 0,204  N.Se
8 0.282  NeSe 0.480  N.S. 04295  N.S.
9 0.841 0;01 0.841 0.01 1,000 0,01
z 0.447 0.362 0.187
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as well, The tendency revealed in the results is for correlation
of calling between mates when both the male and thé female were Subject
birds. In the former, all of the hates showed positive correlation
with 4 (from 9) reaching significant values. The females showed

s similar 4 significantly positive values but two negative scores
were obtained indicating a tendency for the two birds concerned to
call at different times rather than togetﬁer. In contrast, calling
between non-mates resulted in only one significant positive value
when the male was the subjeot and two in the case of the femsle.
Thus as well ss tending to call more to mates birds with a pair
bond tend to answer one another or, at least call at the gsame times.

Calling by the two Stimulus birds in these experiments were
positively correlated in some cases (2 when males were subjects and
2 when females were subjects) indicating that calling by any two
conspecifics may be correlated on some occasions.

(o) Aotivity end synchrony (Table 25) .

Both the males and the females became active on hearing the
dalla of Stimulus birds and a measure was tasken of synchrony of
behaviour bétween mates and non-mates. This involved counting the
number~of times the subject bird and its mate were engaged in the
same aétivity at the same time and comparing this figure with that
fdr the subject and non-mate. This does not necessarily result in
an accurate measure of synchroqy but provides a suitable method of
comparing the amouﬁts shown. The data revealed thst when the female
wes a subject she synchronised her behaviour more with that of her
mate than a non-mate male (p < 0.05, MWU). On the other hand, when
the male was a Subjeot bird this tendency was not evident indicating
that it was the female who altered her responses as a result of

recognieing her mate's calls., If the male recognised the calls, his
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response did not affect the level of sgynchronisation of activities

by mated birds.

7+2(C) Simultaneous presentation of Stimulus birds in visual contact

(a) The initiasl response to calls from the Stimulus birds

Changes in behaviour recorded were similar to those outlined in
7.2(A) and (B) but in this situation the males could now court the
females through the wire barrier which separsted then.

(b) The Vocalizations (Figs 18 end Tables 27 and 28)

(1) The behaviour of mates snd non-mates

The evidence that females called more to their mate than to a
non-mate, as found in 7.2(A) snd (B) disappeared when the calling
birds were in visual contact. With the male as subject both Stimulus
females, mate and non-mate gave similar numbers of calls and the mates
showed no signs of a preferential response. However, both the Stimulus
mate and non-mate females increased the number of calls they gave when
compared to the levels heard during the previous experiment when the
birds were out of visual contact (p < 0,05, wuP).

When the females acted &2s Subject birds there was, nimilarl&, no
evidence that mates called more to one another. The female subject's
calling did increase over the level recorded when the birds were out
of visual contact (p < 0.05, WXP) but the two Stimulus males continued
to give comparable amounts. Finally, courtship song given by the males
was direot§d at both mate and non-mate females such that ho prefereonce

could be detected from the results,

(11) The correlation of calling rates by mates and non-mates

The r, values calculated are shown in Table 28 and for the first

time significant negative correlations were messured. This would



TABLE 27 Measures of Vbcalizations and Aotivity during simultsneous

presentation of ocallers in visual as well ss suditory

contact (No. of subjeots = 10)

STIMULUS BIRDS

BEHAVIOUR  SUBJECT CONTROL RESPONSE RESPONSE RESPONSE
BY SUBJECT BY MATE  BY NON-XATE

CALLS VMales 757 94.7 102.7 99.2
(Mean no.) Females 3043 111.9 124.8 88.4
SOKG Males 0 844 - -
(Mean noe. Females - L 2.2 2.4
of bouts)
ACTIVITY  Males 6.0 23.4 2047 19.1
(Mean nos 5o o1es Ted 24.8 2549 27.0
Max = 30)
AN Y /
SYNCHRONY Males < 183 |
\ 15"3
Females . 2049 P




TABL® 28. The Spearman Rank Correlation coefficient values (rs) for

the simultaneous presentation of the Stimulus birds in
vipual oontact

(a) ¥ales as Subject birds

Male and mate Yale and non-mate The 2 Stimulus females

Pgif r, value p value r, value p value r, value p value
1 04163 N.Se -04234  N.S. 0,059 N.S.
2 «0.163 N.S. 0.069 NeSe ~04798 0.01
3 0.425 Ne.Ss «0e241 N.S. ~0.T76 0.01
4 ~04445 NeSe 0153 NeSe ~04238 N.S,
5 0.111 NeSe ~04573 0.05 04387 NeSe
6 0.966 0.01 0.730 0.05 04770 0.05
7 ~0e167 Na«Se -0.4817 NeSe . 04375 N.S.
8 0.959 0.01 =04499 NeSe -04375 N.S.
9 0.171 N.S. -0202 . Ne.Se -0,.718 0.01
X 0.239 -0d53 -0413

(b) Females as Subject birds

Female and Female and non- The 2 Stimulus

Pair mate mate males

Yo. r, value p value Ty value p value Ty value p value
1 0.059 N+Se 04353 NS, 04334 N.S.
2 0.574 0.05 0.126 N.S. 0,020  N.Se
3 0.561 N.Se ~0,245 NeSe -0,202 NeSe
4 0.606 0405 -04708 0.05 ~0,160 F.S.
5 0.370 NeSe 0.073 N.S, =0.213 N.Se
6 0.172 NeSe ~04424 NeSe 04747 0.01
1 0.046 NeSe 0.105 NeSe «04279 N.S,
8 04349 NeSe ~0.019 NeSe 0.365 N.S.
9 0.272 NeSe 0.414 N.S. 04580 0.05
X 0.334 ~0.014 0.132




suggest that in these oases birds were calling at distinotly
different times rather than together. In addition, the results
show that with visual contact the correlation of calling detween
mﬁtes was reduced over the levels seen in the previous experiments.
When the male was the éubject bird there were only 3 cases of
gignificant positive scores for the mates and one for non-mates.
The female &8s subjJect results show a similar three significant
résults with none of the positive values for non.mates reaching
gignificance.

‘The birds which showed significant negative values were all
non-mate pairings. 40no wag for male subject and a Stimulus non-mate

whereas the other four scores were all in cases where the calling of
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the two Stimulus females (mate and non-mate) was compared. .This suzgests

that the females, when they could see one another. together with a
Subject male, chose to call at different times. The two male
Stimulus birds were different in that their ré values indicate
‘positive correlation on 5 occasions with 2 of these reaching
significances

(o) Activity and Synchrony (Table 27)

Ae in 7.2(B), the mates showed significantly more synchronisation
of their sotivities than did the non-mates in ﬁhe male as subjeot
situations (p < 0.65, MP). This suggest§ that the female mate was
adapting her behaviour to match that her mate was ongaged'in by both

suditory and viauallcues. Non-mates did show zynthony but not to the

same degree. -

Discusasion

Beer (19700) has reviewed the evidence for birds using calls

as the baeis for individual recognition. There are many field



observations quoted with some of a more experimental approach.
Notable amongst the more recent papers are Tsohanz'(1968) on
Guillemots, Beer (1970a & b) on the Laughing Gull, Stevenson et al
(1970) on the Common Tern, Evans (1970) on the Black-billed Gull,
white (1971) on the Gannet and Burger (1974) on gullsj; all of these
stress the importance of vocalizations to birds neeting in colonies.
Evidence in the estrildids is far more subjective; Zann (1972)
notes that in Poephila more loud calle were given when mates were
separated than were heard when two conspecifics from the mame flock
called to one enother. IJmmelmann (1965) has described the behaviour
of Zebra Finches in the wild and includes the observations that,

(a) nesting neighbours 'know each other' by their calls, (b) nest
relief of paired birds occurs outside of the nest (i.e., recognition
nust 1hitially take place out of visual contact), and (c¢) the larger
a flock of these birds becomes the more vocalizations are heard.
These suggest that recognition of vooaiizations made by the mate is
important 1n‘the Zebra Finch but demonstrating such a preference
experimentally is another matter.

The results presented here argue that mste recognition of
callu,-whilst out of visual contact, d0es occur. There were no
instances of birds remaining eilent throughout the experimental
period and thus this is possibly a better situatlon for studying
mate recognition than that desgribed for the playback experiment
in Section T.le Iﬁ both successive and simultaneous presentation
of Stimulus birds males and females called more to their mate than
$0 & non-mate. However, it is notable that only in the femsles
does this difference reach significant proportions. It would appear,

therefore, that the onus for mate recognition of calls lles with

the femsle rather than the mele member of the pair bond. Thils
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suggestion 18 supported by the datas for activity and synchrony a=s
1t was only the females in both experiments who showed any
preference for the mate and in 7T.2(B) synchronised their behaviour

with his when out of visual contact,

(a) The effects of successive and simultaneous presentation

of Stimulus birds

" The comparison of calling ratez in the two experiments revealed
that the females were affected more by the successive presentation
procedure than by the simultaneous ones In the first, females
ghowed less calliné when used as a Stimulus bird than when the
'subject of a trial but thie difference disappeared when the mates
and a non-mate were calling simultaneously. The males, on the
ofher hand, called at approximately the same rates throughout.

This eeems to suggest that the calling rates of the females may be
affected by environmental influences more reédily than can the males
and this may obviously affect the abllity of mates to maintain
contact at different times. |

Beer (1970c) notes a similar difference in the responses of
Laughing Gull chicks to the calls of their parents and of neighbour-
ing edults wﬁen they were successively presented as opposed to
simultaneously. In the former case, the chicks showed no preference
fof parental calls and responded Jjust aé readily to the neighbour's
calls whereas, in fhe latter (simultaneous), they only approached
thé speaker which emitted the parental calls. DBeer suggests that
this is adaptive in that during successive presentgtions the ochick
must approach other adults in the hope that it may be fostored as,
for all it knows, its parents may be lost and not returning. 1In

simultaneous presentations this quandary on the part of the chick is



no longer taking place and the parental calls take precedence.
Presumably, a simlilar strategem could operate-in the responses
to calls made by mated Zebra Finches. In the prolonged absence of
a partner it might be more advantageous for a bird to csll to a non-
mate than when there i1s vocal evidence of the mate's presence, If
this were the case one would expect the subjeot birds during
successive presentation to call quite readily to non-mates which
is in fact what ococurred. It is interesting that the femeles still
exhibited a preference for calling to the mate but this does not
explain why they (the females) called more as a Subjest bird than
as a Stimulus. Poséibly, in the latter situation, the chance to
call to the other Stimulus bird during separation from the mate
reduced the effect of that meparation period. Certainly, Beer's
explanation of the strategy of Laughing Gull chicks provides one

possible explanation for the calling between non-mate Zebra Finches.

(b) The effect of visual contsct on the celling rates of birds

It aeems’very likely that a change in context will affect the
wey in which mated Zebra Finches use vocealizations. Hence, it is
1ntere§ting to compare calling between birds in visual contact with
that when they were in auditory only. Beer (1970c) notes that there
waé good evidence of individual recognition by cells in bird speocies
that lived in colonies or in depse vegetation. In these contexts
there would probabl& be many occasions when en sbsence of reliable
visual clues would make identification difficult. Such contextis
could easily erise in flocks of Zebra Finches in the wild whereas
on the small nesting territory such problems would be less likely
end calls would be exchanged when birds were in visual contact.

Beer also noted an interesting observation concerning gull
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colonieg. Alarms often caused birds to tske flight and, in the
absence of vocal clues from the mate on the neat,’there was much
hostility es individusls attempted to land. Smith and Bira (1963,
1964) found that suditory stimulation was enhanced when it was
accompanied by visual signals in eliciting an approsch response

of domestic chicks. Similarly, Ingold (1973) noted that recognition
of the parent by young Razorbills was more effective in cases where
both auditory and visual signals were provided by the sdult.

In the present experiments 1t was noticeable that the preferentisl
calling to the mate showed by females disappeared when visusl contact
was provided. In fact, calling by both the mate and the non-mate
female was increased compared to that seen during auditory contact
only. The activities of the female mate were still more synchronised
with their males than was the non-mates, however, and this would be
expected from two birds with en established pair bond (as shown in
Section 4)s Thus, visual contact with other Zebra Finches induces
the females of this species to call more readily than when they can
only hear the calls of s mate or conspeocifice In other words, it is
again the females rate of calling which 1s affected whereas the

males apparently call at roughly the same rate in either context.

(¢) Correlstion of callinz by mates and non-mates

The information for the correlation of calling between mates
and non-nmates adds'supporﬁ to/fhe findings dlacussed above, It
provides evidence to sugges? that even in the visual situation,
mates called more to one another than did non-mates, However, it
must be noted that this is not necessarily an accurate assessment
of correlation but only reflects & tendency by two blrds to give

the same number of calls in each minute of the obaservation period.



A possibly better method would involve a sonogramic analysis to
see whether individusls were sctually replying to éach others calls.
Mated birds do seem to enswer one snother and Immelmann (1965)
has noted this tendency in the wilde There is thus the possibility
that a rather loose form of duetting occures between paired birds
such that calls may be answered in turn. Kilham (1972) found that
this appeared to occur between mated Nuthatches as they moved around
in their habitat and the suggestion that 2ebra Finches make use of a
#imilar technique will be explored more fully in the following

experiments (section 7.3).
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Te) Yocalizations after separation snd on introduction of mated

gnd non-mated birds

Introduction

It is worth recalling the importance of individual recognition
by mates before the last experiments in this section are describded.
As Thorpe (1968) suggested, it geems that in colonial bird species
the efficiency snd success of breeding will depend, in large part,
on the individual recognition of members of the family. One could
add, that recognition and continual contact between mates will be
paranount in a social specles such as the 2ebra Finch in which
palr bonds are prolonged. The difficulty for the experimenter, if
'difficulty' is the right word, is that there is an advantage for
individuals to keep in vocal contact with other members of the mocial
flock as well. Any measures of possible responses to calls must
therefore tzke into account two conflicting tendencies, (a) to
answer the calls of the mate, and (b) to answer the calls of other
femiliar conspecifics. One could also argue that there might even
be interspecific exchanges as the Zebra Finch 1is known to form
mixed-species feeding flocks.

Calling between Zebra Finches does not apparently show a simple
relationship with the establishment of pair bonds. This has been
shown in the previous experiments in which results suggest that a
peired female 1s likely to adjﬁst her rate of oalling to that of
her mate ,» A mated male, on the other hand, replies to any oon-
specific with equal fervour.

