lq, National Library

Acquisitions and

Bibliothéque nationale
of Canada du Canada

Direction des acquisitions et

Bibliographic Services Branch  des services bibliographiques

395 wellington Street
COnawa, Ontano
K1A ON& K1A ONg

NOTICE

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of

this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c¢..  C-30, and
subsequent amendments.

Canada

395, rue Wellinglon
Ortawa (Ontano)

Your fiks Volie 1olivesne

Oty NOfre 100 eeence

AVIS

La qualité de cette microforme
dépend grandement de la qualité
de la these soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

$§’ll manque des pages, veuillez
communiquer avec [université
qui a conféré le grade.

La qualité d’impression de
certaines pages peut laisser a
désirer, surtout si les pages
originales ont été
dactylographiées a l'aide d'un
ruban usé ou si 'université nous
a fait parvenir une photocopie de
qualité inférieure.

. La reproduction, méme partielle,

de cette microforme est soumise
a la Loi canadienne sur le droit
d’auteur, SRC 1970, c. C-30, et
ses amendements subséquents,



Male song and sexual selection in the European Starling

Donald James Mountjoy

Department of Biology
McGill University

Montreal, Canada.

February 1994

A thesis submitted to the Faculty of
Graduate Studies and Research
in partial fulfilment of the requirements of the degree of

Doctor of Philosophy

© D. James Mountjoy 1994
(Chapter 1 © Springer-Verlag GmbH & Co. KG)



Il e

Acquisitions and

Bibliothéque nationale
du Canada

Direction des acquisitions et

Bibliographic Services Branch  des services biblographiques

385 Wellington Street
Ottawa, Ontano
K1A ON4 K1A ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

395, rue Welkngton
Ottawa (Ontaria)

Your Dl Vodre rvtéerece

Our e NOITE® rfonence

L'auteur a accordé une licence
irrevocable et non exclusive
permettant a la Bibliotheque
nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de sa thése
de quelque maniére et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
these a la disposition des
personnes intéressées.

L’auteur conserve la propriéte du
droit d’auteur qui protéege sa
thése. Ni la thése ni des extraits
substantiels de celle-ci ne
doivent étre imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-315-94690-3

Canada



ABSTRACT

The function of the complex song of the European Starling (Sturnus vulgaris)
was examined. Song playback experiments showed that both male and female
starlings were attracted by song, and complex song inhibited males from entering
nestboxes. Wild starlings (at least two years old when first recorded) showed
extensive changes in the composition of their song phrase repertoires and most
also increased the size of their repertoires, which will result in a correlation
between age and repertoire size in this species. Females prefer males that have
more complex soug, and this preference remained significant when preferences for
certain nest sites were controlled. Males with larger repertoires did not spend
more time incubating or make more feeding visits to nestlings than did males with
smaller repertoires. The evolution of complex song in the European starling is
consistent with an age-indicator mode!l of sexual selection, in which aspects of

male quality correlated with age are advertised by the complexity of male song.
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RESUME

La fonction du chant complexe chez ’étourneau sansonnet (Sturnus vulgaris) a été
étudiée. Des expériences basées sur des retransmissions de chants enregistrés ont
démontrés que les males et les femelles €tourneaux sont attirés par le chant et que la
retransmission de chants complexes inhibe I’'entrée des méles dans les nichoirs. Les
€tourncaux sauvages (8gés d’au moins deux ans au moment du premier enregistrement) ont
démontrés des changements considérables dans la composition du répertoire de phrases de
leur chant, la plupart des oiseaux accroissant aussi la taille de leur répertoire et cect
résultant en une corrélation entre 1’age et la taille du répertoire chez cette espece. Les
femelles préféraient les males ayant des chants plus complexes, cette préférence se
maintenant de fagon significative lorsque les préférences pour certains sites de nidification
éraient controlées. Les miles ayant un grand répertoire ne passaient pas plus de temps 2
incuber ou A faire des visites pour nourrir les oisillons que les miles ayant un répertoire
plus limité€, L’évolution du chant complexe chez 1’étourneau sansonnet est compatible avec
un modgle de s€lection sexuelle d’un indice de 1’age, ol les caractéristiques reliées A 1a
qualité du mile qui sont elle-méme reliés 2 I'dge sont affichées par la complexité du chant

du maile.
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PREFACE

The faculty of Graduate Studies and Research requires the following statement to
be reprinted.

"Candidates have the option, subject to the approval of their Department, of
including, as part of their thesis, copies of the text of a paper(s) stbmitted for
publication, or the clearly-duplicated text of a published paper(s), provide that these
copies are bound as an integral part of the thesis .

- If this option is chosen, connecting texts, providing logical bridges between the
different papers, are mandatory.

- The thesis must still conform to all other requirements of the "Guidelines Concerning
Thesis Preparation” and should be in a literary form that is more than a mere
collection of manuscripts published or to be published. The thesis must include, as
separate chapters or sections: (1) a Table of Contents, (2) a general abstract in English
and French, (3) an introduction which clearly states the rationale and objectives of the
study, (4) a comprehensive general review of the background literature to the subject
of the thesis, when this review is appropriate, and (5) a final overall conclusion and/or
summary.

- Additional material (procedural and design data, as well as descriptions of equipment
used) must be provided where appropriate and in sufficient detail {(eg. in appendices)
to allow a clear and precise judgement to be made of the importance and originality of
the research reported in the thesis.

- In the case of manuscripts co-authored by the candidate and others, the candidate is
required to make an explicit statement in the thesis of who contributed to such work
and to what extent; supervisors must attest to the accuracy of such claims at the Ph. D.
Oral Defense. Since the task of the examiners is made more difficult in these cases, it



is in the candidate’s interest 1o make perfectly clear the responsibilities of the different
authors of co-authored papers.”

In accordance with the above I offer the following. All four chapters of this thesis
are in the format of manuscripts, and my supervisor, R. E. Lemon, will be the second
author of each paper. I am responsible for originating, executing, and writing up all of
the research reported in these chapters (with technical and other assistance as noted in
the acknowledgements); Dr. Lemon has provided financial support, suggestions during
the planning of the research, and editorial comments on the writing of the manuscripts
within the normal bounds of graduate supervision. Chapter 1 has been published in
the journal Behavioral Ecology and Sociobiology (Mountjoy and Lemon 1991, 28: 97-
100); I have taken the opportunity to correct a few typographical errors which
appeared in the original paper. Chapter 2 has been accepted for publication by the
Journal Animal Behaviour, and Chapter 3 has been submitted to Behavioral Ecology
and Sociobiology. Chapter 4 will also be submitted to an appropriate journal. I have
retained the use of the first person plural in all of these chapters, and there is some
redundancy between the introductory material in the various chapters as a result of
their having been prepared as independent publications. The format for Literature
citations and some other editorial details also corresponds to the requirements of the
respective journals and is thus not completely consistent between chapters.



CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

1. Chapter 1 is only the second study (o provide direct evidence that passerine
song attracts females, which has long been assumed to be one of the two main
functions of bird song. It also is the first study to document male attraction by
song into a ’defended’ area, contrary to the assumption that song normally serves
as a deterrent to male intrusion.

2. Chapter 1 is the third study to provide direct experimental evidence that song
complexity increases the effectiveness of song as a deterrent to intruding males. It
is the first of these studies to demonstrate this effect in a species which isa
"continuous” singer, with long songs that are not highly stereotyped.

3. Chapter 2 is one of the few studies to document extended song learning which
leads to an increase in repertoire size after an individual’s first breeding season;
furthermore, it is only the second study to provide evidence that this increase in
repertoire size continues beyond the individual’s second breeding season.

4. Chapter 3 is the second field study to provide evidence for a female preference
for mates with more compiex song which is not confounded by possible
associations with territory quality. It is the first study to demonstrate this
preference in a species in which repertoire size is known to be associated with an
aspect of male quality, specifically the age of the male.

5. Chapter 4 is the first study to directly examine the potential relationship
between the repertoire size of individual males and their contribution to parental
care. It does not find any support for the idea that males with larger repertoires
prqvide more parental care, although this possibility has been suggested in the
literature on a number of occasions. 7
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GENERAL INTRODUCTION

In certain species of birds evolution has resulted in songs which are long and
extremely complex, or in individuals possessing a large repertoire of simpler songs.
Many other species though seem to accomplish the same basic functions of mate
attraction and territorial defence through the use of a single short, simple song. Such
a difference raises the question of why complex songs might be favoured in some
species. Darwin (1871) suggested that the evolution of song structure might be
influenced by a female preference for more beautiful songs. This suggestion received
little attention until it was revived and expanded upon by Nottebohm (1972), who
speculated that a male’s vocal performance might not only affect how soon he
acquired a2 mate but might also aid in obtaining a larger territory or accelerating the
female’s reproductive cycle. Since that time the study of the function of song
repertoires has become a primary focus of song research (Kroodsma and Byers 1991).

The first field investigation of the function of song complexity was Howard's
(1974) study of the Northern Mockingbird (Mimus polyglottos), and it revealed that
correlations existed between repertoire size and both pairing date (a measure of female
preference) and territory quality, and indicated that it could be difficult to determine
whether females were choosing mates based on their repertoire size or on the basis of
territory quality. Much subsequent work has been aimed at attempting to separate the
effects of these two potential functions of complex song.

The intra-sexual function of song repertoires has been well supported, for certain
species at least, by direct experimental evidence. Krebs et al. (1978) demonstrated
that vacant Great Tit (Parus major) territories remained unoccupied longer when large
repertoires were broadcast than when a single song type was used, and Yasukawa
(1981) similarly showed that a repertoire was more effective in reducing trespass rates
in Red-winged Blackbirds (Agelaius phoeniceus). Males of both of these species
possess a small or medium sized repertoire of relatively short and simple songs.
Correlations have also been reported between repertoire size and territory size or
quality in Great Reed Warblers (Acrocephalus arundinaceus, Catchpole 1986) and
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Western Meadowlarks (Sturnella neglecta, Hom et al. 1993), suggesting that an effect
of repertoires on territorial competition may be widespread.

The underlying reason why repertoire size should influence competition between
males is not clear, although a number of hypotheses have been suggested. Searcy and
Andersson (1986) reviewed four possible explanations. Switching between song types
may signal aggressive intentions, as has been suggested for Western Meadowlarks
(Falls and D’Agincourt 1982) and Song Sparrows (Melospiza melodia, Kramer and
Lemon 1983). This hypothesis seems to be most applicable to species with short
discrete songs and is unlikely to apply to species with long complex song
("continuous’ singers) such as Winter Wrens (Troglodytes troglodytes) or European
Starlings (Sturnus vulgaris), in which much of the song diversity is represented by the
large number of different syllable or phrase types within each song. A second
possible explanation is that song repertoires simulate a high density of territorial males
and may deter prospecting males that wish to avoid densely settled areas (the "Beau
Geste hypothesis”, Krebs 1977). Aggin, this hypothesis would seem more applicable
to species with short discrete songs. Yasukawa and Searcy (1985) tested this
hypothesis with Red-winged Blackbirds and found that, instead of declining, intrusion
rates tended to increase with higher densities of territorial males. Slater (1978) has
also pointed out that under this hypothesis it is difficult to explain the tendency, noted
in many species, to repeat songs several times before switching to the next song type.
Searcy and Andersson (1986) conclude that the Beau Geste hypothesis has not been
adequately supported for any species. A third explanation is that repertoires serve as
an indication of a male’s resource holding power. This hypothesis could be applicable
to species with either short discrete songs or with long complex songs, but requires
that there be some mechanism for ensuring the reliability of a correlation between
repertoire size and the ability of a male to defend resources. One possibility is that in
species where repertoire size increases with age (e.g. Red-winged Blackbird) song
may be an indicator of 2 male’s experience, and experience may enhance a male’s
resource holding power (Yasukawa 1981). Finally, a fourth possible explanation is



that repertoires reduce habituation in listeners for no adaptive reason (Yasukawa and
Searcy 1985).

