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ABSTRACT

N This thesis. examlnes the importanoe of" visual, voeal and
»b%wmwd w%_mrmwt%wc@memz@mj@@wghﬁﬁﬂ@
guttata.\ , f ) s f o

X Zebra finch males normally copy Song at 35 to 65‘days of age. Iny
~the wild the young;'become independent at .about! 35 day ”offage and form
small flocks in the area. of the colony where they ‘will#be exposed to ‘a:
variety off song tutors.- In Chapter 3 captiv ra- finches are::
provided w1th the opportunity tox ,nspecifics at 35
days of: age.a Female-raised males which are house'°‘1th two unrelated

shows that malesnand females ‘can - discriminate between their father's
song and those -0f" other males.' O
3 Visual vocal “and” behavioural cues - are” all . important for:
""" P ross—fostering using | Bengalese rinches,
.fLonchura striata, as.fo fer-parents is;an 1mportant -tool' for: studying“’
"this: Chapter 5 Lo s;athengaleseﬂfinch~sbng. évelotment;-Chapter'ﬁ
I -gompares ' song: development in cross—fostered zebra finches ' and
‘*Bengalese finches. ‘ " e 2

. Visual cues are: important ror tutor ‘choice Yand . young males N &%
both species which are provided- with & zebra ginch singing Bengalese
song and a. Bengalese finch’ singing zebra’ . finch song ‘prefer the
conspecific tutor " (Chapter 7) Chapter 8 suggests that? conspecific
. ;:80Ng elements are. not. important for: zebra finches. " there. :is '.no
tendency to prefer a- tutor with normal song ‘ov.er- one singing Bengalese_
-song. .

; Cross-fostering can also influence ‘the timing of song learning.
' _Males’ which are “housed succeSSively (Chapter 9) .or" simultaneouslyz
_-(Chapter 10) with both species tend to. reproduce song which they ‘heard”
. before inqependence 4n addition to learning from: ‘the: ‘tutor whichfth v
‘heard after: independence at 35 to 65 days of age'.'thi_ 1ndicates that -
thb timing of ‘the sensitive phase is flexible and mediated by both :

. experience and age. -

e There are a number of - similarities between*“song learning and”
\w:sexual imprinting which are discussed 1n Chapter'1

Crucial to these: studiee is:a knowledge~aof the two species'
behaviours..‘ Chapter - 2 compares parental "behaviour “dn capt1v1ty _
Chapter 12 concludes with a plea for more. research 4 mthe wild.




"' Chapter 1. o, ua EE -
‘ INTRODUCTION, %" .=

This thesis examines the importanoe “of visual, - vdpéi end‘

behavioural cues in song tutor choice in zebra finohes,jTééniogxgia

© guttate. :

o

‘_Theﬁzehnagfineh‘is one of'sevenalvspeciesldf *gneszinch;, familyj

Estrildidae, 'uhose - song development has been 'extensively studied

9. (Immelmann 1\967 1969,. Hall 1962“-‘ Price ” »197:9' Bohner 1983, Eales

5.

198a). Only the male sings (Nottebohm ‘and Arnold 19l\ -:'The soft,

' sometimes toneless,'song has been 1likened by Morris (195”) ‘to. a-
”squeaking wheel Each short song phrase eonsists of a series of notes

}
: or elements whioh are. repeated seVeral times during a song bout.

%  For Estrildid fineh males the- “main funo ion. is cin mete

R

, i attraetion.~ Courtship or direeted song, 50 calle _ecause ‘the bipd

directs his head towards the female while singing- (Morris~*1954-

Immelmann 1962); forms papt of a highly elabdrate male eourtship”

display. Outside oourtship undireeted song is performed, by males inf
s _1mixed or monosexual groups, by males which have beeaneparated briefly

from their mates, and"even sporadically by counting males -between“

series of oourtship songs and.dances (Sossinka and Bohner 1980)

funetion of~this-is 1ess clear. It may strengthen the pai bond
| 1984) and keep the ‘ovaries in a permanent state of s miaotivityﬂ :
i : ’ , (Farner and SerVenty 1960)' .Song, together with oall notes, mey
: _“faoilitate .individual reeognition. Zebra finohes are not territorial'

.-(Hall 1962 Kunkel 1959), so: there is probably little selection for

*amale-male recognition, but the young of both sexes ‘ean - reoognise theirf

ﬂfather 's song and that of ‘any other male with whom they oan visuall




3

- and vocally interact @Mil;ére1§i§a; Eales 198f§).:¢;.f

:-Undireetedlandudonrtsﬁipisong?”ere virtuexiy identieal P all‘

: physleal'ﬁonereoteriStics (Immelmann 1969, Butterfleld 1970) but the:

' ' -:Lntensity of: eourtship may 1nerease the volume and rate of‘ singing.'
uSome males ineorporate loud call notes into their song when highly
1sexually motivated (80831nka and Bohner 1980) Since males tend.. to
vary greatly in thelr degree of sexual motivation 1t is best to

donsider only .undirected songﬁin{studles OfLSQng“learning.

- Zebra flneh sexual activity and song begln very early .in life.

‘,

! Song develops 'oontlnuously from the young birds' begglng ealls.

-Initially it is very quiet and sporadic, laeklng “the- adult song

;sstructnre. Jt_.contains a great range of -notes nanyfof,whloh are never

found'ln the adultﬁrepertoire.uw The onset off=subsong“mvaries, but

-usually oceurs at about 27 to 35 . days.l"By--66.ﬂto 70 days-the-_db

: juvenlle's song elearly resembles that"of the tutor.from- whom 1 wasﬁ

learnt and full song 1s acqulred by 9 to 11 weeks of '‘age (Immelmann-

1962).

In common W1th all oscines studled to date the ‘zebra finch has topf“’

1earn 1ts song.- A young mele deprived of. the opportunity to llsten to

adult song during ontogeny w1ll not - develop normal song.;: The Kaspar

;Hauser.: songs of birds of various speeles reared 1n 1solation‘may

i possess speeies—specific oharaeteristics but they are usually slowerw

and more varlable with fewer song elements (see review: by Slater

L 19834. Immélmann (1969) and - :Price. (1979) found that male zebra

-« finches which nene“hand;raisedﬂor raisedﬁbgethe ﬁother{élone produeed k.

songs with pnlylﬁaif assmany:SQng'elements_asl normallyﬁreised .meles.“

»The songs were of -a simple unlforn struCture,fﬁith-angebnormaily5Slow




“tempo and3lacking'any'6f‘the compiieated':elements'»fonnﬂ3 in -normalsﬁ

".song. Many. of these songs contained an infusion of female call notesé-
but - there was’ eonsiderable variation between isolates and even amongﬂ

sihs reared together,

Song acquisition occurs by two:brooesses.fifhé}é:iﬁféuphase “when *

'soné‘ is memorized. Atﬁfﬁis“stage-the bird céhngt'gonWént;thevléarnt

i ; g information into the oorgectnyoéal output. 5D§ring';motor—mdemelonment'“

' voealizations are‘.--'developed, ‘from ..the initial *sq.‘eaks»-ofd:subsoszg:?”tb

. fully crystallized adul t- song.~ Both processes may be affeeted by theﬂ

"social experiences a young bird reeeives during ontégeny but they: need_
X not be affeotedyin;the ‘same way; A bird may~'1earn. oertain song
elements during the memorization phese but this does not necessarilyif s

5 mean that it will develop and include these elements in its. full sonp
'Indeed many of the song elements present in subsoné are never produeed
'by the adult:hinq,‘ Although female zebra finches do not normally singll'
they‘are capable'of diScriminating“between the song of their ﬁather"on?h‘
'mate versus - another male (Miller 1979a, Chapter 4) :The“wdistinction f
between disorimination 1earning and . song performanoe learning is |

discussed.in Chapter 4.

In many species ‘the two stages ‘are separated by several months °

[T

ég;; in the whitecrowned sparhow, .§ogotrichignleuéophgg§; and,the_

. swamp sparrow, Zonotrichia georgiana (Marler 1970 ‘Marler’ and Peters

,1977) For zebra finehes there is temporal overlap° young males

Sy

normally memorize and develop their:- songs at the same ‘time. The .

”timing of the memorization phase depends on social experienees the
ﬂ'juvenile‘.gains -early * in life but motor ,deveiopment prooeeds '

irrespective of whether memdniﬁation- haszﬁocouhred; (Eales 1985b) 43




‘Nonetheless development is affected by the behaviour of ~ other: birds;
‘The vocalizations of other young males sean stimulate ‘a bird to
‘practice sd that song :elements are . acquired more quickly (Eales

19§5a).

In. some species there may be - more than “one: period of song

learnlng.' In ternitorial species such as the great tit, Parus major,

‘1

there may be two such periods, one 1n the nest at aboutggthe time of

fledging and one "at the time of territory establishmeht in the ’
_.zfollowing-Spring. These ‘may-. represent two periods oft exposure during"

a single sensitive phase for- song learning or two separate periods of 4

sensitiv1ty. Some birds eg. canary, Serinus canaria, appear to. be

S

v-capable of learning throughout life (Nottebohm and Nottebohm 1978) ¥

In.the village 1ndigob1rd, Vldua.echalxbeatay»-ailn the males in a

: display area have similar songs but if a male moves to a new area he

'5changes his song appropriately (Payne 1981, 1986) e

Zebra finches have konly one sensitive phase‘ -{ln" captive,
‘normally~raised zebra’ finches this ‘oceurs at about 35 to 65 days of
'f'age (Eales 1985b). "The most strihing feature is the fairly early
.Lsen31t1ve- period for song acquisition and the eSpecially early ‘end of

thatwperlod."r(Immelmann'1969) The biologlcal significance of this

ié' best explained in terms of the breeding biology of the speoies.
‘ Most sp901es 11v1ng in- temperate zones undergo - complete regres51on~“
" of the gonads outside the breeding season (Farner .and-Follett 1966)
':;All ;sexual activities including song are arrested until the next:_
;{ ) "i breeding-season.f In zebra finches, however, there is no regressibn ofci

i»tne:s.gonads ‘due 7 to~ cﬁggic gonadotrophic Z;activity- of the

hypothalamo—hvppphysiald sttem?(Farner and Servehty’fgbp). The'iebraﬂ
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fineh sings and courte throughodﬁww.he y 'ahd ﬁhfs is a- great

advantage where breeding seasons are; irregular'f bhe birds are "always

ready for action® and can begln breeding as soon a% eonditions become
favourable. When they are not breeding zebra inchee live in mixed
flocks (Immelmann 1962). As a consequenoe of the h frequent and close
contact with other sp801es it may be 1mpor ant for the young to

acquire species-specific song :.mmed:.ately a.t‘ter fl\{edging.

l

The fﬁnction‘of song may -also influence %he timing of the

sensitive phase and ehoice of song tutor. In some specles 1t may be

beneflelal for a terrltorlal male to learn from hie neighbours at the ‘??

time of territory. establishment (eg. Payne 1982 f%r Indigo buntlngs,
Passerina cyan 1ea; MeGregor and‘Krebs-1982‘for Great!tits). _For song
to be used in kin recognition amongst males a bird ouid needzte learn
his father's song and use thls as a standard--foe_uaesessing song
elements in common with’ other males. _Inrzebra finchze tﬁefrunotion of
song is primarily sexual and it mighf.be importantrfek-botﬁ sexes to
learn song from the faéﬁer ééfly in life to ensure}op'imel eﬁfbreeding

2 ; {
(Bateson 1982, Miller 1974, Chapter 3). }

;f
" i 3
' The timing of the sensitive 'phase is not alw#ys “simply age

dependent. In - the wild, environmental factors sdeh as daylength

(Kroodsma and Pickert 1980 for marsh wrens, Cistoth"ax

alustris) and
the sound of other singing birds in the neighbourhood (Baptista 1972

for. the wild houee-finéh, ggrbedaqu_gexieanﬂe)AEan,plaf an important
role. For zebra finches suigable experience, rather tﬁan-age, is the
most important factor determihing the timing of tﬂe' sensitive phaee}
birds exposed to poor song, er deprived of any eehgj cen learn la;er

-in life should a suitable opbortuniﬁy arise (Eales 1985b, Chapter 9).

e




This flexibility in song learning provides a saféguard for birds who
- fail to experience normalfedhspeoific song during the juvenile period,
© the yoﬁhg remaining open to leanning'untii:apprqpriate experience'hag

- been acquired.

In most species constraints.on learning ensure that in nature

only the correct species song is produced.. There ‘appear to be two

mechanisms by which 't,his“ can be achieved: a tendency to acquire. .

voealizatipng of a certain tbpal‘strﬁcture and quélity_eé; chaffinch,
Fringilia ggglebs’(Thorpe' 1958) and white—cﬁoyned ‘sparrow “ (Marler
11970); and. a tendency to learn from thé male by whom the younggter was

reared eg. Bullfinch, Pyrrhula pyrrhula (Nigolai 1959), Bengalese

finech, ‘Lonéhﬁra, striata var. domestica (Diethieh 1980) and zebra

'finch’(Imme;mann~1969).

A young zebra finch Will'lggrn the father's sqngﬁﬁroﬁﬁded,he can -

-~ interact closely with his father throughout'development.(lﬁmelmann
1969). In his absence thé young'bird-will learn jgst as régdily. from

another male - he can see and hear. Eales (1985b) removed:young males

from theiv.father at variéus_stagés.durihg=the sensitive phase (35-65

days’ of age). Those isolated at 50 days learnt more song elements .

during the first half of their sensitive phase but those given a new
modei at 50 ‘days learnt more f;om the ﬁuﬁbr'pbesented'in the second

half. ' The jdﬁng bird may learn the general form of song to copy from

_ the male who reared him, but'ﬁhisfmayfbe modified by ‘song heard in the

11111

secqnd half of bhe'sénsitive“phaseﬂwhen thé'young male is most rapidly g

developing his song output.




Parental influences appear to be important in gpvefning the young

male'!s: appropriate choice. -of sohg model. - If thelfathen is stiil

present a youngster will not learn from another male, irrespeetive of

song output . (Bohner 1983) ~ Female-raised zebra finches which can
inﬁeraot with theif father and 'another male from.thirt&efive"days of
age reproduce their father's song. elements if their‘mother is still
present which suggests that the mother may  direct the young bird's

choice of tutor (Eales 1987b)

In the wiid young zebra finches become " independent . at about 5

weeks old. ' From then on, dﬁbing the SEnsiﬁive “phase ‘for' song .

learning, they associate predominantly with bﬁher_juveniles within the

flock 4(Imme1maﬁn 1962). Nonetheless, experience befofe independence

may affeot.tuter choice;-ﬂChapter 3‘oonsiders the ;queetion ‘of -song'
tutor dhoiee“ by providing young males'with the opportunity to learn

.from two conspecific song’ tutors at 1ndependence. Femaie—raised zebra

finehes are given the choice of two unrelated tutors and
normally-raised males are housed with'an unrelated male.and oﬁe whose
sohg is similar to that of .the father. The tendency to copy from a

tutor with a similar song to the father depends on the _yoang.:bird

.'peing eb;e "te recogniee< his father's sdhg before. independence. ' In

Chepter u'male«and female zebra finches are tested for‘ their ability

to learn some charaeteristies of their father's song at various stages v,

.prior to independenee.

It is'becoming inoreasinglyfappareht that visual and behavioural

factors can be very ‘important and the method of song model

presentation plays a critical role in determining what is learnt and

from whom (e.g. Kroodsma and Pickert 1984; Payne 1981; Todt et al . '




1979) In zebra finches, physical eontact w1th the ‘song. tutor is not :
required for -song 1earning to proceed normally but vocal, and
particularly visual interactions are.very - important ~in- determining;
’what a young zebra finch male will learn’ and from whom (Eales 1985a,
-uIPrice }979). Chapters 7 and 8 investigate the role of visual and  *
vocSI cuesicin%“selecting which species tO'-learn from. ,Chapter;7~f
’Eexamines the relative inportance of visual and vocal cuesw-by giving
";young males the« choxoe of two: eross—fostered song tutors at
independence,ia ‘zebra finch. singing Bengalese finch - song and ‘3
Benéalese fineh singing"”zehra‘ finch - song.' In Chapter 8 nswly
independent zebra finches are :housed with two nebra finch song tutors,,i
qone wh9‘ sings with - a normal. song and” one who sings Bengalese ‘finch
song;eienents-to see‘whether they"specifically preferg‘an:male: with'

normal song. -

Chapter 9 oonsiders the influence of oross—fostering experience'”
on the timing of song 1earn1ng, by asking at what stage in development
these experiences are most 1nfluent1a1. Can zebra finches whioh haveiﬁ
¥ been housed with Bengalese finches -during the -atime when-i
i normally-raised birds would learn their song, secondarily imprint on’ a

P T

conspecifie song tutor? “What is the effect of the experienoe prior to?‘

‘ independenee?

In Chapter 10 these questions ‘are tackled from a differehtﬁ
viewpoint by ‘raising zebra finches and Bengalese finches with both

:species simultaneously. Who.do' these“<ma1es"eopy “song from? How -

fimportant are the mother and father for subsequent. song learning?




vaprinting is a.phenonenon common to both;soﬁgﬁ'earning and the-

“:are’ the two-

"t

development‘ of_fsexual_*preferenceg To - what exten

prooesses Similar?-w -Chapter . 11 considers "thes'lefrects of
"cross—fostering experienee on the development;of sexual preference and
_exemines the relationship between .song learning and sexual 1mprinting
,by comparing the song learning data from Chapters 7, 9 and 10 with the

mate preference results of these birds. - % s

ks While there are a number of studies on zebra finch song?learning,

; virtually nothing is known of Bengalese finch song development.' For

"valid comparisons between the - twOKM species {,iﬁ?“'thﬁ' various

=cross—fostering regimes ‘a knowledge of the similarities between the

two species' song development is essential this is discussed in 3

Chapter“ 5. awhieh looks' at s'”ective aspects “of Bengalese finch .

;development, and in Chapter 6 song learning in cross—fostered :zebra

ufinches and Bengalese finches are compared.

Crucial to all these studies is ‘an understanding of the behaviour
of' the twowspecies. The following chapter discusses the similarities
and differenoes 1n parental behaviour and the effect that raising

v

zehna‘ finch chicks by “the mother alone might have;enysubsequent song

learning.




"ﬁChaQter 2.
ﬁTHE PARENTAL BEHAVIOUR OF ZEBRA FINGHES AND BENGALESE FINCHES.

ggsmwr.

In this ehapter the parental behaviour ‘of+ zebéé °ﬁinohES and

R &

: Bengalese finches is compared. Bengalese flnch ehlcks'develop at a

slower rate than zebra finch ohicks"‘this includes

also include the onset: of the sensitive period. eﬂogéven, Bothzspeeies'

3 Jprgduee-full‘song at-three.montns and learnjfromitntors._preSennedffat

-+ 35 .to 70 days. ~‘The slower development ' of -Béngalese finghes'is

eorrelated’wlth a lower pereentage tlme parents spend feeding chiéks

e < w

and with 1ess parental aggressiont(l_e.a lessgencouragementgto leave

the nest)

ﬁormal and paternally—deprived ‘zebra: finoh ohieks are ‘also

e compared When the male 1s removed ‘the femal

espeoially for brooding, but the ehieks receive ‘eon:iderably less

:1ifood.-: Development is slower although the onset of.subsong occurs at'

about the same.time. In both groups birds - learnt songrﬂfrom _tutors

-pnesented “at .35ﬁ'to 70 days.,fPaternalndepriyat;onnaﬁbears to hafev
e o ' llttle affect on.. song development but v1sual, vboalb'and behavioraﬁ'

3% 5 % stimuli from either or both parents may be important 1n tutor choice.

YR
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;Thé_zebrétFihéhVandEiba“Bﬁéadiﬁé}Biqiogy.

I The zebr-a finoh is a very swaiable speeles and large flocks can
f)é seen thr'oughoub Australla (T B-. . castonosls) and }e.Lesse!‘ Sundr-a‘
_I'sla.nds (__. . guttap_a) where the birds breed: oolonially in response
S to ralnfall (Bour-ke 1941) The f‘locks eoal_esoe: dumng:the:-dr:.er-
. ; aeasons at available wate' site'-“w ;In some par-ts of the rangé r-a:.n 1s-
| unprediqt_:_'a__l?_l'e --but - zebraéfinches pair for- life and are ready to breed
afl._;; yeap ;"o.ugq-' this h[elps them exploit the ;phmeral rainfalls ;

' (Immélz_pann : 1962 ; 1965).

xIn"-=ﬁh’é aviary, if gﬁ.ﬁenf"@abpnopriéte food: --and '--_r_‘_;‘é""st' :-si%ié’j‘ﬁ,

“

‘ will breed ever-y mpnth and often a seoond elutc-;;‘;l_, J‘-aid as‘ soon as,
the first nes;tlings have f‘ledged.- Ioung eap‘cive birds

breeding as 'e ly as eight weeks of ‘age and yet many r:l.ve year old
birds will st:.ll breed regularly This, eoupled with their' early song."

development, makes them the 1dea1 subgect for study. ;

T Fincnaandfitékageaingiéidrogx;{

TEAT

: Lonchura striata, whieh r"-ha'a;s, been kept in

v




 were observed throughout the reproductive period., In addition four

METHODS .

Fivefpéirs.of-Bengaleseﬁfineheé-end,fiwe paiie ofﬁ zebfaﬂffinohes

‘b

3fgpairs of zebra.finehes were observed “Both - during normal rearing ‘and

with the male_nemoved-when'the qgieks hatch.

'fHoqsiqg<Conditions;”

All the bfeeding birds%werebhoﬁsed in the saﬁe.~room, .80 . the

ehlcks eould hear many adults' songs, but each pair was housed in a’fl
~separate cage. (measuring 600m x 45cem x 30cm). Eaeh cage had 3 perches

and a nest . box': measurlng 11om x Tlem x 11cm, partlally fllled with..

. hay. , Fresh nestlng materlal was given daily durlng the egg laylng: :
pef;pq After egg 1aying the amount of’ fresh hay was limited to av01d' e

ﬂegg;ieyering", common ‘in eaptive birds.

Daylight hours ﬁe?e geXteﬁdeéi by ?artifiéial _llghting from

‘05 00 20. 30 hours 'and a tenperature of 20- 25°C was maintained.\JThe

; birds were glven bathing water, cuttlebone, grit ; drinking '

waten; Haith's Fbreign Fineh seed, egg biscuit ‘mix and= ettuee. s As

Lparental feeding often does not ‘begin until the seoond?ﬁo.“

posthatch the chicks were hand-fed with egg biseuit;uix until parental‘
feed;ng”stanted.: Removal of the ‘male often resulted in delayed or
. arﬁeeted feeding and 1n~§hese eases'hand-feeglng oontinued-untll the

female resimed: feeding. . . ?' ' i




Observations.

'Tlﬁoﬁhalf houhly periods ofﬁobsebmations were mﬁadek'atsﬁthe’ same. -
?time .each. day,/at least one hour after the nests had been examined and

food aﬁd water had been™ refreshed.

The behaviour of each pair was recorded with "on ‘the .. dot
..‘_sampllng" every 30 seconds to reveal changes in parental ehaviour on
fa day to. day basls throughout the cycle. ' This method -of gsampllnéa;l
',vnges .a good ‘measure of time spent in different activities (Altmann;
1974, AL ' ”

&

 ER ) A OomparatIVe Study of the - Breedlng bloloﬁ“

'Finches+Bengalese finches‘ .

.1.

B

P Figs. o 1-2 6 summarize the main results. The mean period of

-Egg-laying, Incubatlon,:Fledging, and onset ‘of parental aggression and

a._subsong are shown for each pair in table 2. I

_CouhtShiBf“

T In the initlal phase of zebra finch oourtship the male and female

»j'fly rapidly from perchdto perch, frequently beak-wiplng and orlentlng

ihh‘their tall plumage towards each ‘other. After seweraleumps the femalex;
_;-stops and the male advances towards -her .in a rhythmicvpivoting dance.
The male aj pts a fluffld out posture° ‘ the - crown, feathars areu"
I:Tdepressed and head feathera ralsed to display the black\and\white face
: :markings and ohestnut ear patches to the lfe@ale'b(flg.' .2,7). i
.xreeeptive female:” asSumes a- horizontal positlonf_and :hegins tail
quivering.. populationmthenjoocuhs.: '?he-pﬁhole_fsednence; :including

* i
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dopulation may be repeated several times. Afterfdijﬁounting rapid.

preening is usually séen (Morris 1954). s
4 : "
57 I, = / ! _
Courtship in. the Bengalese finoh 48, simllar but the. . male's tail'

1s raised slightly. A further difference is the ea7rying of" nest

material during courtship (fig: . :2.8). The male perforJg ~a pivoting

_5,dance, singing continuously but unlike the zebra finch«courtseys are

added to. the dance in high 1ntensity displays.--hxfﬁ;x f
Nesting. ‘
4 ‘ / :
In Bengal ese finehes both male. and female carry nest material to
-the nest but in zebra finches the male ‘does most of the éarrying. :One‘
'male may oarry as many ‘as- 630 pieoes of grass in one hqur (Immelmann
1983)1*’ Usually a nest requires about 400+ pieces of grass. The nest;'t
3"chamber 1s often 1ined with feathers. In bothespeeies the male and“

'yt

:~female participate in nest construotion (fig.»»z 9)

Nestbuilding increases throughout the: periods of Egg—laying and
ineubation. In zebra finches 4-to 6 eges are usually laid glazed
'"white with - a blueihh tinge.“ Clutch'size is more variable‘in:Bengalese

© finches:. 2 to 9 glazed:white eggs may be laid..
Incubation,

s Fertile zebra finch eggs hateh in 12 to 14 days, ineubation

beginning when the third or fourth: egg has been laid (Immelmann 1965)

.;m"The ineubation period for Bengalese finches" 1s slightly longer (mean

:16. 4 days) Females ‘spend. more: time 1neubat1ng than males (U-O n,—5,'

nZ-S “PX0. 01 for zebra finches, U=3, n,-5, nz=5 P<0 05 for Bengalese,

- /.. e




finches) and Bengalese fincheé spend more time s;tting in the nest‘
,than zebra finches, particularly - ‘the male (U= 1, ny=5, n2:5 P<L0.01 for

males; U=2, ny=5, n,=5, P<0.05).

Hatching - Prefledge.

- Singing and nestbuilding_rapidly decrease once -the 'eggs hatch.
VBcth sexes help reaf the young. Zebra finches usually start feeding
the chicks when the first ohick begins to make begging calls, at 2 ore

-3 days old. In Bengalese finches it usually occurs a day later.

Zebra finches spend a higher. percentage of the time feeding chicks in .

the first 20 days posthatch (Ten>Cate 1982; pers. obs.).

Ccnspicuous mouth merkings guide the parents in feeding the brood

(fig 2.10). TekbLaLly the enicks ohtedt thets cren geies apwand s

.at about 8 dayé ofiage their”eyes open . and - nestlings',beg:‘atl their
Hparents (Muller and Smith 1978) In zebra finches this is acccmpanied
-by a lateral wagging of - the ‘tongue. ”Eengalese finch chicks.“ebe nnch

iieas dctive and do not beg as frequently.

Begging calls become increasingly louder. Initially only the
nestling who is being fed vocalizes and only while being fed. From
day H to 12 all’ nestlings voealise during feeding bouts and - -after 10
. days they may continue calling after the feeding has finished. At

.about 14 days, the nestlings also vocalise prior to feeding when a

‘parent comes into- the nest (Eisner 1960; Muller and Smith 1978).

In the first»week the nestvsite is~rane1y left unattended. In
zebra finches there is a sudden decrease in the time spent in the nest
.after 7 to 10 days. In Bengalese finches the change is merer gradual,

:}taking place at’ about'11 ﬁo 14 days posthatch. "~ One possible reason




for this difference is that Bengalese finch ehické*have'less down and

would therefore lose heat more quickly.

The chicks!. food consumpt;on increases, reaching a maximum‘at 14
days in zebra finches and 16 days in Bengalese finches, and then

deoreases with the rate of chick growth.

Fledginé - Indépendence.

Zebra finch chicks fledge at about 19 days of age: ‘parental care
(i.é; brooding 'énd.feeding the chicks) becomes more intense at this
time (see Ten Cate 1982)uand the young continue ‘to depend on their

_ parents for at least another 10 days.

Behgalese finches fledge around day 24. . Unlike zebra finches,

they‘spend only short periods outside the nest at first. By day 27 in‘

zebra fipehes,iand?day 34 in”Bengalese'finohes, thé‘cgieksrare capable
of = feeding themselves; At this:Stage they are Stilljvuinefable to
predatibn and -attack by conspecific adu1£s‘so’theih pérents-siﬁ- close
to them. Zebra finch chicks stop clumping with their parents by 30
days of age (Ten Cate 1982). Clumping béhaviouf is much more
prevalent in Bengalese finches and the chicks clﬁmp with their parehts

for much longer (Ten Cate 1982).

Zebra finches are more aggressive both to other .adults .and

towards their young (Ten Cate 1582, pers.dﬂé.); - Parental aggfession
coincides with the start of‘inéﬁbaﬁidn-of'the~next clutch, a£ about
day 27 in Zebha finches  and seven to ten days later in Bengalese
finehes; Thgre is'a qonfliet between aliﬁcating pime to feéding the
hoider\ clutch ‘and incubating the new eggs. - Oft;n the male continues

feeding the chicks while the female ‘spends a greatertp?opOrtion of her




time »inéﬁbatipg'the new elﬁioh.‘:ln addition there is.g~pareqt—infant
confliet in which parents atﬁémpt to . maximise tﬁéir parental
investment in each successive clutch whilst the young persistently beg
for'fgod, sometimes several days after the jparents have ceased

responding (Muller and Smith 1978).

The amount of father's song the chicks hear varies from clutch to
clutch. In “some zebra finch paifs the male's maximum song output
ocecurred before the clutch«had*fledged; in all -the Bengalese finch

pairs the male did not begin to court and mate until. after fledging.

In zebra finches subsong usually béginS‘at'about‘27 days of age
and full song 1is complete by thbee months but - there is considergble
#agiagion both in the_timing andqfhe;song.qutput,and-some males have .
.béen observed subsinging ét 19 days of age (BBbhner, pers. comm:).
Bengalesé\finch subsong is also vagiébie,'beginping=whén the bird  is
abop£ i32 days old. It starts as a véry quiet wh}spéf (Eisner 1960).
but gradually fhe song becomes 1qudef,_With a fuller tone. aInitialiy '
the bird adobts a .:stretched, upright poSitiOn'without-the ruffléd
abdominal feathers and raised tail but by fhreé égnthgl full song

development is complete and the bird -adopts the ‘adult posture.

(B). . The Effect ‘of Paternal.‘Deprivatidn on Zebra Finch

Development. :

A comparison is made of the behaviour of .four pairs of - zebra
fipdhes; under two conditions: group A- chicks remained with both
parehté until independence; in group B the father was removed on the

fourth day, before the fourth chick hatched.




ZHatching to Pre-fledging.

In group B the female spends twice as much time sitting . in the
ﬁest. Group B females-élso-spend'mor; time feeding‘their%chieks,-and
as a consequence, feeding themselves, but the ircrease is less marked
and ‘the ehiéks . may reéei%e as little as halkfthe food (in terms of
‘percentage timé.parent5~spend.féeding tﬁ;ir ehicgs) of normally-raised

chicks (figs. 2.11 and 2.12).

- After Seven“to ten days 'the time spent in the nest decreases
markedly for all pairs in group A. Group B, females ‘also spend less
time in the nest once the chicks are over a week old but the decline

is. much more gradual.

