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Adult male grey butcherbird photographed at Chapel Hill, Brisbane, Queensland, in 
1999. The loral spot in adult males is white, generally round in shape and does not 
contact the eye. This male had been bathing and was not quite dry when the 
photograph was taken. 



"For every complex problem there is always a simple solution - and it's always wrong'' 

H.L. Mencken 

ABSTRACT 

An undue focus on Temperate Zone oscines (songbirds or passerines) has led to a 

geographical bias in interpretation of song function and evolution. This bias led initially 

to relatively simplistic theories of the function of bird song with vocalizations divided 

into 'songs' and 'calls'. Songs were complex, learned vocalizations, given by males in 

the breeding season, functioning in territory defence and mate attraction and 

stimulation. Calls, on the other hand, were simple innate vocalizations serving more 

immediate needs such as begging for food and raising an alarm. Female song, where it 

occurred, was considered an aberration. Further studies suggested that complex songs 

were associated with mate attraction functions while simpler songs were associated with 

territory defence. 

However it became apparent that the distinction between songs and calls was not nearly 

so clear-cut and the supposed connection between complexity and function in song was 

questioned. Moreover it was realised that female song could not be dismissed as a mere 

aberration. Another problem was the function of the dawn chorus, where research had 

failed to find a consistent, all-encompassing explanation. 

Since most studies had been done on Northern Hemisphere songbirds, it was becoming 

clear that the geographical focus needed to be broadened. The life histories of Northern 

Hemisphere Temperate Zone songbirds are very different from those in many other 

regions. In contrast to the situation in this zone, maintenance of year-round territory, 

territory defence by both male and female, life-long social monogamy and extensive 

female vocalization are widespread in tropical, subtropical and Southern Hemisphere 

regions. Recently it has been suggested that more intensive studies of vocalizations in 

these regions might help clarify some of these issues and consequently an endemic 

Australian passerine was chosen for the current study. 

The study focused on the vocalizations of the grey butcherbird Cracticus torquatus 

Artamidae, which displays the life history features described above. The main study 

population was located in the Brisbane suburbs of Rainworth and Bardon. Additional 



data were gathered from other Brisbane suburbs and bushland sites within the city and 

at Lake Broadwater near Dalby, Queensland. Vocalizations were initially recorded 

electronically and analysed using Canary sound editing program. Vocalization data 

were supplemented using an aural recording method, which was independently checked 

for reliability. Behavioural data including posture during vocalizations and interactions 

with other birds were also gathered. 

Initial investigations revealed the existence of two main categories of vocalizations - 

those given by the family group during the day, all year round and those given at dawn 

by males during the breeding season. For the focal study populations, group 

vocalizations were studied throughout the year over several years, however the song 

given at dawn by males during the breeding season proved to be quite complex and 

three birds from three territories in the main study area were chosen as case studies. 

Recordings were made of the vocalizations of the three case study birds over three 

breeding seasons. Starting and finishing times (with respect to civil twilight) were 

recorded in order to determine both changes in song bout duration and starting time 

throughout the breeding season. Additional birds from the same area, from the other 

Brisbane suburbs and from the bushland sites were studied to check the validity of 

conclusions drawn from the case studies. 

The results of the investigations revealed a vocalization structure that contrasted 

strongly with the simple picture of bird song drawn from study of Northern Hemisphere 

Temperate Zone passerines. The vocalizations given during the day, often referred to as 

the 'song' of this species, were very different from the early dawn song given by the 

male during the breeding season. This latter appeared to be song sensu stricto according 

to the paradigms developed for Northern Hemisphere birds. The daytime vocalizations, 

however, fitted neither the classic definition of 'song' nor the classic definition of 'call'. 

This relatively long-term study revealed different starting time patterns and periodicity 

for day vocalizations and male breeding season song. Day vocalizations commenced at 

a fairly constant time with respect to civil twilight throughout the year but breeding 

season song started progressively earlier from the beginning through to the middle of 

the season then progressively later till the end of the season. Relative finishing time of 

breeding song however remained constant so that the duration of breeding season song 

gradually increased then decreased paralleling the change in starting times. 



A consequence of the two distinct classes of vocalizations was that there were 

essentially two distinct 'dawn choruses'. One, consisting of group vocals, was sung all 

year round; the other was given by males singing 'breeding season' song. Since there 

was no reason the expect that a single function would necessarily be ascribed to both 

choruses, this raised the possibility that some of the confusion surrounding the function 

and nature of the 'dawn chorus' originated from a failure to recognize the existence of 

two such choruses. 

Variation in time and space showed further differences between the two vocalization 

classes. The breeding song of each male was distinctly different from that of his 

neighbours and there was a marked change in the repertoire of any individual from one 

year to the next. In marked contrast, daytime vocalization repertoires of neighbouring 

groups were virtually indistinguishable and changed little from year to year. These 

findings, together with information from recent literature, suggested that the two song 

classes had a different ontogeny, function and possibly evolution. 

It was proposed that territory declaration was the function of dawn singing by grey 

butcherbird family groups but that the function most consistent with adult male dawn 

song was attraction of females for extra-pair copulations. It was suggested that 

chorusing itself was to some extent an accidental by-product of the advantage to the 

individual or group of singing at dawn although a recently proposed function, the social 

dynamics function, could not be ruled out. 

Further differences from the Northern Hemisphere situation were detected in subsong. 

First, subsong was given by birds in their first year and also by adult males. The finding 

of subsong in adult males was not without precedent as it has been documented 

previously for a small number of passerines, especially those that change repertoire 

from year to year. Subsong in young (first year) birds, however, was unusual in that 

birds practised in small groups rather than in the complete isolation usually associated 

with subsong. Moreover they did not practise adult male song but instead practised 

group daytime vocalizations. It was suggested that it was important for birds to learn to 

sing in company for the important task of group territory defence. 

Further investigation of the literature and observations during the present study revealed 

similar vocalization classes and behaviours in other members of the Artamidae and 

other endemic Australasian taxa. These literature investigations also revealed that the 



possession two song vocalization classes was quite widespread although they tended to 

be restricted (but not exclusive) to males rather than found in males and females. These 

findings led to further research into the significance of Australia in the evolution of 

songbirds, the role of co-operative breeding in Australian passerines, and finally to an 

hypothesis for a possible origin of male bird song. It is suggested that male song arose 

in a social environment where the male and female were in frequent vocal 

communication. If the tendency to seek extra-pair copulations (EPCs) and female choice 

had already been incorporated into the suite of passerine behaviours, it would be 

necessary to avoid the mate during such activities and the male would need to advertise 

with a signal distinct from group vocalizations. Early dawn, with poor light conditions, 

could be a favourable time for these activities. Thus it is proposed that the ancestral 

condition was with all group members singing most vocalisations, the intermediate 

situation was similar to that in the grey butcherbird and the 'advanced' condition was 

where female and other group member vocalizations (other than calls) have dropped out 

and only male song remains. 
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PREAMBLE 

Answers to many questions based on studies of a few temperate zone species may well need 
revision, and numerous new questions are undoubtedly waiting to be asked 

Kroodsma et al. 1996, pp. 269 

The initial aim of this project was to describe the song of the grey butcherbird 

Cracticus torquatus using the accepted paradigms of bird song theory. It soon became 

apparent that butcherbird 'song' did not easily tally with the descriptions of passerine 

'song' found in standard texts and journal articles. 

There were many differences to reconcile when the situation was compared with that 

in the Northern Hemisphere, the cradle of the study of bird song. Here was a bird that 

exhibited behaviours that were very different from those of the birds on whom much 

bird song theory was based. It was sedentary and held year round territory; the female 

'sang' prolifically; juveniles were kept in the territory for much longer than the case 

in the Northern Hemisphere and all members appeared to defend the territory. Perhaps 

much of the existing theory on bird song was not applicable to the situation here in 

Australia. I suspected that I would not be able to put my investigations into context 

until I had delved deeply and broadly into current bird song theory and had also 

gained some idea of ecological and environmental conditions under which birds in 

various parts of the world lived. 

It was not until I first heard and then puzzled over the early dawn singing given by the 

male in the breeding season that I realised that this was 'song' sensu stricto. During 

subsequent reading, I realised that Dariel Larkins had also noted this singing in grey 

butcherbirds (Larkins 1982). Subsequently I read of the recently recognised early 

morning singing in many passerines. 