Demonstrating that females prefer to mate with males with larger repertoires or
more complex song has been somewhat more difficult than showing that song
repertoires affect competition for territories. Although a few studies have found a
correlation between repertoire size and pairing success (e.g. Yasukawa et al. 1980,
Catchpole 1986, Eens et al. 1991), this association has usually been confounded by an
association between repertoire size and territory quality. The only clear evidence from
a natural setting for female choice of males with large repertoires is Catchpole’s
(1980) study of Sedge Warblers (Acrocephalus schoenobaenus). Pairing date showed
a strong negative correlation with repertoire size, and this remained significant after
controlling for the order of territory settlement (2 measure of preferences for particular
territories).

The other major source of evidence for females preferences for large repertoires
has been laboratory studies which have used the techniques developed by Searcy and
Marler (1981) to test female response to song. By implanting females with oestradiol
it was found that copulation solicitation displays could be evoked by song stimuli, and
the number and strength of these displays serves as an index of the strength of female
response. This method has been utilized in tests of female response to repertoire size
for seven species in which males possess song or syllable repertoires (reviewed by
Searcy 1992) and it has been consistently found that females display more for larger
repertoire sizes. However, the interpretation of these results is complicated by the fact
that in two of these species dcﬁﬂed field studies have failed to find any evidence for a
mating advantage for males with large repertoires (McGregor et al. 1981, Searcy
1984). As well, female Common Grackles (Quiscalus quiscula) displayed more for
repertoires than single song types, although male Common Grackles do not have
repertoires (Searcy 1992). Thus it is not clear how well these laboratory results reflect
what is actually occurring in the field. _

As is the case for the intra-sexnal function of song repertoires, it is not fully
understood why females should prefer to mate with males that have complex song,



although several hypotheses have been suggested. One possibility is that song
repertoires have evolved through an evolutionary feedback process based on the
genetic covariance between a male trait and the female preference for it, or "Fisherian
sexual selection’ (Fisher 1958). This process requires that variation in repertoire size
has some genetic basis, and there is evidence to suggest this. Differences in repertoire
size among species (DeVoogd et al. 1993), populations (Canady et al. 1984) and,
perhaps, among individuals (Nottebohm et al. 1981, but see Kirn et al. 1989) are
associated with differences in the volume of certain brain nuclei that are involved in
song production. Differences in brain nuclei volume between two populations of
Marsh Wrens {Cistothorus palustris) appear 10 be genetically based (Canady et al.
1984). However, in species where repertoire size increases with age, the correlation
between the expression of the trait and the genetic variation is likely to be weak, and
this will weaken the genetic covariance between male trait and female preference. A
second explanation for female response to song repertoires is that repertoire size may
be an indicator of genetic quality. This might be true if older males were of higher
than average genetic quality, having survived various selective forces that removed
other less fit individuals (Trivers 1972), and if repertoire size increases with age.
Hypotheses of sexual selection based on viability differences have been controversial
because it is likely that genetic variance for overall fimess will be low, but there may
be sufficient variation for such a mechanism to be possible (Charlesworth 1987).
Much of the intense debate over models of sexual selection has centred over the
Fisherian and "good genes’ models ountlined above (Andersson and Bradbury 1987),
but 2 third possibility is also relevant to the evolution of song repertoires. That is the
possibility that song repertoires serve as indicators of material benefits that may be
gained by the female. These benefits might include a high quality territory, food
supplied to the female or her young, or any other benefit provided by the male (Searcy
and Andersson 1986). The males of most passerine bird species do provide some
material benefits, in some cases extensive, so this factor may be of considerable
importance. Catchpole (1982) suggested that the association between monogamy and
large repertoires among European Acrocephalus warblers might be due to



monogamous females selecting males that would be better at supplying food. This
idea is supported by a broader comparative study by Read and Weary (1992) that
found relationships betwzen song repertoire size and male contribution to nest building
and to male provisioning of the young. The mechanism by which the reliability of an
association between repertoire size and male care would be maintained is not clear, but
again an association between male age and repertoire size could be relevant, if older
males are more experienced breeders and provide better care or other resources.

In this thesis, I attempt to address some of these questions relating 0 the functions
of song complexity and explanations for why birds should respond to such a signal.
At the beginning of my research I selected the European Starling (Sturnus vulgaris) as
the most appropriate study animal. I wished to study a species that had a highly
complex song, reasoning that such a species in which song complexiry had been
strongly exaggerated would be the most suitable for answering questions about the
functions of song complexity. Although little had been published about the song of
starlings at this time, it was obvious that this species has a very complex song which
includes a great diversity of sounds, including frequent mimicry of cther species
(Hindmarsh 1984). The fact that starlings readily nest in artificial nestboxes was
another important factor, as this habit not only facilitates study of the species in
general but also ntade possible the sort of experiments described in Chapters 1 and 3.
The abundance of starlings in the Montreal area was another practical consideration in
this choice. Finally, many aspects of the species’ basic biology have been well
studied (Feare 1984), enabling me to make certain research plans in an informed
manner.

My initial investigations of starling song involved the use of playback experiments
to investigate the response of both male and female starlings to the presence or
absence of song, and to variation in the complexity of this song. These experiments,
described in Chapter 1, indicated that song does function to attract female staﬂings.
They also indicated that song in itself is not effective as a territorial deterrent in this
species, as males were actually attracted by song as well, but more complex song did
inhibit males from actually entering a nestbox. Females did not show the same



avoidance of complex song as did males, but too few responded to determine in this
experiment whether they actually preferred complex song.

In order to understand why males and females may respond to differences in song
repertoire it is important to understand what factors are responsible for the variation
among individuals in the size of their repertoires. One possibility that is relevant to
several of the hypotheses discussed above is that repertoire size may increase with age.
I examine this possibility in Chapter 2, and find that yearling male starlings have
smaller repertoires of song phrases than older birds. Individual adults (at least two
years old) continue to increase their repertoire size over time, as well as extensively
modifying the composition of their repertoires.

In Chapter 3 I describe a field experiment which further examined the possibility
that females prefer to mate with males that have large repertoires. Males with large
repertoires did acquire mates more rapidly than males with smaller repertoires and,
although there were significant preferences for particular nest sites, the correlation
between repertoire size and pairing success remained significant when nest site
preferences were statistically controlled.

One potential explanation for the female preference for males with large reperioires
is that these older males provide more parental care. In Chapter 4 I test this
hypothesis but do not find any support for the idea. Male starlings with larger
repertoires did not spend more time incubating, nor did they make more feeding visits
to nestlings. I argue that Fisherian sexual selection is unlikely to be able to explain
the female preference for large repertoires, as the development of the trait is largely
non-genetic and females are likely to experience some costs in mate choice. The
evolution of song complexity in the European Starling is most consistent with an age-
indicator model of sexual selection, in which females gain genetic benefits from
mating with older males.
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CHAPTER 1

Song as an attractant for male and female European starlings,

and the influence of song complexity on their response.
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Summary. We tested the hypothesis that song acts as an attractant to females and a
repelient to males in the European starling. We broadcast recorded song from
speakers attached to nest-boxes, while paired boxes with silent speakers served as
controls. As predicted, females were attracted to the *song’ boxes. Contrary to
prediction, males were also attracted to the ’song’ boxes. Singing by male starlings
may be costly because it attracts competitors for limited nesting sites, but the cost
cannot be avoided due to the need to attract a mate.

In a second experiment simple’ song (composed of 20 different phrase types) and
*complex’ song (40 phrase types) were played simultaneously. More males were
captured at boxes where *simple’ song was played. Song complexity may function as
an indicator of male quality and be used by male starlings to assess potental
compeutors.
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INTRODUCTION

Bird song is usually considered to have two primary functions, territorial defence
and mate attraction. Although both of these functions may be quite important, much
more study has been devoted to the territorial aspect of song, perhaps because of the
greater ease of studying this type of behavior. Territory defense often continues
throughout the breeding season, and male passerines respond readily to playback of
song within their territory with dramatic aggressive behavior. Evidence for the
effectiveness of song as a deterrent to intrusion by conspecific males has come from a
number of experimental studies (Peek 1972; Goransson et al. 1974; Krebs 1977; Smith
1979; Falls 1988).

In contrast, the importance of song for mate attraction has received much less
attention. This function may be important for only a short portion of the breeding
season and the behavior of the responding female is more subdued than that of a
territorial male. The first experimental evidence that song attracts females was
provided by Eriksson and Wallin (1986), who used play-back of pied and collared
flycatcher (Ficedula hypoleuca and F. albicollis) songs. They found that 9 of 10
females were captured in nest-box traps where song was played.

In the case of the European starling (Sturnus vulgaris), there are several reasons for
believing that mate attraction may be the more important of these two functions.
Singing activity decreases markedly after pairing, but increases again after removal of
the mate (Cuthill and Hindmarsh 1985). Starlings sing long, complex songs, the type
of song that has been predicted to function primarily in mate attraction {Catchpole
1980), and ‘Adret-Hausberger and Jenkins (1988) stated that song does not accompany
interactions between males. If song does function primarily in female attraction in this
species, then it is possible that complex song has been selected for through female
choice (Darwin 1871, Nottebohm 1972). On the other hand, it has been suggested that
starling song may function in territorial defense, and that individuals with more
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complex songs may be older individuals who should be superior competitors for nest
sites (Feare 1984).

We conducted 2 experiments to investigate the response of starlings to song
play-back. The first experiment tested the hypotheses that females are attracted by the
song of males and that males are deterred by it. In this experiment a recording of
natural song was played from a speaker attached to 2 nest-box, while the other box in
each pair had only a silent speaker. In the second experiment we used edited
recordings which differed in the number of different phrases they contained to test
whether females preferred the more complex song and whether males might be more
effectively deterred by complex song.

METHODS

The play-back experiments were carried out on the property of Macdonald College
of McGill University at Ste. Anne de Bellevue, Quebec. The specific sites used were
1) Macdonald College Farm; 2) Macdonald Beef Barn, about 1.3 km north of the main
farm; 3) Lods Research Station, about 0.7 km north-west of site 2. Only site 2 was
used in 1988. The tapes were usually broadcast from 05:00 or 06:00 until 11:00 or
12:00, between 4 May and 6 June 1988 and between 6 April and 31 May 1989.

Recordings of starlings were obtained in the field during mid-March at Dorval (13
km from the experimental sites) and at Ste. Anne de Bellevue (0.8 km from the
nearest experimental site). The natural song’ tape consisted of a 162 sec segment of
vigorous singing by one male from Ste. Anne de Bellevue, recorded on a 3 min
endless loop cassette tape. This segment included 3 long songs and dozens of phrase
groups. The *complex’ tape was composed of 40 différcnt phrase types (*song
types'in the terminology of Eens et al. 1989) extracted from field recordings of several
males and re-recorded on a 3 min endless loop tape. Each phrase type was repeated
1-3 umes within 2 unit, and a full vnit of 40 phrase types lasted 1 min and 24 sec and
was repeated twice on the tape. The simple A’ and *simple B’ tapes comprised
phrase types 1-20 and types 21-40, respectively, from the *complex’ tape. Each unit

-~ of 20 phrase types was repeated 4 times on an endless loop tape. The two ’simple’
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tapes were designed so that they were balanced with respect to the total length of the
segments, the number of repeated phrases, and the relative complexity of the phrase
types, such that 2 repetitions of either of the *simple’ units would have the same
*singing rate’ and the same proportion of complex and repeated phrases as 1 repetition
of the 'complex’ unit. The actual lengths of 1 unit of "simple A’ and ’simple B’ were
44 and 40.5 sec. The number of phrase types used on the tapes cormresponds well to
the natural variation in phrase repertoires of starlings (Adret-Hausberger and Jenkins
1988).