The two experiments described in this section‘oxamine more
closely the vocal responses §f mated birds. If birds do alter their

calling rates depending on the conspecific they are calling to, then
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there should be at least two times when this may be observed:

(a) the calling response between two birds should-change as they
form a pair bondy; (b) calling to a mate should differ from calling
to a non-mate. Both of these situations were examined in Section

T2 but in this study two different types of cells will be
distinguished., There are those designated 'Loud' calls (which
include loud and loud/soft oalle) end those termed 'Soft' calls

(Soft end tet together). In addition, calling in two contexts was
observed., These were, (i) calling whilst separated (out of visual
contact) from a conspecific, (1i) calling after introduction following
the peparation period. Experiments of T.2 ghowed that visual contact

affected calling rates.

Methods

7.3(A) Cslling by males and femsles before and after their pair
formation

12 maleg and 12 females were used and care was taken to ensure
that these individuals had not met in a pair formation situation prior
to this experiment.

The experimental cage was housed in a separate room well out
of earshot of the stock cages and consisted of a two compartment
cage. A single horizontal perch was provided and a g0lid wooden
partition separated the two compartments. The partition could be
removed by mesns of a length of cord attached to its leading edge
with minimal disturbance to the Subject birds. The experimenter
eand the recording equipment, were situated some 3m from the cage and
hidden from the subjects by & large screen. This allowed considerable

movement without the risk of disturbance which might have elicited

calle.
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Birds were brought directly from a stock cage and a male
and a female placed one on either side of the aolid partition.
¥ales were placed alternately to the right or left of the
partition in successive triale to eliminste any extraneous variables.
Observations were made for 30 minutes after the first calls were
exchangeds The partition was removed and a further 30 minutes
monitored after introduction.

After each trial the male and female used were placed in an
individual cage in the stock room and left for a period of seven
dayse At the end of this period the same experimental procedure

was repeated as before with the, by now, paired dirds.

7+3(B) Calling between 'established' mates and between non-mates

10 pairs were used. Fach had established a pair dond in
individual cages over periods in excess of one months The experimental
procedure followed that desoribed above but in this camse calling in
three different diads was compared)

1) The established mates calling %o one another during

separation and then on introduction.
11) The mated male calling.to s non-mate female during separation
from her and then on thelr introduction.

111) The mated femzle calling to & non-mate male in the same two
sltuations (ae above). Théfe was a pericd of at lesst 5
daye, during which birds were housed in stock cages with
their mates, between.the use of each individual (both mate
and non-mate) in the experimental situation.

Behavioural measures

The number of calls given by each bird in one minute intervals

of’tho observation time, were counted. They were divided intoj
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(a) 'Loud* calls (loud plue loud/soft calls), and (b) *'Soft' calls
(soft plus tet calls). |

On introduction courtship song occurred but this has been
described elsewhere (Section 5) and was excluded here. Undirected
song, when it occurred, was counted in terms of number of singing

bouts.

Resulta

7.3(A) Calling by males end females before and after their pair

formation

The results are shown in the form of histograms o: the mean
number of calls given per minute (Figs. 19 end 20). The assessment
of the correlation of calling between birds, the Spearman Rank
Correlation ry values, are shown in Table 29, which should indicate
to what degree birds were replying to one another.

The total amount of calling given betweén paired birds did not
differ from that given between the same individuale on their
introduction (as strangers) in both the auditory and the visual
contact gitustions. Similasrly there were no obvious ohadges in the
correiation of these calling rates for the birds in these situations.

‘There were, however, other differences which can presumably be
associated with the processes of pair formation. First, females in
auditory oontact with their partner gave more 'soft' calls after
pairing than befor; it (p <0.05, WMP). Second, both males and
females showed decreased tendencies to meke 'loud' calls on their
re-introduction (p < 0.05, WMP)j there was a corresponding increase

in the number of soft calls given by both sexes in this situation

(significant in the females, p << 0405, WEP).
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e calling by males
O—CO calling by females

MEAN NO. OF CALLS

[c] MINUTES

Fig, I9., Calling by males and females whilst separated, (a) The
total no. of calls. (b) The no, of 'Loud' calls,
(c) The mo. of 'Soft' calls,



TABLE 29,

The Spearman Rank Correlation coefficients for Calling

by males and females, before and after their pair formation

(a) Calling during separation

Pair Total Calling Loud Cslls Soft Callw
ko. Before After Before After Before After
1 0.519% 0,813+ 0.920% 0.816% =-0072 0.810%
2 0.460% 0.762% 0.088 0.T56* 0.164 0.500%
3 0.T46% 0.913% 1,001% 0.800% 0.666%* 0+443%
4 04147 - 0,348%°  -0.349%  0.337* 0,246  ~0.307*
5  0.726% 0.236 0.765% =04143 0.498%  ~0,167
6  0.608% 0,888 0.800%  1,000% 0.721%  0.888+#
7 0.438% 0.249 0.581% 0.111 ~0.207 0.289
8 0.687% 0,516% 0.495% =0,013 0.029 0.397%
9 0.631%  0.467* 0,201 0.000 0.464%  0.388%
10 0.817#% 0.735*% 0,68 6* 0.557* 0.649% 0.853%
11 0.467* 0.565% 0.379#% 0.257 0,609# 0.,706%
12 0.215 0.438% ~0.163 ~0.224 ~0.167 0.195
X 0.514* 0,578* 0, 451» 0,355+ 0.300 0.41I7
(b) Calling efter Introduction
Pair Total Calls Loud Calls Soft Calls
Nos. Before After Before After Before After
1 0.837* 0728 % 0.348* ~0.,041 0.856* 0.728 *
2 0.105 0.151 1.000 ~0.043 0.010 - 0.045
3 0.670* 0,588 * 0.428* 04041 04550 % 0.558 *
4 0539 % 0,313 % 0.313% 0.000 0.695% 04493 %
5  =0.423% 04233 0.059 0.000 0.503%  0.262
6  0.397*  0.472*  0.897* FNo Calls 0,080 0.472*
1 04302 0.691% 0¢752% «0e162 0.520%  0.505%.
8 04365% 0.728 % 0. Fo calls 0.389* 0.728 %
9 0.707 % 0.,735* 0 0.000 0.729 % 0.735%
10 0.233 0,689 % ~0.076 No calls 04233 0.689*
11  0.378*  0.063 -0.076 04107 0.378* 0,122
12 -0.244  -0.149 0.473% No ocalls  =0.115  =0.149
X 0,291 0.43T* 04344 % 0.319% 0.403 * 0.433 %

*

p £0.05
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(a)

+— calling by males
©—0 calling by females

MEAN NO. OF CALLS

T L = T T —
() 10 20 30 10 20 30
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Fig, 20, Calling by males and females after introduction,
(a) The total no. of calls given, (b) The no, of
'Loud' calls, (¢) The no., of *Soft' calls,



7+3(B) Calling between 'established' mates and between non-mates

In each situation (1.3., during separation and after introduction)
oomparisons were made of the calling between mates, that between the
ma ted male and a non-mate female and those for the mated female and
a non-mate males The calls, their total rates and the numbers of
loud and soft are shown in Figs. 21, 22 and 23, The correlation
coefficient values (r.) appear in Appendix III.

The established mates tended to give more calls to one another
then to a non-mate but the differences did not reach significant
proportions. The correlation coefficient values (r’) for total
calling show no evidence of mate duetting.

The use of loud and soft calls, however, appeared to be altered
by both males and females when they called to different individuals.
The number of loud calls given by males and females did not differ
during separation from the mate or a non-mate but they did after
introduction. Both sexes gave more loud calls on introduction to a
non-mate than they did to the mate (p < 0.05, WMP, in each case).

The poft calls showed a difference when out of visual contact
(during geparation) and the number given by a male or female to a
non-mate was reduced, significantly, over the amount given to the
mate (p < 0.05, WMP, for both sexes). Similarly, the correlation of
soft calling in thie situation showed fluotuations. 6 mated pairs
showed significant'poaitive Ty values compared with only 3 of the
malg with non-mate hnd 4 of th; female with non—mgte diads (the
difference between the male's correlation scores with his mate and
those with a non-mate is significsnt, (p < 0.05, WMP).

" The number of soft calls given by mated birds also differed
after introduction to & mate or non-mate. Both males and females

produced fewer cslls when introduced to a non-mate (p <:0.05, WMP)
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during separation and after introduction. (a) Between
established mates. (b) Between the male and a non-mate
female. (c) Between the female and a non-mate male,
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Fig. 22, The mean number of 'Loud' calls given by males and females
during separation and after introduction. (a) Between
established mates. (b) Between the male and a non-mate
female. (c) Between the female and a non-mate male,
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Fige 23, The mean number of 'Soft' calls given by males and females
during separation and after introduction. (a) Between
established mates, (b) Between the male and a non-mate
female, (c) Between the female and a non-mate male,



and the calling between mates showed more cases of significent
positive correlation than did the calling between non-mates (9
for matéa, 4 for male with non-mate, and 4 for female with a non-

matej (p < 0.05, Fisher Exact Probability Test).

Discussion
One might expect changes in the vocal responses of a Zebrs
Finch, both when calling to & conspecific and to the mate, as a

result of pair formations Fxperiment 7.3(A) suggests that calling

between & male and a female which are separated changes only slightly

as those two birds form & pair bond. The only measurable difference
%as in the number of soft calls gilven by the female which were
increased after the.pairing process, On introduction (1.e., visual
contact) the male and female éave less loud calls than whilet
peparated and pair formation induced a further decrease in the
number of these Oglls given, partiocularly 1ﬁ the female. However,
‘soft calls were increased with visusl contact so that overall birds

gave as many calls after introduction as they did during separation,

‘Pairing influenced the number of esoft calls used, again, particularly

in tﬁe female, and these were increased.

Thus the changes observed involve en alteration in the use of
loud and soft calls. Nost loud calle are given whilst birds, either
mated or unmated, are separatgd and the effect of introduction is to
reduce the numbervused. 7ann (1972) noted that in Poephila spp.
loud calls were particulerly used when mates were separated or a
bird removed from its flock. It appears that the pair bonding
process induces a further reduction in the use of loud calls by
both sexes. As digscussed earlier (section 6.1(C)), loud calls are .

uged in the Zebdra Fihoh as both a 'lost' call and to signify alarm
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gltuations, These results suggest that after pair formation,
introduction to the mate suppresses the use of lﬁud calls probably
as & result of familisrization with the partner. In other words,
the partners presence induces less anxiety on the part of a mate.

Soft calls show an opposite trend. On introduction of two
birds more are used than were heard when they were separated. In
this case, the effect of a pair bond is to enhance this effect such
that birds now give more soft calls when in visual contact with
their mate., It is possibly interesting that in both these changes,
loud calls and g£0ft calls, the female's response is more marked thgn
the males.

The results of the 'established' mates versus non-mates study
support these suggestions. On separation, both the male and the
female of the pair gave loud calls in response to conspecific calls
and, as in the successive presentation experiments of Section T2,
the mame number were given to a conspecific ae to_the mate. However,
goft calling did show a change with the mate as more were given
than when separated from a non-mate., With visual contast loud
calling was reduced between mates but both the male and the female
gave loud calls when introduced to a non-mate. Similarly soft calle
.were prevalent between mates after introduction but reduced between
non-mates.

It seems that the use of soft calls is reserved largely for
vocal responges between mates.(i.o., they are a_toature of the pair
bond). These oalls (soft and tet) are individually distinct (see
Section 6.1) and the evidence here suggestis that mates can recognise
each others calls whilst out of visual contact. The loud ocalls
(1oud end loud/soft) on the other hand, are used apparently for

calling to any conspecifio that is out of visual contact and no
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preferential response to the mate could be demonstrated. Loud
calling doea differ, however, once birds are introduced. When

mates are involved less loud calls are given than when non-mates

are introduced. Such calls could therefore be termed *'separation!
calls (after Potash, 1972) in this context and their use when
introduced to a non-mate, by both sexes, may be indicate of attempts
to locate the mate.

Thus loud calls are used in a variety of contexts with
presumably different motivational faotors. Their use when separated
from the mate, or in alarm situations when the mate is present are
unlikely to involve the same tendencies although one could postulate
that fear, a registering of alarm, is the key feotor{

Pata for the correlation of calling is difficult to interpret
1h this study. However, soft calling between mated as opposed to
non-mated birds, d1d differ both before and after introduction.
These calls did appear to be given at the aéma time by the mated
male and female. It remains to be seen whether this cslling involves
a duet, that is, has a temporal relationship unique to the pair as
Thorpe (1963) found in the antiphmal singing of Lsnarius
ery_throgaster and Thompson (1969) demonstrated in the Common Crow.
The latter showed that the duration}and intervals between the calls
of pairs of crows were individually distinect. Certainly Sesviri
(1973) bas found that the rep?tition rates of calls are important
in eliciting rospdnses in the Great Tit and the results here, in
which mates tend to call together, suggests that repetition of fhe
mate's voocalizations may be inducing calling by the partner.

Finally, one must remember that not only vocalizations sre
important in the recognition process. Visual characteristics can

substitute for vocal ones as Tinbergen (1963) showed in the Herring
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Gull; FEven when birds are out of visual contact there may be

other cues'oporating than Jjust vooal ones. For eiample, the

location of a particular song post may be constant, the calls may

be given only at the nest and 80 on., These experiments on the

Zebra Finch demonstrate that the relationship between the pair

bond and calling and snswering rates, in this species, is not a

simple one and differs when different calls ere considered in different

contexts.
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SECTION 8+ FACTORS IMPORTANT IN PAIR FORMATION

Introduoction

It has been demonstrated so far that varlous behavioural
factors may be assoclated with the pair formation process, Contact-
promoting behaviour (e.g., clumping and courtship), aggression
directed away from the mate, synchronisation of sctivities, and
vocalizations have all been implicated in the complex process by
which a male and female ”?ebra Finch establish a link, or bond, which
separates thamnbehaviourally from the remainder of their flock. In
this pection of the study an attempt was made to assess the relative
importance of these different activities in the pairing of birds.
For example, is the sight and sound of a potentiel mate 'enough' to
allow bond formation or must physical contact be experienced?
Indeed, is it possible to form a bond through only auditory contact
with a conspecific and no actual sight of this potential mate?