With further reading and reflection I realised that imprecise terminology had caused 

many problems, as had the assumption that the situation in the Northern Hemisphere 

represented the norm for passerines. My reading journey covered the history of the 

study of bird song, early and current ideas on the function of song, duetting and other 

types of female song, the nature of co-operative breeding, extra-pair reproductive 

behaviour and the evolution of birds. I aim to show in this thesis that these topics are 

relevant to an understanding of bird song in Australia and that a study of song in an 

endemic Australian passerine could possibly have implications for the study of bird 



song in other parts of the world and even for the evolution bird song. Thus the thesis 

is necessarily long and discursive. In order to guide the reader through this maze I will 

now outline the thesis plan. 

In the first Chapter I review the literature on some general aspects of bird song theory 

and introduce some of the problems I encountered with terminology. General methods 

are covered in Chapter 2. In addition to expected details such as of study sites, 

recording methods and data analysis, this chapter includes an extensive outline of 

grey butcherbird natural history. Preliminary reading of recent literature had 

suggested that many extant problems in bird song theory were exacerbated by failing 

to take species' natural history into account. As is the case with many Australian 

birds, even common species, there was no single comprehensive account from which 

this information could be obtained. The information was gleaned largely from natural 

history notes from various issues of Emu spanning the first half of the 2oth century. 

My findings on the general day vocalisations of grey butcherbird family groups are 

given in Chapter 3 and to set this in context, additional bird song theory is reviewed. 

This part of the review covers literature relating to the activities that grey butcherbirds 

seem to indulge in regularly, namely territory declaration and defence by means of 

group vocalisations including duetting with females and other group members joining 

in. In order to compare vocalizations in the grey butcherbird with passerine 

vocalizations in the Northern Hemisphere it was necessary to describe vocalization 

structure and temporal patterns. The structure of daytime vocalisations is described 

starting with elements - the building blocks of vocalisations - showing how they are 

built up into phrases which are then used to form larger vocalisations. For these 

vocalisations two main butcherbird family groups were used but, since it soon became 

apparent that there was little variation within local populations, information from 

other groups was also used. Following the descriptions of structure, temporal patterns 

are described, investigating features such as when, with respect to sunrise, grey 

butcherbirds start singing each day. Subsong and quiet song are also described in 

Chapter 3, since they are given during the day. Again, the aim was to investigate 

similarities and differences between Northern Hemisphere passerines and the grey 

butcherbird in order to review the applicability of Northern Hemisphere based song 

theory to an Australian passerine. 



Chapters 4,5 and 6 present the findings on dawn singing in the grey butcherbird. 

This, as previously mentioned, seems to be song sensu strict0 and the literature 

reviewed in the introductory sections to these chapters is that relating mainly to inter- 

sexual functions of male song. This dawn song proved to be more complicated than 

daytime vocalizations. Because of the complexity, three case studies were made of 

birds living within the same general area as those used for day vocalisations. Again 

structure was examined from elements through to songs and the repertoire of each of 

the three birds was covered in detail over three years. Trends in development of 

repertoires for each bird were noted where possible. 

The findings from these case studies are presented mostly in Chapter 4 while temporal 

patterns, daily and seasonal, are covered in Chapter 5. For these components of 

Chapter 5 data were used from a wide range of individuals including the case study 

birds and also from a wider range of geographic areas to check that the pattern was 

widespread rather than just a local aberration. Finally in Chapter 6 observed 

behaviours are described for the insight they might give into the function of male 

breeding song. 

Again, because of the complexity of the various topics, the specific findings are 

initially discussed separately. Findings detailed in Chapter 3 are discussed at the end 

of that chapter. There is no discussion at the end of Chapter 4. This is held over to 

Chapter 5 where both acoustic and temporal structure of male dawn song is discussed. 

Related behaviours are discussed in Chapter 6 and finally the various strands are 

drawn together in Chapter 7. Chapter 7 also contains some hypotheses and 

speculations on the possible relevance of grey butcherbird vocalizations to the origin 

of song. 

The Appendices contain some raw data, various lists of definitions, two essays that were 

too detailed to place in the body of the thesis and some sonagrams. The essays detail my 

investigations into relevant aspects of co-operative breeding and avian evolution. The 

sonagrams show repertoires of several birds in greater detail than was appropriate within 

the main body of the text, but are included to emphasise the sometimes extreme 

individuality of each male's repertoire. 



CHAPTER ONE 

INTRODUCTION: 
AN HISTORICAL APPROACH TO THE 

STUDY OF BIRD SONG WITH 
IMPLICATIONS FOR THE STUDY OF 
VOCALISATIONS IN AUST 

PASSERINES 

Much pure science originates in the affluent north, and it is not therefore surprising 
that most research into birdsong has been carried out in the temperate zone 

Slater 1997 p. 207 



CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

Avian diversity is far richer in the tropics than in the temperate zones, yet most 
research on the evolution and function of birdsong focuses on temperate zone 
species. This geographic bias reflects the distribution of the biologists who study 
birdsong, but the general validity of such a restricted focus is open to question. Are 
temperate zone biologists describing general phenomena or the peculiarities of 
temperate zone life histories? 

Morton 1996 p.258 

1 .I WHAT IS A SONGBIRD? 

The perching birds, Order Passeriformes, are divided into two sub-orders, the Passeri 

and the Tyranni (Sibley and Monroe 1990, Feduccia 1996). The Passeri, often 

referred to as the oscines or 'songbirds', include virtually all of the species commonly 

associated with elaborate, melodious voices, pleasing to the human ear (Ames 197 1, 

Dabelsteen et al. 1998). However, the vocalizations of many Tyranni or sub-oscines 

are more melodious than some of the simpler vocalizations of many 'songbirds' and 

consequently this review covers both sub-orders. 

The defining characteristics of the order Passeriformes, the short colic caeca, the nude 

oil gland, the aegithognathous palate, the absence of the muscle M. ambiens in the 

lalee, and the form of the tendon of M. tensor patagi brevis, were recognised by 

Garrard over 100 years ago (Ames 1971). The order is further divided on the structure 

of the syrinx. 

The syrinx is complex but uniform throughout the suborder Passeri, suggesting that 

the group is narrowly monophyletic (Ames 1971). The scrub-birds (Atrichornithidae) 

and lyrebirds (Menuridae) had until recently been excluded fi-om the Passeri on the 

basis of their apparently simple syringes, but as early as 197 1, Ames in his 

monumental study of the syrinx in passerines, pointed out that these families were 

more similar in syringeal structure than previously believed and that the arrangement 

was very like that found in other songbirds. This was subsequently confirmed using 

molecular biology techniques (Sibley and Ahlquist 1985). 

Despite the uniformity of the syrinx the oscines display a wide range of vocal 

abilities. Some, such as swallows and pipits, are capable of less elaborate songs than 

are found in many sub-oscines. Evidently the major factor in diversification in the 



oscines has been changes in the nervous system, rather than in syringeal structure. 

(Ames 1971). 

1.2 WHAT IS SONG? 

1.2.1 A Brief History of the Study of Bird Song 

It had been known by German bird fanciers for at least several hundred years that 

hand-reared chaffinches Fringilla coelebs could develop full and elaborate song if 

they were kept with older birds during their first adult spring (Thorpe 1954). However 

it is not often appreciated that Baron von Pernau, sometimes dismissed as merely 

another bird fancier, undertook the first known scientific study of bird song in the 

early eighteenth century (Stresemann 1947). 

Von Pernau realised that chaffinches learn song and had two sensitive phases during 

which they acquire their song. Other important ideas, now an important part of 

modem bird song theory, were also investigated quite early. Barrington investigated 

the modification of bird song by experience, but his work was ignored for over a 

century and the first modem investigator was Scott, who published in the 1900s 

(Thorpe 1963). 

Further investigations were made in the first half of the 2oth century, for example 

Odum (1942 in Hailman and Ficken 1996). But further significant progress was 

difficult because of the very nature of the subject under investigation - live music. 