The tapes were played on Sony WM-D6C cassette recorders (1988) or Realistic
SCP-31 tape players (1989) through Realistic MPA-40 or MPA-25 amplifiers to
speakers attached directly underneath the nest-boxes. Peak intensity of the signal was
standardised to 110 db at 10 cm. The nest-boxes were placed in pairs on the sides of
barns or on meml posts in an open field. In 1988 4 pairs of boxes were used at site 2
and in 1989 2 pairs were placed at each of the 3 sites. The boxes in a pair were
separated by 10 m. In Experiment 1 the ’natural song’ tape was played at one speaker
in a pair, while the other speaker was silent. A given box received song on every
second experimental day. In Experiment 2 ths ‘complex’ tape was played
simultaneously with one of the *simple’ tapes, with "simple A’ and 'simple B’ being
used on alternate experimental days. The box which received *complex’ song was
also alternated.

Starlings observed near the boxes were considered to have been attracted to that
box if any of the following behaviors were noted: landing on top of the nest-box,
fluttering directly in front of the nest-box, landing at the entrance hole of the nest-box,
sticking the head inside the entrance hole, or entering the nest-box. Starlings defend
an area of only about 1 m radius around their nest hole (Feare 1984), therefore only
approaches within 1 m radius of the box were counted. To avoid statistical problems
caused by the lack ot' independence of multiple values from the same individual, birds
that visited an equal number of boxes of both types were excluded, but if a bird
visited more boxes of a particular type it was considered to have been attracted to that
box-type. Starlings that entered the nest-box were usually trapped using a simple trap
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modified from Stutchbury and Robertson (1986) and were sexed, aged, and colour-
banded. Starlings that did not enter the boxes could often be sexed after close
observation through a 20-45X Bushnell spotting scope.

RESULTS

In Experiment 1, females showed 2 strong attraction to the song boxes as predicted
(Table 1). More surprisingly, males also showed a strong attraction to the “natural
song’ boxes (Table 1). When all birds are considered, including the unsexed
individuals, 90% of the birds were attracted to the ’natural song’ boxes (Table 1). In
addition, many birds landed near boxes and appeared interested in them but did not
approach closely enough to conclude that they were attracted to a particular box.

In Experiment 2 we were interested in whether starlings would assess the
complexity of the song and whether this would affect their subsequent behavior toward
the hypothetical singer. Many of the birds approached the boxes before they could
have had an opportunity to assess the complexity of the song, though, (in some
instances flying directly in from a considerable distance away and landing on the
boxes) and thus most of the measures used to indicate simple attraction to the song
could not be used as evidence of a preference for one of the two song types. We
therefore considered only those birds that actually entered a nest-box to have made a
choice between the two song types. Too few females entered boxes to determine
whether they showed a preference for either song type, although as predicted the only
females captured were in complex song boxes (Table 2). Males, however, were
significantly more likely to enter boxes where simple song was played (Table 2).

DISCUSSION
Experiment 1 demonstrated that females were attracted to play-back of male song.
Although mate attraction has long been postulated to be an important function of the
song of passerine birds (Howard 1920), this appears to be only the second experiment
to provide support for this, following Eriksson and Wallin (1986). Gibsen (1989) has
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Table 1. Numbers of starlings that were attracted to nest-boxes with either play-back
of natural starling song or no sound. Probabilities are based on binomial tests (one-
tailed for females, two-tatled for other tests)

Natural Song No Sound P
Females 12 0 0.0002
Males 17 3 0.0013

All birds 54 6 <0.001
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Table 2. Numbers of starlings that entered nest-boxes with play-back of either
*complex’ or ’simple’ starling song. Probabilities are based on one-tailed binomial

tests.

Complex Simple P

Females 3 0 0.125

Males 1 9 0.01
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also presented evidence that females in & non-passerine species (the sage grouse,
Centrocercus urophasianus) are attracted to playback of male vocal display. The fact
that similar results have been obtained in 3 families in 2 different avian orders, and
representing 3 different spacing systems, suggests that female atraction to male
vocalizations may indeed be a general phenomenon, as has long been suspected.

Experiment 1 provides the first experimental evidence that passerine song attracts
intruding males into a ’defended’ area. It is routine for males to be attracted to song
when playback experiments are conducted within their territories, but they will not
leave their own territory to approach the speaker.

Although the function of bird song as a deterrent to conspecific males has been
generally accepted, it has been suggested that on a larger scale bird song may be used
as a cue by other males to locate areas of suitable habitat (Svardson 1949, Hilden
1965, Persson 1971). Alatalo et al. (1982) attempted to test this hypothesis by
comparing 4 experimental areas where pied flycatcher song was broadcast with 4
control areas where no song was played. They found that 3 pairs became established
in the experimental area and none in the control areas, and concluded that song
probably attracts other males. However, because the difference was not significant at
the 0.05 level, and there was no evidence presented that the males preceded the
females into the area, it seems best to interpret this result with caution. Alatalo et al.
(1982) also suggested that song may repel males on a fine scale (up to 50m), as well
as attracting males on a larger scale, based on the distribution of inhabited nest-boxes.
Other factors beside song that may influence spacing cannot be ruled out though.

Although our finding that song attracts male starlings scems contrary to the
accepted function of song as a territorial defense mechanism, intruding on an
established male may be 2 successful option for the intruders. Suitable nest-sites are
normally a limiting resource for cavity-nesting birds, and male starlings may be
attracted by song because it indicates a nest site that they may be able to usurp.
Wintering or early-arriving male starlings normally attempt to defend several cavities
early in the season, but often lose possession of one or more of these potential aest
sites to later arriving birds (Verheyen 1980). The attraction of competing males by
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song would be detrimental to the fitness of the territorial male if there is a possibility
of losing possession of the nest cavity or 2 cost to deterring intruders, but this
probably cannot be avoided due to the need to attract females to the same site. In
order to fully understand the factors influencing the production of song this cost must
be considered along with the other possible costs of song, such as the energetic costs
of producing the sound, the increased conspicuousness of the singer to predators, and
perhaps the announcement of the nest site to nest predators or brood parasites. We
might expect, for example, that a low-quality male might sing less than a high quality
male in order to minimize the risk of attracting competing males.

Assuming that males must sing to attract a female, there seems to be an advantage
1o singing a complex song. The fact that fewer males were captured in boxes with
playback of complex song suggests that intruders are less likely to challenge a male
that sings a complex song. Playback experiments with great tits (Parus major, Krebs
et al. 1978) and red-winged blackbirds (Agelaius phoeniceus, Yasukawa 1981) have
also shown that repertoires are more effective than a single song type in deterring
intruders. Such a result is perhaps more surprising, though, in the case of the starling,
which defends only a very small area around the nest hole, where the song appears to
be directed at the female, and where males are attracted by the song. Catchpole
(1982) predicted that in species such as the European starling which have highly
complex song structure speaker replacement experiments should have no significant
effect on the response of males. Nonetheless, if song complexity carries some
information about male quality it is reasonable that other males should take heed of it,
even if it is not primarily directed at them.

There is some evidence that starlings continue to learn new song phrases beyond the
first year of life (Fears 1984, Adret-Hausberger et al. 1989) and age may therefore be
the aspect of male quality that is conveyed by song complexity. The age of the singer
may also be important information for a female choosing 2 mate (Manning 1985) but
unformnately too few females entered nest-boxes to determine whether they showed
any preference for complex song. Further work will be necessary to determine what
role famale choice plays in shaping starling song.
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ABSTRACT

The songs of wild adult Evropean starlings, Sturnus vulgaris, were recorded over
successive years to determine whether repertoire size and composition changed
between years. Repertoire-size estimates increased between the first and last year of
recording for five of seven males that were at least 2 years old when first recorded.
All seven birds showed extensive changes in the composition of their repertoires.
Many phrase types were dropped from the repertoire, and others were modified. All
birds added many new phrase types to their repertoires between years. These results
indicate that extended song learning occurs in adult starlings, even in birds that are at
least 4 years old, and that repertoire size is correlated with age in this species. The
influence of song repertoire size on male-male competiion and possibly female mate

choice may be related to its value as an indicator of male age.
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INTRODUCTION

It appears probable that the advertisement songs of all oscine songbirds
(Passeriformes, suborder Passeri) are acquired by hearing and copying the songs of
conspecifics (Kroodsma 1982; Slater 1989). it has been generally believed that
exposure 1o conspecific song must occur during a ’sensitive period’ during the first
year of life, and that once acquired these songs are not substantially modified during
the rest of an individual’s life (Thorpe 1961; Marler & Tamura 1964; Nottebohm
1970; Cachpole 1979). In recent years, however, evidence has accumulated to show
that a number of social and environmental factors can influence the timing of song
learning (Kroodsma 1982; Slater 1989). There is also considerable variation between
species in the tming of song learning (Slater 1983), and even between different
categories of song within a species (Byers & Kroodsma 1992; Lemon et al. 1993).

In a number of species, the ability to learn new songs seems to persist beyond the
first breeding season. This has been best documented in the domestic canary, Serinus
canaria, where individuals drop some song phrase types from their repertoire, modify
others, and add new phrase types, such that their repertoire in the subsequent breeding
season is larger and substantially modified from the previous year (Nottebohm &
Nottebohm 1978; Nottebohm et al. 1986).

European starlings, Sturnus vulgaris, have also been shown to be capable of leamning

new song phrases at least during their second calendar year. Bohner et al. (1990)
demonstrated that captive starlings were capable of leamning new song phrases between

11 and 12 months of age. Eens et al. (1992a) showed that yearling starlings had much
smaller repertoires than did older birds, and that the range of repertoire sizes recorded

for six yearlings did not overlap the range for 19 older males. Finally, Eens et al.
(1992b) showed that three captive yearlings increased their repertoires markedly in the
next season. Thus the accumnlated evidence to date indicates that starlings increase

their song phrase repertoires substantially between their first and second breeding seasons.

It is not clear, though, whether the ability to learn new song phrases persists in
older starlings. Adret-Haunsberger et al. (1990) reported that two of three older
starlings (at least 4 years of age when first recorded) added new phrase types to their
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repertoires in the next year. In addition, recordings of one other bird in its second and
third calendar years suggested that it had dropped most of the phrases from its original
repertoire and had added a larger number of new phrases. Eens et al. (1992b),
however, reported that males older than 1 year did not show a consistent trend toward
increasing their repertoire size, and found that both yearlings and older birds retained
almost 2ll of their original repertoire into the next breeding season.

In this paper we present the results of a study of song learning in wild starlings, in
which recordings were made of individual males in successive breeding seasons. We
show that starlings that were at least 2 years old when first recorded subsequently
modified their repertoires extensively, and in most cases also increased the size of
their repertoire. These changes in repertoire composition and size indicate that
starlings continue to learn new phrase types after their second calendar year. We
consider how this extended song learning period may affect the operation of sexual
selection on repertoire size.

METHODS

Study Areas and Field Recordings

This study was conducted on the western section of the island of Montreal,
Quebec, Canada. The first study area was the property of Macdonald College of
McGill University at Ste Anne de Bellevue; the second study area was Cap St Jacques
Regional Park in Pierrefonds. The two areas are separated by 2 distance of at least 3
km. As part of a larger study on the function of starling song, males were captured,
measured and banded with standard aluminum bands and coloured plastic bands for
individual recognition. The birds were aged when first captured as yearlings or older
birds based on the length of their throat hackle feathers (Pyle et al. 1987). All song
recordings were made during the breeding season (April - Jane) between 1989 and
1992. Most recordings were made before the birds were paired or during song bouts
that preceded copulations, although some males continued to sing regularly after this
stage and some additional recordings were obtained at this time. Song recordings



stage and some additional recordings were obtained at this time. Song recordings
were made with Sony WM-D6C cassette-recorders and Sennheiser MD 211 U
microphones mounted in Dan Gibson parabolas. Of the seven birds studied most
intensively, two nested within 100 m or less of each other in 2 of the 3 years in which
they were both recorded. None of the cther five birds nested near any of the odicss.