In attempting to answer some 0f these questions three different
situations were compsredj pairing of a male and female in auditory
contact onlyy pairing in which both auditory and visual contact
was pbasible but no physical interactions were sllowed (such as
clumping, sllopreening and copulation); norwal pair formation in
which complete oontact between potential mates was permitteds In
each case a period was mllowed for pair formation to occur, in
isolation, followed by observétions, of the by now poeeibly psired
birds, in group situations in which the presence or absence of bonds
could be assessed.

It was possible, in this study, to compare fhe relative
importance to the pairing process of auditory experience, visual

contact and actual physical interactions. It was not possible to
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determine the strength of any resulting bonds by the methods used
but only whether the two birds behaved as a pair at the end of

the experimental period.

Yethods

The sample size, in each of the experimental situations, was
12 males and 12 females (72 individuals 4in all). Birds paired
together had no previous experience of their partner in a pairing

situstion and each pair was housed in a separate two compartment cage.

8.1 Pairing occuring with complete contact (CC)

The two compartments of the experimental cages were both

available to the male and female, no partition was used.

8.2 Pairing occurring in suditory and visual contact (A+V)

The two compartments of the experimental cages were separated
by a perspex partition which was completely transparent. Black
vertical lines were drawn on the perspex at 5 cm intervals to ensure

that birds were aware of its presence,

8.3 Pairing occurrinz in suditory contact only (40)

The perepex partition of Fxperiment 8.2 was replaced with ones
made of solid 3 inch plywood eo that no visual contact wae possible
between the male and female 18 the two compartments.

Experimental procedure

In each situation, the birds were left in the two compartment
cages for a period of 14 days. During this time §bservations weore
made on all individuals for one hour on the mornings of Days 1, 2,

3, 7, and 13+« This was to discover whether pair formation appeared



to be taking place. ﬁeasures of settled distance (betweeu the
‘male end female) and the amount of synchronisation of behaviour
were taken at two minute intervals. Both of these behavioural
changes were observed during pair formation in earlier work (see
Section 4) snd similer methods of assessment were used here.

On the fourteenth day birds were introduced into two large
indoor flights measuring 6' x 3' x 4', in groups consisting of 12
individusls (i.e., 6 males and 6 females in each flight).
Individual birds could be recognized, with little difficulty, by
coloured lez rings and plumagze variatlions. Nevertheless the firat
observation periocd (tomediately after introduction on Day 14) was
very hectic. Observations lasted for one hour and were also made
on Days 15, 16, sand 20, these three later watches being in the
afternoon. Persistent clumping was chosen to indicate the formation
of a bond between two individuals (es 41t was in Section 4) and at

two minute intervals the identity of clumping individuals was noted.

Some of the other behaviour prevalent in the groups is presented

in the results but not in detail. This was noted whilst collecting
the clumping data and indicates the numbers of courtship bouts,

allopreening bouts and supplanting attacks by different individuasls.

Results

In discussing the results behaviour between *potential' mates
will be demcribed. These are'males sand femeles who were paired
together in the experimental situations (Days 1 to 13) and their
behaviour towards one another 1s shown both in the two compartment
cages snd the groups. In the latter situation, the behaviour between

non-mates (L.e., birds meeting for the firet time on Day 14) is aleo

presented.
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Behaviour in the two compartment cages between potential mates

(Days 1 to 13)

The results are presgented in Figure 24 and the measures of
behaviour taken suggest that palr formation was occurring in the
complete contact and auditory plus visual birds but not in the
auditory only situation.

(a) Synchrony

The amount of synchronisation of activities was very slmilar
on all days for the birds in complete contact (CC) and auditory plus
visual contact (A+V) and only varied significantly on Day 13 when
more was spparent in the CC situation (p <0.05, MWU). The auditory
only (A0) pairings showed their highest levels of synchrony on Day 1
but in subsequent watches they fell well below the levels meen in
either CC or A+V. The level in A0 is significantly less than that

in CC on Days 3 and T (p < 0.01, MWU, in each case).

(v) settled distence

The CC and A+V sgituations sgain pioved to be similar. They
showed comparsble scores for the average distance maintained between
the males and females whereas in A0 the distances involvéd were much
greater on all days (significantly so on Days 1, 3 and 133

p < 0,01, XWU).

Behaviour in the groups between potential mates and between non-mates

(Dpays 14 to 20)

Behaviour in the groups is shown in Fig. 25.

(a) Numbers of pairs seen clumping

Much more clumping was observed between potential mates after

the CC situation than after A+V or A0 which suggests that these

237,



POTENTIAL MATES " NON-MATES

)

SRR

i

(@) Clumping pairs

o 8
L
- | L
© (b) Allopreening bouts
6
g
10+ -
2
S

(3
Iy

i

(c) Supplanting attacks

D Complete contact

: [ Auditory only
107 1= Bl Auditory +Visual

14 15 16 20 14 15 16 20

Fige. 25. Behaviour in the large flights (a group situation)
between potential mates and non-mates,



birds had formed bonds in the two compartment cagese The difference
in the number of pairs eeen clumping on Day 15, CC versus 4+V and

CC v A0, ere significant in both cases (p < 0.05, Fisher Exact
Probability Test). As & corollary much more clumping was seen
between non-mates on the A+V and A0 groups as birds who had not

met until the group situation began to form bonds.

(v) Allopreening bouts

/ The data for clumping is supported by results for allopreening
as more bouts of allopreening were observed between potential mates
after complete contact than either A+V or AO situations (p~<:o.05,
wWMP, on Day 3), end less between non-mates.

(c) supplenting attacks

Aggression between birds during pair formation was found to be
very infrequent in the experiments described in Section 4. It is
thus interesting to note that aggression between potential mates
was lowest after CCe This was most marked on Day 15 in all three
cazes (p<C 0.05, WMP) and aggression between non-mates increased

from Day 14 to Day 20.

(4) Courtship boute
"High levels of courtship were found to be associated with

palr formation (section 4) end in this experiment the highest levels
of courtship were observed between both potential mates and non-
mates in A+V and AO birds. The lower levels recorded for CC birds

suggest that palr formation had already occurredlin the experimental

cages,

Discugsion
The results suggest that pair bonds were most likely to be

formed after a period of complete contact without any hindrences
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provided by the experimental aituation. There were some instances
of bonding when birde were kept in auditory and visual contact but
the numbers involved never reached significant levels. Cases in
which only vocal contact was allowed during the pair formation
period provided no signs of paired birds suggesting that vigual
pignals, as one might expect, are very important in the bonding
process.

. It appears from these experiments that physical contact is
important in the formation of bonds, at least in the time permitted
for pair formation here. They suggest that experlence of the
behaviour possiblé in complete contact is necessary in addition
to familiarity with the visual appearance and vocal repertoire of
an individual. Thus, the bond emerges as a relationship dependent
on the performance of all the overt behaviour exhibited by paired
birds and which is less llkely to be maintained if any of these
activities are prevented.,

Courtship and proximity were maintained by individuals in
suditory plus visual contact, in most cases, yet few bonds resulted.
What was not possible in this aituation was the so-called contact
beha?iour (allopreening and clumping) which may therefore assume

an importent role in pair formation. It could be, as Harrison

(1965) euggested, that such behaviour allows the outlet of aggression

during proximity end thus without it aggressive tendencies remained
in the group situétions and no pair bond resulted. WVood-Gush and
Rowland (1973) showed that the situation is possibly more complex
than this, at least in domestlioc fowls, They toun@ that allopreening
could not be linked directly with the amounts of aggression shown by
individusls., However, the importance of allopreening or mutual

(eocial) grooming in promoting proximity and facilitating bond
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formation has been suggested in many specles, including the primates
(FibleFibesfeldt, 1971).

Courtship was poseible in the suditory plus visual situation
but not copulation which raiees the question of whether consummatory
behaviour is involved in the bonding process. The act of copulation
could well be reinforcing to the male, and possibly the female, as
Peretti and Brummel (1973) demonstrated was the case in rate.
Certainly many bird species, including the 2ebra Finoh, copulate on
more than one ococasion and in some cases even up to snd including
the incubation period. For exsmple, Buckley and Buckley (1972)
desoribed copulation occurring between mates throughout incudation
in Royal Terns end Burger (1974) noted copulation during nest
relief ceremonies in Franklin's Gulle It can be suggested, therefore,
thet copulation may have s 'bond-servicing' funotion (McBride, 1963)
which, when absent, leade to the formation of, at uwost, weak,
unstable relationships. |

The difficulty in this study involved the assessment of
whether bonls hal been formed in the experimental situations.
Observations there, on Days 1 to 13, were not conclusive esnd the
group situstions may have been too dieruptive. Craig et al (1965)
and King (1965) showed that in the domestic fowl, behaviour learned
and establiehed in an individual situation 4id not always carry
over into subsequent group arrangements. A clesrer more empirical
method of detectihg bond form;tion, something on the linesz of
Buiterfield's (1970) learning situation, would be sn invaluable
asset in this line of studye It may well Ve that pair bonds formed
in individual situations are different (po:sibly less stable) to
thoee in which birds learn and sre conditioned to one esnother in

a group context. In the present work it might be more suitable to
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to refer to the formation of "pair bonds which are evident in group
situstions.”

Finally, bird pairings were chosen at random in these
experiments and it is posasible that incompatibllity between
potential mates could account for some of the cases in which bonds
were not formede. Work described in Seotion 4 showed that two
"likely" individuale di4 not always form a bond but there was no
evidence from tﬁé two compartment cages to suggest that this could
scocount for all the evidence presented here.

These experiments thus suggasé the importance of contact
behaviour and poséibly copulation, in the bonding process., Clearly,
in conditions where such behaviour is prevented pairs formed will,
at best, possess weak, unstable bonde which are unlikely.to be
maintained in group situations, It is interesting that copulation
is implicated as this 1s an example of sexual behaviour taking on a
bond maintenance function. Perhaps, the eoiiciting (tail quivering)
of Poephila spp. when greeting conspecifics (2ann, 1972) is another
example. Eibl-Eibesfeldt (1971) has suggested that pair maintenance
appears lsrgely to be due to aggressive and fear tendencies and
their subsequent release, Thege are certainly important but the
resulte of this study suggest that sexual behaviour may also be

involvod.
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SECTION 9« FACTORS IMPORTANT IN PAIR MAINTERANCE

Introduction

In the previous gectiona I have concentrated on the behaviour
gseen between Zebra Finches during the time pair bonds are being
formeds In this, the last section dealing with experimental data,
behaviour between birds with long-term, well-established bonds was
examined. Once a bond has been initiated 1t 1is sudbject to a wide
variety of stresses which may lead to a weakening of the relation-
ship at different times, or even breakdown of that bond. For
example, there wiil be numerous occasions when bonded birds may
become separated whilst feeding, flighting or incubating and rearing
the young and there could well be unmated conspecifics in the
vicinity. In the face of these potentially unsettling influences
one would expect bonded birds to exhibit behaviour which would serve
to prolong the bonde. Such sotivities have been cslled pair maintenance
behaviour.

It is important to siress that in dealing with bond maintﬁnance
we are not embarking on a new topic but rather extending and re-
examining the work done to date. In observing how the bond may be
disrupted, and renewed after such disruption, it is hoped that
additional information will be gleaned as to the nature of the pair
formation process and the importance of this phase in the 1ife of the
birds. If choosihg a "good" fartner is 1mportant during pair
formation then-any resulting bond between two individuals should be
resistant to breskdown. There are other reasons why bonds should
show resistance but if this feature were to be laéking then 1t would
certainly alter the importance placed on mate selection in the earlier

work. Indeed, palir bonding would emerge as & pPhenomenon which, at



best, merely increased the likelihood of two individuals staying
together without being necessarily binding on the partles concerned.
For the work on pair maintenance described here pairs of birds
wore used who were Judged to have established 'strong' bonds over a
considerable time spany they had been kept as pairs in individual
cages for at least three months. There were two series of
experiments which used the same 12 pairs of birds. The object of
the fifst series (Experiments 9.1) was t0 investigate the
possibility that pair bonds formed in isolated pairs were retained
in the sasme birds when they were introduced into a large flight
cage with other pairs. In other words, they had the chance to re-
pair in these flight cages if their original bond were to be
dierupted. In addition, experiments were carried out in which mates
were meparated for a period and then examined in the large cages for
any signs of bond disruption and those in which mates were separated

and given a new partner whilst absent from their mates. In the
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latter situation the effect of a new pairing relationship on the original

bond could be assessad.

The object of the second series of experiments (9.2) was to
soe if re-pairing (the formstion of a new pair bond) was a
poesibility and if so whether incomplete contact with the former mate
brevented the acquizition of new relationships. Three situations were
employed, (a) a new partner w9§ presented and no contact was a110wéd
with the establisﬁed mate, (b) a new partner was presented but
oatablished mates were in suditory contact, and (o) a.new partner was
presented whilst established mates were in both guditory and visual
contacte In each of these situations birds and their partners were
assessed for evidence of having formed pair bonds and then the wmales

and females were allowed to choose between maintaining their new



relationships or revertinz to the former, more established ones.
In this wey it was possidble to determine the relative importance
of suditory and visuel cues in preventing the diesruption of pair

bond s,

9¢1 Tre effects of sepsration on tle maintenance of established

palr bonde
Yethods

In thile series of experiments three separate rooms were used.

Two of these housed seotional cazes which could be split into doubdble
or eingle unita and they werse far enocugh apart to ensure that dirds
in one room could not bve in auditory contact with thoee in another.
The third room houssl two large indoor flight cages (6* x 4' x 3')
which could esoh accommodate € pairs quite comfortably.

12 pairs of birds were used whioh had been alloweld to establish
long-term bonds over s minimum poriod of 3 monthse During this time
they were housed in single compariment cagzes ani will be referred to

.aa the 'eptablished pairs® or the 'established mates'.

The eatablishel pairs were first placel in the two éxperiméutnl

rooms for each of the situations used eni then introduced into the

large flights. Four experimental situations were usedj

(A) atter 1 weck of complete contact (CC) between established
mates in eingle compartment cages they were introduced |
{nto the flights (6 paire in easch).