Not even exceptionally gifted musicians could hear all the notes a bird sings and 

record them accurately in a form readily accessible to other researchers. All of this 

suddenly changed with the development of electrical recording on disc and magnetic 

tape and the invention of the sound spectrograph (Thorpe 1963). 

With such tools available, rapid progress was made, although much of the work at 

first was directed at verifying and clarifying the work of the previous 250 years. Not 

surprisingly, much of the effort was put into testing birds in the laboratory. But 

studies appear to have continued down a particular track that led to a narrowing rather 

than a widening of the view of song, its nature and its functions. This has led to bias 

in studies and the neglect of topics such as duetting (Hailman and Ficken 1996). 

An emphasis on laboratory studies, concentration on migratory species, lack of 

comparative studies and the virtual omission of studies on tropical and southern 

hemisphere birds led to a somewhat simplistic and deceptively simple view of song 



(Hailman and Ficlten 1996). Concentration on temperate zone species, in most of 

which the female does not sing, has inadvertently led to a neglect of study of song in 

female birds and of duetting (Kroodsma 1981, Slater 1997). 

Early studies on the ontogeny of song in passerines (e.g. Thorpe 1958) were on 

species such as the chaffinch where the male alone sings and it had been suggested 

that female song was abnormal and possibly a consequence of hormonal imbalance 

(Thorpe 196 1 in Baptista and Gaunt 1994, Langmore 1998a). Consequently, little has 

been done on either the nature or the ontogeny of female song. Studies of song 

function have been largely restricted to intra-sexual functions such as repelling rivals 

from the territory (Beclter 1982). Further, some results may be invalid. Evaluation of 

females' response in the field has been difficult because most females either do not 

respond at all or respond with their mates (Becker 1982) and in addition they do not 

respond well to tutoring in the laboratory (West and King 1996, Baptista 1996). 

A narrow scope is virtually unavoidable in pioneer studies in any field and 

considering the Northern Hemisphere passerine avifauna it was not surprising that 

there was a concentration on migratory species in particular and virtual omission of 

studies on tropical and Southern Hemisphere birds. 

Consequently, the division of passerine vocalizations into 'song' and 'calls' became a 

well-entrenched paradigm, reinforced if not established, by the work by Thorpe and others 

in the early post World War I1 days of bird song study. However within the last 25 years 

various authors (e.g. Nottebohm 1975, Catchpole and Slater 1995, Hailman and Ficlten 

1996, IO-oodsma 1996, Levin 1996a) have commented on the arbitrariness of the song-call 

dichotomy or recommended abandoning it. 

In the next section the defining criteria for songs and calls will be discussed as well as 

proposed solutions to the song-call dichotomy problem. But first some problems 

associated with common usage of the terms 'song' and 'call' will be examined. 

1.2.2 What are Calls and Songs? 

a) Calls 

Both early and recent definitions of calls state or imply that they are typically short 

and simple (e.g. Andrew 1961, Marler 1969, Thorpe 1974, Catchpole and Slater 1995, 

Levin 1996a, Langmore 1998a) and are given by both sexes throughout the year 

(Catchpole 1982, Catchpole and Slater 1995, Levin 1996a, Langmore 1998a). 



In addition, calls are said to be associated with particular contexts and momentary 

actions (Catchpole and Slater 1995), for example, predator alarm calls (Langmore 

1998a), control of flock movement and indication of the whereabouts of food (Thorpe 

1974), attacking, diving for cover or alighting from flight (Smith 1996). Few authors 

comment on seasonality or sex of callers yet it has been known for some time that 

some calls are seasonal and sex typical, while others are heard round the year and are 

produced by both sexes (Andrew 196 1, Levin 1996a). 

b) Songs 

In many studies song is not defined explicitly but definitions are sometimes implicit. 

Langmore (1998a) found that most authors reviewed seemed to use complexity of the 

vocalization as the key feature for distinguishing calls from songs. Using this 

observation, and other commonly implied features, a brief definition consistent with 

established usage could be given as: 

Songs are long, complex vocalizations (Catchpole 1982, Catchpole and Slater 1995, 

Langmore 1998a), given by male passerines, only or mostly in the breeding season 

(Andrew 1961, Thorpe 1974, Catchpole 1982, Catchpole and Slater 1995, Levin 

1996a). 

A more extended definition would include the following: Songs are loud (Levin 

1996a) and sustained (Levin 1996a, Smith 1996) and, in most species, advertise the 

existence of a defended territory (Levin 1996a). In addition, most writers assume or 

imply that songs are learned and are capable of modification (e.g. Thorpe 1974), 

whereas calls are innate. However this is rarely stated explicitly in current literature. 

An examination of the species list upon which song studies are based would reveal 

that these birds are mostly Northern Hemisphere birds from temperate latitudes; but 

this is rarely stated explicitly. Thus traditional definitions of song may be relevant for 

passerine songbirds of temperate latitudes Catchpole and Slater (1995), but not so 

useful in the tropics (Langmore 1998a). 

The subject of song development is closely related to the meaning and nature of song 

and this is explored briefly in the next section. 



1.3 SONG DEVELOPMENT 

During the eighteenth century Baron von Pernau had shown experimentally that 

chaffinches had two sensitive phases during which they acquire song and that they 

prefened to learn conspecific over alien song (Stresemann 1947, Baptista and Gaunt 

1994, Baptista 1996). His results were replicated by Thorpe (1958) using tape- 

recorded songs as tutors (Baptista and Gaunt 1994). Subsequently it was shown that 

song learning was limited to this sensitive period in many other species (Baptista and 

Gaunt 1994) Another early generalization, developed from laboratory studies, was 

that birds do not learn heterospecific song in nature because it is screened out by an 

'innate perceptual template' (Beecher 1996). 

In these early laboratory experiments birds had been tutored with tapes only, but 

experiments using live tutors have yielded very different results (Farabaugh et al. 

1988). Some basic generalizations about the nature of song learning, such as the 

importance of the sensitive period as a cut-off point and the importance of imitation, 

need to be re-evaluated (Farabaugh et al. 1988, Beecher 1996, West and Icing 1996). 

For example, in some species song learning is restricted to the first year of life 

(Marler and Peters 1982, Kroodsma 1996) while in others, such as canaries Serinus 

canarius and some parrots, learning may occur throughout life (Pepperberg 1994) 

with many species in between these extremes (Brenowitz and Kroodsma 1996). 

Further, the importance of the innate song template has been questioned. Birds do 

learn heterospecific song in the laboratory if given the chance of social interactions 

with heterospecific tutors (Baptista and Gaunt 1994, Beecher 1996), and in some 

birds, exposure to songs of a live heterospecific after the sensitive period can be more 

effective than exposure to tape recordings of con-specifics during the sensitive period 

(Beecher 1996). For example, early experiments with laboratory raised, tape-tutored 

white-crowned sparrow Zonotrichia leucophrys nuttalli had shown that they could 

learn tape-recorded songs in the laboratory until they are 50 days of age, but could 

learn either conspecific or allospecific song after 50 days of age if a live tutor was 

used. There was, in fact, considerable plasticity in song-learning and, for many 

individuals, song could be modified quite readily (Petrinovitch and Baptista 1987). 

Other factors, virtually impossible to test in the laboratory, such as the acquisition of a 

territory, may influence the length of the learning period. For example in white- 



crowned sparrows the acquisition of a territory can effect the transition from subsong 

to stereotyped song (Beecher 1996) and Australian magpies Gymnorhina tibicen 

continue learning through many years, at least until they get into a communally held 

breeding territory (Farabaugh et al. 1 988). 

Styles of song learning 

Styles of song learning vary enormously among species (Kroodsma 1996) and this 

can lead to species differences in repertoire size, singing behaviour, and geographical 

variability in song form (Byers and Kroodsma 1992). However the lack of parallel 

field and laboratory studies as well as the general lack of careful field studies have 

hampered efforts to construct an overarching theoretical framework within which to 

interpret these styles (Beecher 1996, Kroodsma 1996). 

As a result of studies on two species of Cistothorus wrens, Kroodsma (1996), 

proposed a possible ecological framework. He suggested that song ontogeny was 

related to site fidelity, which was in turn related to habitat stability. Specifically, 

Kroodsma (1 996) suggested that in stable communities where birds are year round 

residents or return to the same site year after year, they develop songs by imitation, 

whereas in species not exhibiting site fidelity, song is learned by improvisation. In the 

relatively stable communities, songs learned by imitation can be used in counter- 

singing. 