Song Analysis and Terminology

Spectrograms were printed for all song analysed using a Kay 7800 Digital Sona-
graph and a 7900 Sona-graph Printer. The organization of starling song has been
described in some detail by Adret-Hausberger & Jenkins (1988) and Eens et al. (1989,
1991b}, but there has not been complete agreement on the categories or the
terminology used to describe this complex song. Stariing song is composed of many
distinct units which are repeated once, twice, or several times before the next unit is
introduced (Fig. 1); we refer to these units as *phrases’. Phrases are often repeated
two or more times before the next *phrase type’ is introduced; we refer to one or more
consecutive repetitions of a particular nhrase type as a *phrase group’. The units of
starling song that we label as phrases have been referred to as "motifs’ (Adret-
Hausberger & Jenkins 1988) or 'song types’ (Eens et al. 1989, 1991b), but these terms
have also been used to identify the categories of acoustically similar units (phrase
types), and even the consecutive repetitions of simnilar units (phrase groups). In order
to avoid confusion over which meaning is intended we prefer to use the more specific
terminology outlined above. Although this terminology deviates from what has been
used in other descriptions of starling song, it is consistent with terms commonly used
for descriptions of complex song in other species.

A complete starling song usually includes four relatively distinct sections. It
begins with one to many phrases of moderate volume which are interspersed with
pauses of 1 s or more. These phrases are often rather simple pure toned *whistles’,
but they may also be harsh, more structurally complex, and often include
heterospecific imitations. In the second section, the song accelerates into a series of
complex phrases which frequently incorporate heterospecific imitations, are of
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Figure 1. Spectrogram of a section of song from male 3 in 1991 (a,c) and a
corresponding section of song from the same male in 1992 (b,d) illustrating the typical
structure of starling song with most phrase types being repeated several times (a
phrase group) before the next phrase type is introduced. Most of the phrase types in
this section of song have been retained between years and are sung in the same order.
Phrase type D was modified in 1992 by the addition of an ascending note between 3
and 5 kHz.
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relatively low amplitude, and have only short pauses between them. This section is
normally followed by phrases which are characterised by having a rapid series of
clicks running through the phrase at the same time as other sounds are being produced.
These phrases only occasionally include heterospecific imitations, are usually as soft
as or even softer in volume than the preceding complex phrases, and often have no
distinct temporal gaps between the units. The song sequence is typically completed by
a fourth section in which the phrases include at least some high frequency sounds (6-
10 kHz) and are the loudest phrases in the typical sequence. These phrases rarely
include heterospecific imitations but may include some rapid clicks. The songs of an
individual starling usually follow a more or less set sequence, with the majority of
phrase types followed by a single predictable phrase type in most or all cases (Adret-
Hausberger & Jenkins 1988; Eens et al. 1989). However, a song may end at any point
in this sequence, or occasionally a bird may revert to a phrase type already sung and
repeat part of the song sequence.

For each individual starling in a given year one of us (D.J.M.) classified the
phrases into types based on visual inspection of the spectrograms and then plotted the
cumulative number of phrase types encountered against the number of phrase groups
examined. Such a plot typically rises steeply at first, because the stereotypy of
individual song sequences results in a rapid presentation of new phrase types and few
repetitions of phrase groups within a song. After examination of the first complete
song, however, many of the phrase types in subsequent songs will have been
previously encountered, and the plot will rise less steeply and gradually level off
towards an asymptote as the curve approaches the bird’s phrase type repertoire (Fig.
2). Itis difficult to obtain the complets repertoire of an individual because new
phrase types may still be identified in some cases after 300 or more phrases have been
examined (Eens et al. 1991b). It is not necessary though, to obtain every phrase type
in order to arrive at 2 meaningful estimate of its repertoire size. Due to the
stereotyped sequences of phrase types within songs, a large proportion of an
individual’s repertoire is normally obtained in the first three or four songs analysed,
and because of the large individual differences in repertoire size (which range from 21
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to 68 phrase types; Eens et al. 1992a, 1992b), differences between individuals become
apparent well before the complete repertoire is obtained. We established a criterion of
90 phrase groups as the minimum sample of song to be analysed from each individual
in each recording season to produce a useful estimate of repertoire size; birds that did
not meet this criterion were excluded from the analysis. Based on a mean of 2.2
repetitions of a phrase type per phrase group (Eens et al. 1991b), this criterion is equal
to approximately 200 *motifs” (Adret-Hausberger & Jenkins 1988) or ’song types’
(Eens et al. 1989). We estimate that on average approximately 85% of an individual’s
repertoire will have been obtained at this point. It is not sufficient, however, to
simply establish a minimum criterion, as comparisons based on different amounts of
analysed song will still be biased to a certain degree. This is because repertoire size
estimates derived from analysis of larger samples of song will still tend to be higher
than estimates derived from smaller samples, regardless of whether there are actual
differences in repertoire sizes. Therefore, all comparisons of repertoire-size estimates
are based on identical sample sizes of analysed song. For estimates of repertoire size
for the same individual in different years this level of comparison is the smallest
number of phrase groups obtained in any of the years under consideration. The
number of phrase groups actually used for between-year comparisons of repertoire size
ranged from 97 to 129,

RESULTS

Changes in Repertoire Size

Repertoire size estimates were obtained for 2 or more years for seven individuals,
all of which were at least 2 years old when first recorded. Five of these birds showed
an increase in estimated repertoire size between the first and last years that they were
recorded, and these increases ranged from six to 14 phrase types (Fig. 3). Two other
birds showed small decreases in their repertoire estimate of one and four phrase types.
Overall, however, there was a significant increase in the repertoire size estimates
(paired r-test, 1 = 2.606, one-tailed P < 0.025).
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Figure 2. Plots of the cumulative number of phrase types ideatified against the
number of phrase groups analysed for individual male starlings. Differences betwesn
birds with low and high repertoire sizes become obvious before 90 phrase groups have
been analysed, even though in some cases the complete repertoire may not be obtained
until more than 150 phrase groups have been analysed. The plots presented here
represent the birds for which the greatest amount of song was analysed in each of the
four quartiles of the range of estimated repertoire sizes.
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In addition to those individuals that were recorded in more than one season, vie

obtained a number of recordings from known-age birds. Repertoire size estimates for
nine yearlings were on average much lower than those for older males (yearlings:
mean = 33.9; older males: N = 19, mean = 46.6, ¢ = 4.06, df = 26, P < 0.001,
comparisons based on 96 phrase groups for all birds). Five of these yearlings had
repertoire estimates of 24 to 32 phrase types, lower than the estimates for any older
male. However, unlike Eens et al. (19922), we found that four birds aged as yearlings
had repertoire estimates of 35 to 47 phrase types, within the range of older birds. It is
possible that one or more of these birds was incomrectly aged, although this cannot be
proven. The distribution of throat hackle measurements in our population is bimodal
with a minimum at 12 mm, but with no gap between the two groups. This suggests
that there will be 2 few individuals with *borderline” measurements that will be
incorrectly aged using this criterion. It is very likely, though, that at least two of these
individuals (with throat hackles less than 10 mm in length) were indeed yearlings.
The repertoire of one of these birds was unusual in the large number of introductory
phrase types (whistles or more complex sounds, typically delivered with pauses of at
least 0.5 s between phrases) it contained, but the other components of its repertoire
were not more diverse than in other yearlings with low total repertoire estimates. The
second undoubted yearling had a repertoire of 35 phrase types, near the lower limit for
repertoire size among the older males. Finally, one bird that was banded as a yearling
was first recorded when it was 3 years old, and it then had a repertoire estimate of 53
phrase types, somewhat higher than the mean for older males. Interestingly, among
males that were at least 2 years old there was no correlation between their throat
hackle length and their estimated repertoire size in 100 phrase groups (r = -0.279, N =
15, P > 0.05).
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Figure 3. Repertoire size estimates for male starlings in their first and last year of
recording. Repertoire size estimates are based on the same number of analysed phrase
groups for the first and last year for each individual, but the amount of song analysed

varies for different individuals.
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Changes in Repertoire Composition

As well as increasing the number of phrase types in their repertoire, the older
males that were recorded in more than one year also showed major changes in the
composition of their repertoire (Table I). We compared all the phrase types identified
ir an individual’s repertoire with those recorded in the following year and classified
them as 'retained’ (identical in appearance in the two years), 'modified’ (similar in
appearance but with addition or deletion of notes or 2 shift in frequency), or "new’
(not similar to a phrase type recorded in the previous year). Although there was
considerable variation between individuals, on average only 43.5% of the first year’s
repertoire was retained unchanged into the following year. Another 23% was modified
to some degree. The remaining third of the original repertoire was not identified in
the second year’s recordings (Fig. 4). However, about 37% of the second-year phrase
types had not teen seen in the previous year's recordings, indicating that a very
substantial number of new phrases had been learned (Fig. 4). The number of new
phrase types considerably exceeded the average increase in estimated repertoire size.
In fact, even those individuals that showed slight decreases in their estimated
repertoire between years had many new phrase types in their repertoires the second
year. Of course, these numbers must be viewed with cantion as the complete
repertoire was probably not obtained for all birds in each year. Undoubtedly, a few of
the phrase types that were apparently missing in the second-year repertoire actually
were present but simply not recorded; and similarly, some phrase types that were
apparently new in the second year had probably been missed the preceding year.
However, considering the rather large number of phrase groups analysed in
determining repertoire composition (mean = 127.4 phrase groups per year) and the
large number of phrase types identified in these samples (over 60 phrase types in
seven of the samples), the number of phrase types that were missed must be quite
small, and cannot account for the large number of phrase types that were apparently
new or dropped between years.



Table I, Between-year changes in the composition of the phrase type repertoires of seven adult male starlings

Phrase
Phrase Phrase Phrase types Phrase
types groups Phrase Phrase  typessame  'New' identified groups
Years identified analysed in types types  asprevious  phrase insecond analysed in
Bird recorded  infirst year firstyear ‘dropped' modified year ypes year second year
1 1991-1992 65 126 24 9 32 20 61 123
2 1990-1991 48 119 14 8 26 17 52 129
2 1991-1992 52 129 19 7 25 28 60 136
3 1990-1991 38 102 11 11 16 36 63 138
3 1991-1992 63 138 29 10 24 13 47 107
4 1990-1992* 49 97 25 12 12 32 56 105
5 1990-1991 35 111 17 12 6 27 47 102
6 1990-1991 50 120 12 4 35 10 48 118
7 1989-1990 51 153 17 18 18 23 64 142
7 1990-1991 64 142 19 15 28 20 65 183
7 1991-1992 65 183 16 25 23 16 65 129

Note that because differing amounts of song were analysed in each year the values in this table for the number of phrase types
identified are not unbiased estimates of repertoire size,

* Comparison after 2 years.