(B) The establistel pairs were allowed a further wesk of
complete contact (CC2) end again introduced into the
flights (the eame 6 psire in each)s. This acted as a control
periol in that 1t examined the effect of being introduced

into ﬁhe group eituation end allowed egome habituation to
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the experimental set-upe Without this second period of
complete contact it would have been moré difficult to
interpret resulte from the two following experimental
procedures,

(C) The established pairs were separated snd the mates

1golated (S) in two separate rooms for 1 week (i.e.yno
contact was allowed).‘ This meant that the males were
housed in individusl ceges in one room and the females in
the other. They were out of ear shot and as far as each
bird "knew", their mate had ceased to exist. They were
then reiﬁtroduoed in the large flights in groups of six
pairs.

(D) The pairs were separated and housed in individual cages in

geparate rooms, but this time they were given 2 new con-

specific (SN) with whom they could form a palr if they eo

"wished"., After 1 weoek the established mates were

roeintroduced to their former mates in the large flights.
Thus in situations (c) and (d), bond maintenance asctivities
were interrupted and the effect of this disruption on the establighed
'bond was assepsed in the large flighte where the group situation
allowed evidence of bond disruption to be observed.

Neasures taken Recordings were made on birds in the large
f1ights only (i.e., the group situation). The first watch con-
stituted a 30 minute period 1mﬁed1ately after the introduction of
the pairs into the large flights. Subsequent watches lasted for one
hour on the morning and afternoon of the day of introduction (denoted
Day 1 (AM) snd Day 1 (PM))and on the following afternoon (Day 2 (FPM)).
Birds with plumage variations were chosen so that it was possible

to ddentify individuals readily.
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During the first watch (30 minutes following introduction)
the experimenter concentrated on recording the 1ﬁoidenca of four
particular aotivities. These wereg

(1) The number of ocourtship bouts by each male end the female
to whom they were directed.

(11) The number of beak fencing encounters in which éach
individual was involved.

(411) The number of supplanting attacks made by each individual.

(4v) The number of allopreening bouts in which each individual

was involved.
In the remaining ﬁatches, Days 1 (A¥), 1 (PM) and 2 (PM), the number,
and the identity, of the clumping pairs observed was sampled at two
minute intervals. This was in addition to the measure described
above.

The results concentrate on the behaviour observed between
established mates after each experimental sifuation. The behaviour
between non-mates of opposite sexes ims also shown as if a bond has
broken down a male or females behaviour towards non-mates will also

alter.

Results

The results suggest that separation and ieolation of mated
birds does not result in the break down of pair bonds. Bonds formed
in isolation sare retained in gfoups of birds but separation, whether
with a new partner of not, enhances certain behavioural tralts
observed on the reunion of mates.

Behaviour immediately following introduction (the first watch)
(Fig. 26)

Behaviour on introduction was similar on all occasions. There
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BETWEEN MATES BETWEEN NON-MATES

mmr‘lﬂﬂ

(a) Beak fencing

(b) Supplanting attacks

6- sy -

NO. OF OBSERVATIONS

0L an

() Courtship bouts

2
CcC CC2 S - SN CcC CC2 S SN
(d) Allopreening bouts '

Fig. 26, Behaviour in the first 30 minutes between mates and
non-mates on introduction to the large flight cages.
CC - After a week of complete contact between mates,
CC2 -~ After a second week of complete contact.
S - After a week of separation of the mates,
SN - After a week of separation with a new partner,
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wag great activity during which courtship, agonistic encounters
and allopreening attempts were prevalent., Clumping was not seen
until the later recording sessions.

It 19 clear that even at this stage there was little eggression
between mates with the higheat amounts recorded for beak fencing
after separation with a new conspecific (SN)‘(p-<_0.01, ¥¥P). The
smounts of courtship between mates showed greater variationjy they
were most frequent after separation (both S and SN situations) when
more bouts were recorded than after either of the periods of complete
contact (CC or €C2) (p < 0.01, WMP, in each case). The number of
allopreening boutﬁ wore the same in each case.

Thue the only evidence that bonds had been disrupted at all by
"the experimental situations ceme after the separation of mates.

‘This is supported by the data for the behaviour between non-mates.
Beak fencing wss significantly reduced afte; the msecond period of
complete contact (CC2) over the levels seen after the first period
(p € 0.05, ¥MP) snd the highest incidences of supplanting attacks
were incurred after separation from the mate (S and SN). These
peaks lacked eignificance but indicated that aggression between
non-mates had been affected and this is reflected in the fact that
the highest levels of male-male supplanting attacks occurred after

S and SN conditions (p < 0.01, W¥P) ~ see Fig. 28.

" Behaviour in the later recording sessions of Day 1 and Day 2

(Fig. 27)

Clumping was observed in these watches and this i1s a good
indicator of bond formation between individuals (see Section 4).
The results support those quoted above as no clumping between non-
mates was recorded after any of the experimental situations.

Therefore none of the bonds were in faot broken. However, fewer
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Fig, 27. Behaviour in the large flight cages in the later watches
on Days I(AM), I(PM) and 2(PM)., For an explanation of
the abbrieviations - see Fig, 26, :
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Fig, 28. Male-male and female-female supplanting attacks
between birds in the large flight cages.



established pairs were seen to clump on Day 1 (AM) after separation
from the mate, S and SN, and the highest smounts of clumping were
recorded after the CC2 situation (p < 0.01, WMP).

The difference in courtship of the established mate after S
and SN, which was noted in the first 30 minute watch, was retained
in these later watches until Day 2 (P¥) (p < 0.01, WNP)., By this
watch it had fallen to a level comparable to that seen in the CC
and CC2 birds. Similarly the tendency for more non-mate aggression
after 8 and SN conditions was confirmed a8 many more supplanting
attacks were counted between these birde on Days 1 (A¥) and 1 (PM)
than after either of the complete contact treatments (p < 0,01, WMP),
The leck of significance on Day 2 (PM) 4s due to an increase in
fighting by the CC and CC2 birds rather thaﬁ a decline by S and SN
non-mates. Finally male-male aggression, shown in Fig. 28,
indicates an increase by the S and SN birds (p<( 0401, WNP) with eome
individuals reaching over 400 attacke in a single hour. Female-
female aggression showe similar tendencies though these are less

marked as fewer individuals were involved.

Discussion

Frickson (1973) worked on the bonding processes of the Ring
Dove and noted that there were various factors capable of interfer-
ing with the maintenance of a pair bond. Farlier, working with
Morris (1972), he ﬁad shown that birds separated from their mates
would readily re-pair with unfamilisr conspecifics. He quoted
examples from the lliterature of other species in which pairs broke
down in the winter months, the non-breeding season. This suggests
that the bond 1s either broken down completely or modified in some

way so that birds are capable of re-pairing if continuous access to
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the mate is denied. In addition, behav;Our preyalent in the
breeding season appears to be important in the maintenance of pair
bond s.

In Seoction 5 it was demongtrated that male Zebra Finches
separated from their mates will court unfamiliar females.
Presumably, in the continued ebmence of thelr mate a pair bond
would have resulted in these cases., An observation of breeding
birds made by the author mey serve as an example of the way in
which the bond ceases to be apparent once mates are separated. An
established pair had bullt a nest end were sharing the incubation
of five eggs when the female died. Within three days the male had
deserted hls o0ld nest, built a new one and with a replacement female
wag busily incubating a single egg. Thue individuals who in the
presence of the mgte show great fidolit&, ere apparently capable of
immediately re-pairing once access t§ the mate is denied. This
suggests that behaviour between mated 1ndiv1duala acts as a reinforce-
ment of the bond, and that this reinforcement muet be continuous
throughout the duration of the bond.

In the experiments carried out here it was clear, however, that
a short period of separation and isoclation of established mates did
not result in bond breakdown. The lack of bond reinforcement
behaviour did not destroy the attachment between the two birds or,
1f 1% 4id, 1t could be very readily re-established on reunion. The
effect of isolating the matee>on their existing bbnd was to increase
the‘amount of courtslip directed at the mate and enhance the smounts
of aggression towerds non-mates when birds were reintroduced. The
chance t0 re-pair during the period of isolstion had similar
effects on reintroduction. Ring Dovemz can also recognise their

mates after periods of separation of similar length (Morris and
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Erickson, 19713 Erickeon and Morris, 1972) and courtship is
again enhanced on reintroduction of former mates; EFrickeon and
Morris (l.c.) concluded that recognition of the mate presented no
problem but the basis for this recognition remained unclear. Theyi
thought that males might be reacting to subile changes in the
behaviour of their females and that the onue for recognition was
therefore, on the female. They could not i1dentify these changes
and, though they could be important in the first encounters after
reunion, they do not explain the male's subsequent fidelity. It
seems likely that the males and females possess ‘central
specifications! 1ﬁ the central nervous system, a phr;ae coined by
Andrew (1972), by which ihey can readily recognise one another
without continuous behavioural reinforoement.

The changes in behaviour due to separsiion of the mates

On reunion of mates after complete smeparation, either with
or without a new partner, there was an increase in courtship directed
at the mate and aggression directed towards non-mates (particularly
male-malq aggression). This is reminiscent of pair formation as it
was described in the group situstion in Section 4 in which
individuals were meeting for the first time, and differs from the
reactions seen after complete contact before reunion (1.e., ccC
and ccé). It is as if pair formation 1s re-occurring and it
suggests that the behaviour seen in the earliest stages of a bond
are particularly 1hportant in establishing and re-establishing a
preference for a particular individual,

The increase in courtahip between mates after separation (aleo
described in Section 5) would appear to be due to an increase in
the "sexual attractiveness" of the female which in turn is dependent

on the separation period. This was discussed earlier in some detzil.



The chenges in mggression, on the other hand, are similar to those
noted by Maier (1964) in the dominance relationsﬁips of 'pairs! |
of domestic fowl. These relationships were allowed to become
established and the birds separated, though still in auditory

and visual contact, for a period of three weeks. On reunion there
was an increase in the amount of aggression and this was explained
on the basis of a lack of reinforéement of the original relation-
shipse It would seem that dominance relationships are learned and
reinforced by the interactions that take place, without these
interactions, the relationship is lost. Presumably, a similar
argument holds fof %Zebra Finch relationships, althougk in the
present context, 1t was aggression directed outside of the pair
which was affecteds In the groups, therefore, it became necessary
to re-establish dominance relationships after the intervening
period of separation.

Clearly, however, the pair bond affecté this dissolution of
dominance relationships within the groups. If it was merely the
lack of reinforcement of learned relations then one would expect
the same amount of aggression after each of the experimental
situations. Yet, in this study, isolation of the mates during the
“separation period leads to a further increase in non-mate aggresesion
suggesting that it is this isolation which results in enhanced
aggression for whatever reasone. Possibly males and females are
reasserting their pair bonds ;s well as re-establishing the group

dominance relationshipse.
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9.2 The importance of suditory and visual reinforcement in

preventing the breakdown of established bondg
Vethods

The same 12 pairs of birds were used as in Experiments 9.l.
They were housmed for a period of two weeks in single unit cages to
ensure that all bonds were re~established after the earlier
" experimental treatments.

The three rooms were used with the same experimental ocages
and flizhtse The different gituations involved allowing established
mates t0o re-~palr with a new partner over a period of two weeks and
then testing them with this individual in the large fligzhts to see
if a bond had been formed. Following this the egtablished pairs
were reunited and given the choice between their o0ld, established
mate and the new partner. Two weeks was allowed with the established
mate between each experimental situation to ensure that theilr bonds
were present before the next treatment. |

The three experimental situations used werej

(A) Re-pairing in birds which were isolated from, but still

in suditory contsct with, the established mate (referred

to as AO)

The established mates were separated by a s0lid wooden
partition in s two compartment cago.. The male and female were each
given a new partner with whicp to form a new pair., In this way
auditory contect ﬁould be maintained between the established mates
but they could not see one enother.

(B) Re—pairing in birds which were isolated from, but still in

auditory and visual oontgctIWith. the es tsblished mate (A+V)
The established mates were separated by a clear perspex

partition in a two compartment cage and given a different conspéoiric
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with which to re-pair. Black vertical lines, 5 cm apart, were
drawn on the perspex to ensure that birds could see the partition,

(C) Re-pairing in birds which were completely isolated (both

visually end auditorily) from the established mate (CI)

In this, the last situation considered, the males and females
were isolated in different rooms and then glven a new partner
(again, the new conspecifioc was different to that used in (A) and
(B))e They could thus re-pair without elther auditory or visual
contact with the established mate.

Yeasures taken First, males and females with their new

partners were assessed for evidence of having formed a bond. They
were examined in two contextisy

(1) The experimental cages Whilet the birde were in the two

compartment cages, for each situation used, observations were made
on the mornings of Days 1, 2, 3, 7, and 13. Fach watch lasted for
30 minutes and the behaviour recorded indicéted whether bond
formation was taking place whilst in incomplete or complete
igolation form the established mate. Behaviour assessed wasj
Agonism ~ The number of beak fencing encounters and
supplanting attacks occurring between the male
and female and their new pariners were counted.
Courtship ~ The number of times the male courted hls new
partner or, in A+V (i.e., situation (B)), the

established mate, was recorded.

Clumping . - The number of paire seen clumping during the
watch was noted.
Synchrony - The amount of synchronisation of activities shown

by the new palrs was assessed by noting their

behaviour at one minute intervals (mee Section 4).



254.

In the A0 and 2+V gituations 1t was possible

to compare synchrony between the new partners
with that between the established mates through
the intervening partition,

Settled « The distance between individuals was noted at one

distance minute intervals, The perches were marked at 5 cm

intervals and by recording the distance from the
partition it was also possible to compute the
soettled distance maintained by established mates
in A0 end A+V.

11) The large flight cages As in the previous experiments (9.1)
the presence of pair bonds wae assessed in groups of birds in the
large flights. Males and females and their new partners were placed
in groups of six pairs in each of the two flights. Their estadblished
mates were not in the same group. Records were made for one hour
periods on the morning after introduction iﬁ the flights, Day 14 (au),
on the afternoon of that day, Day 14 (PM), and on the following
afternoon, Day 15 (PM). Behaviour recorded concentrated on those
activities most likely to indicate the presence of a new bond between
members of new pairs. Thess were,

Courtship ~ The number of courtship bouts by each male and

| the identity of the courted female were noted.

Clumping - The number of pairs seen clumping, and their

identity,ﬂwas sampled at 2 minute intervals.

Allopreening - The number of allopreening bouts between

different individuals was counted.