..Chicks raised by -their mother alone develop more slowly, 

pbesumably as a consequence of receiving 1esé.food and warmth. The

mean;fledging age is 20.4 days in group A and.23.6 days in ‘group B. -

Fledging - Independence.

Once the chicks have fledged all pairs in group A spend an

increasing proportion of their time in the nest_preparing‘for'their

second clgtch._.Rebuilding of the nest may also occur at this stagg{v‘

Egg-layihg\is'fesumed on day 22 or‘23 posthatgh and'incubation.usually
begins about 24 hours later. The onset:of parental aggression occurs

later (mean onset for pecking by the mother is .day 25 for group A and

day 30 for group Bj mean ‘onset for the female driVing away the chicks

is day 28 for group A and day 33 for groub‘B)'and'the mother ‘shows .

less aggression.

o W -
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In group A-the amount of timg the father spends singing iﬁoreéses
at about the time of fledging although there is considerable variation
between pairé, Sihce fhe male is removed 1n‘group B éhesé chicks are
not 'pre§ented_,with the ofportunity to heér their father's song. In
botﬁ{cases the chicks began subsong at 27 to 35 days<of' agé and all
learnt song elements from méle tutors presehted‘at 35 to 70 days
posthatch, tﬁe pabent(S? hawing been removed (see:Chapter 3).

DISCUSSION,

(A). A Comparison of the Parental Behavidub of Bengalese Finches

and Zebra Finches: Its Effects on SongADeveiopmentp5

The results of this study show that the two species have similar

breeding patterns but Bengalese finches.tehd to develop more slowly

and receive-less parental care during the first 20 days of - life than
~zebra finches. Béhgalese finch barents are less”aégréSSive to their

chicks, particularly in the period between fledging and‘ihdependenée.

As a resuit, Bengalese finch song deVelopﬁeﬁt .mAy- aléo oceur
slighﬁly later. The onset of subsong is vgfiable in both species but
ségms to start about three days later in Bengalese finches. The
sepsitive period for song learning might also be delayedealthough the
results in ehapﬁqn 5 suggest that song learning is complete by 70 days

in both species.

- Inter-specific behavioural differences may also -affect tutor
choice. Ten Cate, Los ;and Schilperoord (1984) found-that parental
aggression played an important role in governing a young bird's choice
of mate. The results of zebra. finch tutonﬂchoice_in-Ch;pter 3fsubpont

this. .Ig{Bengalese finches, where .less aggression is seen, the

- 19 ;t. )




" relative weights;for tutor choice criteria may be different.

Nonetheless both species have similar patterns of development in-

which parental influence. is .likely to be very-impbrtaﬁt in‘sohg

'deéeidpment.' In.both species, if the father is present a youngster

will not learn song from another male (Bohner 1983; Dietrich 1980).

It seems very probable that maternal influence is also important in

both speeies_(see Eales 1987a for zebra finches).

(BJ.4TPaternal'ﬁéprivétion: Its. Effects on.Song Development.

Removal}of the father has a significant effect on the -behaviour?

" of both the mother and the chicks: this may affect song developmént.
The female spends almost twice as much time in the nest. She ' also

sbénds more  time feeding the chicks but the increase"is less marked

and varies greatly between females. Chick development is slower and.

the chicks fledge about two days later.

Group.B chicks are not exposéd to any adult song until 35 dajsﬂ

‘but subsong occurs at about the same time, and since the sensitive

'period does not ocecur ﬁhtii then, pateérnal deprivation is unlikely to f’f

affrect song. developmenﬁ.‘ Nonetheless phe ‘visual, vocal. and

behavioural stimuli to which the chicks are exposed prior to -

independence may influence a ydung male's choice of song tutor. 'Both =

the amount and ohset,of.parental aggrgssibn is markedly less in chicks

raised by their mother alone: this might affect tutor -choice.




(C). Relevance to the Behaviour of Wild: Zebra . Finches: a

‘Cautionary Note.

Zebra finches have been bred in captlvity for nearly 200 years.

This has led to. changes in their behaviour and phy31ology, with_-

1mportaet consequences for song 1earning (Sossinka 1970). Although

there are no significant differences in cluﬁeh size, incubation or

feeding chicks, in domesticated birds gonad .development is.

considerably slqwer,-the male shows less sexual aetivity~and.there is
a AEIay in the female's'respepse_to breeding when ' conditions bécdme
favourable. In _eapfivity selection to beu‘ﬁready for action" is

reduced because reproduction can occur at any time..

In addition to changés in sekual' develbfment " laboratory birds f

show increased contact behavicur as a result of confined space. This

_may;alee affect song.learning, . particularly tutor choice. In the wild

. chicks ‘expepienee parental contact prior to independence because ;':
separaté nesﬁs are aveilable for parents to sleep in (Immelmann 1962)_

and adults-can avomd contact so- the amount of aggression and preenlng)

is lower (Eales 1985a)

Ag a result of these differences caution is required in relating

the behaviour of laboratory stocks to wild birds. Nonetheless, song

learning studles of both wild and captive birds should eonsider:

parental behav1our because. differences in rearing are llkely to have a

>

substantlal effect on what a young male will learn, when and from

whom.
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TABLE 2.I: Results of the parental behaviour study ' .for. five -

. pairs of.zebra fiﬁcﬁés;éndvf;Ve*pairslof Bengalése’finches. E;
. 2 Egg Incubatio£ No.chicks Age at °?S9t.95‘ . Start of $5
paif laying period = - hatehgéiiflédging.’bérentél "4sﬂﬁsong'
period - (days)- ; (days) aQéresSiqn (days)
(déys) : " peqké'chasés‘ .
. | R 6 14 6 20 2521 B2 25
=f+J 3 . 12 " 3+ 21 23212121 . 30
cmz 6 12 6 20 "25 25 2526 22
P+P ‘3 13 ' 1 19 llzﬁﬁéuA 25 31 29 X
_ M.;}‘J{ 413 4 18 25'26:' 26 26 2;{ :
B
pair
WED 6 - W .5 26 3637 3637 31
6 16 5 25.. 30 31 32 -
BB y 16 1 323 - - 35
m o4 . 8 1 2w owm 34
&y 7T 18 6 23 3332 3634 30




Figure 2.1:

The percentage time the male and female spend in the nest and the‘
total time the nest is occupied throughout the breeding period for Ewo

typical pairs of zebra finches; P+ Pand T + J..
Key :-
_EL Period of égg—layiné.
I Incubarion period.
H Hatching period.

F Fledging period.
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Figure 2.2:

The percentage time the male and-female spend in the nest and the
total time the nest is occupied throughout the breeding period for two

typical pairs of Bengalese finches, QKY and DD.
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Figure 2.3:

_ The percentage time two zebra finch males spend singing, .2 + 2

and 1T + J.
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Figure 2.4

The percentage time two typical Bengalese finch ‘males spend

singing, . TT and BB.
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Figure 2.5;

The percentage time two typical 'pairs of zebra finches spend °

feeding their chicks, P+ Pand T + J.
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FIG 2:6
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Figure 2.6

The percentage time two pairs of typical Bengalese finches spend

feeding their chicks, QKY and DD.




Figure 2.7:
During the cburtship dance the male zebra finch sings almost

continuously to. the female. If the female is receptive she solicits -

to her mate.




FIG 2-7

ZEBRA FINCH COURTSHIP




Figure 2.8:

‘The Bengalese finch male during courtship. As part of the
courtship cer'emoﬁy the Bengélese finch male carries a bI’ade, of grass.

His mate sits on the perch below.




FIG 2-8

BENGALESE FINCH COURTSHIP




Figure 2.9:

'The sequence of nest building behaviour in Estrildid finches.
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Figure 2.10;

Mouth markings in zebra finch chicks consist of a domino pattern

of black dots on the palate.

In Bengalese finches the yellow palate haé a black horée_ shb§
mark and a pair. of smaller black dots below. The pattern is quite
variable: the darker the plumage the more complete the markings

(Eisner 1960; pers. obs.).
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Figure 2.11:

Graphs of the percentage time zebra finches (Z +:Z) from group A

and B spend in the nest throughout the breeding cycle.
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Figure 2.12:

The percentage time typical group A an@B zebra finches (R +- M)’

spend feeding their chicks.
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Chapter 3.
'————u——-

- HO'vJ DO ZEBRA FINCHES CHOOSE THEIR SONG TUTORS?

ABSTRACT.

This chaptei eonéidérs ﬁﬁe questionvof-sbhg-tutor choice in zebraﬁ;;
"finéhes. Males seleetlvely learn song elements from one tutor. when.;wf
. giien a cholce of two. In zebra finches raised by their mother alonefjgg
bgﬁavipurai  diffefenéés_between song tqpors gppe;r”?q be impprtan@ in_ﬁ
‘ tutbr choice; young'male§~prefer to learﬁ ffﬁm'the tutor who isv‘mosQQQMZ

aggressive ,'towérds them. Paternal influence is also. extraméiy“;;;

: 1mportant and normally—raised males seleetlvely learn from tutors with

:ﬂsimilar songs- to their father. -This could provide a cue for optimal

outbreeding if females were to seleet mates on the basis of - song

similarlty to their father.

Based on a paper in Anim. Behav.,.35,. 714-721.
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JINTRODUCTION.

In most species of songbird, including-m3thé.> zebra’ finch
constraints ibn song '1earniﬁg _gﬁaraﬁtee that; 1nlthe wild, only the
‘song of conspecifics 1§ chosen as a model from which to learn.. The
speclficity of these eonstraints varies eon51derably between species
.and the criteria employed presumably depend on how likely a b1rd is to

be misled in its natural environment.

Seléétivity may operate on the . structural and temporal

»organization of‘song. Swamp Sparrows;,MelosgiZa‘ eo:vian , Will only

learn the syllables-of their own species but.learn_these;even~if.'they i

are presented in Asoﬁguféparrow' patterns whereas song sparrows, M,
melodig,-will learn either'speoies‘\song syllables provided they . are
organized in the species-specific pattern (Marler -and Peters 1977,

1981).

In other species it seems to be the soeiél cbntgxt‘whieh ensures
‘that only the ‘species-specific pattern.is learnt. Whether a young
! méle learns~from-neighbburS»or'from his father~i$*likely to. depend on

the main function the,song performs and on the. opportunities fhe bird

has- for learning. In some teprltorlal species young males. may Copy L
their neighbours' - songs at the time of territory establishment

e.g.saddlebacks,  Philésturnus carunculatus (Jenkins - 1978). The = - .

adabtive significance of;this’ig probably in song matching,  enabling . .

the_bird to produce distinctive cues which woﬁid'@nable‘neighb0urs ‘to

distinguish - it from intruders and so defend the territory acoordingly T
(Payne 1981' Falls et al 1982) In non—territorial species the young i
male-‘may learn, from his father or from other conspecific males with .

whom he associates after independence. In speeies-sﬁch as the zebra ., .-
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finch, with early sexual maturity, it is advan@ageous_for young birds

' they begin to breed. _Ybﬁng zebra finch males-will learn from their

fathér'if_he is present throughout their &eveibpmenf (Immeimann 1967,

variatlon in- song could be used as a cue to ensure optlmal outbreeding

_(Bateson 1983).

Cabtive zebfa finches presented’ with two ' song tutors at
:indepeﬁdence, the father and another male, only learn their father's

song irrespeetive of song output (Bohner 1983) In the wild, however,

‘associate mainly'with other‘juveniles.and non-breeding ‘adults in’ ‘the

the opportunity to 1earn3hié father's song. Eaies»(1985b) has shown
that if the father is removed at thirty-five days the young bird will
copy the song of another male he can see and--hear. This resurrects

the question of from whom a young zebra finqh would:learn in the wild.

It seéms possible thaﬁ parents might direcé a bird's choice of
song tutor. In choice tests female—raised zebra finches seleetively
ehose to learn song from the male who courted their mother, either
because ' of his greater attractiveness to their mother, or because hé

ﬁas-aggressive to”thgm'wpen they approached her (Eales 1987b). The

=24 -

to acquire species-specific song immediately after, fledging, before . .. .:

1969). Females can alsdndiSqriminate‘between their father and another o

male on the basis of song (Miller‘_1979a) and it 'is‘.possible that

zebpa finches gain independence. after five-wegks and from then-on sy

flock (Immelmann 1962). This coincides with the sensitive phase for '~
song learning and, since the father usually sings very little until . - |

this time (Chapter 2), it seems unlikely that a young male would have - 5

father's vocalizations might ‘also be important. If song acts as a ‘jff

marker for iﬁdividual recognition and closely related males: have a ‘

Sl




high ' proportion of soog-elements(in common, then a young male might

learn song from a male whose.songvis similar to his father's.  For-

this. to occur a young male would need to learn sufficient features of

'his‘father's song to enable him to ‘disecriminate between the father!

song and that of another male, 'and, during the:sensitive phase, learn j;'
from a song tutor accordingly. This.study examines . whether captive-

_zebra finch males selectively learn song from the male with a s1milar'

song to their father, when given the choice of two song tutors.

Experiences which a youhg' male‘ encounters imdediately_ after
'iﬁdependenee are also likely~ito be infiuential. -Behavioural
~d1fferences between two possible tutors, particularly dominance . rank
and aggression towards the chlcks, may have an 1mportant role. To
investigate this‘p0381b111ty.zebre%finohes eere,given the~ choice of

two song tutors at independence, having been raised w1th ‘their mother

only, =so that there was no opportunlty to 1earn song . before -

independence - or to be influenced by the father.The aim of this studylfﬁgﬁ

was to determine which criteria a young male uses to seleot a suitable
song tutor to learn from.

METHODS.

Birds and Housing Conditions.

Flve broods of zebra finches were normally-raised by both parents.

untll independence (NR group) and five broods were reared with their

mother only, their father being removed 'before 'the‘ foﬁrth- chick
hatohed (FR group) Some females were reluetant to stop brooding

their chicks once the male had been removed so thelr chloks were hand‘

fed until feeding was resumed. Fbr the first ten days all the chicks

'were handled to control for human contact.
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At independence (mean age of the young birds = 35 days) the males . ..

ﬁere,-removed and housed with two:normally—raised'@ebra-finoh song .., .

tutors, one withlfawn.plumagefand one with«ﬁild'type‘(grey). All the ;
. song tutors> had been used-in'previous studies of*parental.behaviour
‘and were known to have normal song outputs. Each‘pair-of song tutors.
lwas selected on the basis of .song structure;"i.er with songsbas
different_as possible, yet still representative ofﬂnormal zebra finoh
song (see Sossinka and“thner 1980). In the NRUgroup oneltutor (ts)

'had a high proportion of song €lements in’ common with the young ‘birds’'

father whereas "the other tutor (ID) 'did not ‘share any song elements

_w1th-the father (see Table 3.I).

All the birds were~housed~in wooden, wire;fronted cages' but after

independenoe the tutors in- the NR group were separated from each other

and from the young males by wire mesh screens which divided the cages -

into three identical portions; Wine mesh prevents physiecal encounteis - -

but visual and vocal interaction -'is fmaintained,' thereby permitting

normal song learning to occur (see Eales 1987b).

. Song Terminology and Method of Song Analysis.

Zebra'finch males-normaliy sing only One song' phrase, which is
usually repeated several ‘times, during a bout of singing.t~Within each
phrase there are a number of - different elements (4 - 11 in this study,
mean = 8), usually ‘sung in a fixed sequence. An_elenent 1s the
_smallest continuous trace on a sonagram whioh‘is‘ temporallyA distinect
from neighbouring song elements. Ooeasionallv'two different elements
were oombined and learnt as one. These'fused elements-were.seored as
two separate elements since eaoh occurred individually in the songs of ‘

'other males. with common song learning history.
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The songs of both tutors and the young males were recorded with a

Uher - 4000 tape recorder at 4 months-of age. At least ten song'bouts'

tbér'bird were analysed on a sound-spectrograph (Kay'pigital Sonagraph

7800). The song structure of each pupil and his tutors were compared

by .making traces of typical song phrasés and assessing theu,é

similarities. in - frequency pattern,7 modulation and length of song‘¥;

elements. This assessment was done blind: tutors'.and pupils' songs

were'oompared befbrq the behavioural observations;had been analysed.

Elements were classified as either common to both tutor and ﬁﬁpil <
or ‘as unrelated = in structure. In most cases the classification was 3
not diffieult.‘gHowever, éléments were not always copied accurétely'b
and males varied considerably in this respect. In Fig. 364~for~3‘

example, -element "d" ian258's sqhg was copied more accurately by P3.

than by P5. Nonetheless, the context in which these occur and their

similarity in a number of respects suggests they are  based upon the‘7*

. tutor - element concerned, rather than impro#ised~or based on other..

5

elements. Other zebra finch workers independently made ‘the assessmenﬁ

) ¢ S

and a high degbee of inter-observer-reliabilty was reach (90%). Thé‘ﬂf

amount of song a pupil learnt from his‘tﬁtoré”was calculated in two*1¥

ways: the  proportion of song elements.a bird learnt from each tutqr R

and the pﬁopdrtion of each tutor's song the bird 1learnt. The first :;

value was calculated as the number of different elements learnt from-a Sl

- tutor divided by.the number of different §lement§ in the young male's .

song. The second ~measure was the number of elements in the tutor's .

~song that was learnt as a proportion of the number of elements each ... :

tutor sang in a typieal-song'pnfase.
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Behavioural Observations.

Behavioural observétions were made for two 3Q—minute periods each fg

day to monitor interactions between the two tutors and their pupils.:

. 'for all ten clutches since behavioural differences ‘between tutors 2

might govern .the pupil's selection of song elements to learn. The

. birds were colour-ringed to'facilitate individual recognition, and the i

 plumage type noted.

Physical encounters with all other birds in the cage were-

recorded céntiﬁuously throughout' each thirty-minute period. Clumping,

preening, tutor aggression towards the young males (measured as the =

number of ‘pecks and chases to each ‘individual) were monitored. f

' Dominance rank between tutors was determined by the number of

aggressive attacks‘directed towards the other tutor. The song<outpuﬁ

for each tutor was calculated as the total number of song phrases: i

recorded during the periods of observation.

 RESULIS,

Tutor Choice.

The results in Tables 3.1II and 3.III show that nine out of béﬁi

S

males in the NR group and"all eleven young males in the FR group“"

"1earnt song elements from only one of the song tutors but there was“'"

considerable variation in the proportlon of elements copied. Flg.'“”

3.1 shows the sonagrams of pupils P3 ‘and P5 and th81P two song tutofs‘w;

in the FR group. Both of these puplls learnt song elements from B258nc1

but none from B259. xFig. 3.2 shows the sonagrams of pupils P50 and |

P52 in the NR. group. Both pupils learnt only from the tutor whose_”;

song was similar to their father!s.
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" Choice Criteria.

Tg.detefmine the criteria which-.a young malé zebra finch uses in
selecting a song tutor I examined threé, ﬁbssible cues: visual
1mprinting on the mother, siblings or self; vocal differences between:;:
the two . tutors and differences in the degree of physical interactiqn.wi

the two tutors had with their pupils.

(1). Visual imprinting:~ Immelmann et .al (1978) found thatégﬁ
differences in plumage colour between wild type and-white birds were
important-in zebra finch mate choice. Males visualiy imppint on thex“;
plumage of ‘their parents and select a mate of the saﬁe type. Visual ;

Amprinting might also occur between fawn and wild typegindividuals.

For song learning, however, I \fqgnd no.. evidence of visualp_g

- 2 i, 1 S 4 Tk
imprinting to' the mother ()ytest, ns). Similarly, sibling plumage ..
'cdlouration had no significant effect on_tutqr.ehoiceA§Z§est, ns) and’

there was no evidence of auto-imprinting to plumage type §bte§t, ns).

(2). Vocal differences between tutors:- Differencés between the '

two tutors in the number of different elements in a song phrage-and_f*
song output, measured in terms of the number of singing bouts PeOOPdeq’u;

in one hour's observations per daygduring-the,périod:of observations,gﬂ;

were examined: Given that only tutors with normql'song outputs were %"

used in the experiments, variation'within these 1imits did not affect:
a pupil's choice of song tutor (Wilcoxon test, ns); this confirms thegg’

. results of Bohner (1983).
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The nﬁmber of song elements in the two £utor's song phrases does

not appear to be important in tutor choice for either group or for. . .

both groups combined: (Wilcoxon,. ns).

For the normally-raised young maies, however, element-type is-

important (;Lta 400, df=1, P<0. 05) Nine out of ten males chose song

elements common to TS and F; =the other male sang. a hybrid song

composed of * two original elements, two 1D 'el,einex}_t;s and two elements ‘-

* present in the songs of both TS and F. Only one bird sang an” element ﬁf

peculiar to the father's song whereas five birds sang one.or more

elements which were specifib to IS (see Table’3“III) This suggeéts'ﬁJ

that most of the elements common to TS and F were learnt from ts afterA

‘independence' this agrees with Eales (1985b).

(3). Physical interactions:- Ten Cate et al (1984) found that

zebra ~finehes crossfostered by Bengalese finches were more likely to

prefer a Behgalese finch " mate if the foster-parents had” bth,;'

aggressive towards them. The results presented here“fer the-FR group

show that aggression is also important in song learning. - All eleﬁen g%-

pupils chose to learn from the tutor: which was most aggressive towards

them §¥}11 0, df=1, P<0.001), 1rrespective of' the ‘overall dlfferenee'*'

in amount of aggre351on displayed by the two tutors Q?lest, ns) or in
»thelr domlnance ranking 5Ltest, ns). In the NR group aggreésion was

prevented by the wire partition.

'<0ther‘physical interactions, i.e. preening and clumping, were

examined but there was no evidence that theY"gre important in tutor1?

choice.
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Althdugh the amount of‘aggression:directed £GWards the pupil iéh
important in tutor ch01ce there is no significant: correlation between i
the level of tutor- aggre331on and the amount of song learnt (Wilcoxon,-"'

ns). The latter may be a consequence of, ind1v1dual differences 1n“,ﬁ

learning capacity.

DISCUSSION.

The results of this experiment agree with those of Bohner (1983), -*
that young zebra finch males tend to select one song tutor to learn: %

{from. In a large flock it may be easier for a young male to learn all;.f

his song f'rom one'male rather than produolng ‘a blend of elements from

several males and, for species such ‘as the. zebraflneh, ‘with an earlyg?ﬂ
sensitive phase, learning from a qonspeclflc with .whom the_young-male:??

can visually and vocally interact may be the most -‘economical way 6f &

achieving species-specific song.

Not all passerines select only one tutor for song learning.
Territorial males may learn from sevéral neighbours enabling a h;
: ter;itory'owner to match - song types, distihguish neighbours from :i
‘rivals and defend the territory accordingly (Lemon 1968). Neighboursi&i
often 1earp from each other and,rwhén veountersinging .on territoﬁia;.ﬁ;
boﬁndaries, they tend to match the song types they sing (é.g. Krebs,iﬁ?
Asheroft and van Orsdol 1981). In social speeies such as the zebba;@;

finch, where song matching is not 1mportant, there is unlikely to be 11

selection for learning from a varlety of song tutors.

Learning from only one song ﬁutor might be &a -consequence of'gg
captivity. Confinement to cages results in inereased'contaot between
‘individuals. In addition to this caged zebra finches are denied the

'6pportunity‘ to mix with many different individuals. Immelmann (1962)
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found nofevidence t'or zebra=finch.dialects in the wild and suggestedg?‘

this was due to extensive intermiﬁgiing of flocks.

For. captive zebra finchee the behaviour of  the tetors seems to be?1§~
influential in guiding a young male's choiee of. . song tutor. In the ERsﬁm
group‘where.individuels could physically dinteract freely with eaoh:f3
ether young maies appear to eseleots<a song tutor on the basis ofjﬂn
aggression: hthe“more aggressive a tutor is to ‘his 'pueil- the more vé
likely the'leupil is to learn from him. This is also true.for indigo}{ﬁ
buntings where young males copy song from the tutor from  whom theyA-ﬁ

receive the greatest number .of supplanting attacks (Payne 1981).

The use of aggression as a criterion for tutor choice might be aﬁrje
artefact of -eohfieed spaee in the laboreeery Levele of aggreseionﬁ
are much lcwer in wild zebra f'inehes, although the parents will dr'J.ve
their young away if they attempt to approach the new nest site once
.breedlng has been resumed. Nonetheless for captive birds the results. 7

reported here. 1ndioate that it is not physical interactions in general

but aggressionvsp901flcally directed to the pupil that is 1mportant.

Correlation need not 1mp1y -causation: pupil-directed aggression ”@
‘may be a consequence of tutor choice. A youﬁé'ﬁele might ehoose”efﬁh
song tutor ‘and interact more closely with him. As a consequence of .
the nincreesed contact the tuter miéht dineot'ﬁore'aggression towardS»ff
the young male.  Ten Cate (1986a) has observed ”"1istening behaviour® "’
‘in efoss—festered ngra finches: the birde'folloe'the-songftdtor and %"
.turn their heads towares 'hih; In normally-raised zebra finches,

however, ' there is, as yet, no ev1dence of listening behaviour (ten 7

Cate 1986a, pers. obs.), but fubther studies *Will be required te R

investigate this more fully.
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vHowever, éggreséion is not always a consequence of the young bird
approaching the tutor: often the tutor will fly up to the pupil and ©

peck him or drive him_off the perch. So the most 1ikely possibility

is that thé:'more aggressive a malé is to the young male the more

attention he will pay to him and as a consequence, the young male is

likely to learn his sdng. A similar ﬁechanism might also explain the

_results of Ten Cate et al (1984) on mate choice. ° Baptista and
Petrinovich (1984) have also found'that-white~crowned sparrows learnt
song from a ‘strawberry finch, Amandava amandava, even if they .could :

‘hear conspecific song, provided they could .experience aggressive '

interactions with the strawberry finch song tutor.

In addition to behavioural interactions vbcalA cues are also

important: young ‘'males prefér to learn from the tutor whose song ig ]

most similar to théib father's. For zebra finches 1living in mixed’

spéeies flocks this may be'a>wayiofjensuring‘specieﬁAspegifieity.

If clgéely—rélatéd ma;es hayé similar songsrthen song could be -
";sed as a cue for mate ehpicé ﬁb ensure éésortative mating (seea
Bateson 1583); Young males need not}leérn song diréctly from .their
father providéd ‘they learn from a tutor ﬁhosé soﬁg‘is.similar. if.f3
this applies to zebra finches then; during ﬁheL sensitive phase for.

song learning, a young bird'shduldsﬁhoose; frcﬁ‘the other males in the "

A

flock, a'tutorFWho shares a large proportion of song elements with the ¥
 father. For optimal outbreeding a female ‘should choose as her mate a \i:
fmale who sings’a song‘slightly'different from her father's. There is i

evidence (Miller 1979a) that  female zebra finches can discriminate.

between their fathers' songs and.thése of other males. A young male

would also need to learn some features of his father's song prior to

-'33 -

i R B




independence.

An important point ;s that discriminating between a song that has‘;j

been heard previously and one that has not might not require the same.

‘extent of learning as song.copying.. A bird might not ‘even have to '
learn the entire song'phaseibdt might only sélect specific elements-asfff
markers for kin recognition. Zebra fiﬁches may léarn to recognise a_i”
~ number of songs which .they never normally sing. ' Indeed, the two types:

of learning may be quite different: this - is the topic of the. -

following chépter;
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TABL E -3'I=> No, Qlemenﬁs‘ ip songs of t@ﬁbﬁsiztuéed for‘& ;

_inormally-raised’zebré finches and the no shared between them.

.+Brood No elements in song phrase - No. shared eleménts:inisbngpphrase

F. TS - TD s “F4ID  TS+ID
1 R I  7 o 0
2 11 1 4 7 0 0
3 8 8 6 6 0 0
3 10 10 11 9 0 0
5 10 9 13 9 0 0

jKey.:-

F =.Fa§her’

T8 = Tutor with sinilar song to the father

TD = Tutor with'dissimiiaf song to the father




TABLE 3.I1: Resqlts of song tutoring in  female-raised - zebra . =

R 1{L)

hBrood Bird  %song learnt from' tutors - ¥ tutbpsh songs learnt
(fawn)  (wild type) " (fawn)'  (wild type)
1 P 3 (f) 92 0 92 = 0
P5 (f) 100 0 92 - 0
2 Y10 (f) 57 0 40 B
'3 09 () 0 4y 0 46
R 9 (f) 0 87.5 0 54
4 Y8 () 83 0 63 0
B8 (). 100 0 75 0
R 8 (£) -0 64 0 58"
Bk8 "(wt) 0 67 0 42
5 07 {p) 0 & 0 o £
0 85 0 82




gro u_g:

Brood  Bird

'%:song learnt from tutors % tutors' songs learnt

TABLE 3.III: Results of song tutoring ‘in the normally-raised =

1S TD TS TD
1 P46 67 0 54, 0
P47 83 0 45 0
2 P49 100 0 72 0
.3 . P50 100 0 62.5 0
P52 100 0 15" 0
oy P62 % 0 e 0
P63 80 0 40 0
5 P67 67 ‘0 i 0
P68 33 33 22" %o’

P69 55 0 55 -

-
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TABL E 3,16: - Origin: .of, pupil's song elements in the .

AR

normally-raised group.

. Brood Bird No elements learnt from ‘No*-elements in

TS + F F T8 TD - " pird's song

1 P46 oy 4 : 0 9
P47 3 0 2 0% 6

2 P49 T 0 1 o . 8 #

3 P50 4 0 g b 5

P52 6 o 0o o0 6

y P62 3 ;0 -1 0 " 5
P63 y o . 0 0 4
5 P67 6 0 0 0 T
; P68 2 o 0 2 6 ‘

P69 5 0 0 0 . 9




Figure 3.1:

Sonagrams of pupils P3 and P5 in‘zthe : femal e-reared (FR) group
with their song .tutors B258 and B259. B258 has 13 elements in his
song phrase; B259 has 4 elements. . Pupil P3 has 13 song éiementé in

his song phrase: 12 were learnt from B258 and 1zﬁa§:improvised.

Pupil P5 also has 13 song eleﬁents, all of which were learnt from
B258. 12 of B258's elements were léérnt,_one of.theéq‘was‘repeated.

Néither pupil’learnt-from B259.

Letters represent sections of song common to two or’ moné

individuals.
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Figure 3.2:

Sonograms of pupils P50 and P52‘inzthe normaliyareénéd (NR) éﬁoup
with their father G43 and the song tutprs B35 and 097. G43 hés 8
elements in his song phrase. B35 alsqxpas‘B elements, 6 of these are:
shared with GU43. 097 has.-6 eléments, none of these are eommoﬁ to

k2

either the father or tutor B35.

Pupil P50 sings a éong phrase made up of Sfelgments, 4  from ' B35

and/or G43 and 1 from B35.

Letters represent sections of song common.- to two or 'moreA

individuals.
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Chapter 4.

SONG DISCRIMINATION LEARNING IN ZEBRA FINCHES.

ABSTRACT.

Young zebra finches were tested for their ability to discriminate
between the song of their father or tutor vérsus another male on the
basis of twp types of preference test, one with a male whose song was &
dissimilar fo that of the father or tutor and one with a male who sang
a similar sbng. Two groups were-raised by their 'parénbs 1aﬁd then
housed with the mother alone so that they could no£ hear any adulﬁiii
song. These birds were tested on remoQai.‘from; their father at 25 -
‘(group A) or 35 days (group B) -and again étlﬂ_months. Gfﬁup c werelif
raised £y their parents until 35 dayé, transferred>to a second pair of .
conspec@ficﬁ .until 70 days, 'isolated: uptil 4 months and then
ﬁransterred'to.a ;pird péir of conspe;ifies.. These birds were testednhg
at 35.'days, étn 4 months and at 6 months of age. In addition, the

mother birds were-tested with their mates' songs.