6t
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Figure 4. (a-f) Spectrograms of examples of phrase types apparently dropped from the
repertoire of male 7 between 1989 and 1990. (g-1) Examples of phrase types
apparently added to the repertoire of male 2 betweea 1991 and 1992,
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DISCUSSION

The European starling is one of only five species of passerine birds for which
there is evidence that individuals increase their song repertoire size after their first
breeding season. The other species are the red-winged blackbird Agelaius phoeniceus
(Marler et al. 1972; Yasukawa ct al. 1981), the island canary (Nottebohm &
Nottebohm 1978), the yellow warbler Dendroica petechia (Cosens & Sealy 1986) and
the northern mockingbird Mimus polyglottos (Derrickson 1987). Our results indicate
that in starlings, as in canaries (Nottebohm et al. 1986), this increase in repertorre size
continues even after their second breeding season; it is not clear whether or not this is
also true in the other species. These five species are not very closely related, having
traditionally been placed in four or five separate families (American Omithologists’
Union 1983), suggesting that extended song leamning resulting in increases in repertoire
size could be a more widespread phenomenon than has been previously recognized. It
is important to note that 21l five species have moderately large to very large repertoires
of song or phrase types. It has been shown in a number of species with smaller
repertoire sizes that individuals do not increase their repertoires after their first year.
This is true even in several species where extended song learning does occur, but in
these cases it apparently results only in a replacement of some old song types with
new ones (e.g. saddleback, Philesturnus carunculatus: Jenkins 1977; great tit, Parus
major: MacGregor & Krebs 1982, 1989; American redstart, Setophaga ruticilla:
Lemon et al. 1993). However, among species that have large repertoires the only
species known not to increase their repertoires with age appear to be restricted to the
genus Acrocephalus (A. palustris: Dowsett-Lemaire 1979; A. schoenobaenus:
Catchpol= 1980; A. arundinaceus: Carchpole 1986). Thus, it would be interesting to
know whether other large repertoire species also increase their repertorre size with age.

It is not clear from our data when starlings stop increasing their repertoire size.
Among birds that were at least 3 years old there were both increases and decreases in
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estimated repertoire sizes in the following seasons. It seems likely that there is some
limit to repertoire size, as none of the birds in this sample possessed more than 65
phrase types, even if that level was reached or approached before the final year of
recordings.

The degree to which repertoire composition was altered between years indicates
that learning continues to have an important effect on the repertoires of even very old
birds and those that have already acquired extensive repertoires. The combination of
frequent modification of old phrase types, dropping of phrase types, and acquisition of
many new phrase types is a pattern that seems very similar to the extensive repertoire
changes reported in the domestic canary (Nottebohm & Nottebohm 1978). The new
phrase types acquired by adult starlings did not differ in any obvious way from the
phrase types that were dropped from their repertoires (Fig. 4). The large degree of
turnover in repertoire composition may be an incidental consequence of the birds
retaining the ability to learn new phrase types later in life, and the new phrase types
that are acquired are not necessarily superior in any sense to those that have been
dropped. This extended learning period might be favoured because it makes it
possible for males to continue to increase their repertoires. The fact that most birds
learned 20-30 new phrase types each year but repertoire sizes increased at a much
slower rate indicates that smaller repertoires are not simply the result of there being
insufficient time available to learn enough phrases. It seems likely that there are other
factors limiting the repertoire size of younger birds. It is possible that there might be
a constraint on the capacity of song memory which changes with age, perhaps through
greater investment in the brain nuclei responsible for song memory as the bird ages.
The song memory capacity would presumably have an upper limit (which might vary
somewhat between individuals) such that the repertoire of even old birds does not
exceed 60-70 phrase types.

We consider the changes in repertoire size and composition we observed among birds
that were several years old to be evidence of continued song learning, but this does
necessarily indicate that the new phrase types were memorized at this time. Itis
theoretically possible that all of the many phrase types sung throughout the life of an
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individual are memorized during the first year of life but are not regularly produced
untl many years later, although this phenomenon does not seem to have been
documented in any species. However, even if this scenario were comrect, the
incorporation of these phrase types into the crystallized song and the maintenance of
these phrase types in the repertoire can be considered to be stages of the song leamning
process as well (Nottebohm et al. 1986), and these stages are still occurring when the
birds are several years old.

Our findings of significant repertoire increases in starlings after their second
breeding season and substantial between-year repertoire changes in birds of all ages
are quite different from the results of Eens et al. (1992b). There are several possible
reasons that might help to explain some of these differences. First, it is likely that the
birds recorded by Eens et al. were older on average than the birds we studied. Their
five captive males were all at least 4 years old when first recorded, whereas most of
our birds had a minimum age of 2 years. Thus, it is more likely that their birds had
already reached their individual repertoire size limits. Certainly two of their older
birds (one captive and one wild) which already had repertoires of 66 and 67 phrase
types. very close to the maximum recorded for any starling, would not have been
expected to show major increases in subsequent years. Four of their older captive
males, however, had repertoires considerably below the observed maximum and,
although there is likely to be individual variation in the maximum repertoire, it is less
convincing that these birds had reached their maximum potential repertoire size. It is
possible that these birds were affected in some way by being in captivity, either
through general stress or physiological constraints on their potential for learning. Itis
more likely though, that the major effect of being in captivity was that the opportunity
for social interaction and the variety of potential song tutors was limited. In several
species social interactions play an important role in determining the timing of song
leamning, and the choice of song tutors (Kroodsma & Pickert 1984; Petrinovich &
Baptista 1987; Slater 1989). The captive males studied by Eens et al. (1992b) were
housed with a relatively small number of other individuals from whom they could
potentially learn, and remained with basically the same birds from one year to the
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next. As well, the yearling males Eens et al. studied did not learn equally from all
males with which they were housed; rather each yearling had Iearned most of the
attributable phrases in its repertoire from a single tutor with which it had been housed
in its fledgling season. This suggests that early social interactions may have
influenced the choice of song tutors, and this might further reduce the effective pool
of potential song tutors. In contrast, wild starlings are highly social birds that interact
with many other individuals during their extended singing season, and the population
of birds that they interact with undergoes a large degree of turnover between years.
Thus, compared to wild birds, the captives studied by Eens et al. (1992b) would have
experienced much the same pool of potential phrase types from year to year. This
might help explain why the older males did not continue 10 increase their repertoire,
and also could explain why none of their captive birds showed the same degree of
repertoire modification as the wild birds in our study, as there would be little exposure
to novel phrase types from year to year.

The ongoing process of song learning in the European starling results in a
correlation between repertoire size and the age of the individual, with little overlap in
the repertoire sizes of yearlings and older males and continuing repertoire size
increases even among males that are at least 2 years old. Repertoire size in starlings
1s likely to be strongly influenced by sexual selection. We have shown experimentally
that repertoire size can affect intra-specific competition for breeding resources;
playback of ’complex’ song, which includes a larger number of phrase types, is more
effective than "simple’ song in deterring males from entering a nest box (Mountjoy &
Lemon 1991). A correlation between repertoire size and pairing success in starlings
has also been reported (Eens et al. 1991), which suggests that females may use
repertoire size as a cue for mate choice. In both intra- and inter-sexual contexts,
repertoire size can convey information about the age of the singer and therefore about
those relevant characteristics of the individual that are also correlated with age. These
characteristics might include condition, competitive experience, reproductive
experience and genetic quality. Determining the relative importance of these
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characteristics will be difficult, but could offer important insights into the evolution of

song repertoires.
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CHAPTER 3

Female choice for complex song in the

European starling: a field experiment
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Summary. Male European starlings Sturnus vulgaris sing long complex songs that
appear to be important in the courtship of females but which also influence competitive
interactions between males. We tested the hypothesis that females choose mates on the
basis of the complexity of their songs, rather than on the quality of the territories the
males defended. In order to determine whether certain termitories were preferred over
others, the first set of birds to settle in the experimental nest-boxes was removed and a
second set allowed to settle. Consistent preferences for certain nest-boxes were indicated
by correlations between the settlement patterns of the first and second sets of birds.
However, males with the most complex song did not necessarily occupy the most
preferred nest-sites. The length of time required for males to acquire mates was
negatively correlated with the complexity of male song. This relationship remained
significant when nest-site preference was statistically controlled, indicating that female
starlings chose males with complex song rather than those that defended preferred nest-
sites. Song complexity in European starlings increases with age, and the evolution of
song complexity in this species appears to be most consistent with an age-indicator model

of sexual selection, rather than a Fisherian model of runaway selection.
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INTRODUCTION

Among certain bird species the males possess either a large repertoire of song types
or sing long songs that are composed of many different phrase types. Various hypotheses
have been offered over the years to explain why these species have such elaborate songs
while others possess much simpler songs, but there is as yet no consensus on their relative
importance. For simplicity, these hypotheses can be divided into two categories based
on whether they suggest inter-sexual selection or intra-sexual selection as the dominant
force favouring the evolution of song complexity. Early authors discussing the function
of complex song in the context of sexual selection (Darwin 1871, Nottebohm 1972)
suggested that female choice might favour males with more "beautiful” song or larger
repertoires. However, the first field study of the function of song complexity (Howard
1974) revealed that in the northern mockingbird (Mimuts polyglottos) Tepertoire size was
correlated with territory rank as well as with female choice (pairing date). Partial
correlations suggested that territory rank was more important than song in determining
pairing date, and when territory rank was held constant the partial correlation between
repertoire size and pairing date was not significant.

The effect of song complexity on territorial interactions has subsequently been
demonstrated experimentally by song playback studies which have shown that a repertoire
of song types or more complex song is more effective than a single song type or simpler
song in deterring other males from intruding on a territory (Krebs et al. 1978, Yasukawa
1981, Mountjoy and Lemon 1991). Attempts to demonstrate an effect of song repertoires
on female choice have often utlized the technique of implanting females with oestradiol
to enhance their willingness to give copulation solicitation displays in response to certain
stimuli (Searcy and Marler 1981). Many such studies on species that possess song
repertoires have consistently found that females in laboratory conditions respond more to
playback of larger repertoires (reviewed by Searcy 1992). The interpretation of these
results has been complicated though, by the finding that implanted females respond more
10 repertoires even in two species where careful field studies have been unable to detect
any influence of repertoires on female choice (McGregor et al. 1981; Searcy 1984).
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The only species for which there is clear evidence of a female preference for males
with larger song repertoires in the field, which is not confounded by choice of high
quality territories, is the sedge warbler (Acrocephalus schoenobaenus) (Caichpole 1980).
Catchpole found that repertoire size had a strong negative correlation with the date on
which male sedge warblers became paired, suggesting that females preferred to mate with
males with more varied song. To test whether this correlation resulted from a tendency
for high repertoire males to occupy the territories on which females prefer to settle,
Catchpole calculated a partial correlation between repertoire size and pairing date, while
holding constant the order of male arrival (assuming that the first males to settle would
claim the best territories). The partial correlation between pairing date and repertoire size
remained highly significant, providing the best evidence to date of female choice for
males with large song repertoires. However, this study leaves unanswered the question
of why females should prefer to mate with large repertoire males. The comparative
evidence for Acrocephalus suggests that large repertoires are more important for female
choice in monogamous species with complex songs such as the sedge warbler than in
polygynous species with simpler songs such as the great reed warbler (A. arundinaceus)
and the aquatic warbler (A. paludicola) (Catchpole 1980, 1986). This evidence suggests
that song may be being used to assess male quality (Catchpole 1982), but no aspect of
male quality has yet been found to be correlated with song repertoire size in this genus.
In order to further examine the potential use of song complexity by females as a
means of assessing male quality we have studied the European starling (Sturnus vulgaris).
There are a number of reasons for suspecting that repertoire size might influence female
choice in this species. The structure of the song (long, complex, and not highly
stereotyped) is of the form that has been hypothesized to function in inter-sexual selection
(Catchpole 1982). Most of the singing activity of male starlings appears to be directed
at females (Eens et al. 1990, 1993; pers. obs.) and song output drops after pairing, but
increases again if the female is removed (Cuthill and Hindmarsh 1985). Furthermore,
copulations in this species are normally preceded by singing by the male (Eens and
Pinxten 1990; pers. obs.).
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A correlation between male pairing success and repertoire size has, in fact, been
reported for this species (Eens et al. 1991), but territory quality was not measured or
controlled in this study. Although starlings only defend the nest site and its immediate
vicinity (Feare 1984), and the nest-boxes used by Eens et al. were all of the same design,
nest-site preferences of starlings have been shown to be influenced by factors such as the
orientation and height of the cavity (Verheyen 1980) and it is possible that factors such
as this might have influenced the pairing decisions of females in their swdy.
Furthermore, the demonstration that male starlings are less likely to intrude into an
experimental "territory’ at which song of greater complexity 1s played back (Mountjoy and
Lemon 1991) suggests that male song characteristics influence competition for preferred
nest sites. Thus song complexity and temitory quality may be correlated in starlings as
they are in a number of other species (Howard 1974; Yasukawa et al. 1980; Catchpole
1986).