Second, males and females from the established pairs were
reunited in the presence of their new partners in a double compart-

ment cage. They were thus given the choice between re-establishing
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their former bonds or continuing with the new relationship they

had formed after the experimental gltuations. Observations were
made for 30 minutes following reunion, Day 16 (AM) and for a similar
period on the following morning, Day 17 (AM). The behaviour noted
wasj

Courtship « The number of bouts directed at the established

mate and the n@w partner was compared.

Ag&niam ~ The number of heak fencing and supplanting

attacks by different individuals was recorded.

Clumping -~ The amount of clumpling between the different

pairs was sampled at one minute intervals.

The results are presented as in Section 9.1. First, behaviour
in the experimental cages between males and females and their new
paftnors is presented. Where applicable, behaviour between
established mates in this situation is also shown. Second, in the
.1arge flights, the behaviour directed towards the new partner is
shown with that towards non-mates of the opposite sex. Finally,
on reunion, the behaviour between the new partners is contrasted

with the reactions of birds to their established mates.

Results

Evidence for the formation of new psirs (i.e., re-pairing)

The results of observations in the experimental cages and the
large flighfﬂ 1ndicated that new bonds could be formed when birds
were completely isolated from fheir established mates (CI). When
euditory and/or visual contact was allowed between the mates (AO
snd A+V) the new partners were rejected and the established bongd
retsined. The clearest evidence of rejection came when visual

contact was permifted (1.0., A+V).
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(1) Behaviour_in the experimental cages (F;gs. 29-32)

Male courtship of their new partners occurred ffequently on
Day 1 (Fig. 29(a)) but there was significently more courtship when
the established mates were completely isolated (CI) or in suditory
contact only (AO), than there was when they were in both auditory
and visual (A+V) contact (p < 0.05, and p < 0.01, WP, respectively).
In addition, in the A+V situation the males remained faithful to their
mates in that they began to court them through the intervening
perspex partition end they did so eignificantly more often than
their new partners on Days 3 and 7 (p < 0,05, WMP).

Aggression was most prevalent when eome contact ﬁas allowed
with the establieshed mate and, unlike courtship, auditory contact
was enough to ellcit this differential response. Fig. 29(bj;shows
that beak fencing with the new partner was unusual during isolation
from the established mate (CI) whereas, with auditory contact it was
.quito common with the female showing more than thelr males
(significant on Day 2, p < 0,05, MWU). The highest scores, however,
were during visual contact (A+V) with the females again showing more
and the results for supplanting attacks of the new parfner shoﬁ
similar trends (Fige. 30(0))s For the males, comparing CI with A+V
and A0, there was significantly more fighting iﬁ A+V on Days 2 and 3
.(pl<:0.05, ¥MP) with A0 showing intermediate smounts. The females
rejected their new partners even more vehemently than did the males
with both A0 and A+V ghowing scores much higher than the CI birds.
A+V is signifibantly higher on .Days 3, T snd 13 whereas, AO scores
do show significance on Day 3 (p < 0.05, VIP, in each case). Thus,
both males and females sctively rejected their new partner although
the AO females showed a reduction in the amount of fighting from

Day 3 to Day 13 (p<C0.05, WMP). This was not apparent in the A+V
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Fig. 29. Behaviour of the new pairs in the single unit cages.
CI - During complete isolation of the established mates,
A0 - During auditory contact between established mates,
A+V - During visual contact between established mates,
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birds and could indicate that auditory contact yith the mate was
not maintaining the established bond as strongly as when visual
contact was permitted. In complete 1solation, the mates appeared
to be unfaithful to one another.

The remaining observations on bdirds in the experimental cagea
support these suggestions. The number of new pairs seen clumping
was highest in the CI situation, significant on Day 3 (CI> 40 and
A+V, p < 0.05, Sign Test). Again, the AO birds tended to show e&n
increase in clumping by Day 13 in both mexes but this did not reach
pignificant proportions. Behaviour by the new pairs tended to be
gynchronous in all sifuations (Fig. 31) but the lowest scores for
birds with a new partner were recorded during A+V situations. In
addition, Fige. 31 shows that in A+V and A0 situations the established
mates showed eynchrony in spite of the partition between them.
However, there was significantly more where the mates could see
one another, A+V, in all watches except Day 1 (p-<< 0.05, WKP),
Finally, the settled distance scores (Fig. 32) showed that in the
A+V situation the established mates maintained close contact through
the perspex partition. Distances between the new partnérs d1d not
vary‘eppreciably.

(11) Behaviour in the large flights (rig. 33)

These results were examined for evidence of the males and
females having formed pair bonds with their new partners. 4s in
the experimental éages it was apparent that pair bonding occurred
only after complete isolation from the established mate (CI). This
was shown in the courtship activity directed towards new partners
in the large flights in which a peak was observed in the CI Birds
jumediately after their introduction on Day 14 (AK) (CI> 40 and

A+V, p < 0.01, WKP). The lowest courtiship ecores between new pairs
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Fig. 33. Behaviour between males and females and their new partners in the
large flight cages. Observations were made on three days in each
case; Days IL(AM), IL(PM) and IS5(PM).

CI - After complete isolation from the established mate,
A0 = After auditory contact between established mates,
. A+V = After visual contact between established mates.,



were obtalned after A+V oconditions and these are significantly
lower than the CI bird scores in all watches (p< 0.01, WMP).

In addition, the numbers of clumping pairs show the highest scores
in the case of CI birds as do the results for the amount of allo-
preening seen between members of new pairs (p < 0.05, WMP, in each
case).

Behaviour on reunion with the established mate (Fig. 34)

The results show that in all cases birds chose to reform their

establiched pair bonds. Even the CI birds, who showed evidence of

having formed new pair bonds in the experimental situation, returned

to their former relationships aslthough with poseibly more reticence

than the A0 and A+V birds. For example, the males directed their
courtship at the established mate rather than their new pariner on
reunion (Day 16 (AM)) and the difference was significant in the A0
and A+V birds (p<( 0.01, YEP). A pimilar preference was evident
in the CI birdse but 414 not reach significant proportions.

Very little aggression was seen between established mates btut
supplenting attacks directed at the new partner were frequent in
the A0 and A+V birds. Again the CI birds showed less evidence of
rejeétion of the new partner and there were significantly fewer
attacks during the watch on Day 17 (AM) than were seen in the A+V
birds (p < 0,01, WMP). The number of est;blished pairs seen
clumping on Day 16 (AM) was higher in the A+V and AO birds than
in the CI individuals (p < 0.05, Sign Test) but this difference
had disappeared by Day 17 (AM) which indicates that the CI birds
were finally settling into their established bonds in the majority

of cagess
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Discussion

Pair formation appears to involve a learniné process durlng
which the mate becomes, as Thorpe (1961) put it, a fundamental
part of the "key environmental situation". In other words,
continued interactions with the mate have a consummatory function
and it 1s this perception of the environmental situation, with the
mate in it, that is the "goal" of a searching individuale. The
imprinted response of young birds has been shown to have a similar
basis (e.g., Hinde, 1961). Young moorhens, imprinted on a variety
of objects, show a waning of the following response unless an
object they are fﬁmiliar with is premented. This extinction of
the response resembles that seen in conditioning experiments and
was regarded by Hinde as due to the "absence of consummatory stimuli
presented by the familiar model which normally act a# a reinforce-
ment." That sight of the mate may be reinforcing in the 2Zebra Finch
(at leest in the males) was demonstrated by -Butterfield (1970) ana
thus the results of these experiments will be digoussed in terms
of the palr bond as a learning end reinforcing situation in which
perception of the mate may play an important part.

When contact was allowed with the established mate, reinforce-
ment of the bond was possible end both males and females actively
rejected a new partner and seemed resistent to the formation of a
new bond. This was most evident when visual contact between the
establiched mates ﬁas allowed whereas with only vocal contact tho
rejection was less marked in some cases. Thus visual reinforcement,
aseglsted by that due to vocal stimulation, appears to be effective
in prevénting re-pairing snd thus maintasining the existing bond.

It is unfortunate that equipment was not available to test the

visual without auditory contact situation (e.ge, sound proof cages)
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but it can be concluded, without these results, that vocal
reinforcement occurs and probably accentuates that due to visual
oomponentg. Without this reinforcement new bonds mey be formed,
but this does not mean that the first bond 1s necessarily destroyed.
Reunion with the established mate showed that in the majority of
cages the bond was 're~forged'! and the new partner rejected.

The nature of pair bond reinforcement appears to revolve
around the visual displays of the 2Zebra Finch with their
vocalizations playing a supportive role snd this ties in with the
evidence presented in the literature, Beer (19700) in his review
. of vocal recognition by birds, concluded that visual characteristics
might support vocal ones in the recognition of individuals. Indeed,
in gome species they might sudbstitute for vocal cues and he qﬁotes
the Herring Gull and Ruff as examples. In an imprinting context,
¥iller and Emlen (1975) showed that adult Ring-billed Gulls would
attack their own chiocks 1if the latters plumage had been altered,but
#ot 1f the chicks vocal patterns had been chengeds Both FEvans (1972)
and Ingold (1973) proposed that visual stimuli enhanced the responses
of birds to both smpecies~-typical and individually distinétivo
vocalizationa. Lastly, it has been suggested that during imprinting
sounds may assiet the process by which attachment to a visual
sfimulua i3 initiated by creating a "higher degree of arousal"
(Smith and Bird, 1963 and 1964)- It seems likely, therefore, that
in the attachment ﬁrocesa involved in pair bonding, vocal
stimulation may play a similarly supportive role to a predominantly
visual learning and reinforcement situation. Certainly in the
Fstrildids, Kunkel (1974) remarked on the predominance of visusl
components in their displays with duetting, seen in a few species,

the only example of an elaboration of their vocal contact.



Aggreseion in the defence of an existing bond

Contact with a former mate tended to preveﬂt the formation of
a bond with a different partner and in many cases described here,
sggression was used in 'defence' of the relatioﬁahip. Supplanting
attacks and begk fencing were noted in both the males and the
fehalea. Caryl (1975) was able to Qemonstrate that male-male
aggression in the Zebra Finch could be increased by the sight of
‘a female, and even more 80 if that female were mated with one of
the males. On the basis of this, he suggested that it was the
sexual attractiveness of the female which decided the amount of
male aggression and, one would expect, formation of a bond enhanced
the attractiveness of the mate. Again, this reflects the learning
components involved in the procesees of bond formation. The
individual characteristics of the mate can be recognlaed easily
and become the principle releasers for all aspects of courtship,
aggression and breeding beshaviours This enhancement of male to
non-mate aggression was discussed more fully in Section 5,

Caryl (l.c.) was able to demonstrate an increase in female
sggression due to the sight of the mate as was observed'here and
firsf noted in Section 5+ It would certainly seem to be of benefit
in bond maintenance for the female to behave aggf;asively towards
éncroaching non-mates. However, besk fencing and supplanting
attacks appear less frequantly and ere given by fewer individuals
whioch suggests that the threshold leﬁel for aégression is somewhat
higher in the females than it is in the males. Vhether sexual
motivation is involved is not clear but the finding that only small
smounts were provoked in females when the mates were isolated from
each other indicates that it wae the sight (and sound) of the

male, when in a re-pairing context, which induced the intolerance
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geen. Some females, having formed sn attachment for a particular
male, are willing to maintain that relationship, and maintain it
actively, provided that some contsct with that male is allowed
(Lees, the attachment iz reinforced).

Both males and females, in the absence of the mate, are
willing to form new bonds and pair.formation appears to proceed
normally though, on some occasions, possibly reluctantly. Eoffman
and Boskoff's (1972) results for imprinted ducklings show
interesting similerities to the situation here. They found that
the subjects would attack "sociallzed" ducklings (those imprinted
on one another) wﬁenever the imprinted object was shown, but not
in 1ts absence. Similarly, Andrew (1972), in a series of
experiments on domestic chicks has demonstrated that high levels
of male hormones affect the persistence and gearching behaviour
of maless This suggests that when the level of such hormones i=m
high (esge¢, in the breeding season, which for the Zebra Finch
cnuld mean throughcu% the year) the male will be less likely to
be distracted in his attempts to gain or regain a female. However,
extinction of the response is normal eand therefore if the reinforce-
ment is withdrawn (e.g+ the pair are separated) then the male, at
least, can be expected to quickly loose interest in the former
mate and be ready to re-pair. Thus, within the framework of the
pair bond there is the possibility that, in the continued absence
of reward and reinforcement, 2 fruitless relationship will be

terminated and pair forumation begin afrech,



SECTION 10, A GENERAL DISCUSSION

The meaning of pair formation
During the course of this thesis the term "pair formation"

hes been used on frequent occasions to indicate & period in the
breeding cycle of two birds when a pair bond is being first formed.
However, it is difficult to provide a precise definition for this
descriptive term and the problems that may be inherent in its

ueage deserve some discussion bere. Lack (1940) described pair
formation in many bird specles and used the term loosely to indicate
the early stages of breeding before copulation took place. However,
when it 1is used in reference to a proposed bond between two
individuals (1.e., to indicate the period up until the bond has

been formed) one has difficulty in deciding when the 'processes'

involved ars completed or, for that matter, what the bond is. The

term appears to become ambiguous, & point which was raised previously

in the discussion of results in Section 4.

Laok (l.0s) provided a useful dichotomy of pair formation types
one which was echoed by Immelmann (1962). Bird =pecies o@n be sblit
into those in which the male isolates himself, either on a territory
or at a nest site, and species in which pair formation begins in the
flock situations Much of the early work considered birds in the
first of these categories in eituations in which different
individuals ocould ﬁe readily identified and pair formation was
marked by s particular dieplay of ‘ceremony's. In the estrildids,
however, pair formation invariably occurs, or at least begins, in
non-breeding flocks (Immelmann, 19623 Glittinger, 1970) and this
is ocertainly fhe case in the 2ebra Finche In species such as these

the flock environment must place different pressures on the pairing
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birds and Immelmann (l.o.) congidered that the 'process! involved
a prolonged period of familiarization which was pot marked by any
particular pair formation ceremony. Hinde described similar
situations in the Great Tit (1952) and the cardueline species
which form flocke (1955)« Thus the confusion probably stems from
the use of the term to describe both the initial meeting of a male
and female (possibly involving a ceremony) and also the period
during which two birds learn to recognise one another and come to
behave as a pair. It might be clearer if these two contexts were
separated,

%ann (1972) attempted such a separation and proposed that pair
formation involved two distinct processeas; (i) choice of a certain
conspecific, (i1) "manifestations" of this preference and attempts
to establish the bond end to make i1t mutual. These can be shortened
to, (1) mate selection, and (1i) bond maintenance. If *pair formation®
4s uped to include the period up to copulation and ovulation if is
clear that it will embrace both of these processes and one isg left
with the question, when ie a pair a pair? 1In other words, when is
pair formation complete?