Further, Kroodsma (1996) suggested that matched counter-singing using large song 

repertoires could not develop unless the birds are highly sedentary or site faithful and 

stressed the need for studies on other taxa. Results of a study on the song sparrow 

Melospiza melodia by Beecher et al. (2000b) provide support for Kroodsma's 

suggestion of acquisition by imitation in a species exhibiting site fidelity but 

contradictory evidence regarding the role of large repertoires in facilitating song 

sharing and subsequent song-matching. Beecher et al. (2000b) found that the greater 

the number of songs a song sparrow shared with his neighbourhood group the more 

likely he was to hold his territory but the number of songs shared increased with 

repertoire size only up to eight or nine song types. There was no further increase in 

sharing with larger repertoires and consequently larger repertoires were not associated 

with increased territory tenure. 



Different acquisition modes for different song classes 

A facet of song that should be taken into account in any overarching theory of song 

acquisition is that, as described in more detail in Chapter 3, some species of 

passerines have two distinct song classes, in some cases with different modes of 

acquisition and possibly function This phenomenon of different classes of songs 

within the repertoire of a single species was recognized relatively early in the modern 

study of bird song, but only recently has there been some realisation of its potential 

significance. 

The paruline warblers are among the few species in which song acquisition mode has 

been studied. Male chestnut-sided warblers Dendroica pensylvanica, for example, use 

a song repertoire that contains both accented-ending (AE) songs and unaccented- 

ending (UE) songs (Byers and Kroodsma 1992). There are apparently two different 

development modes in the two types of song in chestnut-sided warblers with AE song 

development more restricted by a neural 'template7 and UE song needing a larger 

learning component than AE song. (Byers and Kroodsma 1992). Moreover, the song- 

learning period can be extended for at least the UE songs, leading to increased 

similarity to neighbours' repertoires (Byers and Kroodsma 1992). 

Different acquisition modes for different song components 

Underlying these different acquisition modes for different songs is the phenomenon of 

different styles of acquisition for different song components. Some birds, for example 

short-toed tree-creepers Certhia brachydactyla, develop the component syllables of 

their songs in isolation but other song components (syntax, rhythm and number of 

syllables) do not develop without models to imitate (Baptista 1996). Northern 

cardinals Cardinalis cardinalis acquire some syllables by learning from adults but 

other syllables develop from begging calls without learning (Baptista 1996). 

The song-call dichotomy and development of adult vocalizations from calls 

Among the early generalizations that were made was the division of vocalizations into 

two disjoint classes - songs and calls. The song-call dichotomy however has been 

questioned. There certainly are calls that develop without learning. For example, 

short-toed tree-creepers develop normal begging calls when raised in isolation and 

calls change in structure with increasing age. The begging calls eventually develop 

into adult social calls with little or no modification (Baptista 1996). It is of particular 



relevance to song development that Kaspar-Hauser songs in the coal tit Periparus 

ater seem to develop from alarm calls that are probably innate (Beclter 1982). In other 

words, the process of song development in the coal tit is based initially on calls, but 

the songs that develop without learning do not closely resemble normal adult song. 

However there are some vocalizations that do not fit neatly into the overall picture. 

Some passerines for example Cowus frugilegus give single calls, which serve the 

same function as complex song and are given in the same situations (Andrew 1961). 

Whether these are truly calls and not degenerate or very simple songs that need to be 

learned is not clear from Andrew's review but more recent work on two Australian 

species is suggestive and interesting in this context. 

Jurisevic (1999) found that begging calls in little ravens Cowus melliori and white-winged 

choughs Corcorax melanoramphus show a high degree of structural plasticity. He suggested 

that they might be important in the development of adult vocalisations in these two species 

and further, that they may serve a similar function to the plastic phase of song development 

observed in oscines. 

Conclusion 

In summary, the early generalizations were that in oscines all songs were learned and 

learned only within a 'sensitive period' and that calls, and only calls, develop without 

learning. These are now known not to hold, although certainly they provided the 

necessary theoretical framework on which other studies could be based. 

When different species within and across groups are surveyed one finds that nature versus 
nurture represents a continuum as proposed by Smith in 1983. 

Baptista and Gaunt 1994, p. 820 

Studies are needed on species from a wider range of families and habitats and further 

studies on Australian birds are timely. 

1.4 STRUCTURE OF SONG 

Song structure is an important feature that needs to be considered when investigating 

the correspondence between song in Northern and Southern Hemisphere birds. 

Structure can be examined at various levels, from elements or syllables through songs 

to overall bout structure. Within each of these levels various aspects can be 

considered including frequency and amplitude and patterns of change within these 

parameters. 



Elements and Syllables 

Syllables are the building blocks of song (Baptista 1996). Syllables may be simple or 

complex and in many birds are grouped to form phrases, which comprise songs. 

Components of complex syllables are referred to as elements (Catchpole and Slater 

1995). Sometimes 'note' is used for either an element or a whole syllable but this term 

is best avoided since in music, unlike bird song, a single note defines both a specific 

temporal period and a specific frequency (Wildenthal 1965, Catchpole and Slater 

1995). One useful definition of an element is simply a continuous line on a sonagram 

(Catchpole and Slater 1995). In this current study the term syllable is generally 

avoided, and the terms element and complex element used. 

Rhythm 

Variation in the duration of individual syllables and the intervals between them 

produces different species characteristic rhythms. Rhythm may be fixed in some 

species that learn song (Baptista 1996). 

Songs 

An excellent summary of the range and structure of types of songs sung by birds has 

been suggested by Yapp (1970) and is given below. Yapp included some non- 

passerine 'songs' but these are not included here. The term 'type' is used in the usual 

colloquial sense. It does not refer to the special song types discussed in Section 3.2.2. 

Yapp's 'note' is clearly equivalent to 'syllable' as discussed above. 

Yapp's five types were: 

1. A single note or a few notes of low musical quality for example the song of the 

brambling Fringilla montifringilla and many tropical species. 

2. A simple phrase of one or a few notes of higher musical quality with occasional 

variation for example the song of the chiff-chaff Phylloscopus collybita. 

3. A longer song of the order of 10 notes, in which there may be noticeable variation 

between individuals and less marked variation between successive songs of the same 

individual for example the chaffinch, the song sparrow and many buntings 

(Emberizidae). 

Songs of these three types in which there is little variation are usually repeated many 

times at short intervals. 



4. A number of phrases which may be repeated and put together in a very large 

number of ways so that hardly any burst of song of 10 seconds or more is an exact 

repetition of any other; for example most thrushes (Turdidae). The nightingale 

Luscinia megarhynchos fits here but differs from the others in that there is a much 

wider range of quality between the different phrases. 

5. Continuous song in which the human ear can recognize few if any repetitions; for 

example the skylark Alauda awensis and possibly some warblers such as the black- 

cap Sylvia atricapilla. 

Yapp considered that type 5 could be equivalent to type 4 but the speed and absence 

of pauses made it virtually impossible to distinguish individual phrases. Nevertheless, 

regardless of phrase structure, the absence of pauses between phrases does suggest 

that these songs could be considered a different type. 

Some problems associated with the use of the tern 'song' were discussed in section 

1.2.2. It is instructive here to examine another aspect of the use of the terrn 'song7. 

I .5 PROBLEMS WITH THE TERM 'SONG' 

To say that birds and many other animals from insects to whales 'sing' is a metaphor. 
No general agreement exists among zoologists on what the word implies. 

Smith 1996, p.377 

Here Smith pinpoints one of the problems associated with the use of the term 'song'. 

A cultural precedent seems to have been set for the use of this term for melodious 

passerine vocalizations and its use has caused much confusion in this area of study. A 

brief examination of English poetry suggested that 'song7 (or related parts of speech) 

was used to refer to passerine vocalizations or vocalisations of birds in general, while 

other terms such as 'cry' or 'shout7 were used to refer to non-passerines vocalisations. 

Just three examples are given here. Further examples are given in Appendix I .  

That's the wise thrush; he sings each song twice over ... 