We conducted an experiment in which the first set of starlings that settled in a series
of nest boxes was removed and a second set was allowed to settle. If there are
preferences for certain nest-boxes there should be a correlation between the settlement
patterns of the birds in the two rounds of the experiment. This information about nest
site preferences can then be used to separate the potential influences of nest site quality

and male repertoire size on the pairing decisions of female starlings.

METHODS

This study was carried out at Sainte Anne de Bellevue at the western end of Montreal
Island, Quebec, Canada. Most of the nest-boxes were on the grounds of the Macdonald
College Farm and other adjacent property associated with the Macdonald Campus of
McGil! University. Forty nest-boxes were erected on 15 and 16 April 1990. These boxes
were surveyed daily to note the presence of birds and to record the song of males
whenever possible. The surveys were carried out in the morning and the starting point
of the surveys was rotated among three different points on the route to avoid having
_ certain boxes always visited early in the morning and others late. Boxes were opened and
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inspected on at least a weekly basis 1o record the presence and amount of bird droppings,
nesting material, and eggs as an indication of the occupancy status, Male starlings started
cammying nesting material into nest boxes shortly after they began entering them, even if
they did not necessarily become established residents. Thus the amount of material in a
box served as a useful indicator of the amount of activity at the box, and in some cases
it could reveal that males were visiting a box even though little or no activity had been
detected on the daily surveys. Shortly after completion of the first clutches and the
beginning of incubation we started to capture and remove nesting birds (beginning with
the male of the pair, if possible). After the pair was captured all contents of the box were
removed and the entrance hole was blocked off. Some birds were taken into captivity and
the remainder was released at a site approximately 40 km to the NE. Boxes that were not
occupied were sealed beginning on 5 May. All possible nesting pairs, and some apparent
pairs that had not begun egg-laying, were removed by 11 May. Four boxes were left
closed because one or both birds could not be captured, and an additional four were left
closed, or the second round data were discarded, because the males that had been
removed returned to the same box. All other boxes were opened again on 12 May for
the second round of the experiment and they were again surveyed daily, the songs of
males were recorded, and the contents of the boxes were checked every six days.

A number of variables were used to describe settlement patterns. SURVEY is the
number of days on which a starling was observed at or close to a nest-box. NEST
CHECK is the sum of the scores assigned for the nest-box contents ir three nest checks,
with the contents being scored on a scale from 0 (completely empty) 10 9 (a complete
lined nest). FIRST OBSERVED is the earliest date on which a starling was observed at
the box, while FIRST CLAIM is the date of the earliest observation of a bird which
persistently occupied the box. _

Other relevant variables that were recorded were FIRST EGG (the date on which the
first egg was laid in a nest) and DELAY (the number of days between the date when a
nest-box was claimed and the date when the first egg was laid). For boxes where birds
were removed before a first egg was actually laid it was conservatively assumed that the
first egg would have been laid on the day after the first round of the experiment ended.
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The length of the irridescent portion of the throat hackle feathers (MHACKLE) was noted
for all males captured. These feathers are shorter in yearling males than in older birds
(Pyle et al. 1987). They are also erected when males are singing vigorously, and so
mighi have an influence on female choice.

Spectrograms were printed for all song analyzed using 2 Kay 7800 Digital Sona-graph®
and a 7900 Sona-graph® printer. Starling song is composed of many phrases which may
be repeated once, twice or many times before the next phrase type ("song type’ in the
terminology of Eens et al. 1989) is introduced; one or more consecutive repetitions of a
particular phrase type is referred to as a phrase group. We estimated the repertoire size
(REPERTOIRE) of individual males by determining the number of phrase types identified
in a large sample of song. The criterion for an adequate sample size was set a priori at
90 phrase groups (equivalent on average to about 200 phrases). A sample of this size
should contain approximately 85% of an individual’s repertoire (Chapter 2). In fact, all
individuals that met the 90 phrase group criterion had at least 92 phrase groups available
for analysis, so this slightly higher sample size was actually used for comparisons
between males. Although not all of a male’s repertoire will usually have been obtained
by this point, a sufficiently large proportion will have been identified to be able to
distnguish between individuals of differing total repertoire sizes.  Starlings have
repertoires that vary greatly in size between individuals in a population, ranging from 21
to 68 phrase types (Eens et al. 1992a, 1992b). Thus, when the cumulative number of
phrase types identified is plotted against the number of phrases examined, differences
between high and low repertoire individuals become apparent well before the complete
repertoire has been obtained (Chspter 2, see also figures in Eens et al. 1991).

RESULTS

Starlings were observed at or within a few metres of all 40 of the aest-boxes during
the first round of the experiment, and 90% of the boxes had males apparently in residence
for a period of several days at least. The four variables describing settlement patterns
(SURVEY, NEST CHECK, FIRST OBSERVED and FIRST CLAIM) were all
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significantly correlated with each other in the first round of the experiment, but the
strength of these correlations varied (Table 1). Correlations between FIRST OBSERVED
and the other variables were consistently lower than the other correlations, suggesting that
it was a poorer measure of settlement than the other variables.

The existence of consistent preferences for certain nest-boxes is indicated by highly
significant correlations between the first and second round values of NEST CHECK (r
= 0.657, Bonferroni adjusted P < 0.0001, n = 32) and SURVEY scores (r = 0.523,
Bonferroni adjusted P = 0.002, n = 32). FIRST CLAIM dates were not significantly
correlated after adjustment for multiple tests (r = 0.350, Bonferroni adjusted P = (.148,
n = 32), again suggesting that the measures based on a date of observation were less
reliable because birds might not be present at the box at the time they were surveyed.
NEST CHECK scores were therefore used as the primary measure of site preferences
because they allowed for the detection of activity that might have been missed during the
daily surveys.

To test whether males with larger repertoires occupied the most preferred nest-boxes
we calculated correlations between the repertoire sizes of males recorded in one round
and the NEST CHECK scores of the other round. The NEST CHECK scores of the same
round were not used because they are not independent of the behaviour of the male.
There was no significant correlation between these variables in either round
(REPERTOIRE round 1 versus NEST CHECK round 2, r = 0.425, n = 11, P =0.192;
REPERTOIRE round 2 versus NEST CHECK round 1,
r=-0357, 0 =7, P =0432).

If females prefer males with large repertoires there should be a negative correlation
between REPERTOIRE and DELAY. As predicted, there was a highly significant
correlation in the first round of the experiment (Fig. 1). Although there was lintle
indication that large repertoire males defended the most preferred boxes, a partial
correlation was calculated to confirm that this relationship did not depend on nest-box
preferences. Using NEST CHECK scores from the second round of the experiment as
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Table 1. Matrix of Pearson correlation coefficients (above diagonal) and Bonferroni adjusted
probability values (below diagonal) for measures of initial settlement, before removals. Sample

size is 40 for all correlations

NEST CHECK SURVEY FIRST OBSERVED FIRST CLAIM
NEST CHECK - 0.820 -0.413 -0.732
SURVEY <0.0001 - -0.649 -0.759
FIRST OBSERVED 0.0483 <0.0001 - 0.490
FIRST CLAIM <0.0001 <0.0001 0.0080 -
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Fig. 1. Size of song phrase repertoire versus the delay (in days) between the date a nest
box was claimed and the date when the first egg was laid for the first round of the
removal experiment (r = -0.625, n = 15, one-tailed P = 0.006).
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the measure of preference, repertoire size was still found to be significantly correlated
with DELAY when site preferences were controlled for (., = -0.672, n = 11,
one-tailed P = 0.012). Furthermore, the correlation between NEST CHECK scores from
the second round and DELAY was marginally non-significant (r = -0.432, n = 15, one-
tailed P = 0.054). In the second round of the experiment considerably fewer boxes were
occupied, and no cormrelation was found between male repertoire size and female
settlement (REPERTOIRE versus DELAY, r = 0456, n = 7, P = 0.303).

For the first round of the experiment, we also examined whether male hackle length
affected female mating decisions. However, MHACKLE was not significantly correlated
with DELAY (r = 0.296, n = 18, P = 0.233). Furthermore, the relationship between
REPERTOIRE and DELAY when MHACKLE was controlled in a partial correlation
remained significant (r,,, = -0.643, n = 12, one-tailed P = 0.012).

DISCUSSION

The highly significant correlations between NEST CHECK and SURVEY scores
from the first and second rounds of the experiment indicate that consistent preferences
for certain nest-sites exist, even though all of the nest-boxes were of
the same design. However, the most preferred sites were not generally occupied by
males with more complex song. This result may in part reflect the fact that in this
study the nest-boxes were not erected until after the return of some spring migrants,
In unmanipulated situations, where older males are more likely to remain on the
breeding grounds throughout the year than are younger males, or arrive earlier in the
spring (Verheyen 1980, Feare 1984), it is likely that older males will occupy the most
preferred sites before the return of the younger birds. As older males tend to have
larger repertoires (Eens et al. 1992a, Chapter 2) this could result in a correlation
between repertoire size and nest-site quality in natural populations.

The negative correlation between repertoire size and DELAY in the first round of
the experiment indicates a female preference for mating with males that have more
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complex song. This preference apparently overrides any possible preference for
particular nest-sites, as the measures of site preference were not significantly
correlated with DELAY. If the preferences for particular nest-boxes indicated by the
consistent pattern of settlement in the two rounds of the experiment reflect real
differences in the quality of nest-sites, then choosing males with more complex song
rather than choosing on the basis of nest-site quality may have imposed a cost on
those females. It is uncertain whether this potential cost of obtaining a lower quality
nest-site is outweighed by benefits resulting from mating with a large repertoire male.
However, if there is a correlation between male repertoire size and preferred nest sites
in natural populations, as discussed above, then this cost may not be typical.

The failure to obtain a similar correlation between repertoire size and DELAY in
the second round of the experiment may have been largely due to the small sample
size, but the relationship was also strongly influenced by two unusual data points. In
these two cases the males with the smallest repertoire sizes had exceptionally short
delays between claiming a box and the day when the first egg was laid. DELAY was
only 4 days in these two cases, two days less than the shortest DELAY in the first
round of the experiment. It seems possible that these females might have been paired
to other males previously, and this may have facilitated their rapid initiation of laying
after settling with the experimental males.

This is only the second field study to demonstrate a correlation between repertoire
size and female preferences after controlling for possible effects of territory quality.
However, in the first study, on sedge warblers (Caichpole 1980), no correlation was
found between repertoire size and any measure of male quality. Repertoire size does
not seem to be correlated with age in sedge warblers or other members of the genus
that have been studied (Dowsett-Lemaire 1979, Catchpole 1986). Thus, there is no
convincing explanation as to why females should prefer to mate with male sedge
warblers with larger repertoires. - Iz starlings, however, song repertoires are larger in
older birds and thus serve as an indicator of male age. It has been suggested that
females may benefit from choosing older males because these males have
demonstrated their survival ability and are likely to be of higher than average genetic
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quality (Trivers 1972, Manning 1985). Older males may also be better parents as a
result of accumulated breeding experience improving the ability of a bird to perform
specific parental duties, or because increased foraging efficiency allows a male to
devote more time to parental care (Curio 1983, Desrochers 1992). Also, life history
theory predicts that if mortality increases with age, then older birds should invest more
in their current broods than should younger birds (Curio 1983). Thus, there are
several reasons why females might benefit by choosing older males as mates, and age-
correlated repertoires could act as a cue that makes such choices possible.