The results suggest that birds learn to prefer their father's
song by the time they are 35 days old but can continue to learn after
this time. Possible reasons for this are discussed and the r'esult.s-i'~

are compared with those for song performance learning.

Based on a paper submitted to Anim. Behay.
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INTRODUCT ION.

- In spite of. the extensive research into song learning in birds
the .wvast majority of studies-have considered:qnly one type of song -
learning,.pefforménée learning: a sbng’element~is said to be learnt. #
if ‘the yoﬁng male incorporates it-into his vocal repertoire. It is
beboﬁing increasingly apparent, however, that birds learn at least'&f
some featureé bf many more.éongs than they sing (Meﬁnegor and Avery

1986, Shy et al 1986), and that a second type of learning, that of

discriminating betWéen a song that has been heard previously and one ; .

that has not, is also important in the process of song acquisition.

Discrimination learning is important for both males and females.

Territorial males can discriminate between neighbours and-strangers on

the basis of familiarity with their songs (e.g. Brooks and Falls 1975 .
for white-throated | sparroﬁs, Zonotrichia -albicollis, Falls andﬁéﬁ
D' Agincourt 1982 for eastern and western meadowlarks, Sturnella *™
v 225£§§f?v and Payne 1981 for.indigo buntings). Males of some épecies?f?

'tend to match song types when countersinging on territorial boundaries

and they can estimate their distance from each other by comparing the

extent of sound degradation between the matched versions (Falls et al

1982). éreat ‘tits can discriminate between degraded and undegradedﬁgw
séngs only if the songutype is familiar, i.e. if it is in their on
_repertoire or that of a neighbour (McGregor and Krebs 1984). This
lends further support to the suggestion that territorial males can - .

memorise their neighbours! songs.
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Song discrimination learning is also dimportant for females. ¥
Miller's results (1979a) suggest that, although female zebra finches i?

do not normally learn to sing their fathers' songs, they can. 4

nonetheless recognise them: they consistently show a preference for

their father's song, even when discriminating between males ‘with

similar songs.  They can also distinguish between the songs of their =

mates and- those of other males: this might provide ‘an acoustic basis

for mate recognition (Miller 1979b).

Captive male zebra finches which are housed with two song tutors

during the sensitive phase - for song performance-learning prefer to .

copy from the tutor whose song is similar to their father's {(Chapter

3). Where closely related males tend to have a large proportion of |

song elemehts.in common, Song could be used as a cue for optimal

outbreeding, if females seleet'mates'on the basis of song'similarity

to their father (McGregor and Krebs 1982, Bateson 1983, Grant 1984,.'

Chapter 3).

In the wild zebra finches gain independence at about 35 days of 3

'ege and from theﬁ on assgeiate primarily with other juveniles and

nonbreeding ddglts in the flock (Immelmann 1962). -. In captive males ..

the sensitive phase for song copying does not usually begin until

after 35 days (Eales 1985). This means that young zebra finches would

- need to have learnt some characteristics of their father!'s song prior
'to independence, before the sensitive phase for song performance

learning.
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The aim of this. study is to deternmine the age at which a -

preference for the father7s 'song is established in zebra finches,

whether there are differences between the two sexes, and the extent of

the simiiarity with songwpérformance learning.

The two types of  learning might .be quite different. Songﬂ;ﬁ

discrimination ' might not require the same extent of learning as song':ﬁ

copying and a young bird need not memorise the entire song phrase,

merely a few specific elements which act as qarkérs-for recognition. .

In great tits discfimination learning occurs over a longer time period

than SOng‘copying-(ﬂcGregor and Avery 1986). This study tests whether -

this is also true of zebra finches by giving males and females, whieh-;'

have been housed with a song tutor during the sensitive phase for song .

copying (35 - 70 déys), the opportunity to learn from another song g%*

tutor after 4 months of age, 6 weeks after song performance learning
has normally been completed.

METHODS.

Birds and Housing Conditions.

Ten pairs of domesticated zebra finches were housed in wooden,#ﬂ3
wire-fronted breeding cages, 60 cm x 45 cm x 30cm. Each pair had been
observed daily for three months in a previous investigation of, ¢ |

parental behaviour and had successfully reared at least one brood of | :

e

Vg

young. All the males sang typical zebra finch song phrases  and had A

normal song outputs.

Iwo groups of young birds remained with their parents until they

were 25 or 35 days old and were then housed with the mother alone so -:-

.that they could not hear any adult song (groups A and B respeetively).




A third group (group C) were raised by their parents until 35 days of
age and then transferred to a pair of non-breeding, adult
conspecifios. These conditions were maintained until the young birds
were 4 months old. Group C were then housed wiﬁh‘ a third pair of

zebra finches for a further 8 weeks (Fig. 4.1).

-

Song discrimination was measured indirectly: young males and

o9

females - were tested for their song preferences in tests with their

father's song and that of another male. The birds in- each group were;@y

tested both-on the day that'they were separated from the father and at

4 monthé of age and the Birds in group C were also tested tutor 1's

song at 4 months of age, and with both tutors and the father at 6 - -

months of age. In addition, the mothers were tested with mates!

songs.

Apparatus.

The test apparatus consisted of a double chﬁiee cage. measuring ,f
150 em x 45" cem x 30cm, divided into two approach zones, each 30 cm‘Jm;
long, and a central, neutral zone 90 .cm in length (Fig. 4.2). In the :“
central zone there were two high perches (30cm); each approach zone.:
had a low berch (10 cm) at the far end. -Adjacent to the approach pﬁ:

zones, at each..end, were two loudspeakers (RS twin cones) connected to -

two Uher 4000 tape recorders.

Song Stimuli.

The songs of the ten adult male zebra finches were individuallj

recorded in an énechoic, sound~prodf box using  a Uher 4000 tape

recorder and Marantz Electret microphone. Only undirected songs were

recorded to reduce the possibility of meéasuring sexual response,

= 8g =
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rather than reéognition, in the preference tests.

Songs were re-recorded onto-1-minufe tape loops (TDK EC-1) using

the Uher in conjunction with a Marantz superscope €180 tape recorder.

There was considgrable variation in the duration of songs (mean =

5.22s8, 8D = 2.455; n = 50 songs) but songs of similar length were . .:

selected for the tests so that each tape;loop contained five song<xg

phbases, -all from only one male, and each. separated by approximately

5.08 of silence.

Preference tests.

Individual birds were tested at least one hour after transfer <&

from the breeding room ‘into the quiet testing room. For the mate

preference tests, the female was isolated from her .mate for two to
“three déys under a'14/10 light/dark cycle: this matches the maximum
time for which a feméleimight.be separated frpm her mate in the "wild

(see Miller 1979b).

Each test began with the bird in the central portion of the cage.

When the two tape recorders were first switched.on the songs of  the
two malesfwere broadecast synchronously but this was altered slightly o

~due’ to the varying song durations. "Each bird was'given two 30-minute

‘tests, with each song broadcast from different. sﬁeakers in the two

' tests to control for pdssible side preferences.

All the young birds were given two types of test: the song of ‘
the .father‘(F) versus an unrelated male with a different song (D) and
the father's song versus the song of a male with at least 75% of song
elements common - to’ father (s). Grodp C were also-tested with tutor .:.&

"1's song versus that of a dissimilar male (D) and versus a male (S) - %
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whose song is similar to that of tutor 1, and with tutor 2's song

versus that of a dissimilar (D) and similar (S) male. For each of the -;

ten breeding pairs the mother was also given both types of test, using

song from her mate (M) tested against ones similar and dissimilar to =
it. For ' each bird only the songs of the father, tutor 1, tutor 2 or'

the'mate were-used in all the tests, the other songs were only used_~

once for any one bird.
During each test three measures were taken:-

(i). Number of calls a bird gave in nespopsé‘to the two songs.
Only calls which were. given "while the bird was facing the speaker

broadcasting song were recorded as a measure of response.

(ii). Latency of response (initial time spent in the neutral i;

zone before hopping to either approach zone).

(iii). Total time spent in each approach zone.

A bird was scored as having discriminated betﬁeen two songs if it

s 4 D

2

spént at least twice as much:time in one approach zone as in the other ..

for a total of at least three minutes in each test-(IO% of the trial).

By 'taking a more.stringent criteria than the majority of overall time' -
spent in either approach zone the possibility that emphasis might be.

put on chance differences was minimised. Where the criteria was %

" reached a bird was said to have a breferenoe for the song which it

approached.

. B s



RESULTS.
R Y

Fig. 4.3 shows the number of birds in groups A, B and C which .

preferred the fatheris song, and the number of birds in group C which

preferred tutor 1's song, as a probortion{qf the number of birds which>AF

responded in the pnéferenee tests at 4 months of age. .In groups B and 2y

C 15 out of 17 birds preferred their father's  song in tests with

another male whose song was dissimilar to the father's. This gave a

significant differénéé from group A where none of the birds preferred.

their father's song (%.—’32.68, df=2, P<0.001 for Avs B vs C; !25.57,,
daf=1, P<0.001 for A vs B';xézs.s_'(, df=1, P<0.001 for A vs C; ns for B

vs C). Group A also differed significantly from the other two groups

in tests with the father vérsus a male who sang a similar -song to the f;

father's '%214.22, df=1, P<0.001 for A vs B%§13.85, df=1,P<0.001 for

A vs C; ns for B vs C).

In the first set of trials none of the birds in group A responded

at 25 days of age. Of the nine birds in group'B (SJafugs‘which”*5

RV AR

responded at 35 days of age seven preferred the father and all six in o

group C (3@ 3%) which responded preferred the father: these results *

did not differ significantly from the. results at four and six months;ﬁ?

of age 9C%ests, ns). For group C a combarison of the results at four e

5 s &
and six months gives no significant differences C’Ctests, ns). The

birds in group C discriminated between the songs of tutor 2 and thé

other male and preferred tutor 2: this shows that birds can continue &

to learn until they are at least four months old (Fig. U4.4). Fig. "

4.5 shows that there is no signifiéant~differenee between the number‘AA

of mothers which discriminated between the two songs in the tests with A

the mate versus é disgimilar male and the mate versus a similar male (
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2 ' _
Q‘tests, ns); in both types of test mothers preferred their mates!

songs.

For each group, birds tended to have: shorter latencies of

appfoaeh to the father's or tutor's song but this was not signifieantx:
(Wilcoxon tests, ns). ' Tables 4.1 and 4.II show. that groups B and C

spent significantly more time in the father's or tutor's approach zone i\

than in the other male's approach zone (T=0, P<0.001 for -all tests)

and these birds also called more frequently to the father or tutor 5

(T=0, P<0.001 for all tests). This is also reflected in Table 4,111
which shows the mean number of éalls and the,meap amount of time spent

in each approach zone-for females in the mate preference tests.

-

The number of calls each birdymade to the ' father or tutor was 5

calculated as a proportion of the total number of ‘calls made to either.Q%

male for males and females at four months of age with the two types of -

test (Fvs D, Fvs S for groups 4, B, C; Tvs D, T vs S for group C).

The results of a multivariate Anova gave vsignifiéaﬁé differences fs
between the groups (F=15.8, P<0.001, df=3) aﬁd between the two typéa_l;
of test (F=22.0, P<0;001, df=1) but there was no interaction between.if
the two or with sex. .A ﬁewﬁan Keuls test comparing groups showed that ‘ﬁ
group A differed significantly from the other groups and group B a5
differed significantly from group C in tests with the father and jﬂ
g anbther male (P<0.05 for-all tests). For each bird the proportion of, -
time spen£ iﬁ'oné apprbach zone was calculated in t;rmg of the totar”?;

time spent in either approach zone. A multivariate -Anova indicated:l

thét differences were dﬁe to the groﬁps alone (F=21,3, P<0.001, df=3)
and that there was .no iptebaction with sex or the type of test. The

-results of -a Newman Keuls test ishowed that group A differed
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siénifibéﬁfly from the other groups at P<0.05 but the other groups

ﬁéré not significantly different from each other.

Although there was no significant effect of interaction between -

group and the type of preference test, Figs. H4.6 and 4.7 show that

the groups differed in their response to the father and the other male

in the two tests on the basis of calls and tinme spent in each approach

zone. Group A failed to show a preference for the father or the other e

male whereas group C dispriminéted equally.well'between the song of

the father and and that of the other male and 'preferred the father,

irrespective of whether the other male had a similar or dissimilar

song to the father.  However, 'group B males showed a stronger o

preference for  the father in the tests with dissimilar males. The

same is tfue of groﬁb C_males tested with songs of tutor 1 and another wt

male. At six months of age group C can discriminate between the-f*

father and anothér male and show an equally strong preference for the-

e -

father in either test (T=39.5, ns for calls; T=37, ns for time spent), ;J

This is also true for tests with tutor 2 and another male (T=38.5, ns -
for calls; T=37, ns for time spent). However, they show a show a .

stronger preference for tutor 1 in tests with a dissimilar male 5@

(T=17.5, P<0.001 for calls; T=27, P<0.02 for time spent).

DISCUSSION.

The resﬁits of this chapter show that male and female zebra

finches can learn ‘to discriminate between the songs of their father -

and other males and prefer their father's song. Birds raised by their

father until day 25 and then isolated with their siblings.until sexual

maturity do not show a preference for their father's song which

suggests that they have not learnt sufficient to disériminate between i
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the songs of their fathers' and those of other males. Although it ‘%

seems unlikely, the possibility cannot be ruled out that they are ‘°

capable of discriminating even though they do not show a preference. ..

The results of group B show that by 35 days, however, the newly K

ihdependents have had sufficient experience to diseriminate quite.'

accurately: these males spent .significantly more time in the approach

zone of the speaker broadcasting their father's song and. called more 3

in response to his song. Dietrich (1981) also found call rate to be a L;

good indicator of recognition. She,ﬁfqund that female Bengalese
finches call three times as frequently to soﬁga of males they had

heard'preyiously than. to songs of étrange males.

The results.for group C, where birds were housed »successively_f

with two other males . (tutor 1 and tutor 2) after 35 days, indicate

that diserimination learning can occur-over a longer period of time,

b %43

from before day 35 until after 4 months of age. These birds preferred

their father's song and those of their two tutors. Group C had an'.l

equal preference for ﬁhe father in both types of test whereas group B fﬁ

spent more time in the approach zone broadcasting the father's song

and gave more calls to the father in tests with a dissimilar male. ..
Since both groups hgard their father for equal periods of . time (0-35 .
days) and were tested at the same age this difference cannot be the: =

result of memory decay. One possible explanation is ‘that hearing song -

after independence stimulated the birds in group C to remember their

father's song. There might simply be a "practice effect" so that the":

greater the number of different songs a bird hears the better it %

" becomes at discriminating between songs.
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What is surprising is that group C had a weker preference for the .
tutor i in tests with the'tuﬁor 1's song and thé£ of a male with ; 
similar song. At 4 months group C speht mOfe ﬁime ?in the approach
zone broadcasting the first tdfor's soﬁg and gave more calls to tutor”ﬁ
I in tests with a dissimilar male than in tests with the similar male.. '

The results also show '%hatzthe birds spend a greater proportion of“‘

their time responding to the similar male than the . dissimilar male.f;f

These birds were housed with tutor 1 during the normal sensitive phasea%;

for song .production learning and, since the . birds were housed with_w3

their siblings throughout the study, a likely explanation is that the.f!
birds discriminate between the two males and prefer the similar male'sl
song because it sounds 1like their own or that of one of theif
brothers. Group C might have discriminated between these songs but'
have preferred- bbth tutor 1's song and that of another'male, if‘his}'i
- song was sufficiently s;miiar to the siblings' songs. This

explanation - might also account for .the results in grdup B where bird35~}

showed a weaker preference for the father tests with the father's song~f§

versus that of a male with a similar song. Group B males, which were ‘:

denied a song tutor during the normal sensitive phase for song
learning, sang poor copies of their father's song (Clayton in prep.).

‘Bohner (1986) has found that zebra finches will -~ copy their father's -

song if they are housed with him until 35 days and then isolated from -

all adult song.

s

Alternatively, these results might be the result of proactive

memory interference where learning features of the father's song -

interferes with learning tutor 1's song.
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These two hypothéses_can be tested_post-hoc-using the results of #;

group C at six ~months. If - the first explanation (preference for.

siblings' songs) is correct then the'birds;should prefer the father, ...

and tutor 2 in either. type of test buﬁﬂthey should show a weaker }5

preference in tests withftutor 1 and a similar male. However, if the -

second explanation (proactive interference) is correct:then the birds

shouid show an equally strong preference for the father and tutor 1 in

" both +types of test but should diécrimihate betweenfthe songs of tutor o

‘"2 and another male less ﬁell in tests with a.,similar male. The -

results agree with the first hypothesis.

This raises a number of points. Firstly, it illustrates thé'moréfTF

subtle effeots which -social interactions with siblings might have.

Clearly, the study needs repeating with males housed individually

dﬁring the “isplation" periods. Equally important is the difficulty :

in measuring discrimination. A female miéht, for  example,.

discriminate between the two and prefer either male or demonstrate no 5

preference for either. In this respect call notes might be a better.

indicator of discrimination than time spent in the approach zone; the ..

latter might reflect a preference for one of the males. Nonethelesénv'

since there were no ?significant differences petween the sexes, the i

 results are suggestive of discrimination learning rather than sexual ="

preference.

The most important result is that song discrimination ‘learning, -

measured in terms of song preference, ocours,ovér'a~longer time period-

thgn song production-learning in zebra finoheé. ‘By the time of

independencé at 35 days:young males and femaleé can learn sufficient_’"

about their father's song to discriminate between thé father and other

~ B «




males and prefer their father's song: this is before the time when

males would normally learn to copy =song. Learning at 1least some

features of other  males' songs'coﬁtinueg until after four monthé of =

age and probably throughout life... This would explain why the mothers: -

could discriminate between the songs of their mates and other males.

For =zebra finch females the ‘significénée .of learning toif:
discriminate beﬁyeen males on the basis of.their songs probably liéSéf;
in mate recognition.” The results in the previous chapter sugggst that'gd
diserimination .learning is also important for song tﬁtor choice, with;zi
males preferring to learn from the tutor whose song is most similar to-:u

the - father, Ir clbsely related malesnhaVe'similar songs then song%:é

could be used.as a cue for female choice.

One must always be cautious when relating the resulps of captive?if
sﬁudies to the wild. »Nohetheless, it is worth speculating why zebralﬁé
finehes might show a preference forv their fatheré' and brothers'i;
songs. It might be thaﬁ they simply‘brefer a familiar song to a noveL_@!
oﬁe. Little is known about what happens -in the natural 'situation,_:;
whether they assOciéte with tﬁeir siblings when they first 1eaye.their X
parents to join the flock and if so, whether this is.a oonsequencé .of,gg
.préferring- to learn song Prod She pae tutor (presumably one whosejﬂQ
,soﬁg is similar to the father's), yet such vde#ails are vital forT;i

interpreting the functional -significance of results for captive zebragQﬁ

finches.
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Table 4.I: The mean results of the preference tests with the .

father (F) or tutor (T) and another male.ﬁhose song was dissimilar to Q:

ihe father's.: (D) for  each group at 4 months of age. . Standard;«@

deViations are given in brackets. Wilcoxon tests were done on~eag§ E

group.
Grouﬁb - No calls to Time spent in theiapproaoh zone (s)%i
F D | F | D
A 58.5 T=34.5 .17.6 322 T=35 295
(n=14) (10.8) ns (10.4) (190) ns (134)
B :31.2 T=0 17.0 . 491 T=0 308
(n=17) (9.7)  P<0.001 (6.1) (174)  P<0.001  (88)
c 26.6 T=0 12.2 759 T=0 312
(n=17) (8.7)  P<0.001 (6.6) (205)  P<0.001  (129)
T D T D
5 29.5 T=0 10.2 876  T=0 297
(12.1) P<0.001 (5.9) (304)  P<0.001  (127)

R
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Table 4.II: Mean results for the preference tests with ﬁhef'f

father (F) or tutor (T) and a male with a similar song (S).- Standérd;fi

deviations are shown in brackets. Wilcoxon tests were done on eaeh,;?

grbup.
Group. No. calls to Time spent near approach zone (s):i
F S F S
A - 18.2  T=23.5  18.2 284 T=30.5 281
(n=14) (10.1) ns (12.1) (138) ns (183)
B 30.1  1=0 20.3 709 TI=1 400
(n=17)  (8.3) P<0.001 (6.3) (170)  P<0.0071 (98)
c 26.6 T=0 18.2 645 T=0 391
(n=17) (18.2) P<0.001 (6.6) (241) P<0.001 (165)
T S T S
c 28.8  T=0 13.9 868 - T=0 332

(14.2) © P<0.001 (10.7) (239)  P<0.001 (185)




Table 4.III: ‘Results of preference tests for mothers. with matei_é

(M) versus another male (S or D). :Standard deviations'are shown in;;@

brackets. Wilcoxon tests were done on each -group.

No. calls to

Group Time spent in‘approaéh zone (s)
| M D Mo D
27.6  T=0 8.4 1024  T=3 317
(10.9) P<0.001 (8.7) (317) P<0.02 (309)
M S M S
33 =0 I 908 T=5 427
(10.1) P<0.001 (8.9) (421) P<0.05 (368)




Fig. 4.1 shows the housing conditions for ‘the th?ee groups of

zebra finches.




Housing.éonditibns for the three.groups of zebra finches.

Group Days
R RY-- PR 1> PR RRY (' PR - R -1
A ' iy J et Isolate—————X
(n=14)
B T ) —X Isolate- X
(n=17)
C 3 X T‘ _Isdlat?-x “%i
(n=17)
Key :=

X Preference Tests.
F Father
T 1st Tutor

T - 2nd 'I'utgr




Fig. 4.2 shows the appératus usg§ 1n‘the preference.yests.
Key :=

LS loudsPeaker
A approach zone
N-neutral zone
F food

W water
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Fig. 4.3 shows a hlstogram of the proportlon of blrds in' .each
group which preferred the father (F) or tutor (T) on. the basis of ‘his
song in tests with a male whose song was i sl (D) G & wale

whose song was similar (8) at four monthsidf'age.

Key :~

F/T vs D

JJE/T vs S




PAARS

TrTTT
BOGAOSS
SO0LL

000000000000
L0000

L0

ey

Sahede
oo0

0L 00
OI00000
.-X..-.'- g

'
1

POCOTON
A G OO0T
OO0 00 000000

e A e

OO AL N0
000 GO
DOOO0D o0

\'A

Vv
1

portion
1

Pro




Fig. 4.4 shows a histogram of the proportion of birds ih group C
which preferred the song of the father, tutor-1 or tutor 2 in;tegtg:
with a male whose song was dissimilar (D) or a male whose song was

similar (S) at six months of age.

Key:-

F/Ty/Ty vs.'D

] F/Ty/Tg vs 8
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Fig. 4.5 shows a histogram .of the proportion of MOthers which
preferred the song of their mates (M) in tests with males whose songs

were dissamilar (D) and those whose songs were s1milar (S)

Key s~

Mvs D

Mvs S
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Fig. 4.6 shows a histogram of the meahiﬁrobortion-of ééllst;maQe
to éhe father or tutor in tests with the sapg of father (F)'éf‘tﬁtoru1
(1§) versus that of a male whose song was d;Ssimilaf (D) or simiiar

(S) for each ‘group at four months of age. The'resplts of:Wiicoxon

tests are shown for each group.
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F/Ty vs D
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Fig. 4.7 shows a h;stdgram of the mgén.ppoporfion'bf time 'speﬁt.
in the father's or tutor 1's approach,zoﬁe in.tésts with the s&hg of
the father (F) or tutor 1 (T)) versus that of a ‘male whose‘ SOng. is
dissimilar (D) or similar‘(S) fop each groﬁp at f@ur months of age.

The results of Wilcoxon tésts are-shown for each group.
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Chapter 5.

SONG LEARNING IN BENGALESE FINCHES: A COMPARISON WITH ZEBRA .
'FINCHES. |

ABSTRACT.

Male Bengalese finches learn 'their song from an adult male
conspecific with whom they can interact at 35't9 70.déys of age and
normally-raised males fail to reproduce song whichf théy ha?e only-
 heard before or after this time; Bifds which havé been raised by
their mother alone and those whieh have been deppi#ed of a song tutor
during the learning phase. produce abnormal 56ngs‘ﬁith'indistiné£
elements and little or no phrase sifuoture; this is typical of males
which 'fail to hear adult S§ng during their development. These songs
are’unstable and. are replaced by . normal songs, if- ﬁhere is an

opportunity‘to leabn from an adult male conspecific. Presumably, this

flexibility in the time ‘when young males learn acts as a safeguard to

ensure that normal conspecific séng is produced.

These results bear striking similarity ﬁo thoée on zebra finch
‘song deVeloﬁment.'iDifféfenees between the two species, .especially in

the learnipg.of call notes by female zebra finches, are discussed.

- -~ Based on a paper to appear in Ethology (ih bress).
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INTRODUCTION.

The previous two chapters donsidered how zebra fincheé choose
‘their song tgtors when they‘are}preséntéd with two ebnspecific tutors.
In the remaiﬁder of'thiS‘thesis these questions gre'*eXamined at the ?{
species level: which cues are important fof ehsuring thati:‘
species-typical song is learnt and to what extent does .early social;éy
;gxperiegees influence song acquisition?l Such questions are best . .
) exémined using cfoss—fostering techniques: for - zebra finches the:
young have often been transfgrred- as eggs to incubating pairs of

Bengalese finch foster-parents whose own égga are removed. At sexuali '

maturity the songs of cross-~fostered individuais are. then recorded andx\
OOmparéd from sonagrams .with those of nbrmailyéraised birds. To =
assess the 'effeets of cross-fostering a knowledge of.both species':'
_song deveiopmenﬁ is requiped.‘ Aithough song learning has been studied. ™’
éxtensiVely.in zebra>finehes (e.g. Immelmann 1969; 3bhner 1983; Eales

‘1985a), comparatively little work has been done on Bengalese finches.

Male Bengalese fipghes have only cne song phrase which is learnt..f
early in life, around the time of indéﬁendenee at about 40 days of agéAf
(Dietrioh‘1980). A mgle.denigd ;he opportunity’to 'éopy' other adult
males during the séngitive phase will fail to develop normal song when “ :
:adult (Immelmann 1969)." This-isolate song resembles subsong, which is
prodﬁced by Jjuveniles bef'ore the song is fully developed; it is slower
and consists of a few, long elements which are simple and uniform in
structure. ' This is also true of zeﬁra finches. In both species,
isol‘at;e song contains species-specific elemeﬁts which appear to be

arranged in-species-typical song phrases (Immelmann 1969; Price 1979).




Social factors are extremely important in ° governing what is
learnt and when, to the extent that even species-specificity can be
overridden: young Bengalese finches will 1earn--song from a zebra

finch fostér-father and vice~versa (Immelmann 1969);

Zebra finéhes.eopy songrfrom a tutor with whom they can visually
and vocally interact duriné the seﬁsitive phase; usuéily'this starts
immediatéiy after independence, at about 35 days of age (Eales 1985b)5.a 5
Given ?he ehoiee. of several song tutors after reaehing independence
tﬂéy will preferentiall& learn from their f;therf(Bohnér'1986);:$ut if
he is removed at independence, so that 6n1§‘unfamiliar males are
available aslsong tutors, they tend to copy song .from tutors whose.
songs are similérﬂto their father (Chaptef 3). Bengalese finches also
lexhibit‘ this pattern of song learning (Dietrich - 1980). Before
independence, ‘at the start of the sensitive ;hése fdb‘song learning,
_Behgalese'fineh young .are capable of_ learning from severall.song
tu£prs; learning exclusively from qhe tutor, preferably the father,
dqes-not occur until later in developmenf. This allows a .substituté’

séhg tutor to be accepted, should the father be lost. .

The 1limited data available suggest that song learning in
Bengalese finches bears is similar to that of zebra finches.
Nonetheless caution is required because subtle . 'differences in
experimentai 'design can play a crucial part in the 'development of
species’ preférenées (Chapter 9). ;Thé aim of thig study is to pr;vide
a direct comparison of song leérning in the two species by rearing
Bengalese fiﬁches under the same conditions as Eales (1985a) has done

for zebra finches.
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METHODS .

Birds and.Hodsinngonditio&g.l

Twenty clutches of ‘Beﬁgalese finches weréi divided into four

~ groups:-

The Sirds in group A wéré raised in. sound proof boxes by  their-
mk}jt;her' alone, - the father being reglbved on the t‘ourt;_h day after the - :
firSﬁ epickvhaﬁched. Samé females were relﬁctant to leave the nest to
feed and“so their chicks had to Se hand-fed. To control for the
effects of human contact the chicks in allAfour. groups‘:were‘ handled
daily for the first ten days. of life. At T0 days the mother was
removed the chicks remained in the sound proof boxes until 4 months

of age.

Group B:were raised by their«paréhts until 35 days of . age. They

were then -separated from all adult birds and housed together in the“

acoustlcally—stlmulatmg env:.r-onment of the birdroom until ‘they were

four months old.

Group C were also raised normally until 35 -days. For the: -
following five weeks they ‘were housed with‘a pair .of non-breeding
Bengalese finches (tutor 1) and then housed -together, in the absence

of adults, until 4 months of age.

- The control birds in group D were raised by;their parénts until
70 days and ‘then isolated from all adults until they wére 4 months

old.
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Songs . were  recorded when ﬁhe birds. were 4 months . old.
Subsequently all thé birds wére housed with an unfamiliar pair of < "
non-breeding adults (tutor 2) and-their songs were: re-recorded at 6 %

months of age.

Songs and Sonagrams.

Bengalese finch song occurs in bouts during which a stereotyped
song phrasé is repeated several times.' Each male has an individually¢
distine£_$9ﬁg phrase,’ eonsisting'bf a number of discrete notes or
elements which .-are - usually sung in a fixed séquence~(6-14 different

song elements in this study, mean = 11.25).

The song strue_ture of each young male was compared with that of
his father and tutors by making tracings-of sonagrams of typioalfsong 5

-phrases (see Chapter 3 for further deﬁhiLs).

Iwo measures of song-learning were used; the proportion of song

learnt from a particular tutor: (either the father or another tutor) Rox

was calculated as the number of different*song.elements a young male
learnt from thdt -tgtor as a proportion of the number of different

elements in-the young_male's song phrase. A second qeasurec examined'”;
.. the proportion a tugor;s song which a young mélé learnt, in terms of;;4
| the number of different elements in the tutor'é_sbng whieh the young - -
male 1earn£“ as a broportién.of the number of differéht elemenﬁs'that:; 

_-tutor sang in a typical song phrase.
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RESULTS.

: Figure.5.1 shows the results of song learning in the four groups,
illustrated. as the mean propértion of.song which had been learﬁt froﬁ.
the father, tutor I”énd tutor 2 at 6 months of age. . There was no

.significanf- difference -between the'four groups ;n‘the»pfopbbtion of'
song whieh-had been learnt, relative to the proportion of improvised
. song elements, or.'in‘the“proportion of the father's or tutor's‘éong ;ﬁ
.ﬁhieh was learnt (Kruskal.ﬁallﬁs tests). Hoﬁé&en, the four groups
'differed significantly‘in~the time at which they leaﬁnt; with all the o
_males in groups A and B 1earning after 4 months of age while those : in
-“groups C and . D learnt exclu81vely from a tutor present before this.

time ( -20, df=3, P<0.001).

4 An,example of song learning in each 6f the fqunﬁgroupé is shown

in Figs. 5.2-5.5. Further details are given in Appendix cba.

All 10 males in group D learnt from their father and all 9. males

in group C learnt from tutor 1 after 35 days of age. None of the

males in either group'leérnt song ‘after 4 monthg of -age.