Robert Browning. 
Home Thoughts From Abroad 

'her eyes in heaven 
Would through the airy region stream so bright 
That birds would sing and think it were not night' 

William Shakespeare. 
Romeo and Juliet. Act I1 



.................. that cry 
Which made me look a thousand ways 
in bush, and tree and sky. 

William Wordsworth. To the Cuckoo 

Alternatives to the term song 

The term 'strophe' has been suggested as an alternative to 'song' where song has been 

used for vocalizations of about two to three seconds duration (Todt and Hultsch 

1996). However neither the German use of the word, meaning a particular delivery of 

a song (Catchpole and Slater 1995 p l l )  nor the original sense in Greek, 'a group of 

lines forming a section of a lyric poem' (Sykes 1976, Concise Oxford Dictionary), 

automatically resolves the dilemma. The use of 'song' is well entrenched and will be 

difficult to replace. Precise definition of terms used in any study is probably the best 

way to avoid inherent difficulties. 

1.6 REPERTOIRES 

Determining the composition of a vocal repertoire is the first step in comparative 
studies aimed at examining similarities and differences among species. 

Hailman and Ficken 1996 p136 

No single explanation exists for why individuals of so many species have more 
than one song form; it is not that each is used as a vehicle for different behavioural 
information, nor [for] the capacity to match songs, nor [for the] reduction of 
monotony; nor is it the effect of sexual selection or the Beau Geste hypothesis. Our 
knowledge is too fragmentary to explain this diversity. 

Smith 1996 p395 

1.6.1 What is a Bird's Repertoire? 

The term 'repertoire' is rarely defined in the bird song literature. Catchpole and Slater 

(1995) for example simply state '[a] male chaffinch is said to have a repertoire of song 

types' and do not further define the term. Common usage, as in a standard dictionary, 

appears to be taken for granted. The Concise Oxford Dictionary of Current English 

Usage defines a repertoire as '[The] Stock of pieces that [a] company or performer 

knows or is prepared to give; totality of regularly performed pieces, regularly used 

techniques etc.' (Sykes 1976). Common usage, as in this definition, does in fact 

concur to a quite satisfactory degree with the use of the term in the literature since a 

bird's repertoire usually refers to all the songs that a bird uses over in given time 

period. It is either stated or implied that the bird will not necessarily sing all of these 



during any one given bout, but over the given time period, for example a breeding 

season, each song will be sung at least once. 

I .6.2 Measuring Repertoire Size 

In order to compare repertoires across species and to discuss the function of 

repertoires it is necessary to know the repertoire composition, which may be 

described in terms of types and numbers of syllables or themes or both. However, in 

practice, although both syllable structure and theme structure are usually described, 

size is usually measured in terms of themes (Baptista and Gaunt 1994). Themes are 

often referred to as 'songs'. It has been shown that there are problems associated with 

use of this term but it will be retained here since so many discussions of repertoires 

involve the term. 

It is broadly true that repertoire size ranges from thousands for brown thrashers 

through hundreds, for example in the common nightingale and northern 

mockingbirds, to just one type, for example in white-crowned sparrows and indigo 

buntings (Kroodsma 1982, Catchpole and Slater 1995, Kroodsma 1996). The majority 

of species however have small repertoires (Keast 1993, Beecher et al. 2000b), often 

with fewer than 5 song types (Beecher et al. 2000b). 

There are two types of problems associated with measuring repertoire size; the first 

relates to making sure the count is complete; the second relates to problems with 

classifLing the songs that have been identified (Kroodsma 1982). 

Difficulties in measuring repertoire size: making sure the count is complete 

For the count to be complete not only must the sampling method be adequate but also 

the natural history of the bird in question must be sufficiently known. Sampling 

methods are well documented both in the bird song literature and in general ecology 

literature and will not be further elaborated on here. Some problems associated with 

natural history knowledge will be further discussed. 

Adequate knowledge of the bird's natural history is essential Songbirds modify their 

singing according to the season, the time of day, ecological features and social 

context. Repertoire delivery varies according to whether the subject is advertising a 

territory, addressing a mate or counter-singing (Todt and Hultsch 1996). Nightingales 

Luscinia rnegarhynchos (Hultsch 1991) and many other birds (Nordby et al. 2002) 

add new vocalizations during adulthood. What then is implied by repertoire size? 



Does it mean the repertoire for the current season? Or does it mean the repertoire over 

the bird's lifetime? 

There are problems concerning song in female birds. Some studies implicitly assume 

that males only sing and yet the repertoire is usually referred to as the repertoire of the 

species. Although female passerines are markedly less vocal than males, with males 

giving both more territory vocalizations and alarm notes (Nottebohm 1975), 

nevertheless in some species they do vocalize extensively (e.g. Brown et al. 1988, 

Cooney and Cockburn 1995). A related problem is whether to count duets as part of 

the repertoire. 

Another issue is how to count the songs of continuous singers such as mockingbirds 

Mimuspolyglottos or skylarks Alauda awensis that sing long songs with short 

intervals of silence between bursts of sound (Baptista and Gaunt 1994). The issue of 

geographical variation is yet a further problem. Are different sounding songs sung in 

different areas to be counted separately? In this case it is the repertoire of a species 

rather than the repertoire of a single bird that is being considered. 

Finally it is worth noting that Hiebert et al. (1989) found that half-hour repertoire size 

was positively correlated with territory tenure and annual reproductive success. They 

considered that this half-hour size might be an ecologically valid measure of 

repertoire size as perceived by a transient listener. This observation may however be 

valid only for birds with a typical temperate Northern Hemisphere life history, where 

transients that may pose a threat pass through with fairly high frequency early in the 

season when territories are being established. 

Difficulties in measuring repertoire size: classifying songs 

Difficulties associated with geographic variation were referred to above. This leads to 

the second type of problem: classifying song types. There are two issues here. One is 

how humans classify song types. The other is how birds themselves classify song 

types (Weary et al. 1990). 

No two renditions of a song are ever absolutely identical (Falls et a1.1982, Weary et 

al. 1990). The concept of 'type' (Kroodsma 1982, Falls et al. 1988, Weary et al. 1990) 

has been introduced to allow for this, but associated problems remain. Some authors 

count variations of a vocalization as new vocalizations whereas others include such 

variants within the range of variability of each song type (Levin 1996a). For example 



long-billed marsh wrens Cistothorus palustris sing what appears to be the same song 

type at two different frequencies (Kroodsma 1982). Similarly, black-capped 

chickadees Poecile atricapilla can whistle their sole song form on different 

frequencies, which allows birds to match song type frequencies with neighbours 

(Hailman and Ficken 1996, Otter et al. 2002). Do these represent different song types? 

Further, repetitions of apparently simple vocalizations may vary in many ways. For 

example, the 'single A' (non-song) vocalization of the black-capped chickadee can 

vary in duration, loudness and the context in which it is used. This may mean that 

these very similar repetitions are, in effect, different song types (Hailman and Ficken 

1996). 

As can be seen from the above examples, if too much emphasis is placed on fine 

detail, the number of different songs may be reckoned as greater than it really is. But 

if apparently small differences are important to a bird but considered trivial by 

researchers, the number of song types may be underestimated. The number of songs 

in birds' repertoires cannot really be known without knowing how birds themselves 

classify songs (Falls et al. 1988). 

Playback experiments designed to elicit song-matching can give some idea of how 

birds classify songs (Weary et al. 1990). However caution is needed here also. Many 

experiments have not considered variations within local classes of songs and, in some 

cases, playback experiments have been done before variation has been adequately 

described (Hailman and Ficken 1996). Nevertheless attempts can and have been made 

to measure repertoire size, to try to understand the function of repertoires and to 

understand how birds themselves classify songs. 

I .6.3 Function of Repertoires 

Functions of repertoires must be considered separately from the broader question of 

the functions of song. Any proposed function of repertoires must explain why some 

birds have many song types while others appear to function quite well with only one. 

Is a big repertoire better than a small one? If so, is there an upper limit to the ideal 

repertoire size? 