Although the evidence regarding starling song repertoires is consistent with the age
indicator model of sexual selection (Manning 1985), it is difficult to rule out the
possibility that a Fisheriar process (Fisher 1958) involving female choice for an
arbitrary character might be at least in part responsible for the evolution of song
complexity. There are, however, several features of this system that make it appear
unlikely that it can be explained by a Fisherian model. First, song complexity is not
arbitrary with respect to age, and as noted above, age may be correlated with various
aspects of male quality. Second, although there may well be some underlying genetic
variation which influences an individual’s repertoire size, the fact that repertoire size
increases with age indicates that there is not a strong correlation between the potential
genetic variation and the expression of the trait. This will make it difficult for a
strong genetic covariance to be established between the trait and the female preference,
as is required in most Fisherian models (Borgia 1987, Lande 1987). Third, the finding
that females did not obtain the most preferred nest-sites by choosing males with large
repertoires suggests that there may be significant direct costs associated with mate
choice which would limit the conditions under which Fisherian models could operate
(Harvey and Bradbury 1991). Finally, increased song complexity reduces the
probability that an intruding male will enter a nest-box (Mountjoy and Lemon 1991).
It seems unlikely that an arbitrary trait evolved through a Fisherian process would be
used to resolve important competitive interactions if real asymmetries exist between
the individuals (Baker 1986). For these reasons, it is unlikely that a Fisherian model
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is applicable. Instead, it appears that the most likely explanation for the evolution of

song complexity in the European starling is the age indicator model.
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ABSTRACT

We tested the hypothesis that female European Starlings (Sturnus vulgaris) that
choose to mate with males that have large song phrase repertoires benefit by obtaining
older and more experienced mates that will provide better parental care. Contrary to
the hypothesis, males with large repertoires did not spend more time incubating nor
did they make more feeding trips to the nestlings than did males with small
repertoires. The possibility that females can use some male trait other than song as an
indicator of future parental care is suggested by the fact that, in pairs with biparental
care, there is a positive correlation between the nestling feeding rates of males and
females. The possibility that the benefit of mating with large repertoire males is that

these males are of higher genetic quality is discussed.
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INTRODUCTION

It is accepted that selection should favour females able to choose males that will
provide high levels of parental care (Maynard Smith 1987). However, it is not clear
in many cases how well females will be able to assess the expected contribution of the
male at the time when they select their mates. If males provide resources to females
only before mating, such as the food provided by male scorpionflies (Panorpa spp.,
Thorhill 1981), then reliable assessment of male investment is possible. Similarly,
the territories defended by many male birds can be assessed by the females prior to
mating, although certain aspects of a territory may change during the breeding season
in ways that are not easily predictable at the tune of mating. In situations where
males normally provide post-mating parental care, it will be more difficult for females
to assess this contribution in advance. Nonetheless, if the level of care varies between
males and affects female reproductive success, then females should discriminate
between males on this basis if thers are any useful predictors available (Searcy 1979).

The most reliable predictors of future parental care may be those behaviours that
are most similar to the activities actually performed by the male after mating. For
example, courtship feeding rates may be well correlated with incubation feeding and
nestling feeding rates because the behaviours involved are all very similar and
courtship feeding may be a good test of the male’s ability to procure food in general.
Courtship feeding rates have been found to be correlated with later male investment in
Common Tems (Sterna hirundo, Nisbet 1973; Wiggins and Mormris 1986) and Herring
Gulls (Larus argentatus, Niebuhr 1981), but not in Pied Flycatchers (Ficedula
hypoleuca, Lifjeld and Slagsvold 1986).

Less directly related characteristics may also serve as indicators of the quality of
parental care in some species. A number of studies of fishes have found that females
choose to mate with larger males, and that larger males in these species provide
superior care for eggs (e.g. Downhower and Brown 1980; Bisazza and Marconato
1988; Cote and Hunte 1989). Courtship rate is another trait that has been found to be
positively correlated with levels of parental care. Nestling feeding rates in Red-
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winged Blackbirds (Agelaius phoeniceus, Eckert and Weatherhead 1987) and egg
survival in Bicolor Damselfish (Stegastes partitus, Knapp and Kovach 1991) are
higher for males that court most actively. Traits such as body size or courtship rates
could be reliable indicators of future male investment if they reflect an individual’s
energy reserves, and if an individual’s energy reserves influence the level of parental
investment. It is less clear though, whether other traits that do not obviously reflect
energy reserves could also be used by females to select a2 mate of high parental
quality. Hoelzer (1989) has developed a model that suggests that the evolution of
epigamic traits which advertise non-heritable variation in parental quality is possible,
but the reliability of the signal is an assumption of the model and not a result.
However, two studies have produced results that suggest that such a system of mare
choice may be feasible. Norris (1990a, 1990b) found that female Great Tits (Parus
major) appear to prefer males that have wider breast stripes, and that those males had
heavier fledglings and were more likely t0 mob a human intruder at the nest. Hill
(1991) found that the rate of male feeding visits to incubating females was correlated
with the male’s plumage brightness, a trait which is preferred by females (Hill 1990),
and suggested that this might indicate higher nestling feeding rates as well.

In this study we examine the possibility that female European Starlings (Sturnus
vulgaris) use male song complexity as an indicator of future parental care. Male
European Starlings sing long complex songs composed of many different phrase types,
and the repertoires of individual males vary between 21 and 68 phrase types (Eens et
al. 1992a, 1992b). The phrase type repertoires of individual starlings increase with
age (Eens et al. 1992a, Chapter 2) and females prefer to mate with males that have
large repertoires (Chapter 3), thus older and more experienced males are preferred as
mates. Searcy and Andersson (1986) suggested that in species where repertoire size
increases with age females might choose to mate with males with large repertoires
because such males will be more experienced mates that will contribute more parental
care. The quality of male care may be particularly important in the case of starlings,
as males in this species typically play a larger role in the nesting activities than do the
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males of most passerine species. Male starlings not only make almost as many
feeding visits to nestlings as do females, but they also contribute roughly 20-30% of
the total incubation time (Kessel 1957, Feare 1984). There is, however, considerable
variation in male behaviour (Feare 1984), and if females can use song complexity as
an indicator of future male contributions they might realize substantial benefits by

choosing mates on this basis.

METHODS
Field Methods

This study was conducted during the breeding seasons (March-June) of 1989
through 1991 on the western end of the island of Montreal, Quebec, Canada. The
specific areas used were Cap St. Jacques Regional Park in Pierrefonds and the grounds
of the Macdonald campus of McGill University in Ste. Anne de Bellevue and adjacent
associated properties. All birds considered here nested in nestboxes erected for the
purpose of our studies. Recordings of the songs of males occupying the boxes were
made opportunistically throughout the breeding season, but particularly in mid-April to
early May when males were advertising for mates or singing prior to copulations.
Recordings were made with Sony WM-DG6C cassette recorders and Sennheiser MD
211 U microphones mounted in Dan Gibson parabolas. Birds were captured in their
nest-boxes, usually during early incubation, with the aid of a long collapsible
aluminum pole which could be inserted into the entrance hole of the box to block it
before the birds could exit. Captured birds were weighed, measured and marked with
a standard aluminum band and a combination of coloured plastic leg bands for
individual identification. Many of the females were also marked on their forcheads
with white non-toxic paint to facilitate separation of the sexes during nest-watches.

No nest watches were carried out later in the same day on which one of the birds in a
pair was captured in order to allow the birds time to adjust after being handled. All
nest watches, both during incubation and nestling stages, were of 1 h duration, and

-
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were conducted between 0530 and 1240 hours. In most cases nests were observed by
a person positdoned approximately 50-100 m: from the nest using a Bushnell
Spacemaster 15-45X spotting scope. A few nests were observed through 10X Bausch
and Lomb or Zeiss binoculars from shorter distances using a car as a blind. During
the incubation stage the amount of time spent inside the nest-box by the male and by
the female was recorded. During the nestling stage the number of visits made by each
sex to the box was recorded. We excluded those few occasions where the bird
returned after having left the box but had remained in the immediate vicinity and
could not have gathered any additional food. No systematic attempt was made to
quantify the number of food items or determine the prey types brought 1o the nest.

Song Analysis

Spectrograms were printed for all song analysed using a Kay 7800 Digital Sona-
graph and 2 7900 Sona-graph Printer. Starling song is composed of many distinct
units which are given once, twice, or several imes before the next acoustically
different unit is introduced. We refer to these units as ’phrases’ and to one or more
consecutive repetitions of a particular "phrase type’ as a ’phrase group’. The units that
we refer to as phrases have also been called *monfs’ (Adret-Hausberger & Jenkins
1988) or ’song types’ (Eens et al. 1989). For each starling in a given year bnc of us
(D. J. M) classified the phrases into types based on visual inspection of the
spectrograms and then plotted the cumulative number of different phrase types
encountered against the number of phrase groups examined. Such 2 plot typically
rises steeply at first but after examination of one or two complete songs it gradually
levels off as the curve approaches the bird’s phrase type repertoire (see Eens et al.
1991a; Chapter 2, for examples). It is difficult to obtain the compiete repertoire of an
individual because new phrase types may still be identified in some cases after 300 or
more phrases have been examined (Eens et al. 1991b), but it is not necessary to obtain
every phrase type in order to arrive at a meaningful estimate of its repertoire size.
Due to the rather stercotyped sequences of phrase types within songs, a large
proportion of an individual’s repertoire is normally obtained in the first three or four
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songs analysed, and because of the large individual differences in repertoire size
(which range from 21 to 68 phrase types; Eens et al. 1992a, 1992b), differences
among individuals become apparent well before the complete repertoire is obtained.
We established an a priori criterion of 90 phrase groups as the minimum sample of
song to be analysed from each individual to produce a useful estimate of repertoire
size; birds that did not meet ihis criterion were excluded from the analysis, We
estimate that on average approximately 85% of an individual’s repertoire will have
been obtained at this point. It is important though that comparisons between
individuals are based on the same amount of analysed song to avoid sample size
biases. At least 93 phrase groups were available for each male that met the 50 phrase
group minimum, and this slightly higher number was used for all repertoire size

estimates presented here.

RESULTS

Incubation behaviour

During the incubation watches males spent on average 21.3 min per hour (SD =
13.6, n = 18 males) in the nest box compared to 31.8 min per hour (SD = 11.8, n = 18
females) for females. Male contribution to incubation was quite variable; two males
were not observed to incubate at all, while one male spent on average over 45 min in
the nest box during watches. At nests where male contribution to incubation was low
females appeared to attempt to compensate by increasing the time they spent in the
nest box as the average incubation time of females showed a strong negative
correlation with the average incubation time of males (7, = -0.865, n = 18 nests,
P < 0.00001). However, this compensation was not complete as the average total
incubation time by both sexes was still positively correlated with the average male
incubation time (r, = 0.503, n = 18, P < 0.05), although not with average female
incubation time (r, = -0.067, n = 18, P > 0.5). Males with larger song phrase
repertoires did not contribute more to incubation than did males with jow repertoires;
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the average male incubation time was uncorrelated with their repertoire size estimates
(Fig. 1, r, = -0.059, n = 18, P > 0.8) and both low repertoire males (< 35 phrase
types) and high repertoire males (> 45 phrase types) had average incubation times
ranging from 0 to > 40 min per hour.

Nestling feeding

The percentage of total feeding visits to nestlings made by males ranged from 0 10
87.5%, with an average of 46.2% for 15 males. The numbers of feeding visits made
by males and by females were not correlated (Fig. 2; r, = -0.143, n = 15, P > 0.6), but
this fact was due to the influence of those cases in which only one bird fed during one
01 more nest watches and that bird compensated by making more feeding visits than
normal. There were two cases where the male was never observed to feed and one
case where the female did not feed during one nest watch. If only those pairs in
which both birds fed during all nest watches are included, there was a significant
positive correlation between the numbers of male and female feeding visits (r, = 0.611,
n = 12 pairs, P = 0.035).