The 11 males in group A and 9 males in group B‘showed a different
pattern of song learning;'howevér. At four months of age the birds in
both groups sang highly abnormal songs. These-consisted of a. series
of quiet, indistinct elements which resembled those normally produced.
durlng subsong and laoked the stereotyped phrasing typical ‘of

normally-ralsed males.
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;ﬁAll the males in.groﬁps A and'B?iearnt some,of}the tutor's song
after 4 months of age. These males tended to learn less aceuratély,
althougﬂ differences between the four groups in ﬁhé proportionl of .
gheir song which was learnt did not reach statistiéal signifieance'
(Kruskal-WalliggﬁéSt); ‘Males varied considerably in the extent of
their song learning, with those in group Bilearning'é little less than
those in gréup A, In bﬁth'groups some males still‘had abnormal songs
at 6 ﬁontﬁs of age: these were often very quiet (2 in group A and 2
in group B),,haq variable-sequeneiﬁg*(1'in group A and 2 in group B)
or ‘the elé'ments were \-('i..‘dely spaced (1 in group A and 1 in group B).
None of these features were found in the songs of group Cvand D males.

DISCUSSION.

Thg resultg‘of this study show thét BengalQSe‘finches have a very
rSimiiaf' pattern of.gong development to zébra'fincheg;‘injboth species
young males base their song on that of the tutor with whom tﬁey can
. interact at 35 to 70 days of age-and normally-raised males:fail to
reproduce song eleménts wﬁich“they have heard befope  or after this
time. For Ehose raised by the mother aléne (g;oup'h), aﬁd those
mﬂ%nwmﬂﬁWb@hmmMsmﬁlmwwmmmbw then deprived
of song during the learning phase (group B), .abnormal songs are '?
produced, with features ‘typical of .isolate birds. A  further
similérity with zebra finches (Eales 1895a) is that these songs are
- unstable and are replaced by normal ‘songs, should tﬁ§ Spportdhity to
learn from an -appropriate song tutor arise. "Presumably, thisi‘?
flexibility in the time at which young males,learn.acts_as-a safeguard
to ensure that normal conspecific soéng is produced -despite variations

in experience.
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In contrast to zebra finches, Bengalese.finoh males which have‘_~
" been raiséd by their mother alone do not incorporate her call notes

into their songs; instead they produce songs typicali~of groups of

males whlch have been isolated fram their parents. The zebra finch -

song phrase typioally includes several  ‘call notes,' often with a
distance call in the middle or at the end of thg'phrasé_(Puice 1979);
" these are not preséht'in Bengalese .rinch song ‘phrases. For zebua‘
finehes, inclusion of'thé diutanee call may be pafticuiarly important’
in that the call is sexually dlmorphic (Zann 1984) and, unlike“ most_{ﬁ
calls (Guttlnger and Nicolai 1973)," a young male\ must hear the
distance e@;; of.couspecifie:males during the first 40 days of life in

. order to -deveiop the terminal noise element, the most sexually

dimorphic feature of the call (Zann 1985). The zebra - finch distance'f;

call might provide one means of recognlsing adult male eonspecifics-i;n

this would allow a young femalennaised male to adjust his choice of . .

song tutor acedrdingly. Houever, visual and behavioural differeﬁces
‘between the. two sexes are also likely.to be important for song tutor

recognition.

-Bengalese finches are not sexually dimorphic-and so, presumably,
the birds must rely on vocal and behavioural cues to indicate the

appropriate song tutors to learn from. In this respect, it would be

,interesting’ to consider - whether the. young female—réised males would

learn solely from a conspeeifie male later 'in life or whether the
general stimulus of any song would be sufficient for further learning.
" Are young malesfoapable off~recoghising a male conspecific, never s

having been ékposed to hinm uefohe?
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A further difference between Eales!' results fqy zebra finches and

the . ones presénted here for Bengalese finches concerns the copying

accuracy - of the ‘birds in gbbups A and B: in this study the two groups’

did not differ significantly whereas Eales (1985a) suggested, that

zebra finches raised in a socialiy-stimulating'environment learnt more

than those housed in sound-proof boxes once a suitable tutor was /.

available. However, this differehce might be a-oohsequenee of sample

size. Eales' work was based on. the results of 4 and 5 males

respectively; this studyvinvolved 9 and 11 ma;es. - This explanation

seems Iikély in:#iew of the large amount of variation between males in‘”'

the'aocurécy»with which they copy their tutor's S0Ng. AlternatiVely;

the difference ﬁight relate to differences in ‘song structure: for

- female-raised zebra finches, which base their song on female call:

notes which they havé”heabd during the song learning phase, ‘subsequent

learning might‘b? reduced because thé memory has been partially ..

filled.

The important . point fof Bbth}species is that .extension of the

learning phasel is not the result of a lack of stimulation from adult ¥

conspecifies since later learning is not exclusive to those birds

.raised in sound-proof boxes. ~For both, it seems that éxperienee, in '

combination with ‘age, determines when a young male learns his song.

It is also interesting to compare the results presented here with 3

those obtained by Dietrich:(1980). In her study of Bengalese finch

song develbpment young males were raised with their.parents and other

eoﬁspecifics in flight cages until 40 days of age.  They were ﬁhen' 

isolated (group.1), housed in groups with new song tutors (group 2), .

or_.remained in‘the flight cage with the father and other conspecifics "
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(group 3). The birds in groups 1.and 3 copied their father's song,
although those in group 3:also learnt from neighbouring males with. .

_whom they had been housed in the first 40 days of life. Group 2 males

learnt from new tutors with whom they interacted after independenbe;

of these, they tended to learh-from'tutors who sang a similar song to

that of * the father. »uFromi these results- Dietrich concluded that

Bengalese finches can learn from their father before 40 days of agé. . .

However, copying song exolusivelf from the father, rather than other

males with 'whom they can interact, does not occur until later and is -

) coﬁplete by ‘about 70 days.

There are a number of methodological differences between this .

study .and Dietrich's which might‘éccount for the difference in timingj$g

of song 1egrning. It is_bgcoming increasingly apparent» that subtle
differences in expérimental.desigh can yield quite-diffeient results

(e.g. Chapter 9). For exampie, in Dietrich's study the young males

were ‘exposed to the father for an extra 5 days. According to the. -

results presehped here some learning could have occured by - the u40th

day' since the males in-.group C learnt between 35-and 70 days of age

" but not before day 35 (group B). Another'essential'difference befWeen.

"the two' studies concerns the.housing conditions. The birds in this

study were only exposed to one song tutor at any one time whereas

Dietrich's. birds were housed with severgl'tutors wiﬁh»ghom they-cduldA
: fréely interact before and during thefleéfning phésé.~ The .difference i
+is thus one of sucégséiVé versus simultaneous chq@ce“éf-aigong tutor. "o
Behaviourgl interactibﬁs bétweén' tutors might' be influénti;l in-

guiding a young male's choice: in zebra finches it is the relative:

amount of aggression. which tutors direct to the?'youhg‘ bifds‘ which

appeérs to - be important,. the'young maleS'learning qum phe tutor who' -
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is most aggressiye towards them .(Chapter 3). ?his"might also be
impbrtantj in BengélgSe'Vfinohés. -+ In this reSpéét; housing bi#ds in
breédihg cages rather. than flight cégesﬁ might - have ‘a significant- E
effect on-«tutor, choice .and . crowding oonaitidns might be crucial,
particularly if dlfferences in circulating 1evels of androgens are

'also inf‘luential (see Prove 1981)

IFrom a comparative pqint'bf ‘view this study shows phat song
acquisition - in. Bengalese ‘finches and zebra finches is remarkgbly
-similar. The next ohaﬁter examinés the effects of cross-fostering on
‘what the - two ‘species will learn and the extent to which the two

.. species use similar structural rules for song selectivity.
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Figure 5.1:

The results of song learhing at six months. oft age ; for _v_t;he A}four.
groups of Bengalese finches (A - D), showing the proportion of
improvised elements and the 'pr.oportion of sorig' iea_rrnt from thé father

and two tutors.
Key:=-

. Proportion of song improvised.

Pi-oportion of song learnt from the father. -

Proportion of song learnt from tutor 1.

<n+| Proportion of learnt from ‘tutor 2.
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Figure 5.2:

Two sonagrams from B71, a young male from -'_g'roup A. ‘The  first
sonagram (B71-1) was made ‘at 4 moriths of age. Lj"»ubs,édue_ntly,'it:ne bird
was housed with the Bengalese finch tutor, C, - whose song he. learnt:

(B’{1-2).

The letters denote portions of thé-isohé'?phra_éje common to both the '
young male  and his tutor. For t;ilarity'n;individhai song :elem'ents ére
not marked; each 'port;ion‘:‘of song may contain one or several »song;

elétnents.
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Figure 5.3:

B9 (group B) was raised wiﬁh his pétents:uhti; 35 déjsﬁiand'.then
separated from his parents but housed with his siblings in the ‘bird
room until 4 mdﬁths of, age. At ' this _gtégé' (59;1) JhiS'usongj was :
abnormal and a series of elements were produced Sut these iapked éhé"
typical zebra finch phpasing.‘ The second sénagram (Bg=2) éhéwé the
result of exposing the bird to a Bengalese riicn tubor, M, st 456
months of age. After this time B9 produced afhormél;song phrasé;£#3ed

on that of P4.

Letters below the sonagrams shdﬁ portions of song cbmmdﬁ_ to' the.

two males.
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Figure 5.4:

Song phrases of PR and PW, two brothers who were housed with
their father, CR, until 35 days and then given a new male, T, until 70
\ days old. Both males learnt from T. At 4 months they wepe;hgiven ar,

second tutor, QK, but- their songs did not change after this f;mé.'

Letters below the sonagrams show portions of~adﬁg‘common to two

or more males.
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¢ - Figure 5.5:

W7 and W8 based their song'on,that'6f:ihéir‘father,10k;-with‘whbm '
they were housed until 70 days old. At>this-stage their songs ﬁere
stable: neither male learnt frdm the new tutor, T,%ap;456 months .of

age.

Letters below the sonagrams show portions ofwsong ecmmdﬁ, to two

or more males.
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Chapter 6;

THE . EFFECTS OF CROSS-FOSTERING ON - - SELECTIVE SONG LEARNING IN
w
bSTRILDID “FINCHES.
==="——'——“~

ABSTRACT.

- Male gebhé'finéhes ﬁhich:have.been ,cross-fostepéd to Bengalese :
finches ;earn Bengal ese finch‘gong elements with as mqoh éccuraey as a
@aig 1eaghingvfrom his haturalifathér. _Hoﬁeven, these elements arel.
-sﬁng in=phrasés whieh are more nearly zebra.finch iengthnand lack thei”

repetitivéness,typical of the elements in a Bengalesé finch phrase.'

,Male.Bengaleée finches are also capablé ofvlearning song ~from a -
zebra finch fdster—faﬁhér. Males vary substantlally but they tend to
produce fewer, more widely spaced zebra finch elements in a Bengalese :

f'ineh-length.,.phrase.

Both 'species show selective song 1earningA'and thése results_
suggest ihat -phrgse 1quth and the absence_dr preéénqe-of repeated 4
elements»ﬂight act as important cues for species~specifi§ lgarning.
'Crbss-fostered Bengalese finches seeﬁ‘ -to learn less théhfﬁ
cross—fostefed( zebra rinehes 'ahd possible reasons for this are

discussed.
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INTRODUCT ION.

In the laboratory many species. w1ll copy the song of their -
heterospeeifie foster—father and some specles will even learn alien ..
song from tutor tapes e;gi Thorpe (1958) trained‘a ehaffineh to sing
~tree pipit,‘AntHus trivialis, sdng. -In the wild non-conspecific songs
are seldom copied, and one reason for this might. ‘be that instances of,i
cross—fosterlng are’ rare in nature (but see ROWIey ‘and Chapman 1986)

However, thgre,are océasional cases of'mimicry in species which do not :
normally. mimic (e.g. Tasker 1955; Baptista 1972; Slater 1983b; Cooper -

and Murphy i985);

The. féct that"many birds will cépy- alien song 'fram a,
foster-father but not from ‘tutor tapes (Baptista and Petrinovich 1984)‘
illustrates the “;mportanoe of social * rulesc for selective  song |
learning.  For. a number{ of species, however, éonstraints are algon

imposed on the structural &nd temporal patterning'of“song.

- One of the bestfexampleg is in sparrows df'the gehus:AMeIOSEiza.;;
For song sparrows temporql organiﬁatiion is important: these birds
féii t9~copy érdinary.swamé sparrow'sopg but will learn the syllabies
Cif théy are'sﬁng in song Sparrow*phfgsés. However, swamp Sparrows use
different rules: only swamp sbarrou,§yllables are learnt but they
will 1learn these éven if edited as song sparrow phrases. Although‘.
swamp sparrows are largely unresponsive to temﬁdral prganiiation they
prefer to léarn éyllablesrfrom the first half of twbﬁpart sohg phrases
(Marler and Peters 1977, 1981). Swamp sparrow sqng iearning gonsists’:
of selecting the number, .timing and sequence of nptes-ffaﬁ a 1imited
set of note—type%;.éhqée‘struotuﬁe is heavily.consﬁraine& (Marier and

Pickert 1984).
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Song sparrows ahd swamp .sparrows which are cross-fostefed fromlf
the egg to female 'h;nariésr show dirferéncé$ in singing behaviour, !
3 parfioﬁiarly~in‘featqreélof song orggnizationisuch’as eiéménf ‘length,

. duration of the”phrasg and degree ofléégmentationA(Marler and Sherman .-

1985),

Although a pretty clear. pieture emerges for song and swampn
sparrows. little is knd&n of the ex£ent to ﬁhieh‘these rules are useq;?
by other species. Immelimann (1969) found zébra fincﬁés eOuld' cqpf-i
séngJ frdm Bengalese finch foéterApafgnps and viegéversaibut the>§ongs

of these crods-fostered birds have not been analysed in detail.

This study examines the extent to which zebra finches and .
Bengalese finéhes_copy the song of ﬁhe;r foster-father and the nature .
of the structural and temporal conéthéints.

METHODS .

Birds and Housing Conditions.

Of the nineteen clutches of zebra finches which were used iniﬁhis
study ten é}utches Wére‘ndrMallyLraised'(ZZ) andﬂthe‘remainder were!L
transferred_as;eggs to pairs of Bengalese fineq 'pareﬁts, whose ownué
eggé were removed (ZB)._ E;éhteenfclutches of Bengaieﬁe finches were
also used; half the-birdéuﬁefe normally-réiséd (BB), the rest were“;

cross-fostered to Zebra‘fineﬁ paréﬁts'(BZ).

Some parents, particularly =zebra fiﬁdﬁes- baising Bengalese
finches, .did not Staré‘ feeding the joung until the third-or fourth
chick had hatched. Even then eross—fostered.uBehgélese finch ohicksr;
dften received’ inéufficient‘ fooa;..probablyibecause tﬁey>lacked the

typical zebra finch mouth markings-and begging behaviour (see Chapter.

A
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52), so these ehlcks were fed by hand. To control for thé effects of -

_ human contact all the chlcks were handled daily’ for the first-ten days 5

of life.

The birds remained with their parents in -double’ breeding cages

~until 4 monthe of age ~when the males!' 'soegs- were recorded and

‘analysed. -

Song Recording and Ahalysis.

‘The song'structure of eaoh male was compared with:- that of his

father by making tracings of sonagrams of" typical song phrase (further

details in Chapter 3) and the number of different song elements the :

" young male ’1earnt from the father was calculated as a.proportioh of

the different elements in the young inale's song." To take into account

the differenees in the 1ength and number of elements in zebra finch

and Bengalese finch song phrases a second measure -was used. The -

‘proﬁertionv of the father's song that thef~y6uhg male learnt was

calculated as a proportlon of the number of different song --elements ¥

the father sang in a typieal song phrase.

In add;tiqp to song copying eccuraey‘fivevother parameters were.;

.used to compare the song structure of the four groups:- (1). °duration

of a typical song phrase for each male,. (2). -total number of elements

' in the song phrase, (3). ' tempo, calculated as the number of'elements

per second,- (4). numberfpf repeated elements:during thetsongflphrase,_g

(5). e;ement structure, classified as either ‘'"zebra finch" or ;

"Bengalese finch".
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Zebra finch elements” tend to possess a ~series of stressed .
‘harmonics not - present in Bengalese finch song phrases. There may be
as many as eight harmonié$ in a zebra finch-éong“element but rarely
more than four in a:Benéaiese.finch element. TA furiher differeneeQi
Lies in whether'call notes‘ére incorporated into the - song phrase: }
these are particularly Eommon7 in zebra finches and the long calls
involvéd may be hore fhah twice the 1ength.of Stherr elements in theré
phrase. In view ofuthesé differences it is possible‘tp”claSsify song ¢
elements aS‘gither "ngra finehﬁ or '"Bengalese -fiﬂeh“ and this. ié
barticuiarl& Au;;fﬁil in tﬁe_ case where avcfoss-foétehed male's song

. elements are not obviously derived from the foster-father.

RESULTS.

The four groups were compared using the Kruskal Wallis -test and g
the main differences are summarised in Table 6.I. Mann Whitney tests:,

were then carried out to Qbﬁparé individual -groups.

Differences Between Zebra Finch and Bengalése Finch Song.

Both species normally sing only one song phrase, repeated séveral i
.timéé 'durihg any one séng bout. For the 26-n6rma11y-raised zebra -
finches and 26 normal ly-raised Bengalese fincheq.used in this study
(i.e. 20 ZZ énd 20 BB yo;ng and their fathers) the Bengalese finch:f
song phrase was sigﬁificantly' longer (z=4.5; P<0.015, with more
elements per '§6ng phraséé(z=4.2; P<0;01)'ahd more répeated elements .
(z=4.7, P<0.01). In both sbeoies;the elemengs afe:uSuglly sung in a.”
fixed sequence, in the frequencylrange~0-8 kHz, and at about the samel

: tempo.

- b4 -




There-were;no significant differences in the proportion of song

learnt using either measure.

A Comparison of  Song Learning in Normally-raised and .-

. Crosé—fosbered Males.

" Table 6.II summarises the - results of the Mann Whitney tests

comparing cross—foéﬁered zebra fihches énd, Bengaleéé finches with’

‘normally-raised males of both species.

Zebra finches which had been cross-fostered to Bengalese finches’

sang' pbraSes' which were longer than normal zebra fi&ch phrases but

considerably shorter than those of their Bengalese finch .

foster-fathers, with fewer song elements per phrase. There were more

‘repeated Qlements than ' appear in normal zebra finch Sdng but f

significantly.lesﬁ'than in Behgalése finch sohg.

-Compaping cross-fostered zebra finches with both ndrmai;y-raised

‘zebra finches and Bengaleée finches no siéhificant differences were

found in the proportion of;song learnt from.the father but ZB maleswi

did learn a significantly’smaller propoftion offthe foster-father's. -

song. This reflects the differenee in phrase length of the Bengalese

finch foster-father and zebra finch male.

Cross-fostered zebra finches tend to learn Bengalesé finch éong "

elements with as much accuracy  as a zebra finch learning from his |

natural parents but these eléments'are.usualiy sung in phrases whiehgé

are more nearly zebra finch length (Fig. 6.1).
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Bengalese Finches Learning Zenra.Fineh'Sgng.

Crosséfestered Bengalese finches also tended to learn songv:

elements from their foster-father but ineorporated these into phrases

" typical of their species in length. However, they differed from both’

species in the total number of* song elements and the- number of repeats .

per phrase.

As a result of singing fewer, more widely spaced elements the

tempo was also slower and the song resembled that of Bengalese finches

which have been ralsed 1n a blrd room but isolated from ' adult males i

(Chapter 5).  These males learnt‘significantly_less song than males

from.thehe;her three groups. However, BZ males varied .eonsiderably;.g

some learnt as-accurately aS“nermally-raised males 1earning from their -

Bengalese finch father'whilst others learnt virtually nothing and

improvised: song - elements or sang a series of "call notes (Fig. 6.2).

' One male produced only subsong asAan'adult; the song was very quiet,

nith poorly formed . elements which were not organized into song

phrases.

- DISCUSSION.

Common to both =zebra finches and Bengalese' finches 'is ﬁhe"

tendency to organise. song elements into species-specific phrases. Inif

zebra finches.this is achieved by 'repeating 'feweri Bengalese' fineh

elements so that the. phrase is only slightly longer than typieal zebra

fineh song whereas Bengalese finches produce normal length song by‘?:

-repeating zebra fineh elements and singing them  at-‘d slower tempo.
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Teﬁporallcdnstraints<on what ‘a bird will learn seem. to be .
generally applicable to ’man& species of bird. One example is the
chaffinch which will leaﬁﬁ the soné-of a éreenfinch or canary but will
sing this in chaffinch phrases (Conrads 1977; Slatér 1983b). One of °
the mbst”remarkable éxampIGS'ié the marsh Iwapblér which - copies 'theti
songs 'A#roﬁ as many ‘as 214 different speg;es,‘ However, the

ISpecies-épeeifie qualities of marsh warbler song are retained in the_i

ﬁemporal and sequentiallpatterning,of these elements. (Lemaire 1975).

For some species, e.g. - the Swamp Sparrpw, elemént“structure acts
as an ihpontant constrgint for éépg leapning.(ﬁar;ér and Peters 1977;,1
: Marler and Pickert 1984). In zebra finches this does not seem to be
the case but it might be crucial for Bengalese finches::ﬂ
cross-fostered-males iearn feﬁerleiementS'from theffostéi#father than¥
normally—baiggd nales which sugge;ts_ that zebragrinch_elements are .

more difficult for'a4Bengalese finch to learn.

There are a numbert of reasons which m;éhf explain why
oros;-fostered ‘Bengalese finches dq pot learnvas aeéurately. The two !
spééies pight£§imply use different rﬁles to conatféig what a yoﬁng
male can learh." Alternatively, differences.in the structure of the
ﬁwo’ species' song might ‘éccount forA diffefeneés‘ in aceuracyc’:
Beﬁgaleéé: finoh_'song» might be generally easier for a bird to learn :
beéause of the repetitiveness 6f.th¢ song elements. ‘The length of theri
song phrése might alsovinfluence oopying‘aécﬁfécy: it miéht be easief
toulearnialien‘song ;f’the §hra$e is of a- similar length to normal
conspecific song; altefnatively, -a 1qhger _phrase might act as a .-

supernormal stimulus and a shdbtér phrase might be suboptimal.




Behavioural . differences could be importsnt.' Both Bengalese -

finches and ’zehra finches have similar song outputs (see Chapter 2)
»fJ and unless song output falls to an abnormally low level .there appears ‘
to be no affect on song learnlng (Bohner 1983; Chapter 3)." Bengalése -
finches spend more tlme olumplng, show less parental care, especially i

= around the- time of fledging, and are less aggressive (ten Cate 1982
'Chapter 2): these dlfferenoes might have 1mportant consequences for-é

song learning.

A oonsequehoe of the difficulties in’ using zebra finches as’
vfosterfparehts‘v;s that .the enossffostered Behgaleserfihoh clutchesrﬂ
tended to be smsiier-end,.if the.number_ of sihlihgs' influences hoﬁ.
acourately birds learn song then ‘this introduces a bias into the.’
'reSu;ts. Young males might stimﬁiate eaoh'other;'to' practise: thisg,

appears to be the case for males isolated from adult-song during,the;m

W

Sehsitive phase'for song learning (Eales 1987b for ~ zebra finches{
Chapter 5 for Bengalese finches) Brothers miéht learn from: each
'other, although this "seems less llkely in view of. the fact that males ;

whlch have been raised by their mother alone often develop quite '
. z

v?different songs (Eales 1987b). Sisters and other females with whom.

‘the males can 1nteract mlght -influence -.‘song 1earning; this is
" certainly true for brown-headed cowbirds, Molothrus ater (King and

%

. West 1983; West and Klng 1985) and’ red—wlnged blaokbirds, Agelaius )

phoenicus (Marler et'}al 1972) where ,social stimulation* from the

‘females biases the young males against leerning alienzspecies' songs. ._
Vlsual imprinting on 31b11ngs could also sway the preference away tram

zthe foster-father (see ten Cate et al 1984 for. its effect on sibling

recognition).
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Lomparing normally—ralsed and cross-fostered zebra finches and .
?'Bengalese tinehes reveals ‘some iof the rules which constrain song
learnlng andrthe extent to which the young males: are .biased towards :
learnlng eonspeeific song.' It .is also instructive to compare these;
'results with' males raised in absence of a song tutor, either Kasparlx

fHauser. or by thejmether alone. Males of both speécies- produce highl&'
ebnepmal songhwhehidenied a 3908 tutor_during theisessitive phase for;:
song leannlng: their songs'tend to be of e‘slewer tempo, with fewer-
elements esd‘little, if amy;ﬁhormal phresing.(Eales 1987b for zebra-
fisehes,ﬁChapter 5 for Bengelese f'inches). Thisleembaﬁisoh shows that
interaetien-With‘either'a eenspeoifio‘or a heterospeeific»male affeots*;
;soeg acquisition and illustrates hew certain rules can be modified by
exeerienee. In zebra finehes, for example, exposure to any adult male..
is suffleient for a young male to organise his song elements into;.
'phrases. In this sense, the. adult male acts’ias a non-speeifie

- stimulus for selective song development.

The.following four‘chapters consider which aspects of adult males ;
make them suitable stimuli- by examlnlng the relative importance of; 

visual and vocal cues for what a bird learns and when.
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TABLE 6.I: A éomparison of cross-fostered and normally-raised

zebra finches and -Bengalese finches,vshoking median values for €ach

song learnt.

group.
~ Parameter. zz BB ZB BB -  Kruskal Walli:
value
Duration of 0.7 152 0.8 - L9 38,0 ***
song phrase. ’
No. elements = 8.5 14.0 9.0 11.0 1 0
per phrase.
Tempo 13.8 13.8 13.8 8.9 31.0 Tk
No. repeats 0 4 2 3.5 35, o#Hk
per phrase.
Prop. song 0.83 0.79 . 0.80 0.47 - ns
learnt from
fathér.
Prop. 0.73 0.68 0.69 0.36 g.u*
father's



TABLE 6.II:

The results of Mann Whitney tests (U values)

comparing parameters of song inlf'crosis—fostered» and normally-raised -

males of both species.

* song learnt.

Parameter Group comparison: ZZ BB
" (n=20) (n=20) .

Duration of ZB (n=15) gy X 59 %
song phrase. BZ (n=10) Yo X ns
No. elements ZB ns 17.5 %K
per phrase. BZ Ve S 37 4*
Tempo. B ns ns

BZ 11.5 ¥ 5Kk
No. repeats ZB 40,5 %% 88 %
per phrase. BZ 15.5 WkE 56 %
Prép. song ZB ns ns
learnt from BZ Y5 Kk 53
father.
Prop. ZB 70.5 ¥ 89.5 %
father's BZ 39.5% 52.5 %



Figure 6.1:

Sbnagrams of the Bengalese finch fathgn (BF), C, his zebra finch

son (Z), YB2, and his Bengalesé finch son (B), P8. i

YB2 learnt from the foster-father.  Only one of the sections - (e)

was repeated. '

P8 also copied his father's song. His song qqntéins y: repgated

5%, 4 7 . s
sections (a, b, ¢ and d). and the'fathér.repeats‘3 sections (section ¢

3

is repeated once, d is repeated twice and e.islﬁépeatéd,onoe); ( A

Letters below the sonagrams show sections of .song common. to .tﬁo_

or more males.
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Figure 6.25

Sonagrams of the zebra finch father (ZF), B165, hlB zebra f1nch, .

o}

son (Z), RW1, and two Bengalese fineh sons (B), RI3 and NR.

B

Both mn and R!3 based their songs on “the f'ather but RY3 repeated”"
-, section d, repeating elements within a song phrase is a feature
typieal of Bengalese flnohes. “NR sang a series of very qulet elements

t

which were. not split up into phrases and resembled subsong. f’

1
5

Letters bélow'théfsonagramS'Shdw sesﬁioﬁé of songjoqﬁhoﬁ to two

or more males. - p : whond e %
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‘oonspeciric-tutor.v However,, there are also vocal differences between?

3 the two speeies which qpight acoount for ﬁthe; qwn-spegies bias:"

ttuninfluential but siblings may be important, both the species and

Chapter 7.

4
}

SONG-.sTU‘TOR"CHOICE ,-iﬁf-*iﬁém, EIi«_CﬁEé‘l,-AN_D?:‘BENGm'.‘ESE,..chﬁEséi«,

)
Li"

THE IMPORTANCE OF VISUAL AND VOCAL CUES..

ABSTRACT.

This chapter examinee the relative importanoe of visual and vocal

wenes for song tutor choice in zebra finches and Bengalese finches by

exposing young males of each species to two song tutors - at

*'zndependenee, -as zebra rinch Slnglng Bengalese finch song and a.

Bengalese finch singing zebra fineh song. ‘All the males tended ‘to

=learn from the. conspeclfie song tutor, irrespective of whether they

had‘been;raisedqby a pair -of conspecifics,* thea(female alone or -

1452

:cross-fostered ﬁto-aapair'of the otherispéeies. These'results ‘suggest

- that visual differences, both in appearance and behaviour, are

important in biasing ‘a’ young - male in favour of, learnlng from the

Parental influences before independenoe?*appear 'to“Qbe relatively

'ﬂ:number per olutch' this is a factor which has been overlooked in

‘previous studies of SOng learning.

Chapters 7 and 8 jOintly form-.a .paper ‘which . is due to appear i'

.Behaviour (in press)




INTRODUCTION.

‘One of the most importantfpointsltoi_energe';from the: past ten’
'years of research on bird song 1earning is that,%for a*nunber of
species, the young bird must interact with. a live song tutor o i songj’

f'is t0xdevelopﬁnormally.

The method .of" song model presentation plays a cruoial role 1nf;
determining . what a’ bird will learn and frcm whcm (Baptista and
n.‘Petrinovich, 1984) A song tutor who behaves abnormally may fail to
ibe recognised as a suitable model for copying and, for a number of

species 1nclud1ng the zebra fineh playback tapes are 1nsufficient for
-song learning (Eales 1985) Even in species whioh do learn from-tutor -
tapes anomalous results may be obtained which do:_»not match
; interaotions with live song tutors in. the wild. One;example is the :

.. marsh wren :' Kroodsma and Pickert (1984) showed that young males will

only learn from' tutor tapes in the autumn but are capable of learningal

from adult males both then and in the following spring. -Waser. and S

. Marler (1977)‘§ound that'canaries-learn fewerusonggelements from tape‘

recordings than from live song tutors. -

Social 1nteraotions with non-singing females may also influenoel 3

I

'what a .bird w1ll learn. This is certainly true for cowbird8°‘

$

iM.a.ater males who ‘are reared with females alone develop different“

repert01res when they are housed with M.a.ater females from those,

housed with M.a.obsoura females even if. they - are ’simultaneously‘i

exposed to tutor tapes of M.a.ater‘song. Since females do not sing -

these differences An: male song oannot result from eopying‘ adult song. .’
(King and West 1983; West and King 1985).: This also seems to be theﬂ

case for redfwinged *blaekbirds: ‘which only learn’ northern oriole,

s




: Ieterus galbula, song if they are isolated w1thout female conspecifics

(Marler et. al. 1972)

A recent study by Eales (1985) on zebra flnehes suggests ‘that the

-'mother might ‘ influenee a young: male's -oh01ce of 'songw tutor:

-female-raised zebra‘tlnohes whieh:are subsequently' housed with the E
father and an unrelated male during the ‘sensitive phase for. song

:learning prefer to learn fran the . rather ‘even though they had * no ??