M;te selection occurs very rapidly in the Zeb;a Finch and
preferences for particular individuals are quickly manifested as the
results of Section 4 showed. Immelmsnn (1962) suggested that females
were, though passive during courtship, decisive in terms of mate
selection. Zann (l.0.) found, however, that in the Poeghirla both
males and females‘showad preferences for particular conspecifics and
41t wap clear that a similar situation operated in 2ebra Finches in
the present study (the "Incompatible" pairs - Section 4)e Immediately

after this period of cholce, behavioural changes are noticeable in



the birds concerned. Resctions towards the partner alter within

the first few encounters as do reactions towards other conspecifics
suggesting that recognition of the partner is quickly established.

It could be argued in fact that such birds are 'mates' once they

have accepted preferences for one snother and that by this stage

the bond has been formed. Thus, pair formation would appear to bhe
conoluded in a matter of minutes yet changes in the behaviour of the
pair continue to occur after this time. These changes, I would
argue, are due to palr maintenance activitles which as well as
prolonging the bond.may lead to strengthening of it in the future,
Such activities as allopreening, contact behaviour and proximity
maintenance appear snd are probably involved. Undirected singing
may algo be implicated. In addition, courtship continues, at a low
level, snd is largely directed towards the mate. It appears to have
two funotions (a) it is involved in mate selection, snd (b) it may
help to re-establish the bond, particularly sfter the mates chome
separated (see discussion in Seotion 5).

It therefore seems likely that the bond between two birds

involves the mutual "attractiveness" with which they view one anoﬁher
4on firs§ meeting. This is not perhaps the best descriptive terh as
it implies some sort of quality possessed by an individual which
serves to make it attractive. In practice the 'attractivenesa'

could well involve the way in which the onlooker perceives the
individual rather than some attridute he possesses. The term "bond"
suggeats some tangible force between the male and female which serves
to keep them together. It is argued here that the force is the
" attraction or preference two individuals feel towards one another
(probably of a sexual basis) and that this is subsequently reinforced

by changes in their behaviour.
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Vate selection and imprinting

It has heen suggested that imprinting on the farent-typo by
young birds is an important factor which influences future mate
pelection and largely ensures that reproductive isolation of the
species is maintained (e.g., Immelmann, 1972). Thus preferences
for particular individuals may result from Jjuvenile imprinting but
beforq discussing this possibility it must be noted that the
learning mechanism involved in the imprinting response bears many
similarities with that seen during mate selection. Thorpe (1961)
reviewed imprinting end Bateson's (1969) work supported his list of
the features of the learning process, In each case similarities with
mate selection can be pointed out.

(1) The imprinting response 1nvolves a rapid period of learning
during which all the features of the stimulus are learned and
subsequently a preference is shown towards the imprinted object.
Mate selection seems comparable in that preferences are quickly
establighed and m male directs nearly all his subsequent courtship

towards the preferred females

(11) Inprinting frequently appears to be "unrewarded"-. A duckling

pursuing an object does not need to receive comfort or food from
that object for imprinting to take place. A courting masle 1is
froquently re-buffed by his preferred female and yet, in both cases,
the maintensnce of a conatant spatial relationship with the moving
object appears to bé’the consummatory factor (1.9., the 'goal').

(411) The motivational environment of an individual may be
altered by imprintingy Thorpe (l.0.) suggzested it might "prime the
drive". VWiedmann (1956) showed that imprinted ducklings will search
for a parent object if they loose contact with it whereas non-

imprinted ducklings show no signs of such appetltive bekaviour.
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Separated mates will call freguently and Butterfield (1970)
demonstrated that male Zebra Finches will work‘in order to gain a
sight of their mate.

(iv) Finally, imprinting is said to have a sensitive period
during which it is likely to occur and by the end of which the
behavioural response does not take place. Immelmann (1972) defined
this period as, "the whole space of time in the individuals life
during which a particular preference can be determined or altered,
whereas outside its limitas socoial experience does not exert a similar
influence." In the Bullfinch, he notes, such a period may last for
up to two years. If a sensitive period exists for mate selection
then it must involve the whole of adult life in the 2ebra Finch,
whereas with temperate speclies it may be restricted to the early
stages of the breeding cycle each year, In either case, it seems
likely that high levels of gonadial hormones will be involved and
fluctuations in such levels may influence the readiness of birds to
form pairse. Presumably, removal of the mate induces the onset of a
further sensitive period, at least in the male, as on reunion
preferences are re-established and male courtship occurs. This mﬁy
explain.the oécurrenca of courtship on reunion of mates as, during
the separation, the male's responsiveness to the fehale has been
enhanced.

ihis is speculation only, but as Einde (1961) noted, the term
imprinting could be ﬁsed to describe behaviour occurring in contexts
other than parent/offspring. It could therefore, presumsdly, include
mate selection. Any differences between imprinting and other forms
- of learning, he thought, could be attributed to the special situation
in which it occurred rather than to a special process. Bateson (1969)

came to similar conclusions and proposed that the term imprinting
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should still be restricted in its usage to descriptions of learning
in young snimals. It was, he felt, the features of the context

in which 1t occurred which rendered it unique, not the processes
involveds It thus 1g not imposeible that male selection and imprint;
ing may involve very siamilar learning processes. However, to assert
that mate aelection is a eimilar process to imprinting does not

tell us s great deal more about the actual processes involved,
unfortunatelys 1t maréiy provides us with another labels “hatever
the outcome, the result of the operation of the learning process is
that preferences for particular conspecifics sre quickly learned and
the relationship that results between the mates, once established,
is resistent to dissolution. It may be that the learning process
hee & similer basis ta that seen in imprinting.

Diecussion of a possible 'sensitive period' for mate smeleotion
raised the importance of gonadisl hormones to the learning process.
Arnold (1975) has recently shown that castrated male 2Zebra Finches
will continue sctivities msuch ss clumping, 3110proening and undirected
gong in apite of the presumably low levels of gonadial hormonos
following thoir operationss It would be interesting to know whetﬁer
castrafad males could form pair bonde, that 1g, could establish a
preference for an individuale Andrew (1964, 1966) showed that
udﬁiniatrntion of testosterone to male chicks induced a change in
their reasctions to an imprinted objects The chicks attempted to
copulate with the object concerned which possibly indicates that
with high levels of gonadisl hormone a typical imprinting response
is modified to inolude sexual responses. It is not s great step
from such & proposal to suggest thet edult sexusl bonds are similer
processes occurring most readily when the gonads are active. If this

is the case, then the gituation with regard to the female needs
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clarification., Andrew (l.c.) showed that copulatory responses
were seldom given by female chicks treated with testosterone.
This raises the possibility that bonding mechanisms may have a
different baeis in female Zebra Finchesa.

Returning to the point rsised earlier concerning the effect
that imprinting on the parent may have on adult preferences, Walter
(1973) showed that parental plumage colour affected mate selection.
Vales showed a preference for parental colour-type whilst females
alwayavaépesred to choose males with the grey, wild-type, colouratione.
This again suggests that the establishment of preferences may have
a different basis in males compared to females. Immelmann (1972)
obtained similar results to Walter (l.c.) and etressed that the
effect of imprinting on the males was to establish a type preference.
With this the case, one would therefore expect some courtship of
individuals other than the imprinted one (i.e., all individuals
resembling the parental type). Howsver, Immelmann restricted the
learning during imprinting to one involving the recognition of the
specles. Thus, a 2ebra Finch reared by 2ebra Finches showe a
preference, on becoming mature, for Zebra Finches as courtship
objeots; Beer (19700) criticised approaches such as this in that
they concentrate too fully on the learning of specioa differences
without taking into account how preferences for individual character-
istics may be affected. He progosed that future rqsearch should met
impiinting in 2 broader functional perspective than that at present.
For thebpurposea of the present discussion, if imprinting is
involved in the determination of preferences then this could help
to explain the rapid recognition of the mate after selection.

At present all we can conclude is that mate selection resembles

perent/offapring imprinting in a number of ways including that both



consist of a rapid period of learning which has long term effects
on subsequent behaviour. Preferences for particuler individuals
at mate selection may be affected by parental imprinting but, as
Hinde (1966) has stressed, adolescent and adult experiences are
almost certaln to affect such preferences. The whole basis of what
makes a particular individual attractive as a mate deserves full

examination.

Pair maintensnce snd the strength of pair bonds

The results of experiments desoribed in Section 9 concerning
the maintenance of palr bonde suggested that the continuous reinforce-
ment of initial preferences is very ilmportant in determining the
duration of a relationship. In the absence of the mate the bond
weakens and both the male and the female will form a new dbond if a
guitable partner is provided. This new relationship does not
necessarily destroy the earlier alliance, nor does a prolonged
period of separation, as when former mates were reunited they
invariably chose to return to their ‘established' partner rather than
remain with & relatively 'nmew' individual. This demonstrated that
birds Aay poesess more than one pair bond at any one time but fhe
results of this investigation suggest that two are never expressed
simultaneously. One could envisege & situation 1h which more then
one bond might be in competition snd presumably the one which had
been most strongly established in the past would be expreesed. The
results of Section 9 showed that recency of the relationship was
not the deciding factor which suggests that the bond between two
individuals 1s not only maintained but enhanced as it becomes
stronger with time. The mate will become the releaser for bond

maintenance behaviour as the result of the expression of initisl
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preferences and the performance of these activities will, in turn,
stimulete the relationship. Without azuch reinforcement, the
response to the mate will wane snd may be replsced.

¥oBride et sl (1969) discussed the possible "affiliative
mechanlsas” that could account for bond maintenance and the waning
of aggreesive tendencles directed towarda'tho mates Animals could,
they suggested, habituate to the close presence of others merely
because of their reguler proximity. In addition, fellow aninals
might become conditioned etimuli due to thelir consistent presentation
with other reinforcing stimuli (e.g., food). Both of these mechanisms
could operate in the formation of 'social' bonds between nemberi’of
the pame flock of birds. Fowever, they also suggested the possibility
of more active reinforcement, such as copuletion, contsct behaviour
end nesting activitifs, which would be important in psir bonds as
they sre usually restricted to behaviour beiween mates onlye.

The bond, or "attachment", between two indiviiduals thus emerges
as 8 dynamic relationship and one which ie dependent for its duration
on continuous visual and suditory contact with the mate. Without
the chence of reinforcement, which this contact provides, ihe bond
mey be Qeakened end & new pair formed, There is some evidence from
Sections 5 snd 9 to suggest that feuales may be moio reluctsnt to
relinguish their old bonds in such situations; they appear to remain
sggressive towards a new partner for a longer time than the meles in
some cases. There sppears to be a learning process which is dependent
on conditioning to the partner as & feature of the environment which
is capable of eliciting both eexusl end sggressive tendencies,

K Whilat‘the attachment is btuilt up it is emmential that constraints
are placed on individuale, in perticular, the males whose readiness

. to court strange femsles ip & merioum threst to the durstion of the
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relationship. Frickson (1973) stressed the importance of this early
stage and concluded that the pair bond was, "more & manifestation

of various constraints lmposed by the demands of breeding (confine—
ment to the nest, increased sggression) than it was an expression

of social attachment between the animals." Suoch an attachment only
came with duration, at least two breeding oycles in the Ring Dove,
by which time the rewards of breeding success could be assessed.

This suggests that the nature of the attachment resulting between
two individuals fluctuates depending on the sort of reinforcement it
has received. The 'constraints' that Erickson (l.c.) epoke of,
indicate that a more indirect form of bond maintenance may occur,
Fidelity to a nest site, or to the offspring, may serve to maintain
the relationship between & pair of birds. It could be that the male
and female form & bond with the nest site that serves to keep then
together during incubation and rearing of the young at a time when
the pair bond may be weakened by the enforced separation of the
matese It has certainly been shown that cases of sexual activity
with birds other than the mate often occur at this time (sea
discussion of Section 5). However, Bgtferfield;(l969) showed, thaf
destrucfion of the nest did not destroy the pair bond between two
4ndividuale but it is not known 1f it may have weakened the relation-
ship., Bonds with the developing young (parent/offspring) mey aleo
gerve to keep the pa#r together at this time. Thus, as well as the
pair bond there may well be other bonds which could aseistvin
maintaining the attachment between two birds. If these latter
should be lacking (ee«gs, if breeding were to be unsucceesful) then
the pair bond might weaken sufficiently to allow re-pairing to occur.
This might help to explain Coulemon's (1566) findings that unsuccessful

| pairs of Kittiwakes tend 10 split up in future years.
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Fidelity to the nest and to the young may differ in the
pexess A case was quoted in a previous discussion of a male who
was incubating eggs when his female dieds He promptly deserted
the nest and paired up with a new female. It would be interesting
to know whether his behaviour would have been similar had the eggs
from the first relationship been hatched at the time of his mates
deathe In sddition, a female's responses to loss of her mate during
incubation and rearing is not knowne In the Snow Bunting Tinbergen
(1939) desocribed cases of males deserting their young and re-pairing
with a new female and he proposed that the males became sgexually
active again before the females. This time in the breeding cycle
would seem to be an occasion when the pair bond might be at its
weskests There would be low levels of gonediasl hormones which
would lead to a reduced expression of the male's preference for his
mate. However, in some speclies the incubation period is a time when
oépulatiOn ocours quite frequently., Burger (1974) described how
in the Franklin's Gull the nest relief ceremony occurring during
ghared incubation of ﬁhe egzs involved copulation which wogld
certainly act to reinforce the presumably wesker bond prevalent af
this tiﬁa. |

Thus the pair bond may be maintained by s variety of activities
other than courtship and ocontact behaviour and, indeed, may even be

sffected by the presence of other bond-types or relationships such

as with the nest or the young. What seems certain is that during bond

establishment s 'Central specification' (Andrew, 1972) of the mate
is built up in order that recognition in the future is invariably
" possible. It is unlikely that such a speoification will be based
on a single parameter nor can it be sssumed, with any certainty,
‘that fhe gseme paremeter will operate throughout the relationship.
It may take time, for instance, before vocalvoharacteristics are

Jearned and this could explain why the maintenance of close proximity
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is at 2 premium in the early stages of Zebra Finch bonds. Possidly,
as time proceeds, greater distances between the mates can e
tolerateds The strength of the bond will vary with the time in the
breeding cycle and the reinforcement experlences of the birds
concerneds Separation may result in less importance being placed

on 8 particular bond but the preference for the former mate is not
neceggarily loste In fect it may be enhanced as shown by the high
levels of courtship on their reunion. In addition, individual
differences in courtship end aggressive tendencies may well influence
the success or failure of a particular pair bond as it passes through

a period of potentisl stress.