The positive correlation between male and female feeding visits might result from
several causes. These include factors that might influence the numbers of feeding
trips made by both males and females, such as brood size or nestling age which could
affect the total food requirements of the young, or prey availability and distance to
foraging sites which affect foraging behaviour. In such situations it may be desirable
to examine male contribution to feeding as a proportion of the total number of feeding
visits as this will remove the influence of those factors that affect the number of
feeding visits made by both sexes. Alternatively, the correlation between the numbers
of male and female feeding visits might result from an assortative pairing of birds with
similar parental abilities. If this were the case then differences among males in the
proportion of the total feeding trips which are made by males would be expected to be
slight and the variation in the number of feeding trips made would be more relevant to
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FIG. 2. The relationship between the mean number of feeding visits per hour to
nestlings by females and by males. Filled squares represent nests with biparental care,
open squares represent nests where only one bird fed nestlings during at least one nest

watch.
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the question of differences in male parental quality. As we cannot readily distinguish
between these possibilities we have analysed data on nestling feeding using both the
proportion of trips made by the male and the absolute numbers of trips made.

Neither the mean number of feeding trips nor the proportion of the total number
that were made by the male was correlated with male song repertoire size (Fig. 3;
number: 7, = -0.443, n = 15 males, P = 0.098; propordon: r, = -0.124, n = 15,

P > 0.65). The trend, at least for the absolute number of feeding trips, was for males
with larger repertoires to make fewer visits than males witk small repertoires, although
the individual male that made the greatest number of feeding trips did have a

relatively large repertoire.

DISCUSSION

We failed to find any support for the hypothesis that male starlings with large
phrase repertoires provide higher levels of paternal care, and thus this potential benefit
cannot explain the female preference for such males (Chapter 3). This result is
perhaps surprising because male starlings make a relatively large contribution to
parental care, and if this care influences female fitness it would seem to be an obvious
basis for female mate choice. In fact, the males in the population we studied appeared
to make a greater contribution, especially in incubation, than has been noted in some
other studies. In European populations it has been found that males perform about 25-
30% of incubation (Walraff 1953; Feare 1984), whereas we found that males
contributed about 40% of total incubation time. Tinbergen (1981) found that both
sexes made roughly the same number of nestling feeding visits and Wright and Cuthill
(1989) found no significant sex difference in visitation rate, similar to our finding that
males made about 46% of the total feeding visits. However, Wright and Cuthill
(1990) reported that males fed nestlings less often than females did, and Feare (1984)
found that males were responsible for only about 30% of the visits with food.
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FIG. 3. The relationship between estimated male song phrase repertoire size and (a) the
mean number of feeding visits per hour to nestlings by the males; (b) the mean
proportion of the total feeding visits to nestlings that were made by the males.
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The lack of a relationship between repertoire size and the level of male parental
care parallels the results of Wright and Cuthill (1992), who found that male visitation
rates to nestlings were not related to 2 number of male traits including several
measures of body size and one song feature, the proportion of time males spent
singing. It may in fact he difficult for female starlings to assess at the time of mating
the probable level of paren:al care that will be supplied by males, even though such
predictors have been found in other bird species. Traits that indicate future levels of
parental care in other species may include song features. The song-rate of male
Stonechats (Saxicola torquasa) has been found to be positively correlated with the
degree of participation in nest defence and nestling feeding (\Greig-Smith 1982),
although it is not known if song rate is actually used by females when assessing
potential mates.

One factor that may act against any positive correlation between repertoire size and
paternal care in European Starlings is the occurrence of occasional polygyny in this
species (Feare 1984, Pinxten et al. 1989). Males with large repertoires are more likely
to become polygynous (Eens et al. 1991b) and polygynous males often do not feed
nestlings at secondary nests (Feare 1984) and may help less at primary rests (Pinxten
and Eens 1990). Polygyny did not appear to be common in our study population, but
one nest at which the male did not feed nestlings and spent little time incubating was
a secondary nest, although the primary nest had been preyed upon before incubation
began at the secondary nest. One other male that did not incubate or feed nestlings
was infrequently seen in the vicinity of that nest and may also have been polygynous.
However, given the low incidence of known polygyny it seems unlikely that this
would have much effect on levels of parental care except for perhaps accounting for
the non-significant negative trend in the relationship between repertoire size and
nestling feeding,

Despite the lack of success in identifying any male characteristics that are
correlated with the level of parental care, it is still possible that some such trait is
available to females. This possibility is suggested by the positive correlation between
the nestling feeding rates of males and females at those nests with biparental care,
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which may be due in part to assortative mating of birds with similar levels of parental
care. Although we cannot from our results readily distinguish between the possibility
of assortative mating and those factors associated with the brood or nest site that
might evoke similar levels of care from both parents, assortative mating has been
suggested by another study. Wright and Cuthill (1990) found positive correlations
between male and female visitation rates in two of three years of their study (although
not quite significant in one of the years). They argued that because of their
experimental standardization of the broods, the uniformity of the nest sites, and the
fact that starlings do not defend feeding temitories, the correlations were more likely to
be due to assortative mating than to factors associated with the brood or nest site.

The findiny that phrase repertoire size is not related to male participation in
incubation or nestling feeding rates leaves unresolved the question of why female
starlings prefer to mate with large repertoire males (Chapter 3). It is possible that
such males provide some other parental care benefits such as more effective nest
defence that were not measured in this study, but there is no clear reason why large
repertoire males should invest more in one aspect of parental care when they do not
contribute more to other forms. Another potential benefit that females might gain
from mating with large repertoire males is a high quality nest site. This seems
unlikely to be the primary basis for the preference because in a field experiment
females chose large repertoire males even though these males did not occupy more
preferred nestboxes (Chapter 3). In a natural situation it is more likely that older
males with more complex song will occupy the most preferred sites, as older males
are the first to claim nest sites (Verheyen 1980), but there is no obvious reason to
suspect that females cannot assess site quality independently and therefore must rely
on male repertoire size as an indicator for this purpose.

Alternatively, females may gain no direct benefit from pairing with males which
have large repertoires. If complex song evolved through a Fisherian process of sexual
selection (Fisher 1958), then the only advantage to the female would be the mating -
advantage gained by her male offspring. However, there are several reasons for
doubting this scenario. The fact that repertoire size increases with age (Eens et al.
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1992a, Chapter 2) indicates that the correlation between genetic variation for the wait
and its expression will be weal, thereby reducing the genetic covariance between
fernale preference and the male trait that is important in this model. Furthermore, the
influence of song complexity in intra-male competition (Mountjoy and Lemon 1991)
suggests that the trait is not arbimary as is expected in 2 Fisherian model but rather
reflects some aspect of male quality.

The hypothesis that appears to be most consistent with the evidence regardiag the
evolution of song complexity in starlings is the age indicator model of sexual
selection. This model suggests that females gain genetic benefits for their offspring by
mating with older males, which will be of higher than average genetic quality because
they have survived exposure to natural selection which has removed inferior members
of their age class (Trivers 1972, Manning 1985). Although there is some doubt as to
whether there is sufficient genetic variation in overall fimess to benefit females that
choose males on this basis, recurrent deleterious mutations may provide sufficient
variation for the operation of such a model (Charlesworth 1987). While the possibility
that the phrase repertoires of starlings serve as a viability indicator in this manner is
an intriguing one, obtaining convincing evidence regarding the genetic fitness of male
starlings and their offspring is likely to be a difficult task.
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GENERAL CONCLUSIONS

This thesis has highlighted some of the complexity involved in studying sexually
selected traits. The song of the European Starling serves not just one but several
distincly different functions. First, Chapter 1 demonstrated a role for male song in
intersexual sclection by showing that song in itself is an effective attractant for female
starlings. This simple attraction of females would presumably facilitate the pairing of
males that sing and should be a potent force favouring the evolution of song.
However, it is not clear that the extreme complexity of starling song has any particular
relevance to this function of female attraction. The same basic function is suggested
to apply to the much simpler songs of 2 great many other passerine species (Kroodsma
and Byers 1991), and characteristics such as the volume of the song or its distinctmess
from the vocalisations of other species may be more relevant to female attraction than
how many phrase types it contains.

The complexity of a male’s song is relevant though in the second intersexual
function of song discussed here, the assessment of a potential mate. Chapter 3
demonstrates that males with more complex song acquire mates more rapidly than do
males with smaller repertoires. This may be the most important advantage to song
complexity, as song in this species does seem to be directed primarily at females
(Eens et al. 1993). However, Chapter 1 showed that song complexity also plays a
potentially important role in intrasexual selection as well. Complex song was more
effective than simple song in inhibiting males from entering 2 nest-box at which song
was broadcast, and thus may have a significant influence on competition for nest-sites.
Although male interactions involving song appear to be relatively uncommon (Eens et
al. 1993, pers. obs.), if these interactions can potentially result in the loss of a nest-site
to a competitor (and possibly forfeiting the opportunity to breed in that season), then
intrasexual competition could also be an important force favouring the evolution of
song complexity, even if such interactions occur at a low frequency.

This influence of repertoire size on the behaviour of intruding males occurs despite
the fact that starling song in itself does not deter other males from approaching.

Males were, in fact, attracted to playback of starling song. These results may seem
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contradictory initially, but it is important to bear in mind the distinction between the
attraction and assessment functions of bird song. For both males and females, song by
itself advertises the presence of a conspecific male. Females may be attracted if they
are searching for a mate, while males may respond to the song because the singing
male may be in possession of a suitable nesting cavity which could be usurped. After
approaching the singer, the listener is able to judge the complexity of the song, and to
use that information to make some assessment of the singer as a potential mate or
competitor.

Chapter 2 indicates that one aspect of a male’s quality that can be assessed by
attending to the complexity of a starling’s song is the age of the singer. Repertoire
size continues to increase in this species even after an individual’s second breeding
season. If competitive ability increases with age this could explain the response of
maies to song complexity. For females, there are several potential aspects of quality
that might be expected to correlate with age. One possibility that has been suggested
is that older males may be better parents (Krebs and Kroodsma 1980, Searcy and
Andersson 1986). I examined this possibility in Chapter 4 and did not find any
evidence that male starlings with larger repertoires contribute any more to incubation
or to nestling feeding. This result indicates that female starlings do not appear to gain
material benefits by choosing males with more complex song.

If mate choice for material benefits can be eliminated in this case, then other
hypotheses for the evolution of sexually selected traits through female choice must be
considered as possible explanations. The major alternatives are Fisherian runaway
selection and various ’good genes’ models of sexual selection (Bradbury and
Andersson 1987). Fisherian runaway selection does not appear to be a likely
explanation for the evolution of song complexity in starlings for several reasons. First,
the use of song complexity in intrasexual interactions suggests that it is not an
arbitrary character but is likely to reflect some aspect of male quality. Second, the
increase in repertoire size with age indicates that variation in song complexity will not
be strongly linked to any potential genetic variation in the trait, thus making it difficult
for genetic covariance to develop between the trait and the female preference. Third,
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females are likely to experience direct costs as a result of choosing males on the basis
of repertoire size, including the costs involved in assessing males and the costs of
missed opportunities, such as not choosing males that have superior nest sites. These
costs will limit the conditions under which Fisherian sexual selection can operate
(Harvey and Bradbury 1991).

A possible alternative to Fisherian sexual selection is the age-indicator model
(Manning 1985). This model suggests that older males are preferred because they
have demonstrated their superior fitness through their longevity, and will contribute
their high quality genes 1o their offspring. The preference of female starlings for
males with complex song is consistent with this model, but determining whether the
offspring of these males actually do have higher fimess is likely to be difficult. No
one study will resolve the intense debate surrounding the various models of sexual
selection, but the results of this thesis suggest that further serious consideration of
good genes modeis is warranted, and in particular the age-indicator model.
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