E

& previous experience with him prOVided the mother. is still present.

T

,-Normally-raised zebra finches also prefer. to eopy the father's song'"
'i(Bohner 983) -However, '1f-:he is: not onenof the two tutors they_,
; experience during the sensitive phase, they tend to base their ~songs i
Jon that of the tutor whose song 1s most similar to the father (Chapter %
,3) 5 i

“Both visual and'vocal-oues are likelyftosinfluenceA what. a bird ¥

w111 learn and from whcm. § thsieali'interaetiOnstimightw also be
?~important. In indigo buntings males copy: the songs of individuals
theYé 1nteraet3- with soeially _ and aggressive eneounters ‘seem
3partieularly'impont§nt (Payne 1981) Aggression also appears to .
-1nfluence zebra fineh song tutor ohoxoe- when housed w1th two song
tutora males tend to learn fram the tutor who is most aggressive
itowards them (Chapter 3) However, physical eontact 1s not essential
and" zebra finoh song development will proeeed normally provided visual \'
,=and voeal 1nteraction with the tutor is maintalned throughout the
sensitive phase ‘for song learning (Eales 1985).

Y
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Visual cues are cruoial for song learning in several species;

5 1nolud1ng nightingales (Todt etg ‘al 1977, Todt and Hultsch 1985),

~«canaries (Waser and Marler 1979) and indigo buntings (Payne» 1981).

é'Vocal interactions are also likely to be 1mportant, ahd for zebra

hfinohes (Price- 1979) ‘and. Bengalese finches (Dietrich 1981) calls mlght

'act as markers of species~spe01f1c1ty.

The question of the relative importance of visual and vocal cues’

v,for song 1earning 'still remains,' as well as that of t e"extent to‘_

-+ which these are affected by social interactions with the mother and'

-father before the - sensitive phase for .8°.w“

examines these questions in zebra finohes and Bengalese finches _by’

prov1d1ng young xmales w1th the opportunity to learn fram two song”i

*'tutors, a zebra finch that 31ngs Bengalese finch song elements and &

gBengalese finch that sings zebra finch song: elements.~

e . METHODS.

. Birds and Housing Conditionsf

aearning.' This study :

Ihlrteen olutches of zebra finches and" fourteen clutches oﬂ;H,

\.4.».‘ >

Bengalese «finches were, raised in one of three: conditions' “py-a pair

of . conspecifics (groups A and D), by a conspe01fic female “(gnoups B

_and E) or cross—fostered to. a pair of the other species (groups ¢ and~(§

.tFY; Table 7. I summarises -the oonditions for the six groups.

5

- To control for the effects of egg swopping the ‘eﬂ's‘ from eaohf'_

pair of birds were removed and replaced by a fresh olutch of

conspeoific (groups A,B,D and E) or heterospecific eggs (groups C+ and

) F). . All the birds ‘were . raised with their foster—parents until

'”'independence (mean age of; ‘the brood = 35;days).




10 - weeks or age, the young males were housed withttwo song tutors

which, as a result of . haVing been cross—fostered from the day befor

hatohing until sexual"-:-— 'ma‘-turity, had oopied the alien song of.,,‘.their;'
fost—father. the zebra tinch tutor sang BengaleSe finch song elements

and the Bengalese finch tutor sang zebra finch song elements (Figs:

T 1 .and 7 2 and Chapter 6)

The tutors were separated from each other and frcm the young
birds by wire mesh sereens which divided the cages 1nto three portions

so preventing physical eneounters. After 70 days the tutors were

i removed and the young males ramained With other members of'. their‘brood

" until 4 months of age when their songs were, reoorded and analysed on

- “'

the sonagraph. P_Q . LT ' g

‘- i,\;t‘iethod-:i-.ot‘" S_Sng Aniéftl-y.si-s;-

2

Song elements were olassified as either commo

e «and the young male or as® unrelated Ain structure on the basis of visual -

T

' similarity of the sonagraphed elements and the sequence in which they

occurred- (see Chapter 3. for further detaill) ,allowed poorly

: copied elements to be assigned to a particular eategory -on- mthe basis

of conbext and where ambiguities arose 1ndependent observers ‘were used

1 to make the assessment; It uas not always polsible to 'caloulate th

J amount of song a young bird learnt because the standard of copying wa“

‘

whether the male learnt at least one element from either, both or

L neither tutor. In Fig. T+ 3, for example, male H has;

; Wlth some-*zebra finch elements copied from ‘the Bengalese:finch tutor’

% and a zebra: finch distance oall.

During'the ﬁormal sensitive,phase'for song.learning“at about 5 to.

. o hoth a tuto;'

very poor in some cases, and 8o & qualitative assessment:was made of'

very-poor song‘




s r of males in eaoh group Which learnt from. each tutor._ In all thex

‘-Jfrom the Bengalese finoh tutor. One of the eross—fostered males in-

RESULTS.

g

.’lhe results are: summarised in Table 7 II, which shows the number

'-groups males tended to learn from the conspeoific tutor (further.:

details in Appendix 7a) s _;ff ; i o "fﬁ‘?{l %

Of the eight normally-raised zebra finches (group A) six oopied'
¥ Bengalese finch elements from the zebra finch, tutor, one produoed a

_“hybrid song oontaining elements from both tutors >and one maleA

--improvised his'" song with a series of zebra finch distance ealls (Fig,

5

1:7 u) _One zebra finoh in group B also sang a series of imprOVised'

elements and eonépecific call notes the remaining nine, which had

'iibeen raised by their "mother" alone, learnt: Bengalese finch elementsf

~-f‘rom the oonspeeific and two of th“se also learnt zebra finch elements

e o

igroup C based his song exelusively on the Bengalese: finch, while seven
oopied Bengalese finch: elements from the zebra finoh -and the remaining

two sang hybrid songs (see Fig. T.3):

A similar pattern of song learning was shown by the Bengalesei

finehes.< Six males in. both groups D and E. learnt fram the conspecifiev

‘-r'.

‘{eross-fosteredw %

‘while the remainder produoed hybrid songs. Of th;

.wibers in., group F two sang hybrid songs, four'learnt zebra fineh

elements from the conspeeific and two learnt Bengalese finoh elements

'~from ‘the zebra finch . These results 1ndioate a bias},owards learning

2

'from the oonspeOific tutor, despite the inappropriate song elements :

ﬁ;which that -male- produoes, or of previous experience with the "parents";

(Fig. T<5)




Although there was no 51gniflcant dlfferenee betweeen thes groupsi_
‘1n the number of ‘males who learnt at least one element fram eaeh tutoral

\i(Fisher exact test. for Avs® B- Avs C, D vs:Ef,D- vs F), the groups

. varied conslderably 1n the acouraey w1th whioh they eopied individual

“elements. Copylng aceuraey LWas poor in .both - cross—fostered groups'

lthls was particularly so for the Bengalese flnehes in group F. Some

:of these males tended to produoe a series of elements whmoh were not:

%ld;v1ded up 1nto phrases (n—2), songs whlch oontained more . w1dely
; 39§°ed~elemeQF$ (n=3'- see bird G 'in Fig. 7.3), anei.sehgs with,
~portlonslef subsong (n=1). A ‘

N
"

The males which had vbeen cross-fostered '£0‘3*a_"ﬁair' of

‘heterospecifles ‘tended to base their song on the het: ospecific song

tutor as well'as the conspecifie. Three males “in-'group 'C and six
> males in greup F learnt at 1east ¢ne’ element from the heterospeeifie

oompared uitb ene normallyﬂralsed zebra suflgeh;r and - three

S N

normally-raised \ Bengalese finches but this gifferenée- was not
'istatlstlcally slgnlfloant. ‘Nonethéless itﬂdees.suggésﬁfs&me inﬁluenee"
.of ! the foster-parents before the chicks gain. independence at about 35,

i daysrof age. It is. 1nteresting that none of the: birds copled element

« . friom thelr*“father“ whleh they had- only heéard before this tlme.

ﬁ'?thbrid song

Bengalese flnches had “ a . greater tendeney to eopy'portions of- theirn

o

‘song from both tutors but the dlfferenee between the two specles dld ;

‘not. reaeh statlstieal signiflcanee QCtest, He B for A B C vs D E,F).




 DISCUSSION.

; Lebra finches and. Bengalese finohes whloh are exposed to two‘
2 tutors, -a zebra finch singinngengalese finch song and a Bengalese i
finch singing zebra finoh song, immediately after independenee show -
:-tendency to learn from the conspeelflo 1rrespective of whioh species ::Q

' raised them.

"young males may 1earn from a tutor who has the visual appearance of |

\

“their species. For zebra finches visual: interaction‘with a song tutor

s is required for learning to take place (Eales34985) '-thensame is

' likely to be true for: other estrildids 1nolud1ng the Bengalese finch.n,

”’Estrildid finches have ‘a quiet song, which is- high in f'equency and7
‘rich in harmonicsﬁ these qualities plaoe severe limits on the :
mdistanee'~ of sound transmission .(Immelmann 1968), especially as

different frequencies attenuate at different rates . (Konishi 1970)

- For young birds to be able to hear‘details of sueh a“quiet song the‘

tutor would ‘need to be close and therefore likely to be_visible.l This

:‘might explain why visual - ontaot is important fo‘ song 1earning in. ¥
V;Tzebra finches and Bengalese finches.q For each species the groups did
-”not differ signifieantly 1n tutor choice whioh suggests that visual*
'fcues from the parents are relatively uninfluential. However,wsiblings~

-:might bias song tutor ehOice, a factor whioh ‘has often been overlooked»

;i_ﬁthe past, but ‘one which is known to ‘be orucial in the development

4of sexual premerence (Kruth et al 1983) The number of birds in the

fclutch, and the number- of eaoh sex, might be important. A ssubtle'i‘

R

'p01nt here is that, beeause of:; the difficulties in rearing birds Uyk

V-the other species, partieularly for Bengalese finches cross-fosteredi

*




\ from the zebra finoh may be related'to this.

Both visual appearance, especially plumage, and behavioural

differenoes between the two species ‘might. bias learning in favour of. -

the eonspecific. Cross-fostered—zebra:finches reoeive ,less-~parental

. eare from their Bengalese fineh parents (ten Cate 1982 ten Cate et al °
1984) and Bengalese finches -are- also 1ess aggressive towards their:
young -(ChapterTMZ).: This last difference might be very important forfiii

_song tutor°choice (Chapter 3) . As:well as’ these»wbasic-“differences:

. between the species,m adults may also differ in their reactions to‘}

Jlohioks of their own species and those of ‘the other. ThlB 1s most

AR AL S

obvious -in mixed-speoies pairs (ten Cate 1982) where the oonspeoific

—parent tends to feed the ohicks more' and to, direct more contact

behav1our and aggression towards them. In mate choioe tests the youngn

.‘males subsequently prefer a female of their own speoies (ten Cate
o q;‘ﬂ %

985) Although 1t “has* not been tested, A preference for a '$

?eonspeoific .song tutor oould also be established through Zsuch'

behaVioural' interaotions. ‘Zebra finch chicks~.rearedgbyaaﬁmale of
theirrown speEies andfatﬁengalese%finch-ﬁeﬁale-will'cease'to”prefer a

female «of their own speoies if interactions with the male that reared*

_Wthem are reduced, even though they can still see him From"this- ten
Cate et al ¢ (1984) argued that behav1oural interaction, rather than s

«jaust visual and vocal stimulation, is- the important factor 1eading to

mate,,preference, The same might also:be true for song 1earning (see L

"Chapter 3, 9 and 10))

% 7;




"":song frf&

In this study behavioural 1nteractlons between tbe young -males

8

.;3and théir tutors were minlmised by separating the two tutors fram each

.'other and from the young males by wire mesh screens. Nonetheless,

prev1cus interactions with the parents before independence might be -
- important. In’ this situation, however, it seems unlikely since theren\

‘was nc 81gnifieant difference 1n song learning between thej
P normally-raised males and those which had been raised by the other

;\species.

The results presented in this chapter might be taken to suggest

: that visual ‘cues are: more,important than vocal ones for song ‘tutor

0

qch01ce 1n zebra finches and Bengalese finches., However, another :

ZJ’

factor\ which might , bias -learning ‘stems frcm species—specific“

\S v
)

:jdifferences in vocalizations. Aebra tlnches@are-fcapabre? of copying.

_a Bengalese finch tutor but they tend ‘to sing these

(Bengalese f1nch elements in phrases which ‘are;more:. nearly zebra finchf'

“in length (Chapter 6). Bengalese fincheS»can;also learn from;the

other species- these malee tend to sing - zebrav finch elements in :

§ 1onger phrases, with elements being repeated in typical Bengalese

“finch fashaon. These?elements tend to be copied inacourately and more
,widely spaced S0 that the song is sung at a slower tempo.,nThese basic

differences 1n the length of the song phrase, and the number and

,\/

“?repetition cf the elements might act as 1mportant markers of
yspecies~specif1city. .An additional feature-isi'that':species-specific
uhcall notes are cften incorporated into song by zebra finches“but nothf
'iby Bengalese finches- they might serve as. a 1abel indicating the ‘

,suitability of a song tutor.




two tutors,
..(

e

one who 'sings a normal ‘song . and one who sings element';




' Table 7.I: Housing conditions for 'the six groups.
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Figure T.1:

Sonagrams. of a Bengalese fineh male,( 13; learning zebrawnfineh

song elements (BZS).. from his zebra finch foster—father (ZF), B165.
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Sonagrams of the zebra finch male, YB2, 1earning Bengalese finch

song elements (ZBS) from his Bengalese fineh foster—father (BF)‘ PLO.
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Figure 7:3: 7 .. 1 . T et

Sonagrams of two Bengalese finch males (B), G and H ; khtﬁ were
housed with B1, . a zebra finch singing Bengalese finch song elements
(Z2BS), and PB10 a Bengalese finch singing zebra flneh song elements
(BZS) Blrd G (group F) learnt elements from both the tutors and adds

a long zebra flnch distanee call (zc) whieh is 31m11ar to that present
in PB10!'s song. Blrd H (group E) has a very poor song containleg a.
zebra finch dietaﬁce.ca;L gze) ‘and ineccurate;y cqpied elements freml

PB10's song.

Letters below the sonagrams represent portlons of song eommon to

two or more males. ’
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' Figure 7}4; _ , ~E; qu

-1-, ,'.

Sonagrams of B142 and B146 two zebra finoh males (Z) from' group L
A, and those of their zebra finch tutor 1408 (ZBS) Fig. 7:1_shows a
sonagram of their Bengalese fineh tutor's song . (I3) Bﬁhﬁ basé&' his -

song on that, of the eonspecific whereas B142 1mprovised his song with

51

a series of zebra flnch dlstance calls (zc) -w§;347;'? N Q?

' Lettersnbelqw the §qnagramg;shoﬁfﬁbrtigps'6f.sdggécdmmdn.,to, two
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HON EMPORTANT ARE . SONG ELhMENTS FOR SELECTIVE VOCAL LEARNING

e

¢g§;§;£§E~ZEﬁNA;g;NCHf

‘ABSTRACT.

'iTNis_study-cdnEiders whether song.:eleﬁental-afe;fiﬁﬁettant' vaf
selecthe voeal learning in the zebra flnoh. 'Yeuné~maies wepeegiven€;
Jithe oh01ee -of two eonspecific song tutors at independence, one . who
’gangj normal zebra flnch song and . one who sang Bengalese flneh~
.elemente.‘ There was no tendency to learn zebra: flnch elements' this
-wwﬁgé. irfeépectlve of. :erther .the males had beengraised.py a:pair ofu.
,.éebra“f;noﬁes, the'feﬁé;ef aloﬁe,: or -cross-fostered toNta._ﬁgEn ofo

Béngaxese 'fiﬂcheSix‘:Tﬁe most iikely'explenatiOQ;;;:EEat.eLément-type
ig noi’important for .song tutor dheiEé?iﬁ;:zebrér @incﬁeéi’: There is
even the hint"that males raised byN.a eoﬂsﬁeeifib female or
\cross-fostered to. Bengalese flnohes prefer to learn from the ZBS- tutor'

_and it 1s suggested that Bengalese flnch elements might provide ‘a

super-normal song stimulus.

Jap

Chapters 7 and 8 jointly form a paper which is due. to appear 1ni

Behav1our (ih press)

BN




: m;TRobU CTION.

For ‘the vast maJor:Lty of‘ passerines constraints on song 1earning
ensure’ that only species-speclfic songs are sung in the w1ld and,. in, ¥
many specles, structural and social rules’ go hand in hand to ensure

normal song learning. In the white—crowned sparrow for example, there

- are strict structural eonstraints° despite extensive tutoring from
tapes at suitable times, young males will not sing the songs of alien
species even if these are . similar to their own (Marler 1970)' ) With
social tutoring, however, these struotural constraints are slackened:_
ﬁf and‘young nhite&crowned :éparrows will even: learn the - song of a

.strawberry finch with whieh they are: housed from 50 days (Baptista and_

Petrlnov1ch 1984)

Zebra finches can also learn elements from a strawberry finch or-
a Bengalese finoh foster—father (Price 1979 Immelmann 1969) but: these

song elements are sung in shorter phrases which are -more: nearly zebra

» finch in -1ength (see Chapter 6). They‘copy"Bengarese;finch’elementse
uqniteWaccurately but:tendvto repeat them'lesstfreqnently.Within*a song
1~phrase° normally—raised zebra finchies tend not to repeat elements;
] whereas Bengalese finches may repeat two' or "three' elements several: .

‘times per - phrase.v - Another species-specific characteristic of zebra
wainches is the 1nclusion ‘of -call” notes into the- “song phrase. Thes

of the call repert01re develops without 1earning. However, the nmale

g

distanee call does require 1earning. males ‘which do not gain norm31\

‘experience during the first. 40 days of life areKUnlikely”to produce a b

3

normal distance call and ‘males whioh have ‘been crosa—fostered to'

s Bengalese finohes tend to lack the sexually dimorphic noise element at




&

the end of the distance call. or to sing a Bengalese finch call note

(Zann 1985). o J A% R

Given these structural constraints on the temporal patterning of -

i:zebra fineh song a crucial question ooncerns the significance, if any,,

Kl

,of 1earning Sp60168~8p301f10 song elements. The results 1n Chapter i1t

,(typical zebra finch elements ‘a’ functional one? ‘ﬁhe

; suggest that“ the v1sual features of a’ song tutor are more important

e

';fthan the type.of song elements which he sings.‘ ‘zebra’ finches prefer,_

to 1earn from a zebra finch s1ng1ng Bengalese flnch song rather than a’
Bengalese finch singing zebra finch song.A But, is the distinotion

between a zebra finch singing Bengalese finch- song and one ‘which, sings’

i resent study

examines whether species-speciflc song elements 1nfluence song tuto

'ohoice by giving young males the ch01ce of two zebra flnoh tutors, one

~of life.

ez

who sings a normal song and one who sings Bengalese fanh song .

i

elements, during the sensitive phase for. song 1earning. The~extent~to

which parental influence before the sensitive- phase influences song

zelement selection can be'evaluated by comparing'normally;raised birds

: nith. those‘which have been cross-fostered during the first fiVe7weeksf

(Ie_investigate‘uhether thene iS’any: auditory' predisposition to”g
learn certain types«of element normally-raisedlmales~areialso‘compared
with those raisedwbyfthe‘mother alone. “Feméle-raised iébfa':fineneé i
which are housed with a° song tutor during the sensitive phase will

learn as accurately as those raised by both parents.. However, if'

‘Lnormally-raised males .are ,subsequently ‘housed with’ two different

tutors at 1ndependence, one who has at least 75% of hi jSong elements

~in common w1th the father and one-who has a.very different song, they

o R




. elements and to what extent is this influenced by previous experience ;

a grosser level.' Do zebra finches prefer:to learn oonspecifie song

& with the father and- mother?

-eonditions for the three groups ‘are summarlsed in’ Table 8 I.

:pair were removed and replaced. by a fresh clutoh or conspeclfle or
heterospeclflc eggs. All - the birds » were raised* by their‘

'fostereparents until“lndependeneé.

: 1earn1ng, .the young males Were housed w1th two zebra ‘finch songa
etutors, one who had a typloal zebra flnch song (Z) and the other who:

.sang Bengalese -fineh song elements (ZBS); as a’ result of having bee

prefer to. learn from ‘the ‘one whose song is similar to their father's

o

(Chapter 3).

In the experlment described here- speclfic song elements .are not;

shared by the father and one of the tutor3° the diserimination is at:

4

: METHODS.

Birds and Housing Conditions.

Zebra finehes were raised in one of three conditlons. by ‘a pair

of oonspeeifles (group A), by a conspecific female alone (group B), or',

cross—fostered to a pair of - Bengalese flnehes (group. C) " Theﬁ'

To eontrol for the effeots of egg swopping the eggs “from . eaeh~

At 35. to 70 days, during the normal' sensztive phase for song

ot

.ralsed by a pair of Bengalese finohes until sexual maturity. ; Flg.

8.1 shows typleal sonagrams of Z and ZBS song.




2

&

To control for the effects of’ diff‘erenees between tutors, . 8ix Z”
and six ZBS males were used ‘S0 that the same tutor pairs could be used
for all.grOups, with one pair per clutch&ﬁ Howeveng One'pair-of tutors
?was used only onee- because there were six olutches of group 4 but only

'five clutohes -of groups B and C.

3

To prevent physical encounters the tutors were separated from
: each other and from the young birds by wire .mesh screens which. div1ded”

4 -8

the cages 1nto three identical portions. This is important ‘because:

'.the LBS tutors behave differently from normal Z males. As a result of”

haVing been raised by the other species they tend to be less
J'aggressive and subjeot to more supplanting attacks and pecks by other,:

normally—raised males With whdm they can interact.' These behavioural

; differences. are 11kely to confound the choice of song tutor (Chapter-

o

:NA i Songs and Sonagrams; :

"The songs of.all5the males were recorded when the birds were four

- months “old. The ~tutors' distance calls were‘also recorded (Fig.

’5&,2). The songs and «calls were analysed u81ng ths sonagraph (see

:Chapter 3 tor details) The amount _of - song each male learnt was

i calculated in two ways and the- mean value taken. The first measure

_ealculated the number of dlfferent=song elements the young-maleblearnt‘;
‘ from each tutor as a proportion of the different elements :in the. young -
Ui}male's- song. The second measure took 1nto account differences in the
number of elements in the tutors' songs by taking the number _ofj

different -elements a young male learnt as’ a proportion of the total

x'.'

number of dlfferent elements in each tutor's song.




RESULTS.

Table 8. II shows the number of males who based their- song on Z;

on ZBS and on both tutors™ (further details dns Appendix 8a). Of the i1

\normally-raised males ‘in group ‘A, five copied Z, four sang Bengalese

flnoh elements from ZBS and one : male produeed a hybrid ‘song’ with'

: elements from both males. .Two males in group B also sang ‘ac hybrid?

song,' of the other nine raised by their “mother" alone, seven based

\thelr songs on the ZBS: tutor and‘two oopied-theaz tuton.y‘Group-C also,

" tended to learn from the’ ZBS tutor: eight out of ° ‘nine? sang&Bengalese

elements from the ZBS but two of ‘these also sang conspeeific elements i

‘fwhlch they ~had learnt fron the.Z'tutor. Only‘one male in this;group

1

:sang pure zebra‘fineh.songl The results of'testsv.on the 'number of

males in each group who learnt at least one zebra flnch element frmm i

“;the Z tutor, and the number of males per group who learnt at least one°
' Bengalese finch element from the ZBS tutor, give no significant

"differencesﬁbetweenfthe three groups,ow“

. All the males*tendestO“eopy\both’zebraﬁfinchland:Bengalese finch -

=eiements”'accurateiy“ :Fig:f 8. 1¢shous'sonagrams of a. male in group: A
\

who learnt from the Z tutor and a male: in group C who learnt from the

“ZBS tutor. There was- oons1derable variatlon between males, however,

in. the amount of song they eopied from each tutor. In one clutch from

%fgroup A, for example, where all three brothers based thelr songs.-on.

"the ZBS tutor, one male 1earnt 0 2] of his song, one learnt 0.58 and

! &

',;one learnt O 8 of his song. The hlstograms in Flg. 58,3 show the mean

Q.proportlon of-song”learnt from eaeh tutor- for the three .groups.

Kruskal . Wallis tests” ‘on the proportion of’ song learnt fran the Z and

ZBS tutors respectlvely give no 81gn1flcant difference between the;




" groups.’

L

Only one of the Z tutors, 643, repeated any element withln each .

& "

' song phrase whereas all the ZBS tutors repeated at Ieast one element,l

xalthough none repeated an element more than *once.. To test whether(

R

*-these repeated elements -are .. more easily - learnt the song learning

G

; results of the 22 males who sang ZBS song and the one male who learnt

_frem G43 were analyseda. A Wilcoxon test. eomparing, for each male, the

proportion of learnt elements ‘which the tutor had and had not repeated

;shows a” signifioantly greater tendency to learn repeated elements

(T-68 5, n.23, p<0. 05 for a one-tailed test)

Table 8 III eompares “the number -of' males 1n eaeh group who learnt -
I‘Afrom eaoh pair of’ tutors -and the ‘type. of dlstance call they sang to
see whether males tended to learn from a tutor with a normal zebra
finch distanoe eall. The-songs of eachwtutor~was eopied'by ‘at least'
% one male and, although no- control ‘was made for variation in? the calls

$

"'}of ZBS tutors, the results did not suggest a tendeney to learn from 4

speeifio tutors. ‘
‘DISéUSSIdﬁ.

t

The most 1mportant result presented in this chapter is that* zebra

fifinohes show no tendency to learn eonspeeiflc song elements.w

P

‘:normally-raised mares are’ equally llk91Y to copy Bengalese finch song-
elements provided they are ‘sung by a, zebra flnch tutor and, for zebra
d finehes raised by a oonspeoifie,female_or erossffostered to a pair of
Bengalese finohes, Where dn eyen‘theésuggéstion.ofwaﬁpneﬂerenoe for

;the ZBS tutor.




The most likely explanation ts that speoies-speeifio elements are

:'fnot important for song- tutor ehoice., The birds might use -other vocaln"
i‘oues suoh as phrase length, the temporal patterning of elements w1th1n:'§
~a phrase, and eall notes.ﬂ’ All the zebra finches which learntﬁf

_ Bengalese finoh song added call notes to their voeal repertozre, these
aooompany the singing bouts and are often- 1ncorporated into the song' é
.phraseswith other:song elements. The results 4in the previous chapter
suggest that other dhes, primarily -from visual interactions, arer’

important for spe01es-seleot1v1ty. 2

Chapter 3 suggested that song elementswwereﬁimportant for ﬁtutor‘=
ehoice “but this was at a’ muoh riner level of discrimination° males .’

'“xpreferred to learn from a tutor whose .song- contained .a large 4

n
.

“;proportion of - the father's song elements.' This study used 2 tutors”

”1whose songs were as’ dissimilar as possible from . the fathers' ¥ yet

still within the range of "normal" zebra fineh song (Sossinka and._

{ﬂBohner 1980), in -order: to trace song oopying unambiguously.

Although therevﬁas no-significant dirferenoe between the threeU
,.groups, -there was-a slight tendeney-toalearn-more fram‘the‘ZBS\tutOr.
; With only six pairs of’ song tutors the possibility cannot be ruled out
that the ZBS males were partioularly good tutors to learn from.
jHowever, this seems unlikely° there.was no indioation that certain_~
tutors were particularly likely to be chosen; One'possibility;is that .
_'Bengalese finch elements-provide ahsuper;normal stimulus. The resultso o
of' this paper suggest that 'males find it” easier to learn elements

which have been repeated at least ‘once per phrase.»_ Sinee Bengalese‘

“'iinoh elements are often repeated two - or three times during eaoh .

phrase this might explain why.Bengalese finch elements tend to be"
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Table 8.II: The no..  of males which learht from each tutor.

Group. ke ZBS " Hybrid. ' Neither. ~Total.
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" Figure 81 *

Sonagrams of typieal song phrases of a normal zebra finoh tutor

(), GH43, a zebra finch singing Bengalese fineh song (ZBS), 0190, and

two young males.. B96 (gr-oup A) based his song on that of Gll3.<

(group C) copied the 0190's song. .

Letters. below the sonagrams show gogtionsb} song co:.ﬁmqiﬁ" to two

or more males.
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Figure'--_'B.'Z_:; Ty sl
' Sonagrams of two normal distance calls andt;he distanee calls of
two ZBS tutors, 028 and 032. The nomixal'meie'-:-d'i'sta"iiee call ‘oo‘hs'i'sts

of a tonal element (t) followed by a mnoise element (n). 028 1acks the

E

tonal element; his call- resembles a f‘emale zebra flneh dlstanc call. g &

032 sings a reversed distanoe call with the tonal element follow:.ng

«the noise element.. 5 L
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Figure 8.3:

Histogram of the mean proportion of the young bird's song that

was learnt from each tutor in the three éroupé.
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Chapter 9.

Cvemr—g
e

SONG LEARNING IN CROSS-FOSTERED ZEBRA FINCHES* A: RE-EXAMINATION

OF THE SENSITIVE PHASE.

STRACT.

D

Male zebra finches which ’nave'ﬁheve been 'nefmaily-raised or
eﬁess-fostered ' to-Bengalese fiﬁche; 1ea}evffoﬁfa song“tuéer aifh whom:
they are housed durlng the sensitlve phase, between 35-t0 70 days of
age. If the tutor is a different speeles from ° the father or

fbster;fatherAhowever.then the tendency to learn:dunlng-this time is

‘much less and some males w111 produee song heard before 35 days. None
of the’ blrds 1n this study learnt after 70 days, althquhu:somer lost

.song elements or added 1mprovised ones. i

These results suggests that speciflc types of . ‘experience
influence when a young blrd learns its ‘song. It seemsﬁthat exposure
to "poor" song during the sensltive phase stimulates the blrd ‘to

remember song heard- prev1ously and blocks further learning after this.

_pime. Theee results are compared with those obtalned in 1mpr1nt1ng

studies. n

Based on a paper to appear in Behaviedf@(eugestl'1987).




INTRODUCT ION.

Some bird;speetes'are capable-ofalearning sung_}tnnoﬁgnout life':
'e.g..; oananies‘ (Nottebohm and ‘ Nottebohm 1978). endi'gneeﬁ findhes?
(Guttlnger 1977) For many song birds, showeuehiv voecal leenning is
eeneentrated into a-relativelyzbrieffpeniod«eariyxin life. ‘In*zebra

finches the sensitive phase for. song'leafhing normally begins when the

. young male gains 1ndependence from his. parents, at about 35 days old,"

and contlnues untll sexual maturlty, at about ’ 70 days of age. A
suitable song tutor present.during-this:time,”thatfis‘oneawtth>whom‘
isthe,youné:malewoan visuslly and‘vocally 'interagt,-;is likely to be
Ccopied accurately =(Eafesw 1985@). Tnislnay~be;tfuewevenfifltne:séng
“:tutor is a Bengalese fineh. Immelmann (1969) reﬁorted thatrsbﬁe”zebra
afflnches will learn song from a Bengalese flnch fostev-father with as'
: mueh aecunacywes a male eoples hlsxnatural fathen. . In" most oasesb
'n;weyer, the foste?—fatherfs song is not:learnt in its entirety: only
some Bengalese song‘eiements are'COQied‘and these hreT organized into,

-.sﬁorter, zebra ﬂinehqphresesh(Chapter 6).