The individusl nature of pair bonds

Bond maintensnce involves the cooperation of males and females.
In the face of non-mate conspecifics they must act aggressively on
occacsions and active reinforocement, such as allopreening, clumping
or courtship, muet be expressed. 7Yet, in different pairs, males and
females are seen to occupy different roles. In some cases the male
attacks encroaching non-mates of either sex and the female remains
8 largeiy pasgsive bystander. In others, the male may be subordinate
to other individuals and the female, becoming aggressive, "defends"
bim from further attacks (Section 4). |

This suggeste that different 1ndividuals may possess different
or fluotuating thresholds for attack and that this'may afféct the
particular form of their relationships. Another varisble fsature is
that of courtship (see Section 5). The amount of courtship shown by
"males varies and Andrew (1972) has shown that testosterone levels
can affect the persistence shown by an individual at any one time.

Spencer-Booth and Hinde (1971) and Hinde and Spencer-Booth (1971)



275.

noted large differences in the mother/infant bonds of rhesus monkeys
and suggested that these affected the relationships such that
interactions between mother and infant became complexe. They
conocluded that it was first essential to establish the fundamental
charscteristics of the mother/infant relationship and then to look

at individual differences and the way in which they alter the general
form of the attachment.

In this study an attempt has been made to describe the funda-
mental bonding relationship of the Zebra Finch from its beginning
until it becomes funotionsl, in a breeding sense. The individual
variation in bonding that was noted might well prove an illuminating
topic for study particularly the relationship between bond formation,
aggressive tendencies and dominance. In teking an overall view such

details may be obscured snd written off as irrelevant.

The way shesad

It has been ghown that at least two processes are involved in
the formation of bonds or pairing relationships. These are mate
selection and bond maintenance, In the former preferences, learned
or 1nnat;, are expressed in the cholce of partner to be courtedj
the latter involves reinforcement of the relationship and the
behaviour concerned constitutes the tangible signs of the bond
14self. Thorpe (1961) wrote, "there is hardly any aspect of the
behaviour of animals which may not have some reference to the problems
of human behaviour“, end this seems true of bonding. Man is &n
example of a monogamous species which paire for prolonged periods,

often for 1ifes It would be intereasting to discover if similar
processes operate as have been located in the Zebra Finch but without

e more complete understanding of the latter's situation conclusions
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would be difficult to draw.

Future research in pair bonding would benefit from a close
examination of mate selection and the 'attractiveness' of different
individualse. Bond reinforcement warrants attention especially in
view of the increasing divorce rates in nman. It has been shown here
that, 1n the Zebra Finch, 1f bond maintenance sctivities are
precluded then new bondms may be formed and the 0ld relationship
dissolve. This suggests that a pairing relationship is something
that should be worked towards continually by the parties concerned,
without the effort on both esides the bond 1s doomed to failure from
the outset. Mother/infant relationships have proved e rewarding
study, adult mate and soclal bonds deserve equal attention. As
was noted above, in meny cames it may be necessary to observe
individual varistions in the fundamentel relationships before

adequate explanations end understanding can be aschieved.
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TABLE 1 Measures of oslls of male and female Zebra Finches expressed

as mean values with standard errors and coefficients of

variation shown. The loud calls

Low frequency  High frequency Duration (msec)
(kHz) (knz3

Males No. of

cslls X SE  CV X SE CV X SE CV
1 10 4.8 0.04 2.9 5¢3 0,02 1.1 129 1.5 3.9
*2 15 3.0 0404 5.6 3.5 0,02 2,2 182 1.5 3.9
*3 11 247 0402 2.1 5.1 0,07 Asd 220 3.8 545
4 10 3¢3 0,05 45 4¢1 0,06 4.3 174 3.8 643
5 14 447 0403 2.9 5.6 0402 1.4 121 1.5 5.0
6 19 347 0,03 2.7 444 0.03 2.6 144 1.5 4.2
1 15  4s7 0402 146 5.7 0,03 1.8 159 2.3 5.0
8 10 4el 0403 1e6 449 0403 1.7 151 2.3 5.3
9 12 4e3 0e13 948 5.3 0420 13e1 167 3.0 6.6
10 12 4¢7 0,03 2.1 5.6 0,03 1.8 121 1.5 5.0
*X 102 4.3 0420 13.1 5.1 0421 1140 157 1049 19.7
Females
1 12 249 0403 3e4 3.4 0402 145 265 1le4 1447
2 10 3¢5 0.04 3.8 4.0 0,04 3.5 227 843 1149
3 12 3.1 0402 2.2 349 0405 4.5 265 6.8 847
4 10 2.7 0,02 2.1 3.2 0,03 3.7 242 13.6 178
5 11 2.9 0.04 4.3 3.5 0402 1.9 242 9.1 12.0
6 12 2.6 0,02 2.6 3.4 0.08 8,1 204 4.5 8.3
T 11 3.1 0.03 3.5 3.8 0.04 3.7 250 7.6 9.6
8 11 42 0,04 344  4eT 0402 1.2 189 3.8 6.4
9 10 2.8 0,03 2.4 3.4 0.06 6.4 197 Te6 12.2
10 13 249 0,03 4.0 3.2 0.03 4.1 356 11.4 11.8
X 112 3.1 0.14 1442 3.7 0.15 12.5 244 15.1 19.6

# These males had no measurable harmonics and are excluded from

the caloulation of mean scores for their sex (*X)



TABLE II Yeasures of Loud/Soft calls

297«

Low frequency High frequency Duration
(xHz) (xHz) (msec)
¥ales No, of X SE CV X SE cv X sE oV
Calls
1 11 407 0403 1.6 5.2 0403 14 121 4.5 1244
%2 10 2,6 0,05 5.8 4.3 0,03 1.9 144 10.6 22.9
*#%3 0 - - - - - - - - -
4 10 3.2 0.07  6e4  4a1 0407 5.1 159 6.8 13.2
5 10 4+2 0411 8.0 5.1 0,16 9.2 114 2.3 6.1
6 10 346 0403 2.1 4¢3 0el3 8.8 144 3.8 7.6
1 14 4¢7 0404 346 5¢4 0,05 3.2 121 4.5 14.1
8 10 3¢9 0,05 4ol  4¢7 0405 3.2 129 5.3 13.2
9 11 3.8 0407 5.9 4e3 0405 3.9 167 5.3 10.8
10 10 4e3 0406 444 5.0 0.04 245 98 3.0 9.2
b3 96 4¢1 0418 1245 4.8 0,17 102 133  Te9 1647
Females
1 15 207 0402 2.7 3.2 0,03 4.1 144 4.5 11.8
2 12 3.2 0.06 6.1 3.7 0,03 2.7 121 6.8 19.8
3 10 3.0 0,03 246 3.7 0.06 4.8 197 T.6 12.7
4 10 2.6 0403 3.5 3.1 0,04 4.3 189 12.1 20.6
5 9 2.8 0.03 3,2 3.2 0,03 2.3 151 7.6 15.9
6 11 246 0.02 2.6 2.9 0413 3.4 136 8.3 19.9
7 3 3.1 - - 3.6 = - 182 = -
8 12 3.7 0.03 2.7 440 0404 3.5 136 6.1 16.2
9 10 247 0.03 2.4 3,2 0,02 1.8 144 6.8 15.3
10 13 2.7 0,01 1.2 3,2 0,03 2,4 212 12.1 22.2
X 115 2.9 0,10 11.3 3.4 0.11 10.0 161 9.8 19.2

*%

This male had no measurable harmonic

from mean mele values (X)

This male gave no L/S calls.

and his scores are excluded



TABLE III Messures of Soft calls

Low frequency High frequency Duration
(xHz) (kHz) (msec)
Males No.of X SE CV X SE ¢V X SsE ¢V
calls
1 15 2.9 0,03 3.1 32 0.03 3.2 91 3.0 12.1
2 24 2,7 0.01 1.6 2.9 0,01 1.4 91 1.5 6.6
3 18 3.0 0,02 2.5 3.4 0,02 2.2 88 1.5 11.8
4 11 247 0403 247 3.1 0402 1.6 68 2.3 11.8
5 10 3.0 0,03 2.5 3.7 0,02 1.2 91 2.3 7.8
6 9 2.7 0402 2.2 2.9 0.03 2.9 83 5.3 1943
1 19 3¢3 0,02 2.3 3.5 0.01 1.4 61 1.5 13.1
8 13 2.7 0,02 1.9 2.9 0.02 2.3 83 2.3 9.6
9 14 2.7 0403 3.0 3.1 0.03 3.8 76 3.8 17.1
10 10 2.8 0,01 1.2 3.0 0.02 1,9 68 5.0 1642
X 143 2.9 0407 7.3 3.2 0,09 8.5 78 3.6 1445
Females :
1 12 207 0403 2,7 3¢l 0402 1.9 114 5.3 15.8
o 10 3,0 0.03 3.9 3.4 0.08 6.6 83 6.1 22.9
3 10 2.9 0403 3.7 344 0,03 2.2 121 3.0  Te4
4 11 2.7 0402 2.1 3.0 0,02 1.4 121 746 19.8
5 12 2.8 0,02 2.4 341 0402 1.4 83 2.3 9.6
6 20 2.6 0,02 2.6 2.7 04,02 2,7 98 2.3 1l.2
1 11 3.0 0,03 2.5 3.4 0.06 3.4 91 4.5 16.5
8 13 3.5 0.01 1.2 3,8 0.03 2.0 98 3.0 11.2
9 26 2.7 0402 3.1 3.1 0,01 1.9 98 3.0 1443
10 13 2.8 0403 2.7 3.1 0,02 1.6 114 5.3 15,8
3 138 249 0,08 B8+9. 3.2 0,10 9.5 102 4.6 1442
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TABLE IV Yeasures of Tet calls

Low fregquency High frequency Jurstion

(xns) (xHs) (msec)
Yales No. of X s v X s cv X sE v
calls
1 10 2.8 0,03 2.9 3.0 0403 2.8 61 2.3 9.8
2 15 247 0,03 341 341 0403 3.5 61 1.5 8.2
3 26 342 0402 2.1 3.6 0402 2,6 61 2.3 1644
4 10 2.7 0402 2,2 3.2 0403 3.4 68 2.3 11.8
5 10 3,0 0,03 2.8 3.5 0403 2.6 68 2.3 1043
6 10 2.6 0,03 349 2.9 0403 3.7 61 3.0 14.8
7 10 3.1 0403 3.0 3.6 0,03 1.9 53 3.0 1849
8 10 2.6 0403 342 2.9 0.05 51 61 1.5 8.2
9 9 2.8 0405 546 33 0407 6.0 716 38 1445
10 15 2.7 0403 341 3.0 0402 1.9 68 2.3 134
X 125 2.8 0,07 Te5 342 0408 8.2 64 2.0 949
Females
1 15 247 0403 3.0 Jel 0403 4e1 76 3.0 17.1
2 11 2.9 0,03 3.1 3.6 0,05 444 68 3.0 13.2
3 16 248 0,03 2.9 3.5 0.03 3.6 83 3.0 14.5
4 10 2,7 0,02 242 3.1 0403 33 61 1.5 8.2
5 11 2.9 0.04 446 3e4 0.03 3.2 61 2.3 11.5
6 11 2,5 0402 247 341 0404 15.4 83 4.5 19.3
7 12 2.6 0403 3.9  3¢D 0,02 1.9 68 2.3  11.8
8 10 3.1 0,03 2.7 3.6 0405 442 68 1.5 T4
9 9 2.7 0.02 1.9 3.0 0403 3.3 83 2.3 8.4
10 15 2.8 0402 2.4 3.3 0.03 1.1 68 243 1344

120 2.8 0.06 6.3 3.3 0.08 T4 12 2.8 12.1

ol |
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APPENDIX II  Measures of the courtship snd undirected song of
male Zebra Finches (from Section 6.2)
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MALRE 1

(a) Courtship Song (N = 9) % After Marler and Isaasc (1960)
Low frequ= High frequ= Duration *Accurate measure
ency (kHz) ency (kHz) (msec) of duration (msec)

Flement X SE cv X s €V X SE ¢V X SE cCvV

1 3,2 0403 249 345 0403 2.6 91 3 848 121 0.7 1.7
2 2.8 0404 449 3.6 0.04 343 144 6 13.2 174 OsT 1.3
45 0403 2.0 5.7 0,03 1.6 129 4 93
3 2.7 0402 1.9 3.6 0403 243 121 2 4.1 167 0.0 0O
4.0 0.04 2.9 4.5 0,05 3.2 106 1 29.2
4 3.1 0404 3.5 3.4 0.03 2.2 129 4 10.1 167 0.7 1.4
5.3 1405 2.8 6.0 0.04 2.1 159 2 2.5
5 249 0,08 7.7 32 0,11 10,3 23 2 17.4 129 1.2 3,0
4e1 0404 3.1 5.7 0.02 1.0 121 4 9.l
6 3.9 0,01 1.1 4.2 0.01 1.0 38 2 13,2
Total 802 3.0 1.2
(b) Undirected Song (N = 11)
1 341 0.01 1.4 3.4 0.03 2.7 91 2 8.8 121 0 O
2 2.8 0,05 6.1 3.6 0,03 2.3 144 5 11.1 174 0.7 1.3
4.7 0404 2.5 5¢7 0.06 2.2 144 4 9.1
3 2.7 0403 3.1 3.4 0,04 3¢4 129 2 3.9 167 1.4 2.7

3.8 0.05 4e¢4 4¢3 0,06 4.2 136 13 30.9

4 3.0 0,03 2.8 34 0.03 27 135 3 7.4 174 1.2 2.2
5e3 0.03 2.1 6.0 0.03 145 159 ) 4 7.6
5 2.8 0005 604 3'2 0005 407 30 2 16.7 136 1.2 2.8
349 0.03 2.8 5.8 0.02 1.3 144 3 7.6
6 3.9 0,02 1.6 4¢1 0412 <ol 45 1 B9
Total 810 3 1.4
SE = Standard FError
cv « Coefficient of Variation (%)

Total = The total duration of the call (Overlapping of elements
means that the sum of element durations does not necessarily

equal the total duration).