Krebs (1 977) considered that variability appeared redundant as in most cases all the 

songs in a repertoire seemed to carry the same message being used at the same time 

of year and in the same contexts. However Krebs (1977) appeared to be referring here 



only to the breeding song of males. Much work has been done in the 25 years since 

Krebs (1977) wrote this. It is clear now that his comments do not apply to repertoires 

in general and some proposed hypotheses to explain the functions of repertoires will 

now be examined. 

Hypotheses range from those that seek to explain repertoires in terms of the effect on 

the listener, for example individual recognition, sexual selection, matched counter- 

singing and habituation, through to hypotheses that seek to explain repertoires in 

terms of the effect on the singer, for example the anti-exhaustion hypothesis. One of 

the earliest hypotheses proposed to explain repertoires in terms of the effect on the 

listener was that by Hartshorne (1956). 

Hartshorne's hypothesis 

Hartshorne (1956) proposed the monotony reduction hypothesis, to help explain the 

function of repertoires. He suggested that, in order to avoid habituation resulting from 

monotony, songbirds are more likely to sing different songs in succession when they 

sing with barely discernible breaks between songs. 

Several workers (e.g. Dobson and Lemon 1975) found problems with Hartshorne's 

conclusions. They found no significant correlation between degree of continuity (of 

singing) and versatility (expressed as repertoire size). A more careful definition of 

versatility, however, resolved the problem, maintaining support for Hartshorne's 

hypothesis (Kroodsma 1978). A series of further refutations and confirmations 

followed (e.g. Ince and Slater 1985, Weary and Lemon 1988, Kroodsma 1990). On 

balance, it seems that confusion had arisen because Hartshorne did not use critical 

terms consistently, but the hypothesis does definitely seem to have some validity. 

In conclusion it is worth noting that Ince and Slater (1985) considered that 

Hartshorne's hypothesis was a real phenomenon but suggested another explanation 

for it. They noted that species fell broadly into two classes, those with continuous and 

highly varied songs and those with discrete and simple songs. They suggested that 

continuous and highly varied songs have evolved primarily as mate attractants while 

the principal role of discrete and simple songs is in communication between males. 

However Ince and Slater (1985) appear to be confusing ultimate and proximate 

causes. Both explanations could apply. The ultimate cause is different styles for 

different functions; the proximate cause is monotony reduction for continuous singers. 



Beau Geste hypothesis 

Another functional hypothesis that aims to explain the effect on the listener is the 

'Beau Geste' hypothesis. Krebs (1977) proposed that repertoires are used by resident 

birds to increase the apparent density of singing residents, and hence decrease the 

apparent suitability of the area to new birds. He named this the Beau Geste hypothesis 

for the fictional character Beau ~ e s t e . '  

The hypothesis is most likely to apply to birds living in dense habitats, where singing 

males are not easily visible, particularly to species where the male regularly changes 

song perches between bouts of song. Additional evidence for the validity of this 

hypothesis would be synchronization of change of song type with change of perch. 

(Krebs 1977). 

The final function with an explanation in terms of the listener is the phenomenon of 

song-matching. 

Established neighbours often counter-sing; they respond almost immediately to each 

others' vocalizations. When the vocalization given in response is of the same type as 

the original and is chosen non-randomly then the birds are said to be song-matching 

(Morton 1982). 

In order to be able to match the songs of neighbours a bird needs a variety of songs. 

This explanation does beg the question of why the neighbours have more than one 

song in the first place. The question could be asked 'why did song-matching evolve as 

a means of maintaining territory?' After all many sedentary non-passerines defend 

their territories successfully with vocalizations that are widespread and limited in 

variation. For these birds local matching of vocalisations is not an issue - vocalization 

matching occurs because there is no or little variation. Nevertheless, song-matching in 

passerines is a real phenomenon. 

Song matching was at first thought to indicate that a stronger response was about to 

follow and therefore would be expected to occur more between strangers than 

between neighbours. However Falls et al. (1 982) found no correlation between 

' Beau Geste was the only soldier alive in a fort under siege. He fooled the enemy into believing that 
the fort was heavily manned by propping dead legionnaires up against the firing posts and running 
from one post to another firing their rifles. 



response strength and the frequency of song matching. Moreover they found that song 

matching was significantly more frequent than non-matching for neighbours but not 

for strangers. These anomalous results were explained when similarity of songs was 

allowed for. Neighbours songs were more similar than strangers' songs. When only 

songs of roughly equal similarity were used, strangers were matched more than 

neighbours. The authors interpreted these results as follows. Both similarity and 

unfamiliarity contribute to song matching. Birds can judge distances using 

degradation of song but fine details degrade rapidly with distance, therefore accurate 

distance judgement based on similarity is possible only for relatively short distances. 

However this is necessary only for neighbours. It does matter whether a neighbour is 

twenty or twenty-five metres away as a few metres may well take it over the territory 

border. For strangers, distance judgement does not have to be so accurate. 

Song-matching is addressed again in Section 3.2.4, where it is of relevance to the 

function of daytime vocalisations in grey butcherbirds. 

Song switching to counteract neuro-muscular exhaustion 

The final hypothesis proposed to explain the function of repertoires per se is the 

neuro-muscular exhaustion hypothesis. This hypothesis was proposed by Lambrechts 

and Dhondt (1 988) who referred to the phenomenon of gradually decrease in song 

output during a bout by male great tits as 'drift'. They proposed that a repertoire of 

song types was an adaptation to overcome the constraint on song output imposed by 

neuromuscular exhaustion, and that switching songs allows a more effective recovery 

than would otherwise be obtainable. 

This explanation however is clearly applicable only to sustained singing bouts as 

given by breeding males and is consequently discussed in more detail in the 

introduction to Chapter 4. 

Functions related to repertoire size 

The final group of hypotheses aim to explain not the function of repertoires as such 

but rather accept the value of repertoires and seek to explain repertoire size. These 

hypotheses, like the preceding one, are more relevant to song in breeding males and 

are discussed in more detail in Chapter 4. But before leaving this is should be noted, 

with relevance to repertoire size in general in the grey butcherbird, that most 

repertoires are in fact small (Keast 1993, Beecher et al. 2000b). 



I .6.4 Variation of Repertoires with Geography 

It is often suggested that variation in a species repertoire over geographic space may be 

just a functionless by-product of vocal learning. However this may not be necessarily so. 

Habitat variation, resulting in different degradation effects, could contribute to geographic 

variation (McGregor et al. 1983). Complex social interactions also could influence 

repertoires (Kroodsma 1996). 

Kroodsma (1996) predicted that no songbird species would be found in which males 

had both large song repertoires (he considered that 6- 10 songs comprised a large song 

repertoire) and precisely imitated songs that remain constant over wide geographic 

expanses. He considered a corollary of this prediction was that the more sedentary 

songbird populations would evolve a greater reliance on song imitation. Song learning 

is more likely to occur by improvisation than by imitation if selection pressures are 

for both reduced geographic variation (in order to reach a wider audience) and large 

song repertoires (Kroodsma 1996). 

An added complication is that different categories of imitated vocalizations can differ 

in the extent of geographic variation, with local dialects present in one sound but not 

in another. For example the 'fee-bee' of the black-capped chickadee is geographically 

widespread, but the learned gargle call has local dialects (Kroodsma 1996). 

Variation of mode of acquisition of repertoires with geography 

Kroodsma (1 996) argued that for migratory birds with return to site fidelity, there 

would be a great degree of geographical variation in male-male songs since male 

birds communicate locally with each other and there is no need to learn the songs of 

more distant birds nor is there any need to keep local songs constant. As long as the 

birds change together they can communicate with each other. With male-female songs 

however, there is more need for geographic constancy to give the males a greater 

choice of females from a wide geographic rage. This of course implies that females do 

not exhibit the same site fidelity as males. 

This model may explain the existence of different song categories, possibly with 

different modes of acquisition. Among the warblers (see Section 3.2.2) there are two 

song categories. Second category songs are used in aggressive male-male situations 

between adult males who return faithfully to the same site each year and there is much 



geographical variation. The primary songs are used primarily for attracting and 

addressing females and thus they vary less geographically. 

In conclusion it is worth noting that some songbirds forgo both large repertoires and 

microgeographic song variation, acting in effect more like suboscines than typical 

oscines (Kroodsma 1996). 