Immelmann (1969) suggested that eross—fostered zebra finches will
reproduce song from their Bengalese finch foster—father ‘even if they.
:are housed w1th eonspeeiflcs ‘later;:in- development. \However,lthere are;
some. 1nteresting varlations on this theme: whether e'ybung male sings
hls foster-tather's song 'seems to depend on . the relative amount of

soo;al 1nteract10n ‘he experiencas with ‘the foster-father and adult

conspecifics during the sen31t1ve phase (Eales- 1987a)




) to differences in the two species' vocalizatlons but it may al'so be

ﬁormallyirEfsed~zebra fincnesathat are houSed‘ with conspecifics
after independence copy thelr father's song, provided visual ‘and vocal
interactlon w1th thelr father - is ~ma1nta1ned after independence,
ilrrespectlye cof. the amount:,of 1nteractlon they experlence with a
second adult mele .zebra fincﬁ (Bohner 1983; Eales 1987a). ~ This

. difference in. song tutor preference between normal and cross-fostered 4

zebra flnohes suggests some ‘initial own species bias. 1his may'be duefﬁ

the result of v1sual and behav10ural differences (see “ten. Cate 19825
and Chapter 23 Immelmann (1969) states that. "in the ‘Zebra finch
there exists a double security: innate preferences both for the
father's song and for the. right tonel quality, and if the two :do' not

: codneide,nthe former is llkely to be the stronger”.

nmmelmann”(1969)'believed that young zebra finches ‘learn from
“their father ‘or foster—father before independence and this prevents
further learning-from otner adult males: In ‘the wild the father is

un;ikely to. be present during:thewsensitive_phaseufor:sOng learning: 7

(Eales 1985b) so it seens particularly important to consider the
influence that experiencesyimmediately‘efter independence might have
on song acquisition in;thev,ebsence of the: fatherlﬂ'ésgecially for

cross-fostéred young -males denied the parental behaviour tibical of

their species.

Ten Cate‘et al ('1984) found that?snormélly—raisedv zebra finchesr

can be 1nf1uenced 1n thelr later sexual preferenee by exposure to

Bengalese finches during the period immediately after independenceh

_this also applies-to scng:learnlng (Eales 1987a).




* A zebra finch.denied the opportunity;to. learn song- during the

normal’ sensitive'fnnasé 'méy remain open: ‘to learningﬁun%irfa‘suitabléw:
;song tutor is available. Thls suggests  ‘that “suibable-\experienne;-
rather than age, is the most important faotor determlning the end ‘of -
the sensitlve phase (Eales 1987b). This. appears to be true for manj;
" species.. For -exanp1e,~ng00d§ma and Prekert,(1984).foundlthat marsh
ﬁ?ena:Will leafn'frgm live gdﬁgl@nébrs during*théig fiﬁsﬁ' spring but -

-fall to learn. from tutor tapes until the followlng autumn.

In view éf fhe importancé of.SOQIal factors--fnrl song learnlng,ﬁ
and partioularly of” visual contact (see Chapter 8 and Eales 1985a), it{
seems probable that eross—fosterlng W1ll also affect. the tim1ng of the
sensltive phase. For example, a Bengalese-ralsed zebra finch might
take lnngen:tonlearn his- foster—fatherls- song'utnaﬂ ;a zebnaazfinobé

flearningé.ffom;'hié .natural father; The copyinénénnld'alSO'be lesﬁ&

: aecurate, particularly ‘for Bengalesenraised zebra flnches whlch -are
housed with a oonspeoiflo after 1ndependence or for normally-raised
zebra finches*presented with a Bengalese finch tutor at that stage.'
In addltiony ‘a young: male deniedlthe opportunity to hear conspeeific
gong durlng ﬁhe-sens;tive phase_mignt tend to altan{:hls-waong yap a
laﬁér.gatage; ifﬁa*ﬁntorhof'tha same apabies asfnis.qaétgnﬁnabants is{

ayailable:

-Thls study examines the influence of eross~fd§teriné experiénce

on whenuand;what_a young zebra finch learns.




METHODS .
M

Birds and Housing Conditions.

N;ngﬁeen clﬂtches of zebra finches were usgq in fﬁis study; mnine
were raise& by their natural parents (groups A ana'C), the rest were
raised By Benéaléée finch fbséef~parénts,‘ whose own clutches -they
replaced (groups B -and D). All the birds were rqméied from their

parents or foster-parents at the age of independence (mean clutch age

of 35 days)<Aand~-ﬁ0used with a pair of non-breeding adults until 70 i

days.

Following 10 days of isolation, from day 70 to 80, during  which

the young .males' songs were reeorded;‘they_wepe housed with a third 'ﬁ
pair of adults for 5 weeks and then recorded once more. They were
then housed in groﬁps and-théir-songs were recorded again at 6 months

of age to determine wheﬁher the songs had changed . ‘after the normal

sensitive phase.
‘The conditions for the four.gbbups are summarised in Table 9.I.

Method of SbngwAﬁalysis.

The song structure of each young male was compared with that of
his tutors by making tracingS'bf sonagrams of éypical song- phrases

(see Chapter .3 for further details).

Figure 9.1 illustrates the main differences beétween zebra finch
and Bengalese finch song (see Chapter 6 for a more détailed account).

\\In view of these differences it is ’possible‘ to classify some song

elements as either "zebra finch" or "Bengalese' finch". This is .-

particularly useful in the case where a young-male's.so@g elements are

- Ol
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* . not * obviously derived from the three ‘song tutorSfbnesent~during~thef
study.

X

'The amount of song a young male 1earnt was ealculated ‘as’ the’

‘number of different song elements the young. male learnt from each
tutor as a:proportlon'of-the=different elements-in*-the young male's
song; A second measure, “the proportlon of” each tutor's song that the

l_young male learnt, took into aeoount differences in the length and

number of “elements in zebra finch and Bengalese fineh song phrases.

This was calcubated as the number of different elements in the tutor's

song which were- learnt, as a proportion of* the number of different

,song-elements eaeh tutor sang in a typieal~song.phnase;'

To look for changes in each young male's song strueture the threef

sets of".song reeord;ngs,werevcompared, A change_ln the struoture of a

scng-phrase is .defined here as the loss orfadoitionf-of one.:‘or more
elements ln'"the song phrase, rather 1than the mpqirieatIOnfOf-a ]

tpre-existiné”song)elemént.

RESULTS:

The Timing of the Sensitive Phase.

Table 9 II shows the number of young males WhO learnt one or more :
(song elements from ~each of ‘the three succe851ve tutors (further
lfdetarls in Appendlx 9a) All the young males -ing the zebra finch =
.control group x€<) learnt only from the tutor w1th whom they were

,housed from 35 to 70 days (see Fig..,9.2): this agrees.w1thg prev1ousu

work (Eales 1985b) < A1l - the cross-fostered young males in group B
also learnt from the tutor- present at this tlme (see Flg 9.3). ‘Not

‘all ‘the birds in groups C and D learnt during thls sen31t1ve phase and
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group c differed significantly from the other groups in its pattern of
song learning (Fisher exaot test, P<0.01 for C. vs D P<0 001 for C vs:
JA ‘B eombined as all the birds 1n these ‘two~ groups 1earnt only from the'
secohd ‘tutor). . Only one male 1n group C and. eight males in group Df
based their song solely on. the second tutor (Figs. 9 Y4 . and 9.5).

With the exoeption of three males who sang a series of oall notes, the
remainder of'group c learnt at least one element from the father or

fosterqfather. In groups«A and B none of thevbirds»produeed a hybrid-

f'song‘baeed on both the‘father (tutor 1) ‘and tutor'(tdtor 2) whereas in’ -

group C 4 out of 10. sang al hybrid song compared w1th 2 out “of" 10 in-

. group D (Fisher exact test for C vs A,B, PX0.02; C vSfD,vP<o.1 A,B vs *

v
Dy P<0.1).
 None éf theybirdsllearnt”fron the third tutor with whom they were
housed *after the sensitive pnase; from '80”vto 115 days of ‘age..
‘fJAlthough three males. in group C: and. 1 male in group D did change their
songs during this period, the difference between the groups was not
, 81gnifieant (Fisher -exact test) - In group C PB2, who sang a hybrid
song, : repl-aoed the last-two zebra fiinch element's "wi‘th' two’ ‘Bengalese‘
'ifinoh elements, none of these elements appeared to be derived from any
othhe song tutors. PB1 and P33: whose songs oonsisted of a series of
' oall notes, beeame more: zebra»finoh like° ‘PB1 added:three improvised

.zebra finoh elements and P33 gained two more. zebra’finch ‘call notes.

In group D P29, whose song was based on the zebra fin‘oh' tutor, lost®

two’ of his improvised zebra finch elements CFig. 956). With only,x?:

Afour males no statistical oonelu51ons .can de drawn, but these results‘

b?do not suggest any tendency to lose or gain’ either type of element.

&
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age. Young males cross-fostered to Bengalese finohes at hatohlng also

given a Bengalese finch tutor: only 5 out of 10 of the birds in gvoupl

None of the chariges nere neyersed.and7none of - the- young malese'

altered~thelr songsfst,115}days or’ by; the time of final :song recording

at 6 months;

Copying-Accuracy.:

Indlviduals vary considerably in thelr ‘accurady of song learnlng‘
but within a- clutch birds .tend to produoe similar songs pnesumably o
this refleots exposure to similar sorts of experiences, although youngA
males may also influence each other 1n their choice of song tutor. In
splte of these: 1nter—clutch dlfferences,: the four groups differ

signlflcantly -in. the proportlon of": song elements learnt from the three

tutors g&~76 91, df=6, P<0.01). Figure 9.7 shows that the young males

in group ‘A produoe the most acourate ooples of tutor 2's song and
Avggl

those,}n group C the.least.
: f_DISCﬁSSION;

The results in this study agree w1th Eales (1985b) thatfﬂoaptive%
male zebra finohes normally 1earn the;r song at- about 35 to 70 days: of
learn _thelr song during this time which suggests that cross—fosterlng

per se does not alter the timlng of the sensitive phase. .

The partially oross—fostered young males!in-gronps'C and D showed

a rather dlfferent pattern of song learnlng. . If the father or
foster-father is a different species from the’ tutor present ‘during the.
sensltlve phase then the tendeney to- learn the tutor's song is: not 80"

great. This is partloularly true for normally-raised young males:

C learnt some song ele@énts‘from the Bengalesejtutor while 6-out of 9

TS




learnt at least. one element from their father. Most of the

cross-fostered young males in group D did base their . 'songs on the :

zebra finch tutor but two of ‘them also learnt from ﬁheqfostér-father.

Presumably, the preference for a zebra finch tutor .reflects own

species .bias. - This may be the result of the differeht experiences a .31

‘young male receives in the nest. For example, Bengaiésééraised zebra

finches receive - less parental care during the first three weeks ofA

life (ten Cate 1982, 1984): ‘.Bengalese finch parents also direct -
.considerably less aggression td their young (see Chapter 2) and recent

findings suggest that aggression is important 'in a zebra finch's .J

choice of song tutor (see Chapter 3). Genetic differences could also

be responsible for the species bias. Kroodsma and Canady (1986)

'vdemopsﬁﬁated that differences in repebtpire Size among populaéipns-oflii
‘marsh wrens have a genetic basis. The longer Bengalese finch song

'-'phrase may be more difficult for a zebra finch td»learn; There are

certainly few cases of wild birdsflearning the wrdhg 'speoies' songs‘

‘(but see Baptista 1972} Rowley and: Chapman 1986).

It is becoming inoreasinglyJ apparent that the timing of the
'sensit;ve 'phase  is much more flexible than originally thought: this?ig
applies to the Qevelopment of other behaviour patterns as well as song ?;
iearning (e.g. .Guiton 1959 for filial imprinting iq chicks; Immelmann

1972 for sexual 1mpfinting in zebra finches; Kroodsma and Picke?t 1980

for song learning in marsh wrens). In zebra finches it is experience :
~ rather than age which determines when a song is learnt, so that a-’@?
young male remains open to learning until a suitable song tutor is

available (Eales 1987b). oy
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The results ‘of this study suggest “that , spe01f10 types of
experienee influence what a bird learns ‘and when: If the tutor heard'*
during the time when they normally learn is ‘of % a different species ;
«afrom the "father" then the young males are less likely to copy- theirx‘

tutor's song, of the. young males in -group C some produeed only

uelements heard before 35 days old, some sang a hybrid song w1th'u

l.elements from both males and some 1earnt firom neither male.

Exposure to’ poor song during the sensitive phase i séems “to
_hdstimulate the bird to reoall and reproduce song heard ‘before: 35 days.}
This is true for the birds in both groups C -and . D-_ and for ﬁthose=
’ﬁdenied visual contact < during the tutoring period- (see Eales 1985a)
For. zebra finches living in mixed speoies flocks this. may ensure .that

:‘.

"'spe01es-speoifio song is produced.

v op

Zebra finches deprived of any song during this time are likely to

learn from a tutor with whom they are housed afte.?TO days (Eales

L 1987b). - ItAis 1nteres§ing3to eompere.thls with-the“behaviour of the~

:&oung males in groups.vC ,and “D. Although ‘some of these birds did

change. their. song, partieularly those in' group C which sang a series

of " call notes,f none . reproduced any of . the elemw, s heard after 70
days. This might be an example of proactive interferenoe in ‘which
stimulating a bird to * remember song heard befone-35 days;of age
: pr’ev,.e,nts the;_.learnlng’"of new song elements .after -70. day's',;._; once a
suiteblet:song;tutOr is‘;edeieuailaﬁle“onee‘more.‘tIf?oroeeﬁitehmemormJ
interferenoe iSfimportant:in;zebra finch song 1eerning' tnen '§qung.’~
ghiohf erek»denied eong;ibEfore Aindependenee snouldr renein*oﬁen to :é

learning afner\YO days. Fales (1987a) found .this tofbeupne1foese’ for

' female-raised zebra finches. ?roaetive-memory~interferenoe'is also




thouéht to.affect‘ song ° ledrning in-ﬁgreat. tits: 3the ability» to

=recognise‘ new neighﬁours is inversely related- to ‘the number and

sifilarity of-isongs heard previously (McGregor -and Avery, 1986).

The results in this chapter and-those of Eales (1985b) ~suggest.

that secondary song learning is extremely stable in zebra finohes. It g

is instruotive to compare these résults With various forms of prior

'experienoe;-on, the. development of secondary 1mprintinga There area fé

severalﬁexamples of young birds imprinting onto auseeond. objeot, ~bu€

in contrast to the song learning results, seeondary imprinting is

relatively’ unstable (Cherfas and Scott 1981)

CF:

- Great .caution must be exercised when considering the results of ¥

”seoondary imprinting. Most studies provide .only inanimate obJeets for
the animals t0'imprint on. The anomalous results aeorued f'rom u31ng

tape recordings rather than real birds’ for ‘song tutoring should serve

;. a8 a caveat (e.g.: Kroodsme-and Piokert'1984). ‘A recent imprinting

. study (Boakes * and ~ Panter 1985) ‘lends further support‘to this claim: .

chicks exposed to a live hen rather than an ‘artificially moving"

windmill failed to§show'5ny Seeondary.imprintingiA It is important to

realise, however, thetzthe.preferenoe will depend on. the relative.

length of exposure to the,different stimuli (see Bateson 1983).

e

The . results in this chapter fit "updating" model of imprinting

quite well (3ateson, ;ms.). Bateson suggests that the effect of’
exposing a bird to one stimuluslerentually -makes Nit impossible for,

‘other. stimuli’ito‘ exert an effect, and thefrateﬁathhieh'tnis oceurs

Idepends'on howfgffeotiye'the firétwstimulus is. If a nird”is exposed

',to two stimuli then the second. should update the firstf‘provided the"

_ differences between stimuli are small and the second has a- greater
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stimulus value than the first. However, if the two stimuli are quite'

différenh then two separate ' standards are stored. This begs the
question of how different the stimuli should be for separate standards

£o be created.

According to this hypothesis, the birds in groups A and B update )

their songs with elements present in the second tutbr's-song.but noj'=

~updating ocecurs after_70 déys because: the birds have had sufficient

song learning .experience by this time. For group C, however, the

stimulus value of the Bengalese finch tutor is not »greét‘ enough to.;
~ exclude song leafnp from the  zepra finch tutohiﬁfln group D the '
conspecific (tutdr 2) would have a higher stimulus. vaiué but, =since

. two males'copied elements from tutor 1, the difference between the two -

stimuli may:not have been sﬁffieiently‘great forléémpleﬁe'updating of .

the first. -

It is interesting to note that only birds ,in groups C and D

produced hybrid songs composed of elements from-both tutor 1 and tutor -

2. These birds were exposed to the stimuli of two different species:}j{

this largé stihulus difference, relative to the birds in groups A and

B, might result in the creation of two separate ‘standards so that the :x‘

birds "dither" in their choice‘of song tutor.: This. bears sﬁriking

similarity to the sexual preference of zebra finches exposed to both

species: ten Cate (1986b) found 'that somg‘maleé“wduld court both -
zebra finch and Bengalese finch females and, if given the choice of -

..both species and a hybrid, they would show a greafér&pﬁeference for, }?ﬁ

the hybrid female. 7This point is taken up in mbrg detail in Chapter

10 which examines the effeqt of simultaneous exposure to both species

and eompares.these)éqng‘learning results with the ones in this ehapter"[

- 101 -
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where males are successively .exposed to both=;zebra. finches and

Bengalese finches.
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TABLE 9.I: Conditions of sohg'tutoring for the_four expeﬁimental"i

groups of male zebra finches

Group Treatment during
0-35 days 35=70 days 80-115 days
78 e i
A ZZ 2% Z
{n=8)
' B BB BB B B
(n=6)
Cc Z 7 BB 2 Z
(n=10)
D B B % 2 B B
(n=10)

e e
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Figure 9.1:

‘ Sonagraﬁs of typical zebra finch and Beﬁéalese”:finoh‘“séng
phrases. In this example the zebra finch'Siggs Si; eleméhts (Z 1-6),
inciuding a long call note_added:.to the end or' the pﬂrase.»'fThé
Bengalese finch song phrase'eonsists.of seven elements (B 1-7), four

of which were repeated.
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Figure 9.2:

Sonagrams -of .the songs of three young males from . one clutch of

normally-raised - zebra finches in group A:(R1, Y5 and B3), with their . .

song tutors, 0180, B165 and G18. Ihe younggters were raised by‘ 0180
until independence and At,nen housed with a second ‘zebra finch tutor,
B165, at 35 to .70 days of age. They were then - housed 'ﬁith a thir&

tutor, Gi18, for a furthér-five weeks.

R1, Y5 and B3 learnt their song elements from B165. There was no

o

change in song structure after 70td§ys.

Letters beiqw the sonagrams represent' Sectidns of the ”tutf,ors'

sSongs which are copied by one or more youngsters.
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Figure 9.3:

Sonagrams of YB 5's song (group B) and the Songsfof his_kengaleée
finch tutors, P, WBd and D. The youngster learnt frbp‘WBd,'theﬁtdﬁor
with whom he was housed at 35 to 70 days. His song did nhot change

after this time.

Letters below the sonagrams show portions of song common to two

or more males. ‘ ) _ ' L
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Figure 9.4:

Sonagrams of the songs of P35 (group C) 'and those of his ‘two
zebra finch song tutors (Z2), ¥8 and B165 and the Bengalese finch tutor,

(B), W. P35 did not learn any song elements from his tutors.

At 70 days-(sonagram 1) his song. phrase consisted of 4 zebra
finch call notes. By 115 days (eonagram 2).P35 had incbrpopated two
more call notes into his song phrase (x). There was no further change

in song structure.

Letters below the eonagrams show portion’sﬂ of song common to two

or more males.’
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Figure 9.5:

YB 8 (gfoup D) learnt :from the Bengaiese_ fineh‘__fost;.ez"-fa‘tlher' (Bl),
WB. A zebra finch :call «‘*not’e was repeaté& at -i;.he end' of the song
_ phrase. 085, the zebra finch tutor -(Z) pr.'esént at 35 to '.70‘ days. of
age, had a very similar call note atl,i;hq end ;o‘t‘pis song. ,Né T’song

learning occurred after this time.

Letters below the sonagrams show por'tionsrof‘ song common to E two

or more males.
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Figure 9.6

P29 from group D learnt sections b and'd:'frqm the.'zebra' fiﬁch
(z), B217 ~at . 35 to: TO 'days of age. ‘He.did not lé§rn from T, his
Bengalese finch foster-father (ﬁ) or the Behga;ese finci'tuﬁor (B), W
after 70 days. However, his sbng did change:EfEWOVBfgéhe'impﬁéf%sed
song elements were lost. There wgs;ns‘fﬁrther changejéffér 115 days-

of age.

Letters below the sonagrams éhow portions}qf’sth‘qOmmoq 'té' two

or more males.
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Figure 9.7:

- Pie charts of the results of song learning at six monthé': of age
for the four groups® of birds (A -~ D), showi;lg the probdrtioh of

improvised elements and the proportion of song:}le'arnt” from ‘the three

tutors.
Key :-

. Proportion of song improvised

Proportion of song learnt from tutor 1

Proportion of song learnt from tﬁtor 2
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Chapter 10.
B e

SONG_LEARNING IN ESTRILDIDS RAISED BY TWO SPECIES;  EQUAL RIGHT

e rtarettens
T -

FOR MUM. AND DAD!

ABSTRACT.

Male zebra finehes'and'BengaLese finches were homally-raised~ or
cross-fostered to -the other species until 35 days and then housed

until 70 days with two song tutors, one from each species.

Normally-raised males base their song.on that of the conspecific tutor .,}1

whereas = cross-fostered birds also learn from the other tutdr,-
reflecting both own~species biaé and a-tendency to learn from the
tutor whoée song'is similar to the father!'s. Malés raised by oﬁe of
each species tend to learn from the father or fos;ef;father as well as
the tqtor(s) but there is no significant differeﬁee betweén males
which have beenfraised"by a_Zébra finch foster—fathebjand a bengalese

finch foster-mother and vice-versa.

Based on a paper to appear in Anim. Behav. (in presé).
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", INTRODUCTION.

Based on a series.of studies of zebra finches Immelmann (1969)
concluded that young males learn their~$bng from.yﬁtbns‘"with which a
strong personal bond exists" and in some ca;es, this may override
species-specificity since zebra finches which are raised by Bengalese
finch parents will copy their fosbér;father's song even if conspecific
malesf can be heard in the vieinity. However, if #he cross-fostered

males can socially interact with conspecifics then the tendency to

learn from the Bengalese finch is less great. In Inmelmann's study %

zebra finches which were raised in an aviary, and fedx by a pair of
conspecifics in - addition to their Bengalese finch foster-parents,

produced a hybrid: song composed of elements learnt frgm both males.

- More recent work by Eales (1987b) illustrates how influential
these social bonds can be. Zepra‘finéhes were raiéed by Bengalese
finch foster-parents-uﬁtil indépeﬁdenceAaﬁd then hoﬁééd with both a

lconspecific soné tutor - and their foster-féther. In one group the
young zebra finches could freely.interact with‘théirffoster—father but
wéfe éeparatéd-frbmAthe zebra finch male by a wire screen; in another
group:phe young males were separated from their foster-father by the

screen but could freely interact with the conspecific tutor. Whether

a zebra finch sang his foster-father's s6hg depended-on the relative ,'i

amount of social interaction he experienced with the foster-father and

adult conspecifics during the sensitive phase for sQng learning. .

., Normally-raised zebra finches and Bengalese finches which are
housed with two tutors aﬁ independence,  their father -and an unrelated
male, tend to copy their fétherlsfsong (Bohner 1983; Diecrioh 1980),

irrespective of* the amount of social interaction they have with the
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two tutors (Eales 1987b). However, behavioural differences between
}_Song“'tutobs are also important; zebra finches which have been raised
_ by the mother alone prefer to learn from the: tutor who is most

aggressive to them (Chapter 3)s

Clearly social interactions immediately after independence are

important in ‘governing what is leabnt and from ﬁhom but parental .

influences established before independence also.”play-ranv important
role. Zebra finches which. have been raised by their mother alone
selectively learn from their father if they are housed with both

péfentss and another male from _independence until -sexual maturity

(Eales 1985a). Vocalizations produced by the . father also.‘influencé

song tutor choice: normally-raised zebra finches which are housed

with two eonspecifié song tutors at independence p?efer'to copy sdﬂé o

from the tutor with a similar song to their fathéﬁ_(Chapter.3).

The importance of behavioural interactions with the parents is
particularly apparent in zebra finches and Bengalese finches which are

raised by mixed-species pai;s, i.e. a gzebra finch "father" and a

Bengalese fineh*"mother" or vice-versa. In this situation there is'a

tendency for the parents,to feed conspecific chicks more frequently
and to direct more aggression .and contact behaviour towards them; this
is correlated with a tendency to prefer a conspecific female in mate

choice tests (ten Cate 1985).

'If physical interactiqps between the zebra finch father and
chicks are progressively suppressed while visual contact with the
father is maintained, zebra finch males show a progressive shift in
preference téwards a Bengalese finch in mate,cﬁoice tests when édult

<

(ten Cate 1984a). From these results ten Cate argﬁed that behavioural
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interéetions "with the parénts and other pirds, rather than merely
visual“and vocal exposure, miéht explkain the téndene& to prefef a
conspecific mate. The results also suggest that the "mother" is
slightfy moreiinfiuenﬁial: zebra finbhes raised by a zébra finch
mother and a Bengalese finch father show a greater.tendency to be more
.zébra finch—directqd in their preférence than thoéé' raised by .a
Bengalese finch mother and a conspecific father-buﬁ the result is not

statistically significant.

This study addfeéses these questions from the song learning poinﬁ
of view by raising broods of zebra finches aﬁd:BengaleSe finches with
mixea-speoies parents and then housing individual broods with a =zebra
finch and a Beﬁéalese finch song tutof during the.sopg learning phase.
Whét'is the effect on subsequept song tutor choice of raising birds_by
mixed-species parents ‘andfwhat is.the relative importance of the two
. parents? By comparing thesé results with those of males which have
beeﬁ normally-raised or icrbss—fostered to a pair of heterospecifics
the influence of own species bias can be determined.. How. do these
four fearing regimes-affect ﬁhat is learnt and when?

METHODS.

.Birds and Housing Conditions.

Eight mixed-species pairs were established (4 ZB‘H and 4 BJ'Z% ).
Thesé}:birds: had been raised by fos£er—paren§sfofsthe'othpr species
until 35‘days>but were then housed wi£h conspecifics to obtain males
with épeéiés—specifié éong._phﬁdses and distano§ Icalls; but which
. direeggd.some\of their courtship towafds females of the foster species
(see Chaptérs 9.and 11). None of the birds-had had.prgviods breéding

“experience and each pair raised a brood of zebra finches (groub A for
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Zg"BY or group.B-for B&%# ) and a brood of Bengalese finoheS:(group E or

F).

If a female in a mixed pair laid eggs these were removed after a
éomplete clutch . had been laid and replaced by a fertile clutch of

zebra finch or Bengalese finch eggs.: -

F&ur pairs of zebra finchgs (iﬂi#) and four pairs of Bengalese
finches (B&B$)‘were also esééblished. These birds ﬁéd-been raised by
~alpair of conspecifiecs but were seiually inexpebiénced. Each pair
raised a'brSod‘of zebra finches ana:a brood of Bengaiese finehes. To
control for‘fhe effects of egg—gqqpping,'(the eggs pf - these were
removed and repladed by -a ffeéh clutch éf con;péeifie (the
normal ly-raised eanfrql gréups, C and G) or heterospecific eggs (the

cross-fostered groups, D and H).
;The conditions for the eight groups are summarised in Table 10;I;

All the birds: remained with - their foster-parents until
independence (mean age of the brood = 35 days). During the normal
sensitive phase”fof‘éong.learning at 35 to T0 days 1of‘_age (Eales
1985b) each brood was. housed with atzebra.fineh ;ﬁd-a Bengalese finch
song tutof. ALl the tutors had béen;nofmally—raiééd and housed bwith
conspecifics until the time of tﬁe study. The tﬁtprs'wére separated
frém»gach other and from the young birds by wire mesh screens which |
divided the'cage into three identical portions; these prevent physical
.-encounteré while maiﬁtainihg visual;_and vocal =ixft.era_etion,~ thereby
permitting normal séng .léarning' to occur (Eéles 1987b). It also
reduces the:npfobability'fﬁhat \behavioural differences between the

tutors, and in the way- they interact wiﬁh " conspecific versus

o 0=




heterospecific young, affect song tutor choice. . After T0 days the
tutors were removed and thé:young males remained with other members of
S their brood until four months»of'age when their songs were recorded

and their- sexual preferenoe tested.

Songs and Sonagrams.

Tpe songs of all the males were recorded when +the: young birds
were four month; old and théir songs:were csmpared py ﬁék;ng'traeing;
of sonagrams of typical song phrases (sge Chapter 3 for further
details); Song‘ elements were classified as either common to both a

“tutor (or father) and the young maié:or:és unrelated in structure on

to be assigned ,to a - particular cétegory (F&ther, Zebra finch,
Bengalese finch) on the basis of context and where .ambiguities arose

independent observers were..used to make the assessment. It was not

from the three adult ﬁales:; some elements were Qéry poqr'ebpies which
"blend" of two different elements (see Fig{_ 10.1). For this reason a
young zebra. finch (Y9B6) 1earnt from the zebra finch tutor and also
probgbly derived from the father since the father aiSO‘incorporated
sim;lar calls into hiS'spng~phrase. The young Behgglege finen (B60)

learnt from ' both tutors and possibly made poor edpies of two of his

foster-father's elements.
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the basis 'of .visual similarity of the sonagraphed eleme@ts and the -

sequence in which they occurred. This allowed ggbriy copied elements

always possible to calculate the amount of song a young bird learnt
‘might have been derived from any one of the three or might‘have been a -
qualitative assessment was made. In Fig. 10.1, for example, the ”EJ

inoluded conspeeifiC“cail notes in the song phrase. These calls were-




RESULTS,

Song Learning: - What is Learnt and When?

The song learning results are summarised in Tab;e 10.IX, which f
shows the number of males who learnt at leaét one of their song g
elements from their foster-father, the zebra finéh.and _the Bengalese
fineh tutor respectively. Exémples for each gfdtp;are illustrated in

. Figs. 10.1 - 10.4. Further details are found in Appenéix 10a.

All~tpe groups ‘tended to learn from the conspecific song tutor at
35 to 70 days of age; Of the 18 zebﬁé'fincheéhﬁhioh had been raised
by mixed-species parents, 11 sang only zebra finch elements and the

other seven produced hybrid songs containing zebra finch ahd Bengalese

finch elements. A similar pattern was .shown by the 17 .Bengalese f'-

finches raised by mixeﬁespecies pairs: 11 sang pure Bengalese song,
five learnt elements from both spéoiesﬁénd one léarnt;nofhing’fbom any ”i‘
of the_ adult males and produced a-sefies of improvised elements. Of
the 20 cross—fostered males eight out of tgq zebra finches
incorporated elements from the zebraffihch tutof;iﬁtpatﬂeir songs-‘and :
seven 6f the Bengalese finches sang .Bengélese elements and all 20
normally-raised .males learnt . only conspecific song. These results
indicate a bias towafds learning from cénépecifics, " irrespective of-

previous -experience.

However, whefeas-the nprma11y~raised birds in groups ‘C and G-
based ' their soﬁgs entireiy on thejconspecific'tutor, males in the
xother six groups'showed a different,pattern‘of“légfning. In group D
eight cross-fostered zebra finches produced hybrid.songs with elements

cdpied from both tutors; this gives a significant difference from, the

>
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. . |
ten controls in group C §x710;2; df=1, p<0.01). Although some of the -
-.croés—fostered'uBéhgalése finches also prbduceq-~mixedi songs the - .. &

"_difference from the control's was not statistically signifiqant. Zebra °

finches'and.Bengalese'finches raiséd by mixed-speciés parents also
tended to sing. mixed-species songs ()}j=5.25, “df=1, p<0.05; n.s.

respectively). These results are summarised in Fig.” 10.5.