¥ALE 2 = Phrase 1

(a) Courtship Song (N = 13)
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Low frequ- High Frequ- Duration Accurate measure
ency (kHz) ency (kHz) " (msec) of duration
Flement X SE CV X SE CV X SE CE X SE ¢V
1 3¢5 0403 346 3.8 0,01 0.9 91 1 55 129 1.1 3.0
2 36 0,05 5.4 4¢3 0,03 2.4 68 3 1447 91 0.7 2.5
3 3.8 0,03 2,9 4.0 0.01 1.1 68 4 20.6 76 0.9 4.0
4 3¢5 0402 1.9 4.3 0.04 3.1 61 2 13.1 76 0.7 3.0
5 4¢3 0402 le4 444 0,01 0.9 63 3 13.3 114 2.2 6.7
6 346 4.3 164
Total 4171 6 4.8
(v) Undirected Song (N = 1)
2 3¢5 4.2 75
3 3.8 4.0 76
4 3.6 4e5 83
5 443 4ed 98
Total 485
Song Phrase 2
(a) Courtship Song (N = 23)
1 3.4 0402 3.4 3.8 0.0l 1.6 83 946 151 1.0 3.0
7 4¢3 0,02 1.9 4.7 0.02 2,0 129 2 845 182 1.0 3.4
(b) Undirected Song (N = 14)
1 3.3 0,03 3.7 3.8 0,01 1.8 91 6.6 151 1.2 3.0
1 4+3 0.01 142 4¢7 0402 1e3 129 8.5 182 0,8 1.7
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MALE 3
(a) Courtship song (¥ « 9)
Low Freque High Frequ~ Duration Accurate measure
ency (kHs) ency (kI'z) (msec) of Duration
Flement X SE €V X SF CV X SE CV X sE Cv
1 444 0,02 1.5 5.8 0.02 0.9 76 1 5e3 91 1 444
2 4.8 0,05 342 603 04,03 142 53 .2 9.4 53 0 O
3 402 0401 1.0 5.6 0403 1.8 121 9 22,3 167 1 2.4
4 2,8 0,03 2.7 642 0407 3.5 227 2 2.7 212 2 24
' Total 530 2 0.9
(v) Uniirected song (N = 13)
1 4.3 0,02 1.8 5.6 0,02 1.2 83 ‘20 844 91 1 343
2 449 0,04 3¢l 6.3 0403 1.6 61 .2 8,2 53 1  Se7
3 41 0,02 1,4 5.5 0402 1.1 144 11 2644 166 1 1.8
4 2.8 0,05 6.8 601 0,05 2.9 265 8 10.2 219 3 4.1
Total 515 1 4.2
VALE 4
(a) Courtship song (F « 11)
1 28 0.04 5.0 Te2 0410 457 6 2 8.8 129 1 1.6
2 28 0406 Te3 6e7 0012 549 I S 6.6 716 O o
3 244 0609 11e4 Te2 0,08 3.8 91 2 6.6 121 1 1.7
4 306 0,02 1e4 348 0.02 1.3 204 3 445 197 1 2.0
Total 545 3 1.9
(b) Undirected Song (N = 11)
1 3.0 0,01 15 TeO 0405 2.5 83 3 9.6 136 1 2.9
2 2.9 0404 4.3 6.8 0.09 4.3 T6 2 T.9 76 1 349
3 203 0408 107 7.2 0410 449 91 1 5,5 129 1 1.6
4 3¢5 0402 le4 3e7 0.01 142 219 3 5,0 204 1 2.0
Total 575 3 1.9




MALE 5

(a) Courtship Song (N = 13)
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Low freque- High frequ- Duration Accurate measure
ency (kEz) ency (kHz) (nsec) of duration

Flement X SE 6V X -SE €V X SE CV X SE CV

1 3.3 0,02 2,1 3.6 0,02 2.1 83 1 6.0 114 1 2.6

2 3.0 0,04 4.7 345 0.04 3.8 114 2 543 159 1 1.3
4.7 0.03 2.5 5.8 0.04 2.6 121 2 5.0

3 3.1 0,03 3.8 3¢4 0,02 1,7 121 2 6.6 159 1 2.5
4,0 0,02 1«7 444 0,03 2.5 106 5 17.0

5 3.0 0,05 6.1 3.3 0.04 4.1 23 1 21,7 129 1 3.
3.9 0,08 7Te2 5.8 0.03 1.7 144 6 1349
é 3.8 0,03 3.2 441 0,02 1.7 45 1 1l.1

‘ Total 606 3 1.5

(b) Undirected Song (N = 10)
1 3.3 0,02 2,0 3.6 0,03 3.0 106 5 16.0 114 0 O

2 2.9 0405 449 3.5 002 1.9 136 4 8.8 159 1 2+5
4.8 0,02 1.6 5.4 0,03 1.7 121 7 19.0

3 3,0 0,02 2.0 3.3 04,03 2.8 136 6 14.0 159 1 2.5
4.0 0,03 2.3 4.4 0,03 2,3 174 2 4.6

5 2.9 0,03 3.7 3.3 0.03 2.8 32 2 18.8 136 1 249
4,0 0403 2.7 5T 0.05 2.5 204 8 13.2
6 3.9 0.04 4.2 4.3 0,02 1.8 38 2 13.2

Total 613 2 1.3
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(a) Courtship Song (N « 10)

305.

Low frequ= High frequ- Duration Accurate measure
ency (kHz) ency (kHz) (msec) of duration
Flement X SE €V X SE €V X SE CV X SE ¢V
1 2.8 0,05 5.0 5.9 0.11 5.8 61 1 8.2 91 4.4
2 3.7 0,07 6.4 4.9 0,05 3.0 91 2 6.7 121 3.3
4e7 0,05 3.0 562 0,05 3.2
3 4.6 0,03 2.2 5.1 0,05 3.0 83 2 7.2 129 2 3.9
4 el 0,07 6.8 5.9 0,08 4.2 61 2 9.8 83 2 6.0
5 3.0 0,08 846 343 0,02 1.5 61 1 6.6 91 O 0
6 4,0 0,03 2.7 4.7 0,02 1.3 144 2 3.5 144 O 0
' ~ Total 651 3 1.5
(b) Undirected Song (N = 10)
1 2.9 0.06 6.6 6.1 0,03 1.5 61 2 8.2 91 © 0
2 3.6 0,02 1.9 449 0,05 3.1 98 2 6.1 121 2 4.1
4.8 0404 2.6 5.3 0,02 1.3
3 446 0,06 3.8 5.1 0.02 1.5 T6 2 10.5 121 2 4.1
4 3,2 0,03 2.9 6.1 0,03 1.8 61 3 16.4 83 1 4.8
5 5,0 0.02 2.2 3,3 0,02 1.8 6 2 8,8 91 0 O
6 41 0404 343 4.8 0.02 144 151 1 3.3 151 2 343
: Total 666 2 1.2




306,

¥ALE 7
(a) Courtship Song (¥ = 13)
Low freque High freque Duration Accurate measure
ency (kFz) = ency (k¥z) (msec) of duration
Flement X SE €V X SE ¢V X s¢ CV X sE oV
1 1.8 0,09 1244 5.4 0.11 5.2 76 3 10.5 114 0 0O
1 1.8 0411 1642 545 0412 5.6 83 3 8.4 114 O 0
2 2.0 0405 B43 5.7 0407 44l 114 1 2.6 136 1 2.9
1 1.8 0,02 4¢3 5.8 0016 10,1 83 2 9.6 98 5 11.2
2 1.9 0,02 242 545 0,09 4.1 114 1 2.6 136 3 3.7
1 1.8 0.05 Tel 544 0,07 3.4 83 3 10.8
(v) Undirected Song (N « 11)
1l 1.8 0406 941 5¢3 0.03 4.3 76 3 11.8 114 0 0
1 1.8 0,06 846 5.6 0,21 9.7 83 4 13.3 114 0 o}
2 2.0 0,05 Te5 548 0417 9.9 114 1 3.5 136 1 .29
1 1.8 0,05 846 6.2 0430 15.1 83 2 9.6 98 4  13.3
2 1.9 0404 6.7 5.8 0,15 847114 1 345 136 1 3.7
1 1.8 0,05 9.6 6.0 0425 13.6 91 2 8.8
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MALE 8
(a) Courtship Song (F = 10)

Low frequ- High frequ- Duration Accurate measure
ency (kHz) ency (kHz) (msec) of duration
Flement X .SE  CV X sE ¢V X SsE CV X SE vV
1 2.8 0.02 1.8 2,8 0,01 1.5 30 1 13.3 53 1 3.8
2 3.6 0413 12,3 6.0 0,05 3.3 91 2 5¢5 129 1 l.6

4,8 0,04 2.5 5.2 0,02 1.0

3 4.7 0404 2.9 5.1 0,02 1.0 91 1 4.4 136 2 3.7
4 3.0 0,04 4.5 5.8 0,06 3.3 61 2 8.2 76 L 2.6
5 3.0 0402 17 342 0,02 1.6 68 1 5.9 91 1 2.2
6 4¢2 0404 3.0 4¢7 0,02 144 151 2 3,3 151 2 3.3
Total 636 2 1.3
(b) Undirected Song (N = 11)
1 2,8 04,02 1.8 2.8 0,02 1.8 30 1 13.3 53 1 3.8
2 3.5 0,01 10,0 4.8 0.04 2.8 91 1 2.2 129 1 3.1
4.8 0,03 2.1 5,1 0,02 1.2

3 4.6 0,03 2.2 5.1 0.01 0.8 83 2 8.4 136 1 2.9
4 3.0 0,02 2,0 5.7 0,03 1.5 61 2 11.5 716 2 6.6

5 2.9 0,01 1.4 3.1 0,01 1.4 68 2 8.8 98 0 o0
6 4ol 0,02 1.8 4.6 0,02 1.3 159 2 3,2 151 1 1.3
Total 659 2 0.9
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MALE 9

(a) Courtship Song (N = 36)
}ow frequ-~ High freque Duration Acourate measure
ency (kHz) ency (kHz) (msec) of duration
Element X SE  CV X SE ¢V X SE CV X SE CV
1 2.4 0,03 6.5 6.8 0.11 9.6 83 1 6,0 114 1 4.4

(b) Undirected Song (N = 37)

1l 2.1 0,03 9¢4 6.6 0,07 6.7 83 1 Te2 114 1 4ed
VALE 10
(a) Courtship Song (N « 42)

1 243 0404 1lel 6.0 0,07 744 83 1 T2 116 1 4.0

(v) Undirected Song (N = 45)
1 2.0 0,08 25.0 642 0,04 402 76 1 646 116 1 40
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APPENDIX III The Spearman Rank Correlation coefficients for calling

by mates and non-mates during separation and again
after introduotion (from Section T.3)




3lo0.

TABLE I Total Number of calls given

(a) During Separation

Pair Between Between male Between femnle
Foe. established and a female end a male
mates non-mate non-mate
1l 0.792% 0.544% 0.844%
2 -0,138 0.48 6% 0.776%*
3 0.975% 0.918% 0.147
4 04695% 0.904* 0.827%
5 0.158 0.294 0.855%
6 0,075 0.832% 0, 677
1 0.868% 0.675% 0.888#
8 0.731% 0.,601% 0.787%
9 0.T46% 04638% 0.870%
10 0.888% 0.864% 0.322%
X 0.514% 0.676* 0.699
(v) After introduction
1 0.664% O0e672% 0.113
2 0.726% 04174 «0.182
3 0.728#% 0.429% «0.224
4 0.929% 0e376% 0.723%
5 0.628% 0.236 0,087
6 0.600% ~0.671% 0.360%
7 0.791% 04793% 04477*
8 0.638% 0.468% 0.050
9 ~0.055 04571 0,025
10 0,482% -0.187 0.768%
X 0(614# 0.286 0.220

* u P <0.05



TABLE II

Number of Loud calls given

(a) During Separation

Pair Between Between male - Between female
Noos established and a female and a male
mates non-mate non-mate
1 OT47* 1.000% Oa746%
2 0.121 0.446% 0.,672%
3 0.928% 0,000 0.150
4 0.757T* 0.745% 0.870%
5 0.504% 0.148 0.854%
6 -0.164 0677 0,683%
7 O.316% 0.888# 0.,999%
8 0.626% 0.633% 0.329%
9 0.517% 0.766% 0.4T0%
10 0.e442% 0,281 0.588%
X 0,512% 0,558# 0.636%
(v) After introduction
i No calls 0.172 ~0+360%
2 ~0.131 ~0.453% -0,180
3 0,000 ~0,013 ~0.010
4 0.607T* 0s471% 0.515%*
5 0,000 ~0.072 0,000
6 1,000+ «04002 0,052
1 No calls 0TTT* No calls
8 0,065 0,119 1.000%
9 1.000% 0.799% 0.236
10 0.004 0.216 0,000
X 0.456% 0,202 04225

* p<0005



TABLE III

(a) During Separation

Number of Soft calls gilven

3l12.

Pair Between Between male Between fomale
No. established and a female and a male
nates non-mate non-mate
1 0.135 0.544* 0.306*
2 OeT25% 0.380% 0.171
3 0.924% -0.104 0.080
4 04313% ~0,071 0+412%
5 -0.013 -0 469 6% 0.759%
6 0.90T* 0.68T* -0.111
7 0.901#% 0.635% 0.698%
8 ~0,087 ~0,662% 0.020
9 0.,713% 0.269 0.639%
10 0.613* 0.309% ~0.077
3 0.513% 0.129 0.290
(b) After introduction
1 0+664% 0,637* 0.125
2 0,702% 04214 -0.225
3 0.726% 0.662% ~0.190
4 0.945% ~0,102 0.673%
5 0.503% ~04166 0.196
6 0,649* 0.090 0.706%
i 0.791% 04718% 0.477%
8 0.638% 0,195 0,042
9 0,083 0.459% 0.104
10 0.532% ~0,211 O0e753*
X 0.607* 0,207 0.266

* =D <0005