Finally in this introductory review a topic that has received much attention of late, 

extra-pair reproductive behaviour (EPRB), is examined. Although the function of 

EPRB is clearly relevant to breeding song, it is covered in this introductory review 

since much of the debate over EPRB concerns the lifestyles of birds that engage in it 

Thus this topic is relevant to much of the thesis. 

1.7 EXTRA-PAIR REPRODUCTIVE BEHAVIOUR 

I believe that the high incidence of EPF behaviour in temperate zones has 
influenced the evolution of birdsong there and that fundamentally different forces 
operate in the tropical and temperate zones. 

Morton 1996, p 268 

During the last 30 years or so there has been considerable research into the topic of 

extra-pair reproductive behaviour. The topic includes extra-pair copulation (EPC) and 

its possible consequences - extra-pair fertilization (EPF) and extra-pair paternity EPP. 

All forms of formal mating systems are included. The important feature is 

reproductive behaviour between a male and a female that do not belong to the same 

reproductive unit. The discovery of widespread EPRB has led to a revolution in 

thinking about mating systems (Ligon 1999). 

Among birds, these concepts are frequently applied to socially monogamous 

situations, simply because many studies have been done on passerines and most 

passerines form pair-bonds. Recent significant studies on EPRB in birds include 

Morton (1 996), Ligon (1 999), Schwagmayer and Ketterson (1 999) and Birkhead 

(2000). It is the purpose of this brief essay to highlight the possible importance of 

extra-pair reproductive behaviour in explaining the function of song sensu stricto, 

where song sensu stricto refers to song given by males in the breeding season, as 

described in 1.2.2 (b). 

In discussions of the importance of EPRB the emphasis was initially on the obvious 

advantages to males, with the prospect of increased numbers of offspring. However 



EPRB may be just as important a reproductive fitness strategy for females as for 

males. Females may actively seek EPCs and may seek males that exhibit certain traits 

(Ligon 1999). For example great reed warblers, Acrocephalus arundinaceus are 

socially polygynous and females have been shown to base their mate choice on 

territory quality and song-repertoire size. Females obtain EPCs from males with larger 

repertoires than their social mate and further, post-fledgling survival of offspring is 

positively correlated with their genetical fathers' song repertoire size (Hasselquist et 

a1 1996). 

The only real cost of EPRB for males is considered to be the increased risk of 

cuckoldry, although other potential risks have been suggested. Males often begin to 

prospect for EPCs after their mate has begun incubation, presumably to offset the 

cuckoldry risk (Ligon 1999). Moreover, reproductive behaviours associated with 

maintaining the social mate pair-bond apparently do not interfere with the time 

available to males for mating with other females (Schwagmayer and Ketterson 1999). 

EPRB is said to occur under environmental conditions that permit females in 

monogamous species to rear young without male participation (Ligon 1999). There 

are several lines of supporting evidence: inter-specific comparisons have shown that 

EPF tend to be lower in species in which males incubate than in species in which 

males do not (Schwagmayer and Ketterson 1999); EPCs are rare or non-existent in 

species in which bi-parental care is essential for reproductive success; and brightness 

of male plumage and sexual plumage dimorphism are correlated with high levels of 

extra-pair paternity (Ligon 1999), suggesting that female choice is operating. 

Other ecological and environmental conditions that have been considered are breeding 

synchrony, migratory or sedentary life-styles and latitude (tropical or non-tropical 

distribution). These conditions are discussed below. 

Synchronous and asynchronous breeding and extra-pair reproductive behaviour 

There does not seem to be any consensus regarding an association of either 

synchronous or asynchronous breeding with EPRB. The authors of both major 

reviews of EPRB (Westneat et al. 1990 and Birkhead and Moller 1992, in Ligon 

1999) concluded that the evolution of such behaviour was favoured when females 

were asynchronously fertile. However the studies of Stutchbury and Morton (1995 in 



Morton 1996) supported the view that synchronous female fertility promotes the 

evolution of extra-pair reproductive behaviour. 

The usual explanation of a positive association of EPRB with asynchronous breeding 

relies on the fact that males are fertile all breeding season whereas females are fertile 

only at time of egg laying. Therefore if egg laying were asynchronous, the ratio of 

fertile males to fertile females at any one time would be high and fertile females 

would have no difficulties finding available males. 

In contrast some authors seek to argue for a positive correlation of EPRB with 

synchronous breeding. At the commencement of the breeding season when nest 

building and pair formation have started but incubation and offspring care have not, 

there is a short window in time when all males are free and a female has a much wider 

choice of EPC partners. Moreover, there are more females available looking for EPCs 

(Morton 1996, Schwagmayer and Ketterson 1999). However, with breeding 

asynchrony, a certain number of males in the population will be unavailable at any 

one time and a female will not have so many to choose from (Schwagmayer and 

Ketterson 1999). 

The situation could well be that there is no causative correlation between either 

breeding synchrony or asynchrony and EPRB. Until comparative analyses are done, 

taking into account the extent of male parental care, breeding synchrony and extra- 

pair fertilisation rates (Schwagmayer and Ketterson 1999) it is somewhat futile 

speculating on this question. 

Sedentary and migratory species and extra-pair reproductive behaviour 

It has been suggested that EPCs would not be common in species which are 

sedentary, hold year-round on territories and maintain long-term pair bonds (Ligon 

1999). However this assumption seems to be based on the fact that most such species 

would be tropical birds and therefore asynchronous breeders. As has been shown here 

that does not appear to be the case. For example EPRB with extra-pair fertilisation is 

extensive in the superb fairy-wren Malurus cyaneus (Ligon 1999, Double and 

Cockburn 2000), a sedentary species holding a permanent territory. Behaviour 

suggestive of EPC seeking has been noted in the red-winged fairy wren Malurus 

elegans (Russell and Rowley 2000). Like all fairy-wrens this species is sedentary. 



These examples suggest that the existence of EPRB in other sedentary species needs 

to be further investigated. 

Extra-pair reproductive behaviour in the tropics 

Studies to date do not support a high incidence of EPCs in the tropics. Four studies of 

tropical, socially monogamous species of passerine birds failed to detect any evidence 

of extra-pair fertilizations (Ligon 1999). EPCs are also low in two socially 

monogamous co-operatively breeding birds of Venezuela, the stripe-backed 

Campylorhynchus nuchalis and bi-coloured wrens Campylorhynchus griseus (Ligon 

1999). However much of the remaining evidence seems circumstantial or speculative 

and the arguments circular, resting on the assumptions referred to above that most 

songbird species live in the tropics, that breeding there is asynchronous and that 

asynchronous breeding is not correlated with EPRB (Ligon 1999). 

Morton (1 996) questioned the universality of asynchronous breeding in the tropics, 

citing the case of the tropical clay-coloured thrush Turdus grayi. This species 

resembles typical Northern Hemisphere passerines in many aspects of social 

organization and singing behaviour. In the breeding season, singing begins abruptly 

and vigorously, as does song in a temperate zone spring. Each male has an 

individually distinctive song, compatible with an extra pair copulation attraction 

function. Also males sing from elevated perches, as do many temperate zone birds 

and there is the typical divergence of sex roles with males singing and females nest- 

building and incubating. Morton (1996) further considered that the strong similarity to 

temperate zone singing and the sex role divergence in the clay-coloured thrush 

suggest similar underlying selection pressures. Other indirect evidence for a high rate 

of EPCs was the relatively large testis size. Although breeding may be asynchronous 

on a broad scale, it is locally synchronous. All females within a population lay their 

first clutches within 7-14 days, though other populations may breed at different times. 

The observation that EPCs are rare or nonexistent in species in which biparental care 

is essential for reproductive success (Birkhead and M~ller  1996, in Ligon 1999), 

raises the question as to whether the relatively benign conditions in the tropics would 

favour the development of EPRB. In other words, could we expect EPRB to be high 

in the tropics because of the 'easy living', rather than because of asynchronous 

breeding? 



1.8 CONCLUSION AND STATEMENT OF AIMS 

In this review I have attempted to give an idea of the major areas of bird song study 

and to draw attention to some problems. Many eminent ornithologists have 

highlighted the need to study species from areas other than the Northern Hemisphere 

and to include in those studies something of the life histories of those birds. 