A furtheér diffenence lies in the tendency -to  learn from the
father.before 35 daysAof age (Fig. 10.6). None of the cross~fostered
.zebra finphes saqgiany of their Bengalese finch father's eledénts but
two eross—fosteﬁed; Behgalese finches did so. .In the mixéd-speeies
‘pairs nine zebra finches and-eight Bengalese finches learnt from theif
foster—fathep‘ and‘90 difflered significantly-from.thg control groups (

%;5.25, df=1, P<0.05;¥=4.62, df=1, p<0.05 respectively).

In the mixed-species pairs there was no signifiqant' difference

'

between ‘the two 'groups "of =zebra finches (A versusrB)'or=Bengalese?

finches (E versus F) in their pattern of song learning ' (Fisher exact

- tests). For both’ spedieé, birds raiséd by mixed-speciés‘pairs werel.ﬁaﬁ

compared with those raisedyby two members of the same species. There

was no significant -between. normally-raised and mixed-pairs in the

~proportion of zebra finches learning song from the:conspecific tutor. '

There is also no«significant differencé-between'cnoss-fosﬁered zebra
finches and those raised by mixed pairs in the praﬁoftion which learn
frdm the 'Bengale;;: finch tutor; the results fo}»ihe Bengalese finch
coﬁparisons»are also not significant. Nonetheless, as Fig. 10.7
shows, . a gﬁéatér’proportion of the birds raised byftworhéterospecifics
copied elemehts.from~the heteroépeéific song tufd;:

- DISCUSSION.
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Normally-raised zebra finches which are héused_ﬁith one or more
different zebra-fiﬁch.ﬁales after independence prodépe,a sbng based on
tﬁap of one of the males which they heard at 35 to ‘70 daysf of age
(Eales l.1985b5 Chapter 3). Zebra finéhés- Twﬁich have been
eross—fostergd-tQ;Bengalese,finches also learn ét this timé (Chapter
9), as do normally-raised Eengalese finches (Chaptéﬁ 5). The results
pyésented in.th;s chapter shoﬁ that nprmally—;aised zebra finches and:
Bengalese finches- ﬁhich g?e housed with boﬁh>évzebra finch and a
_ Bengalese finch:-song tutor at 35 to 70 days base their song -entirely
on that of the-eonspecific tutor. Even in grouﬁs ih which birds were
raiséd-by“the.éther speeies, males tended tQ ba§e';th§ir .songs, at
least in 1p£§t, on those of ebnspeeifies which ~ indicates some

- own-species bias.

There are -a number of factors which might aécount for this 'own
species" bias. Difféfenceé in'the two speeiés"voealizations might be
important (see Chapter 9), making Bengalese finch song more difficult

for a zebra "finch to learn and vice-versa. IhZSpécies=such as the

zebra finch, where vocalizations are quiet and so only effective at . -

short range it also seems likely that visual factors may be important
in. tutor choice. In ‘this respect 3151ings may play a crucial role:
eross-fostéred zebra finches raiséé wiéh zebra finch sibfings may be
biased as a result in favour of learning from>a zebra finch. This is
cef&ainly the pase,for sexual prefefenoe (quijt eﬁ al 19837 ten Cate

et al 1984)."

Bengalese finches vary considerably in their plumage and so there
might be less tendency to learn from the Bengalese tutor if he differs

markedly from the Bénéalese finch foster-father. .PréviQuS'experiments
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‘with Bengalese-ufinehes show no suggestion of * this (Chapter 5).
Equally, =zebra finches are sexually dimorphic whereas Bengalese
fi@qhes do not show sexﬁal variationzin_plumageQ: Thus, if plumage -
details were -important, males in groups B and F ”shsﬁid .have iearnt
less ‘from their tutors than those in‘grqups A and E since both tutors,
would show substantiai‘plumagé>differenees from the parents in the BEZ§- %

groups compared with thevﬂﬂﬂlgroups.

The preference for a conspecific might also ré;ult from different
experiences that a young male has reeeivedrih the nest. For example,
orossffostered zebﬁé finches receive less parental care than normal
from their Bengalese finch foster-parents during fhe first three weeks
of life (ten Cate 1982, 1984). Bengalése finch parents also? direct
considerably " less aggression towards their young (Chapter 2; ten Cate
1982) and recenﬁ findingg,suggest that gggression'is ‘important in a’

zebra finch's ehaice of song tutor (Chapter 3).

It is interesting that two cross-fostered Bengalese finches
incorporated some of theihjfosterAfather's elements into their songs - -
whereas the eross—fostéfed iébra finches based their songs on males
heard after 35 days. With only two males it is not possible to assess
whether .the differenée. is a real one. However, one poséible
explanation.is fhat the zebra finch is a "better" father, showing more
_pareﬁﬁal cafe in the fiprst three weeks and more aggression thereafter,
and,‘this stimulates the male to learn earlier thénﬂwoﬁld normally be

the case.




In addition to species differences in behaviour 'there are also
differences - between zebra flnches and Bengalese’ finohes in the way
they behave towards normal and heterogpecific young\(ten' Cate 1982).
ﬁ{The .greater ,nﬁmbef-of interactions with the qonSpécifib parent might
account for the'oﬁn species bias in song tutor choice in: groups with
mixed»species pérents.' Althouéh‘*hhysieal interaations between the
_tuto#s-and the young malesvaftep independence were}:minimised,-by the
wire ‘cage dividers 'soﬁe interacﬁiohs either side. of .the cage were
iﬂevitable. One factor leading to ownfspeoieg'biaS'hcould simply be

that the conspecific tutor is more stimulating.

Despite the own species bias most of bhelcross-fgstered*birds did
learn from- the heterospecific song tutor. In.an earlier sfudy.zebra
finoﬁes'bésed fheir song on that of the conspecific -Qhose song was
-:simi;ar to their father's (Chéptér 3). A-E;m;lar influence may have
"be;n at work in thiévexperiﬁent so théf males whieh have been raised
by a zebra flnch father learn from the zebra finch tutor while those
raised by a Bengalese finch father 1earn from the Bengalese finch

tutor.

The mother may also be influential and one way of assessing the
 relative importance of the two parents.ié to raise young in mixed
species pairs. For both species, males raised’ by ZJ‘E¥ and -Bd' Z¢
developed simxlar songs and sexual- preferences which might be taken to
suggest that both the mother and father are influential. However,
this is . oonfounded by differenees 'in the effectiveness of the two
tutors as song spimuli. If the conspgeifiestpton.is in ‘some way more
“stimulgting thén :grogps A and B would teng to learn zebra finch song

and groups E'and F would tend to learn Bengalese " finch ‘song. These
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tﬁo | factors need not be altérnatives. ' Hearing ' the father or
foster~father's song may ihfluehce*spng learning but other vocal cues
such as call notes, and visual and behavioufél factors might be
important too. King and West (1983, 1984) have also found females to
ﬁbe important-for song learning in eowﬁirds,-wheig SQEial feedback from

both males and females playa>a crucial role.

An.intérésting'fééture éfi the enoss—foéterééijmales_ﬂahd- those
.raised by mixed‘spécies pairs is the tendency tq learp song from both
species. This is also true df males sucoessiyéLy. exposed . to two
'speqies,‘ i.e. norMallf—raiséd zebr; ' finches ﬁhiéh are housed with
Bengalese f'inches after indepéndenoe and'mgles which are raised by
Bengalese:- foster-péfents Unfil igdébeﬁdenee and':then housed with

conspecifics (Chapter 9).

Ten Cate (1984) found that these birds which have been raised
. Successively or simultaneously by -both species. also tend to eoufts
females of both species inf'eEOiee tests. He - suggests  that 'this:

ﬁdithering" is the result of sexual imprinting on both species (ten

Cate 1986b). Ten Cate uéed,white zebra finch and silverbill females

in fadditién to zebra finéh and Bengalese fineh_fqmaies in choice
:hesta: The mebra Findh 'maléa; showed -an exddiuniye preference for
females of both the two parental 'species, a.preferenoe which was';
stable over a period of six months or.more. Althoggh the specificity

of song preference has not been tested it seemé‘iikély that this is

also reflects a specific tendencyftd learn’from a zebra finch and a i:'

Bengalese finch tutor. Coneceérning the mechanism of sexual imprinting,
ten Cate (1987) suggested that double imprinting résults in a mixed

standard beiné‘oregted to explain why ditherebs prefer a hybrid female

- 114 -




in choice tests between it and a female of one of the two species.
'For song tutor choice expefiments‘males which.have been raised by two
species might also prefer to base their'éong on a tutor' who: sings a

hybrid song containing elements from both species.

A preference for learning hybrid song might explain'why Ziﬁﬁand Bd"
Z§ males tend to learn from their foster-father. Although the adult
males used to form mixéd-spécies pairs -produced ~"normal®™ songs in

terms of element-type and length, they may well have-contained

abnormal features as a result of having ‘been raised by the
foster-Specles. Call notes might be important in thls-respect: Zann ‘?
(1985) found that cross-fostered male zebra flnches tend * to produce
abnormal diatanee ‘calls. These calls are often 1ncorporated into the
song phrase and frequently follow a bout of singing. Price - (1979)
suggests that they - are used for species recogﬁition. However, a
.preferenoe for learning hybrid song fails to explain why zébra finchés
experiencing the two 1speqies in succession (i.é. Z-B or B~Z in . -

. ‘Chapter 9) tend to . copy 'song heard before 35 days since the

'fosterufather had been normally—raised. In both eases; when malé"
zebra flnches are exposed to a tutor or tutors whose: song is .in. some

way 1nadequate for. learning but sufficient to stimulate normal song = ..
develqgment, there is a tendency to reproduce song wh;ch, has - been
heard befobe 35 days. For young zebra finches, this-might be a
safeguard to ensure that only speemes—speclfle song is produced (for

further discussion-see Lhapter 9).

To summarize, normally-féiéed.zebra finches and Bengalese finches E
will learn their song at about 35 to 70 dajs of age. Birds denied

suitable experience, either because'they fail to hear any song during

R DAY
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this time or becéuse they are éxpoéed_ simultaneously or successively -
to both species, can learn before or after the normal SQnsibive phase.
However, it may take them longer, the copying may be less accurate and

‘the song less stable.
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Table 10.I: Housing conditions for .the “four groups

of zebra

.fiﬁcheé.ahd.fbuffgrOups'bvaengalese=rinohes.

SONG TUTORS.

TOTAL: ** %

'GROUP. YOUNG. MALES. PARENTS.
' (0-35 ays). (35-70 dys).
. Z ' R 28 Bd” 10.
B Z Bd24¢ o 8
C z b/ 2 e 10
D z B " 10
B = B zﬁgq. " 9
F o B ' Bm " 8
G B B " 10
H. B. | 8% " 10

(Key:= Z = Zebra finéh; B = Bengalese finch).
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Table 10.II: Number Of,males;id'eéch,groﬁp -which' 'learnt their

song from-

_GROUP F ONLY Z ONLY B ONLY F+Z F+B Z+B F, 2 +B NONE TOTAL

A1 3 - 0 3 0 2 - 1 0 10
B 0 4 0 8., & * @ ° 2 o> 4

(Key:- F = Father; Z = Zebra finch; B = Bengalese finch).




Figure 10.1:

Sonagrams of a zebra finch (Z),uY956 and a Béngalese finch (B),
B60 which were raised by a zebra fiheh_father (ZF), Y5 and a Bengaieée.
finch mother. At 35 days they were housed with a Zebra fingﬁh (zT),

PB8 and a Bengalese finch tutor (B), W.

~ The zebra fin#h learnt his sbng ~from the conspecific: tutor,"
incorporating zebra finch call notes (zc)fwhicﬁ were similar tb the
father's. The Bengalese finehflearnt from both tutors and possibly

from the ﬂfatherﬂ.

¥
(]

Letters undef each sonagram denote portions of song (at leaﬁfidne»
element) common to two or: more birds. Questidn~iharks indicate
situations in which elements might haye'been poor copies or a “blend

from two males.
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Figure 10.2:

Sonagrams of the zebra finch (Z), BT9 and the Béngalese finch
(B), BY92 : which were raised>in h m;xed-spégies pair with’a:Bengalese
father (B), O4. ”379 copied song elements from both-his.fatﬁer ;na the
conspecific tutor (ZT), B259. 'B92 based his sqng'entifeiy'on the

Bengalese finch tutor (BT), B. e

Letters below the sonagrams represent.seetions of song common to

two or more males..
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Figure 10.3:

.Sonagrams of a normailf—féiséd zébra Afinoha=(z), B8 and a
Bengalese finch (B), B115 who had algo'been raised by ‘the zébra'finch
(ZF), R1. B8 based his song on the zebra finch - eon (z1), B207
whereas B115 learnt zebra finch call notes. (ze), éﬁ least one»of which
(b) resembles that of: the father, aﬁd'séng elemenﬁs from the Bengalese

tutor (BT), PT.

Letters bleow the sonagrams repregeﬁt seétibnS‘of song common to

two or more males.
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Figure 10.4:

Sonagrams of typical song phrases from a»“Bgngalés;” finch §B5;
P12, a zebra finch (%), B116 and their tutors P10 and R8. The
normally~raised Bengalese ‘tinch (P12) - copied hig songf‘from kthe
Bengalese finch tutor (BT), P10 with whom he was_housed from(éSJth70
days whereas the cross-fostered zebra finch (B116) 'learnt.'ffqﬁ the

zebra finch tutor (ZT), R8 and the Bengalese finch;tutqr.

Lettters below the sonagrams show portions of song‘commohltb two

or more males.
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Figure 10.5:

Histograms of. the pbop@ftion of males which learnt zebra “finch

and Bengalese finch elements for each group. .-

Key.:

NR normally-raised, i.e. by a pair .of conspecifics.
XF cross-fostered to a pair. of -heterospecifics. :
ZB raised by a zebra finch méle and Bengalese finoh female;

BZ raised by a Bengalese ‘f“'inéh male and zebra finch female.

zebra finch males... -

. Bengaleée finch males.
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Figure 10.6:

Histograms for each group of the proportion of males whicﬁ ;earnt

some song elements from their father.

Key as for‘Fig. 10.5.
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Figure 10.7:

Histograms are drawn of the proportion of m$1¢8 in eaeh,‘é£oup
which learnt. at least onehsgng*elément'froq1the.tptor who is of the

same species as their "father" (T8).

Key as for Fig. 10.5.
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Chagter 11.

SOME LFFECTS OF CROSS-FOSTERING ON - THE DEVELOPMENT OF - SEXUAL

gEFERENCE IN ' MALE ZEBRA FINCHES AND BEN(:ALESE FINCHES wa ARE
%

:SEXUAL IMPRINTING AND .SONG LEARNING RELATED?

ABSTRACT

Cross-fostering is an important technique for studying the extent

to which early ;experiénee influences behavioural development. The

results in Chapters T =10 reflect juét how--crucial these social

experlenoes can be for song acqu131tlon. This ohapter‘eonsiders the
effect of early experlenee on the development of sexual preference in

male zebra.finches and;Bengaleae finches.

Comparing these mate'choice results with those obtained from thé
song ‘learnihg studies suggesfs that there is ﬁo_aimple link between
the two processes. Botﬂ are éffeotea byithe soéiai~experiences which
a- young male has.earl& in life but the timing at which these operate

and the relative weight of the various stimuli may be quite different.
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INTRODUCT ION.

Several studies have shown that male 'sexual preference in zebra

fihches ‘is strongly influenced by eariy experienée. Normally-raised
iebré fincheé'will only court the conspecific fema;é but those which
have been raised by Bengalese finqhés .prefer females. of the
foster-species (Immelmann 1969; 1972; Kruijt'eﬁ a1‘5983),. Some. males
will court both femalés: ° these ' "dithereps® (ten Cate 1986b) are
frequently found after equsure{‘to their. own and andther species
eipher successively or simultaneously. The formep.;s achieved by

raising Zebra finch males with one’spéoies and then transferring then

to the other before they are sekually maturéf"(lmmelmann “1979;
Immelmann énd,Suomi 1981; ten Cate et al 198“). The latter can
involve either raising by mixed-épeci‘es pairs A(Zd'm .or B82Q) br
é;SSs-féstérng to‘Bengélesé'finehes_but T T conspeéific

siblings (ten Cate et al 1984; Kruijt et al 1983). -

There are at ;east“three' ékperiential factors. which determine
sexg'a.l ,pr*eferenoe:., the age af which the,‘expe_xl‘ience_.a is obtained; the
'length oé exposure éo a particular condition; and the stimulus value
‘of;iﬁhe -conditions experienced. ‘Because earlywsooial experiences are
crueial = to fthe -development :of sexual preferenee:\differenees in
“experimental procedure dén yield duite differentifesﬁlts. This is

shown by the work of Immelmann (1972) and ten Cate et al = (1984) with

zebra finches cross-fostered to Bengalese finches.

Acording to Immelmann sexual imprinting in =zebra finches is
normally ‘complete by about day 20 and transfer to Bengalese finches
should ocecur before this time if a previously established sexual

preferenee is to.be altered. . Howéver, in ten Cate et al's study one
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third of -the zebra finches transferred tp*Bengalese'fiﬁches.at 30 ¢to
,m60.dgys re-imprinted on-the Bengalgaé finch female. As ten Cate et al
point out, this Qariation probably results from differences in

experimental deéign.

Ten Cate ét al used cross-fostered Bengaleseffineh females in the

mate choiee.testé sb»tﬁét females Qf-both épéciea wbuld»resbond to the
courtingimale;_lmmglmann used'normglly-raisedtBenga;ese~finch females.
Theifemale's response might be important, partieuiérly for young males

with a partial préferenée for both species.

Siblings, and other individuals with whom the birds were housed,
could also ‘affect the development of sexual préfergnces. Immelmann

tranéferhed whole clutches of birds to a pair of _Bengalese finches

whereas ten Cate et al placed individual males with a group of up to

six Benéalese finches.

Another variable is the length of exposure to the second species.

Ten Cate et al's birds were exposed to Bengalese finches for 28 or 29

days, in contrast to 16 daysffor Immelmann's birds. In the reverse

'Situation, Inmelmann and Suomi (1981) found that—oross—fostered zebra

finches which were subsequently transferred to eonspeeifics for 3 to

60 ldays, showed a greater preference for the zebra fipéh'female the
longer their exposuré to conspecifics. The same is liﬁély to apply in
the ‘oase> of normally-raised birds: transferred to Benéalese finches:
the longer the exposure to Bengalese fihéﬁes the lower the preference

for a conspecific mate.
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Both_éf these research groups fbund that secondary exposure can
influence - 'mate - preferenee. Howéver, théy piéce différenb
interpretati§ns on the rggultsi 'Immglmann and ~ Suomi ' believe that
exposure to . a second ,sbecies-~temporarily interfergb with a stable
'preferenee for the first, whereas ten Cate et al. sugéest tﬁat
séoondary exposure is stable, resulting in partiélliﬁprinting on the

second stimulus.

In thié?éhapter the stability'of secondary exposure is tested in
experiment. I by giving the birds a .third per;od of exposure-with the
first stimulus (the birds used being the same as in Chapter 9). If a .
recency effect operates then the pféference fér-thé second stimulus
should disappear; if secondary éxpoéure is stable the ,preferenqé
ghoulq,;be maintaihed. Thi; aésumes Ehét no imprihting 6ccdrs during
the'fﬁird period~bf exposur;. Aithough this canndt" be ruled out
gompletely, any - effeét‘ would preéumably<lbe sligﬁt;,coﬁpared with

exposure at an earlier age.

Experiment II compares the effect -of successive exposuré to the
two spegies with simultaneous exﬁosure, by raising both species in
mixed-species pairs in the same way as ten Cate (1984) has done for
Zebna finches (see chapter 10 for details). Given'@he.effeqt-qhich
sﬁbtle differences in' experimental -design can have on sexual
.Ereferenee this experimént therefore uses the same experimental
bhocedhre when comparing the effects of successive ‘and. simﬁltaneous

exposure to both species.'
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. The third experiment cpnsideré the.types-of cue which might be
important in thé‘ development .of seiual prefepénee. Ma;es,of both
species Were'raigéd by qonspecifies or cposs;fostered' t0>:th9 other -
Spéeies. At i;depehdence':they were then housed?wiﬁh a zebra fihch

.male singing'Behgalese-finch song and a Bengalese finch.singing -zebra
fipeh song (these-are the males whdsé*song learning'was described in
Chapter 7). To inQestigate the relapive importance of visual and
voeél cues the -Sexual.preferenee:v;iues of these males'aré compared

with the results in experiments I and II.

There are a number of interesting -paralIélé ‘between sexual
imprinting and song learning. : For‘thh, social experiéhoe is critical
in ﬁﬁé learning:pfocess and, while learning occurs mainly “during a
relativeiy' brief period~bearly in life, thefbesults are long 1a$ting
7-(Iﬁmelmann and Suomi 1981). However, song learning occurs later than
sekual ~imprinting andzso a young!male might base his song gn that of
the méle he has imprinted 'on. The final part of. this chapter
considersuuwhether"there is a-direct lipk between sbng.learning and
sexual'iﬁbriﬁting by compghing the sénglleérning of each individual
.with thé sexual preference results. described here.-

METHODS .

The males in Chapters T, 9 and 10 were housed with their siblings
in separate cages once the song learning studies had been completed
(Table 11.I). At six months of age these males were tested for their

sexual preference.
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Each»male was §Iaoed in the central portion of a fdoublel choice
jcage measuning 90:x 45 x-30 cm, which was séparated'from a 30 x 30 x
30 cm compartﬁent at each end by a wire screen. For the zebra ?inch
tests a female zepra finch was-placed in oné end csmpartment and a
rcross-fostered»femalejBengalese finch in the other: this ensured that

both females preferred to solicit to a zebra finch male. Bengalese

finch males were tested for their sexual . preference using a-

normally-raised Bengalese finch and a cross-fostered zebra finch
female. ‘To’ﬁeguce the influence of side preference the position of

the.females was ‘changed at random from test to test.

-+ Bach male was given four 30 minute tests, with at 1eas;Agu hours
between test86“ To avoid preferences for partieular fema;es a ﬁale'was
offered the same femglé only once. :The'preferenee,§élue for .each male
.waé.calcuiaped as the proportioh of séng phrases dffected to the zébra
-finch female in choice tests with;feﬁaleé of'»both- species (see ten

Cate 19845).

RESULTS.
--l-_—-y—--v

I: SuecessivehExpdsure to Both Species.

Fig. 11Jf illﬁgtrates the mean sexual p;éference for - the four
groups of" zébra finehés, showﬁ as the proportion of eountghip»song
phrgées each male directed towards the zebpa fihch female. in the
1dﬁdice ;tésts.q‘iThe~ four groups differed - significantly in mate
préference (Kruskal Wallis test, Hs=27.9, P<0.01).  All the
normally-raised birds in group A displayed an exclusive preference for
the zebra finch.(i.é. a preference value of 1.00) whereas those

cross-fostered to Bengalese finehés (group B) showed a definiﬁe, but

not exclusive, preférenee for'the Bengalese finch female. ' Groups C
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and D tended to court the zebra finch female but there' was
: éonsiderable variation.between thé?individuals in groups B, _C and D
.and a number of these males courted females of béth species. This is
reflected in Tabié 11.1I which shows the number of males pe} group

with pﬁeferenoé values of 0, 0~0.5, 0.5—1 and 1.

Cﬁmparing group D with group B reveals that secqndary exposure
does influence final preferenée. (Mann-Whitney U=0, :n, =10, ny=6,
P<0.01). -Compérison of:éroup C:with group A'also reflects this trend
but the difference is much less (Mann Whitney U'test,-n;s.)‘indieating
a:bias towardé ﬁhe zebra finch. This own épeeies_-bias .is also
reflected in the difference in' response Between gﬁoﬁps A and B.
Althoﬁgh grOup.B‘birds‘had a Siénificantly‘greater ﬁreferénee:for the
Bengalese finch female (U=0, ny=6, ny=8, P<0.001) this preference was
>£6t'absolute: -4t is just that thé Bengalége finch was® a 1less

‘effective stimulus.

I1: Simultaneous Exposure to Both Species.

The méan sgiual preferences for the eight groups of zebra finches
éﬁd Bengalese‘ﬂfinches (groups. E-L) are shown in F;é; 11.2. All the
riormally-raised birds (groﬁﬁs E and ‘f) displayed »éh exclusive
preference for the copspecifiq,female but individualé in the*othép”six
gpoupsﬂvaried in-their sexual pfeference aﬁd a number courted, females
of both §pecies.. Table 11.III shows the number of males-in each group

with preference values of 0, 0-0.5;-0.5-1 and 1;fﬂ

The results of the normally-raised and:cross-fostered (groups F
and . J) males show that sexual preference:depends on‘tﬁe experiences

which that male received during the first 35 days .of 1life. A
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oomparison of ‘the preference values of eross—fdsteredﬁzebra finehes_‘
lehds further Support to this claim°' males housed' eXeIusively with -
Bengéleee ffiheies (group B) did not differ signlficantly in their
sexual preference from those in: group F which were eross—fostered to

i Bengalese finches until independenee.and then housed with both species %0

(Mann Whitney U test, n.s.).

For the birds raised 31multaneously by two sp901es during the
first 35 days of 11fe (Z groups G and H, B groups K and L), however,
males are biased’ towards a eonspeciflo mate in subsequent mate-’ ch01oe

‘>tests.; ‘This ‘own species bias is also refleeted in'the preference
values of ofessffostered birds in‘this study: zebra finches in group
_F de not show an absoluﬁe preference for the.Bengaleee.femele but

direct a small proportion of their song to the conspecific female, and-

the oross;}ostered Bengaiese-finches in group J have a preference of
O.67‘Drather than an absolute preference for ' females .of  the

foster-species.

_ The preference values f'or males ralsed by mixed-specles pairs
also show' -own species bias, although the preferenoe is not absolute.
Comparing groups G and H shows that, although males are slightly more
‘Zedirected ' in thelr preferenoe, if they have been raised by a zebra
finch female, the difference is not ‘significant .and:.the Bengalese
finches in groups K and L are slightly more B-directed if they have
been raised by a Bengalese finch female rather thaﬁ a beegalese finch
male (Mann Whitney/ U tesﬁs, n.s.). . Clearly, jbothﬁ.parents are
influentlal in gulding the development of sexual preferenee. .For both
species: there is a 51gniflcant dlfferenee in the preferenee values of

males raised by one versus tWO'heteroepeciflc parents (U=0, n,,=18

'ty
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=10, P<O,QO1 for zebra finches; U=0, n |=17, nzf10,-P<0.001 for

Bengalese finches).

III: The Importance of Visual Versus Vocal Cues.

Fig: 11.3 shows the mean sexual preference for the three . groups
of zebra finches (M, N and O0) and the three groﬁps of Bengalese
i finches (P, Q and R) whleh were housed with a zebra finch singing
: Bengalese song and a. Bengalese finch singing zebra finch song: during

the five week period immediately following :Lndependenee. All the
normally—raised birds showed a complete preference for the eonspeciflc
in contrast to those males which had been oross—fostered.to the other
sbeoies (u=0, 'n|=8, ny =10, P<0.00’_1 for M vs 03 U=0, ﬁ,'=9, nzx10,
P<0.001 fop P vs- R). - The cross;fostered males’ show considerable
variatioh in their preferéhce values: ithis is apparent'in Table 11.1IV
‘which shows the number of males per group with preference values of 0,
0-0.5, 0.5-1 and 1. These results show thévimportance-of early
gxperiech duhing the first 35 days and the bias towardg.learnihg from
conspecifics, even for those birds raised by”thé ﬁother alone (Mann

Whitney U'tests, n.s. for Mvs N and P vs R).

Comparing groups M‘and 0 with normally-raised (group E) and Jv

‘eross-fostered (group.F) zebra finches which wére housed with a normal
zebra finch and‘Bengalese finch male after independence gives no
significant diffehéneg in sexual preference (Mann Whitney U tests).
The same is true forABengalQSe finches. -This result suggests that
visual factors are of‘ prime importance for ‘sexuals‘imprinting.

However, vocal cues:can also have some influence: if males are housed

after indepéndence with males whose sbngs'are inaﬁpnopriatevthere‘is a

greatéb'tendendy to court the conspeqific'femgle‘.in .subsequent ‘mate
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choice tests. but this. difference does not reach statistical

significance (éroups Mvs E, 0vs F).

IV: The Relationship Between : Song Learning ‘and Sexual

Imprinting. -

_Table.11.V examines the?re;ationship between soﬁg learning and
sexual préfereﬁde{ In Table 11.Va the number of zebra finches with an
exclusiveﬂpréferenceifonﬂa zebra finch mate, a zebba-fingh song tutor,
both or neither is compared for sll the:groups (A-D, E<H, M-0). The
results fog Be#galese finghes are given in Table 11.Vb v‘groups I-L,
P-R). tests fér the. both spéciés (excluding the normally-raised birds
' = groups A, E and M for~zebga"finches; B, F andt'P fqr Bengalese
finéhes) indicate thét théﬁgiis‘pﬁ.significant tendehcytfér a male to
copy song from a male of the~specieé on which he is sexually imprinted
{see Appendix -11a for details).

DISCUSSION.

A notable feature of the sexual preference results in all three

studies is the tendency to court the conspecific female in mate choice L

tests, irrespective of previous experience. Even males which had been.
cross-fostered ‘to the other species and remained with them after
independence do ‘not show an exclusive preference for females of the

foster-species.

One possible reason' for @he bias(is the influence.*of siblings.
K?uijt et al (1983) found that eross—fosteréd-zéﬁra;finehes raisea
alone or with qnly one -sibling court the Bénéalese "finch female
exclusively: iny males raiged with two or more siblingé direct 5% or’

more of their courtship song: towards the eonspeeifig‘female. “-8ibling




bias might also explain the difference ‘between . ten Cate et al's
results and ‘those of - Inmelmann and the present study .(experiment I),

-where siblings were trapsferred with the young male.

Immelmann (pers. 'comm.)_suggests that aggregsiﬁe interactions
bétwéen sibling; mﬁy influence matév preferénce.AlOther"gggressive
encounters might also‘be impoptant. _Ien‘ Cate et alj‘(1§84) - found
Bengalese fihéhes were Tess: agQréS;i?g fﬁan zebra finches but, the
greater the pumber of aggressive and non—aggreséive initiatives fby
Benéalese finches towards - the young, the greater‘the'preferenee for
Bengalese finch. Aggressive interactions between:young zebra finehes
and their éutors appear to be important for sbngftutor choice: .the
males in Chapter 3 learnt from the zebra finch who was most_aggressive

towards them.'

‘_Behaviou;él interactions with the parents are also likely to - be
important. In mixed-species pairs (zéBfor aazg) ten”Cété (1985) found
‘that parents tended to feeﬁ conspecific chicks moréTfrequgntly and to
direct more 'aggression and contact behaviour tpﬁards them. These
birds also tended to pfefer a conspecific femalé.in?ﬁate choice " tests
(ten Cate 1985). A ‘further indieatidn-of the imgérténbe of parental
interactions comes - from" Bdhner'é obéervationa' (pers. .comm.) on
normally-raised zebra finehes. *Bohner found a correlation between the
-father's s;nging activity and the frequency with whiéh both parents

feed their fledglings in the two weeks prior to iﬁdependence.

The results in ?this chapter show that normally-raised zebra
finches and Bengalese. finches -have become sexually imprinted by 35
days of age. ‘Thié appiies even if zebra fihches aré transferred to

Bengalese finches at 35 .days (group C), a result which ‘agrees with
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Immelmann (1972) but contrasts with the work of ten Cate et al (1984).

It seems unlikely. that this’ is simply because expdsure to 2ebra_j"i

finqhes was ionger, since group D were housed with Bengalese finches

for longer yet they. also preferred conspecific females:

Cross-fostered males, however, agp capable of - becoming sexually
imprinted after 35 days of age.. Indeed, the males in group'D showed a
strong preference for the zebra finch'female even though they had been

raised by‘Beﬁgalese finches for the first 35 déys=of life. Comparing

group D with group B also'shdws the influence of secondaﬁy exposure on,

final preference. - This -.effect is probably the result of partial

imprinting rather than temporary interference. Ten Cate (1986) also
fqﬁnd secohdary imprinting to be relatively IOnglast;ﬁé: zebra finch
"ditherers", which court females of both species, continued to show

dithering.behﬁfiour when they were‘reteéted six months later.

The results of experiments I and II indicate that successive

epr?ure‘to.bdth‘speefes has a greater influenée on the development of

sexual preferénee than housing the birds with  both species

simultaneousiy. With- Simultaneous exposuré~th§‘bibds show a-strong - ...

preferénce for femalés of their own species although :this preference
is not 100%, »PreSumably this reflects the importanqe?oflbehavioural
intefaeﬁions,.particularly the " difference in parenﬁal inﬁeractions

with conspecific and heterospecific young.

For both species, males raised by Z&'H#f and Be'Z#* pairs developed

similar sexual preferehces. The "mother" may be .slightly more-

influential: birds raised with a conspecific mother had a greater
preference for the conspecific female than thosé raised by a

conspecific father but the difference-between the two did not reach
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statistical significance for -either species. This-agrses with ten
Cate's (1985) results for zebra finehes raised by'mixedsspsgiesfpairs.
A further indication that one conspecific parenf is sufficient for a
young male to-devélop a sexual preference. for cpﬁSpecific- females
comes ffbm the_resﬁlts_of experiment III whsre, for both zsbra finches
snd_Bengalese;fiﬁches, males'raised by their mothéf alone only courted

the conspecific female in subsequent mate choice tests;‘

Experiments I and.III also suggést that- visual factors, . both
physisal ' cues such as plumage eharacteristics and behavioural
1nteractlons with the parents and slblings, are of ‘prime 1mportance in
the ‘_development . ‘of . sexual preferen‘ee. Vocal cues can-also have a
subtle effset: males which have been housed with fufeis who sing
inapproprlate songs (experiment III) show a greater tendency to prefer
conspecific females than those housed with normally-raised tutors

after independence.

. The overall results .of these sexual imsrinting- studiés bear
striking <sim;1arity to the song leapning results in Chapters Ty 9 and
10, and superficially, the two processes do appear to correlate:
normally-raised males court conspecifics exclﬁsively anq“onlﬁ sing
conspecific song; eross-fsstéred males‘ﬁrefer to eourt females of the
foster-speeies and to learn from a song tutor of that species; and
‘males raised by two - speeles‘ are 1ntermediate between the two.
However, . the results in' this chapter el%arly_indicate‘that, if one

considers individual males, there is né'difect'link:bétwéeh the two.
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. TABLE 11.I: Housing conditions.

35-70 days

80-105 days Total No,

(B chicks)

Groqp A 0-55~days L
% Y 7077 76'2% 8
 (Z chicks) . ' '
B B Y. . BdBg B&BY 6
(Z chicks) g ,
i - SIS BdBY w79 *10
- (Z chicks) ‘ A
D B#BY . ‘7478 BI'BY 10
(Z chicks) t
E 2878 74 Bd” 10
(Z chicks) .
F BS'BY zd+ B 10
(z ohicks)
G e 24+ B 10
S5(Z chicks)n A 2
H .:B&ZS' 7284 B 8
(Z chicks) _ .
I BB 7d% B 10
(B chicks) . -
J  wm 2d'+ B 10
. (B chicks) .. = o |
K : 70 BY . z6+ BS" 9
(B chicks) o
L BEZY zd'+ BS 8
(B chicks) -
M BB 2854+ BZSd' 8
(Z chicks) k
N BY'BY ZBS+ BZS# 10
(Z chicks) |
S0 78 2BS9+ BZSA" 10
- (% chicks) o
;B BH ZBSd BZSd 9
(B chicks)
- Q u’79 zBsd'+ BZSS 10
(B chicks).
R zBsé+ BzSE 8




TABL E 11.II: Sexual preferehee-for zebra finches in experiment

I.
Group No.males with a sexual preference value of :- Total No,
0 0-0.5 0.5=-1 1
A 0 0 0 8 8
(2-2~2)
B . 3 3 0 0 6
(B-B-B)
C 0 0 4 6 10
(Z-B-2)
D 0" 0 10 0 10




TABLE 11.IV: Sexual preference 'in zebra finch and Bengalese

finch males infexperiment III,

- Group No males with a séxﬁaltpreferehée value of :- . ‘Total No,
0 0-0.5 0.5~1" S R
M 0 0 0 8 8
(26'28 ) %
N 0 0 ‘0 10 10 ¥
( zt) £
0 2 8 0. 0 10
(B&'BY)
P 9 0 0 0 9
(B#B%)
Q 10 0 0 0 10 ‘
( BY)
R 0 2 6 0 8
(z8z%)




TABLE 11.III$ Sexual preférence'in .zebra finch and . Bengalese g
finch males in experiment II, .

Gﬁbup No males with a sexual preference value of :- Total No
0 0-0.5 0.5-1 1.

E 0 T 10 10
(28728)

F 3 T 0 0 10
(BSBY)

G 0 0 3 1 10
(28'8¢)

H 0 0- 1 T 8
(B872)
(8'g)

.4 0 0 10 0 10
(28%8)

K 6 2 0 0 gt
(2888)

L 6 2 0 0 8




: . TABLE '11.V: .The relationship between sexual preference and song .
' learning. z 5 :

I
-

(a). ~Zebra finch males.

Group " No males with an exclusive préferénce for:- ; TotallNo,f
; Z% & SONG. Z9. . Z SONG.~ . NEITHER,

A - 8 | "4 0 0 8 ;;
(2-2-2) , A

(B-B=B) :
c G - 0 b 1073
{(Z-B-Z) - 4

Wl s, BT : a3 10+
(B-2-B) ' :

E 10 0 0 © 0 g0 ¥
(292¢) :
F
(BIB)
G
+(28B%)
C(BER) ¢ : . , : s
(W)
o' (Y 7 2 0 0 0%

( 28)

0
(B&BR )




(b).

Bengalese fineh males. .-

NO;méleSlwith an exélusiﬁe preférencé for:s . qual_No.

Group A
, B{ & SONG.  Bg. B SONG. . 'NEITHER.
g 10 gy T 08 "o | 10
- (B&'BY ) 5
g 0 0 y - 6 10
(2828 )
K 3 y 1 0 91
(Z8'B2 )
L 5 1 2 ) 8
(BeZ9 )
P 5 3 0 0 8
(BFBY)
Q 6 i 0 0 10
( BY)
R 0 0 i y 8
(z87%)

' One male in group K failed to court either zebra. finch
or Bengalese finch females.

# Tyo males (group M and: N) did not learn song from either
-tutor or the father.




Figure 11.1: : N o : . - tﬁ

Histograms of the mean«;exuai preference per{grbup for ;ﬁpgf fouﬁffgug
groups of =zebra. finches .(A -,D)‘which'were suécessively exposed. to

zebra finch and Behgalese finch pairs in experiment I.

NR

Normally-raised males. .

XF

Cross-fostered to the other species. . S . E:i

Z-B-Z = Raised in successive five week périqu by a pair of geﬁra
finches, a pair of Bengaleée finches and then afSecond pair of zebra

finches.

B-Z~B = Raised in the reverse situation.




~ FIG 11

T4
%
9
8
0-
Z Jald

q




‘Figure 11.2:

Histograms of the mean' sexual = preference per ghoup for four
groups of zebra finches (E - H) and four groups of Bengalese fincﬁes

(I = L) in experiment II.

ZB = Raised by a zebra finch ﬂféther" ‘and ‘a Bengalese finch

"mother". o B, % A

BZ = Raised by a Bengalese finch "father" and a zebra 'finch

"mother".

Zebra finch males.

. VBengalese finch males.
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Figure 11.3:

Histograms of the mean sexual preference per
groups of zebra finchés (M - 0) and three groups

(P = R) in experiment. III.

2 = Raised by the conspecific "mother" alone.

Zebra finch males.

-Bengalese finéh males.

group for the  three

of ‘BengaAl ese finches







Chapter 12.

coNcLu’sxons.

Since the pioneering chapter by . Immelmann (1969) our knowledge of -
' ‘song  learning in zebra finehes has progressed considerably ‘and it is @

. now clear that -  social experlences early in llfe--are .extremely “i

’influential in governing what a ‘bird-learns, when and from whom.

From his orlginal studies, in which zebra finches were raised by

Bengalese foster-parents and then moved into isolation at different

ages, Immelmann (1969) cOneluded that young zebra finches show a ;

 .preference for both sgng-of the.rightutonal quality (own species bias)
‘and for that of the male which reared them. . Toese>:results might be
taken‘ to suggest‘ that zebra finches woﬁid .norselly learn their
father's song. AHoweVer, in the wild byoung zepra innches become
indepéhdeﬁt of their parents at about 35.days"of age (Immelmann 1962),
before the normal sen31t1ve phase for song production learning (Eales
'1985b). By this time most: parents have begun a fresh clutech and

become increasingly aggressive to the fledglings, oha31ng*and driving

~them away - from  the nest. ‘These'behaviours are alsovseen"inVcaptive‘JW

SN

) S 15,

birds (Chapter 2) After 35 days the father is therefore unlikely to

be avallable for the young birds to learn from except where they are
housed together experimentally. In the wild zebra flnches form small
flocks»(Immelmann 1965) ‘where young birds will -experience a variety of

songs after separation from'the father and experience - during this

_period immediately - after independence is likely to' be - the most o

important factor influencing which'songsﬁtheyfsing as adults. This

does not mean - that experience'before 35 dajs~is‘irrelevant to song '~

learning. vIndeed,.Chapter 3 shows that experience before'independenee, j
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can. lead to a_pnefenence for a eong-tutor who'singe like the father in

subsequent tutor choice.

lf a yonng male is to ‘base his song on~that offe tutor‘nhose song
is .eimllar to the father's then he must learn some features of his -
father's song by the time he: gains independence. ‘diseriminatlon
learning need not ‘involve the memorlzatlon of detalls, such as those
required in song productlon learning. Nonetheless, both males and
females are capable of. learning to discrlminate between a whole
variety. of songs (Chapter 4) and this discrimination learning may help
them tO'diStinguish between individuals, neighbours and strangers, and
perhaps to recognlse relatlves. The latter depends on the ' extent tO':
which male performance learnlng involves: the transmlssion of kinship
A'eues. If closely related males have similar songs »ee .a result of
choosing to- learn song ' from a tutor whose song is similar to their
fathers! then song eould be used as a cue for mate choice’ and, if it
is advantageous for a female to choose a mate who 1s ‘neither too
distantly nor. too_ closely related to nerself, then she might.choose a
_ male‘ whose.-song”'differed from thet of her- father by'e partieuler
_.amount. Tne results in Chapter 4 shbw that female zebra finches can
dieoriminate: between their fathers' songs and those ofwother neles:

this might provide the basis f'or such a meéechanism.

In the‘wild - zebra finches associate in.'mixed—speeies flocks
(Immelmann 1962) and it is therefore crucial that young males choose a

conspecific song tutor to learn their song from. . This thesis shows

“that physical contact, visual cues and vocal' interactions are

important in ensuring speciee;epegificity. AlthpnghﬁphySieal- contact

is not essential, in‘tne sense that nebra‘fineh song development will

S o 1.31‘ _/‘:5,




proceeq normallyvprovided the bird can interact*Visually»uénd vocally
with a. tﬁtor th?bughoqt the sensitive phasé‘fér song lggrning (Eales
ji985a),,éggressiﬁé interaétigns between;the-?u@pgs and @ﬁe young males’
appear: to iﬁflﬁen&e song tutor choice (6haﬁter 3).‘ In the-.tutor
BChoieé studigs-in Chapters 7, 8 and 10.involviné*zebra ﬂiﬁohes which
had | been cross¥fostered " to Bengalese finehés and -viée-vérsa;
behavioural interactions between youhg males and their tutors were
.minimised by separating . the two ﬁutors froh each opher-and from the
“young males by wire hesh screens because zebra finches are known to be
more aggreséiﬁe than Bengalese ' finches (Chapter 2). Nonetheless,

previous intefactions "with - the Vpérentsl before 35 déys might be
':important. Cross—fostered‘?zebra finches receive less parental care
froﬁ their Bengalese finch foster-parents (ten Cate 1982, ten Cate et
al'198u)aénd Béhgaleée parents are less aggreésive tqwards'theih young
(Chapter 2). As-ﬁéll'as basie‘di?fepgnoes bétﬁeen~Athe twp species ,f
adults may also differ in their reactions to c?ieks of their own

‘species and those of ‘the other. This is most obvious in-mixed—speeies.
péirs where:‘the éonspecific parent féeds the chicks ﬂore and directs
_ more contact beﬁaviour and aggression towards them (ten Cate 1982).

‘?In mate choice tests young males subsequently ﬁrefer a female of their

qwh species iten Cate 1985). The preférence for a cdnspgeific- song

tutor might.alsblbe established in this way (Chapter 10)s

Anotper factor which may bias 1earn§ng stems from the
speoies;sbeoifio differences in vocalizations. Zebga finches are
capable of copying soné froﬁ-a'Bengalese fineﬁ tutor bﬁﬁ they tend to
-s;ng Ithese- Bengalese elements in phrases which are mbre nearly zebra
Eineh in length (Chapter 6). Bengalesé finohés also learn from the :E

other species: they tend to sing zebra finch elemgntsvin longer
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:phrases w;th elements being iﬁébeaged. in typical =Bépgalese finch
-féshioﬂ. ‘These elements tend to be copied inécourétql; and are more
widely spaced so that the _gong is sung at a s;ower ‘tempo. An
additional ~ feature is that speciés-specific ealll’nofes are often
incofporated into the .song by zebra finches but not by Bengalese
finohes. Thisﬁgould serve?;s a label indicating the suitability of a
. s;ng tutor. However, the results in Chapter 8‘showed no. tendency to-
learn from thé -m;le -with 'a normal song aﬁd distange call in'ohoiee
tests with twé‘zebra finch tutors;.oﬁe with a normal song and one

g’ which sang BengaleSg,fineh song elements.

If zebra finches and Bengalese finches are given ‘the choice of

two tutors, a zebra finch =singing Bengalese finch elements and a .

Bengalese finch singing zebra fincﬁ elements;:they tend to learn from
the conspecific irrespective of whieh species raised-them (Chapter 7).
This sﬁégeéts_thaé visual cues arev fery important ~:-ia‘.”or"‘sox'lg .tutor
choice. Comparing the results in Chapter 7 with those in Chapter 10,
where cfosé—foéﬁered males which were exposed to a zebra finch and a -
Bengalese finch song'tutoﬁ from 35 to 70 days ténded»to sing a hybrid
.8ong oontaining elemehts copied from both tutors, syégest- that . vocal
cues fhom the foster-father may:bias léarhing in favour of the tutor

who has a similar ‘song tQ that of the male which raised them.

Sibiingg mighﬂfélso bias song:tutor choice, a féétor. which has
often been overlooked .in the past, but':ohe which is known toibe
“erucial in theAdevelopment 6f sexual -preference (Kruijt et al 1983).
.-The number per clutch and tﬁé number of each sex might both be
Aimpéftant. A subtle point'is-that, because of the diffiouities in :%

raising birds by the other species, particulafly for Bengalese finches
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cross-fostered to zebra finches, there tend to be fewer siblings per .

clutch.

Physmeal factors, visual cues and vocal differences are all

G likely to contribute to the own species bias. As well aS'affecting .

what and from whom:a bird learns, cross-fostering can also affect  the
timing of. song leatning (Chapters 9 and" 10) ‘Ifumales-are deniee
" visual interaction with the tutor during the normal -sensitive phase
(Eales 1985&), or if they have been exposed'successlvely (Chapter 9)
orISimultaneoﬁst (Chapter 10) to both species, then there is a
tendency to -produce song  heard from their‘father or foster-~father
‘before 35 days of age. In ail three studies, vocai and or visual
stimulation dufing . the sensitive phese did not match in qualit& that
reeeived earlier. Sueh a mismatch seems to cause the bird. to recall
and reproduce song learnt .before 35 «days and to bledk=further learning

after the normal sensitite phase.

ﬁhat alluthree'Studies show is that experience, in addition to
age,A is important .in governing the. timing of song learning. The
results of:Chapter 11 show the same ’flexibilityy in  the timing of
eexualvimpriﬂting, " Further evidehee of this flexibility in:the timing
of the sensitive phase is reflected in the finding that birds raised
in 51m11ar situations sometimes learn at quite different times. Some
of the cross~fostered males in Chapters 9 and 10,,for example, leernt
before 35 days whereas none of the'enoss-fostebed ﬁdles in Chapters 7
and 8 did 80. Clutch mates often differ in their. choice of ‘song tutor
as well as in how accurately they copy a seng; The erucial poigt is
that the timing of the sensitive phase is flexible"'that-and -when a

bird learns will depend .on the experiences he gains. This applies to
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the develqpment of both sexﬁal preference and song. Individuals vary
eohsiderably and this should serve aeb a caveat in rigid

iﬁterpretations of the results.

An element of cautlon should be employed when relatlng the
.results of this thesis to song 1earn1ng in the wild. The studies in .-
Chapters" 3 and 4 have been designed to mimic as nearly as possible the:'ﬁ
experience which young zebra finches would receivenip the wild., I
have aseume& that'raieing young zebraufinches By their parents until:
independenoe and then 'sepafating them into small groups is a
reasonably close fit to the natural s:.tuat:.on.;- Nonetheless, questions :
'eoneernlng the funetion of song .and of song learning can only be

% answered';n relation to the environment in which that "song evolved.

VObviously .ﬁhe controlled labofatory' conditions are essential for
carrying 9u£ experiments on song acqhisition but the extent to which
“these results oan‘ exblain what happensvin.the wildtdepends on how
accurately the 1aboratory'sibuatiopvmirrors the naturalone. Although
‘Some stﬁdies of wild zebra finches“have beeh qoﬁei(imﬁelmann 1962, ,5
_Zanﬁ 1984) the species is not an easy one for ,detailed' behavioural

observations. in the bush. hMobe'informationiis reduired; partieularly

on population stpucture and dispersaliend on precise deﬁails of ﬁheir -
-development, if . these results for captive birds are to be put in a
'Wnatural eontext. Cfueial to the whole story ie-a.knowiedge of how and
- when zebra finchesvchOOse their song tutors in the wild. At present

there is no information on this, yet such details are vital if the

functional significance of laboratory results are to " be fully

appreciated.
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APPENDIX 5a: Re_sulté of song learning in Bengalese finches aged
_8ix months : > ’ i : : %

.Group “Bird No elements No improvised No elements No elements in. .
“ in bird's elements learnt -from tutor's song *
song phrase : _ F T I F Ty o Tg- < &
A .. BT0 T 5. - - 2 - - 9 =
' BT1 6 3 - - 3 - - 9
B72 6 3 - - 3 - - 9
BT4 10 7 - - 3 - - 9
BT5 6 3 - - 3 - - 9
GBk 6 2 - - 4 -~ - 9
B76 6 1 - - D - - 8
BT7 6 2 - - 4 - - 8
B78 8 1 - - 8 - - 8
BT79 9 1 - - 8 - - 8
B80 8 2 - - 6 - - 8
B 01 9 6 - - 3 - 9
04 10 6 - - 4 - - 9
X9 11 6 - - 5 - - 10
Y10 8 . 4 - - 4 - - 10
B4 8 5 - - 3 - - 7
B5 10 7 = = 3 - » 7
B9 6 : 2 - - y - - T
B11 6 3 = = . B . = 7
B13 T - 3 - - 4 - - 7
c 05 o = 5 - 1. = - 10 -~
: B 1 9 1 - 8 - -~ 10 -
B3 9 1 - 8 - - 10 -
YT 9 y - 5 - - 8 -
Y. 9 1 2 - 5 - - 8 -
Y10 7 2 - 5 = - 8 -
P 6 8 3 - 5 - - 8 -
PT T 2 - .5 - - 8 -
PR 6" o - 6 - - 8 -
PW 8 2 - 5 - -~ 8 -
D W7 10° 4 6 9
W38 12 7 5 - 9 -
D 7 1 6 10 -
B 7 1 6 - 10 -
R 9 1 8 - 10 ”
P10 '8 2 6 - g -
P11 7 0 7 - 9 o
P12, T 0 7 - 9 -
P8 7 2 5 = 9 "
DP1 = 9 3 6 - 9 -




APPENDIX .7a: Results of song leaning. - : 2

(I). Zebra finches.

Group. © - Bird. Song tutor choice. 3
. A “B142 * 7 calls,
(2828 ) B4y e te. - 2BS -
e B146 ZBS b
B150 ZBS
B153 . ZBS .
B154 . ZBS + BZS
‘B157 ZBS :
B158 ZBS
B . ~ B19 ZBS
(z¢) ~ B20 . ZBS
3 B10 - Z calls : ‘-
G10 ZBS ; &
. Pk8 . ZBS : ; o
B18 ' ZBS'
P8 ZBS + BZS
Gl - ZBS .
P9 ' ZBS + BZS
Pk9 ZBS
B61 , & BZS
B63 Yo, ZBS + BZS
B64 ZBS.
B65 ZBS
B66 - - ' - .. IBS + BZIS"
B67 ZBS
B68 . . ' ZBS
“BT70 .+ ZBS
BIE =« ¢ ZBS
PB12 ' ZBS




1

*(I1). Bengalese finches.

Song,tutOr»choieef?

~@roup. Bird. .
D B135 BZS -+ ZBS
- (B&'BY) ‘B137 BZS + ZBS
%72 B139 " BZS + ZBS
B140 BZS
B142 BZS
B148 . - BZS
B149 ' BZS
B155 - BZS
B156 BZS
E - B12 BZS
( BP) B21 BZS
B23 BZS + ZBS
B41 BZS + ZBS
B42 BZS
B43 BZS + ZBS
WG BZS
H BZS
B55 BZS
B58 BZS + ZBS
- F B56 BZS
©(ZdZe) B57 ) ZBS
o G BZS + ZBS
WN BZS
B51 BZS
B52 BZS
B53 ZBS -
B19

BZS + ZBS




APPENDIX 8a:  Song learning in zebra finches.

i Group. = Bird. " Prop. song learnt from: ° Tutor(s) chosen.
' ) ; ; Z Z . ZBS
A . B35 0.86- 0 - z
(2823 ) B36 0.78 " 0.22 Hybrid
: BY6 0.67 0 7.
B110 . 0.625 0.25 "Hybrid
~ B111 | 0.875 0 7
“B113 0 0:67 ZBS
B103 0 0.40 ZBS
B104 - 0 © 0.8 ZBS
B105 0 0.58 ZBS
W12 070 0 Z
‘B14 0.78 . .0 Z
B " B10 0 0.5 ZBS -
( %) B12 0.33 0.33 Hybrid
B13 0 “0.57 ZBS
B15 0 0.375 ZBS -
P73 0 1 ZBS
P74 . 0 i b ZBS
P75 -0 0.83 ZBS
B3 0 0.5 ZBS
BY 1. 0 Z
P71 0.80 0 Z
- B31 0 0.9 ZBS
B33 -1 0 Z
334, 0 0.83 ZBS
. B39 0 1 ZBS
B43 o . 0.57 ZBS
BiY 0.375 0.25 Hybrid
B4T 0 1 ZBS
GBk 0 4 ZBS
BPk - 0.33 0.5 Hybrid




APPENDIX 9a:. Results of song learning at six mohths._

Group Bird . No. No. No. elements No. elements
' .elements improvised learnt from' in tutor's song

in phrase ‘elements ~ T, Tz I3 1y Tz - Ts - By
- A R1 5 0 0O 5 O 12 5 9 2
(2-2-7) .B3 3 0 0 3 o 12 5 9 s

Y5 5 0 ¢ 5 0 12 = 5 ==

. P76 %8 1 0" & . O¢s =28 10 ¥

P77 6 0 0 6 0 8 10 9

P78 6 1 0 5 o0 8 10 9

w2 8. 1 0O 7 0~ 8. "9 .11

Wy 6 2 0 4 o0 g 19 <Y1
‘B .. YBY 8. 3 Ay =8 g 9 <9 7
(B-B-B) Y¥BS 5 2 0 3 o 9 9 7
. Y408 6 2% 0 4 o0 11. 10, 9 :
R L RPC S '3 0 8. o 10 11 .10 2
P57 10 4 0 6 0 10° 11" 11 :

P59 9 3 0 6 0 . 0. 11 11

e - P20 12 8 -3 ¥ 0 2 11 4

(Z-B-2) - P21 12 7 5 0 0 12 11 4

: 12 9 3 0 o0 12- 11 4

7 =B 1 4 0 8 12 10

74 3 w2 2 0 '8 12 10

y 4 0O 0 o -8 1110

4 y 6 0 o | el

4 4 0 0 0. 6 10 7

10 y 3. 3 0 8 10 8

q y "0 3 0 8 100 8

6 3 0 3 o0 10° 7 1

5 0 3 2 0 9 T

9 2 0 7 O 0 8 9

12 6 0 6 0 0 8: 9

7 2 6 5 o0 11 9 - 11

9 y 0 5. 0. 11 9 11

6 0 2 4 0 11 8 9

7 3 0 4 o 11 8 9

9 3" 0 6 0 10 9 12
9 4 0 5 0 10: 9 12
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APPENDIX 10a: Results of song learning and sexual preference,
(I). Zebra finches.
Group. - Bird. S Song learning.
T B27 - F,Z+B
(z4'B¢) . B29 F,Z
: YOB6 , F,Z
B52 Z+B -
B53 %
B54 Z
B55 - F
- B5T Z+4B L
B3 , : Z 5
B60 : ‘ Z :
SUOB Y. g9 F,Z
(Bd'z8 ) B72 : Z
o, B B75 , : Z
DG2: . Z
DG3 Z
BT9 . %5, .
B8 - - F,Z+B
B82 , : ‘F,Z4B _
C : R1 Z
(zd2) R3 - Z
; . B % .
i ¢ Z
Y5 Z
B1 2",
B2 7 ;
Gl z
G5 Z
" G8 Z
Do B116 : Z+B
(Bé'H) - B117 Z+B
B119 Z+4B.
B120 Z+B
B131 ‘ 0 Z4B
B133 . - Z4B .
B135 : Z calls.
B136 5w Z+B -
B137 Z+B

B140 ' B




APPENDIX 10a: Results of song learning and .sexual preference,

(II).'fﬁéhgalésé finches.

Group. Bird. . Song learning.
E B46 * R
(z288¢) . B4 8 B
W : - B50 B
’ B58: F,B
. B59 F,B+Z
* B60 "FyB+Z
B61 F,B+Z -
B90 B
" B9 None
F B92 . B
(BFZ) B94 B’
B96 - B
B9T F,B
B99 B
B100 F,B
GBst F,B+Z :
PBst F,B
G W1 B
(BSBY) Wi B
W5 B
P1 B
P2 "B
PY B
PT 4B
‘P9 B
P10 R
G,Bst B !
B121 B
B126 "B
B128 B+Z
B130 . B+Z
B132 ¥, Z
B133 B, Z
B13Y4 Z
PBst. B+Z
P11 B
W13 © B+Z

P
o,
SOV

D




APPENDIX 11a:
'(I). Zébra finohés.

ﬁeéults of song learning and sexual preference,

- Group.  Bird. ‘Sexual pref. Song learning.
. (z/z+b): . SR
A R1 1.00 g
(Z2-Z-Z) B3 1.00 Z:
Y5 1.00 Z
P76 1.00 Z
PTT 1.00 “Z
P78 1.00 Z
w2 . 1.00 Z
WA 1.00 - z
Bt ..XBA . 0.00 B.-
(B-B-B)  YB5 10.00 B
408 -39 B
P55 15 B .
P57 20 B -
P59 0.00 B
¢ 820 .83 Z+B
(z-B-2) P21 1.00 Z
P23 1.00 &
B1 “1.00 Z+B
B2 .90 Z+B
P31 1,00 Z calls
P33 1.00 Z calls
P35 1.00 Z calls ~
DP2 .78 Z+B; :
P2 .88 g
- P29 S - Z
YB8 . 82 Z+B
P40 .85 2z
P43 - .86 Z
P45 .69 Z
DP1 .64 . Z+B
* .DP3 87 Z
G6 o] Z




| (B5BY

(z#'BE)

R1.
R3-
R5-
2
Y5

B1. .

B2
G4
G5
G8,

B116

B117

B119
B120
B131
B133

B135 ..

B136

. B137 -

B140

B27
© B29.

Y9B6
B52

BS54
B55

BST ©
B59
B60

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00 -

1.00
1.00

0.00

0.00
.12
.20

0.00

A 4 -12

.18
.20
.15
.10

.82
.68
1.00
1.00

1.00 -

1.00
1.00
1.00

.83
1.00

1.00

.78
1.00
1.00
1.00
1.00
1.00
1.00

rj
eeTe  NNNDNN

xj =

N NN
+ ¥
Lo+« + B




M Bis2 - 1.00
(zZd%ZR) - B4 -~ 1,00
| B146 1.00
B150 1.00

B153 1.00

B154 1.00

" B157 . 1.00

. B158 _ 1.00

calls

N&,T.NNN:&N _

N . B19: 1.00

( 'z$) B20-.. . 1.00
e 2 B10 - 1,00
G10 1.00

Pk8: ©1.00

B18 - 1.00

P8 1.00

G1 . 1.00

P9 - 1.00

Pk9 1.00

calls

NN DN NNNNNNN

0 . B61 125
(BfB§)  B63 0.00
B6Y4 ~0.00
B65 S 039
B66 < .27
B67 .20
B68 .18
B70: 15
- BT1 O Tkl
PB12 .20

B
+
o w

N NN
3
(++]

NN NNN

Vi TG




APPENDIX 11a: _Besults of song Learning-and;Sexual;preference,

(II). Bengalese finches. "

Group. Bird.A

Sexual pref.

“Song learning.

Wi3.

(z/z+b).
ey ~BU6 0.00 B
- (z8Bg) . Bu48 0.00 B
- B50 0.00 B
B58 0.00 F,B. ..
B59 0.00 F,B+Z
B60 0.00 F,B4Z .
B61 0.00 F,B+Z .
B90 .23 B
B91 .34 None
J ‘B92 0.00 B
(Bf'7)  BY4 - 0.00 B
; B9Y6 . 0.00 B
« B97 0.00. F,B
B100 0.00 F,B
GBst 0.00 F,B+Z
PBst .37 F,B
i K W1 0.00 B
(BF'ED Wl 0.00 B
W5 0.00 B
P1 0.00 B
P2 0.00 B
P4 0.00 B
P7 0.00 B
P9 0.00° B
P10 0.00 B
G,Bst 0.00 B
L B121 .78 B
(26'28.) B126 .72 B
, ‘ B128 .50 B+Z -
B130 .60 B+Z
B132 .70 F, %
B133 .58 F, Z
B134 .67 7
PBst .70 B+Z
P11 .82 B
.60 B+Z

g

o
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R
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B35
B137

B139
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'B21

B23
B#1
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. B3
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B ¢
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