In an attempt to contribute something to this debate I have tried to cover those aspects 

of grey butcherbird behavioural ecology that I considered essential to give the broad 

picture and to enable the behaviours and vocalisations to be seen in context. The 

scope has necessarily been very broad and no doubt some conclusions will be too 

general for firm conclusions. However in doing this study I have become aware of 

specific topics that could be taken up and studied in more detail and believe that I 

could not have gone about this in any significantly different way. 

The broad aim of the study, which admittedly became clearer with hindsight, was to 

study the vocalisations of grey butcherbirds (and to a lesser extent other members of 

the family Artamidae) with the aim of attempting answers to the following questions: 

i) Does the pattern found for suburban Brisbane with respect to two classes of 

vocalisations hold for wider geographical areas, especially country areas where the 

territory density is not so great? 

ii) What is the extent of geographic variation in both the male special dawn song and 

the vocalisations given by both males and females during the day? 

iii) Where males and females both contribute to song what, if any, is the difference 

between the contributions of each sex? 

iv) How does the pattern of butcherbird song fit into the old song paradigms? 

v) Can the new paradigms, which are just beginning to be articulated, encompass 

butcherbird vocalisations or do they have to be extended to encompass them? 

vi) Is the pattern of vocalisations seen in grey butcherbirds relevant in a discussion of 

the evolution of bird song? 

In order to attempt to answer these questions it was necessary to focus on the more 

specific aims, which were to: 



(i) Identify the different elements that comprise butcherbird vocalizations and the 

manner in which they are combined to form songs and calls 

(ii) Examine vocalizations from different groups and to investigate whether there are 

any differences between groups 

(iii) Focus in particular on the grey butcherbird but to include some comparisons with 

the pied butcherbird 

(iv) Ascribe functions to songs and calls where possible 



CHAPTER TWO 

METHODS 

A large number of comparative studies have been done on duetting birds and some 

fieldwork. The basis for the conclusions is unclear as few studies used marked birds to  

permit individual identification and many of the bird species had monomorphic sexes 

and the basis on which sex was assigned was unclear. 

Levin 1996a, p. 1094 



CHAPTER 2 

METHODS AND STUDY SPECIES 

2.1 STUDY SPECIES 

2.1 .I The Grey Butcherbird 

The focal study species was the grey butcherbird. Vocalizations of some other species 

viz. the pied butcherbird, Cracticus nigrogularis, the pied currawong, Strepera graculina, 

the Australian magpie, Gymnorhina tibicen and the noisy miner, Manorina 

melanocephala were studied for certain comparisons but the study of these was a very 

minor component. 

Early European names for the grey butcherbird include Coolady, Coolidie and Koolide 

(McGilp 1934, Cohn 1934). These appear to be derived from Aboriginal names for 

butcherbirds (both the pied and the grey) viz. Goolool (Sullivan 193 1) and Coolwenda 

(Pritchard 1972). 

Very little has been written on any aspect of grey butcherbirds. There have been short 

articles and incidental references in ornithological journals over the years but there has 

been no major work published in a refereed journal or in book form. The most significant 

study to date, on grey butcherbird vocalizations, is that by Larkins (1982). Data on 

distribution has been published in Blakers et al. (1984) and nesting data is available from 

the Royal Australasian Ornithologists' Union Nest Record Scheme. Information regarding 

co-operative breeding and ecology is largely anecdotal andlor scattered among various 

papers and books (e.g. Ford and Bell 198 1, Er 1997). 

2.1.2 Classification of Butcherbirds 

Butcherbirds, along with woodswallows, Australian magpies and currawongs belong to 

the family Artamidae. The genus Cracticus, to which the grey butcherbird belongs, is 



endemic to Australia and New Guinea. There are seven species of Cracticus, four in 

Australia (Blakers et al. 1984) and four in New Guinea (Beehler et al. 1986) (Table 2.1). 

Table 2. 1 Species of Cracticus (from Sibley and Monroe 1990) 

C. mentalis SE New Guinea and NE Queensland 
C. torquatus Australia (except Cape York Peninsula) 
C. cassicus New Guinea and some offshore islands 
C. lousiadensis SE New Guinea 
C. nigrogularis Australia (except far NE and extreme S) 

C. quoyi Lowland Papua and New Guinea and coastal N and NE Australia 

2.1.3 Distribution 

The grey butcherbird is endemic to Australia. It is widely distributed but is absent from 

the northern part of Cape York Peninsula and some of the more arid parts of the central 

northern section of the continent (Blakers et al. 1984, Schodde and Mason 1999). 

Within this range the distribution is patchy. Large expanses of apparently suitable habitat 

such as eucalypt forest in the Ravensbourne area, Lake Broadwater environmental Park 

and Toohey Forest often have only scattered populations (pers. obs.). Population 

density is high in some Brisbane suburbs. These suburbs typically have treed gullies or 

drain-lines with a mixture of native and exotic vegetation and some tall trees. Density is 

lower in bare suburbs and large forest remnants. An essential feature seems to be the 

presence of eucalypts or other members of the Myrtaceae, with a wide agelsize structure 

(Sewell and Catterall 1998, Pers. Obs.). The apparently higher density in Brisbane 

suburbs could well be related to the extensive provisioning, both direct (e.g. feeding) and 

indirect (e. g. maintaining well-watered gardens) by humans. Sewell and Catterall(1998) 

confirmed that density in eucalypt remnants of 5-10 ha was similar to that in the well- 

watered partly-planted Brisbane suburbs. This could be explained by the proximity of 

smaller remnants to human habitation, again providing supplementary feeding. Feeding of 

wildlife is widespread in Brisbane suburbs and grey butcherbirds are among the most 

commonly fed species (Howard and Jones 2002, pers. obs.). 



Fig 2.1 Grey butcherbird distribution from Schodde and Mason (1999). 



2.1.4 Description 

The grey butcherbird is a medium-sized passerine, 24-30 cm (Pizzey and Knight 1997). 

Adult plumage is white, black and grey (Boles 1987, Pizzey and ISnight 1997, Carter and 

Carter 1996). There are four somewhat distinct plumage stages: juvenile; two immatures; 

and adult (Boles 1987, Carter and Carter 1996). The juvenile is dark brown and the dark 

bill lacks the strongly hooked tip present in the adult. Immature stages reflect the adult 

pattern but are duller in various shades of buff, brown and off-white (Boles 1987, Carter 

and Carter 1996). Boles (1987) suggested that the second immature stage lasted until the 

end of the third year but Carter and Carter (1996) suggested that the first immature stage 

was from one month to one year and that and the second was from one to two years. One 

banded female in the present study attained adult plumage and nested at two years of age. 

The young have a yellow palate, which becomes pink in the immature bird and black in 

the adult (Robinson 1956). Detailed descriptions of adult and juvenile plumage are given 

in Boles (1 987) and Carter and Carter (1 996). 

Male and female grey butcherbirds are typically described as being very similar in 

appearance with only subtle colour differences e.g. 'female browner' (Simpson and Day 

1993), 'female: crowdupperparts browner' (Pizzey and Knight 1997), 'the female has a 

black crown slightly tinged around the edge with brown' (Hindwood 1955). Subtle 

differences in plumage colouring, however, are not particularly reliable. A more useful 

discriminating feature involving differences in the loral spot has been described by Carter 

and Carter (1 996) (see section 3.2.4). 

2.1.5 Habitat 

The grey butcherbird is found in a wide range of habitats and is among those species able 

to take advantage of habitats altered by humans. Carnaby (1933) found the grey 

butcherbird in all classes of country at Lake Grace, W.A. Surveys undertaken at Lake 

Broadwater Environmental Park between April 1984 and January 1987 (Seton and Wood 

1988) found grey butcherbirds abundant and present in each month of the survey term. 



They were found in redgum forest and bulloaldcypress pine woodland but were not 

recorded from grasslands and open spaces. 

Data from the R.A.O.U. Nest Record Scheme show that for 192 nest records for which 

landuse category was recorded, 44 (23%) nest sites were in residential, 39 (20%) in 

recreationaVroadside, 35 (1 8%) in agricultural and 74 (39%) in national park or reserve 

(these categories were not mutually exclusive). The grey butcherbird benefited from 

clearing in the West Australian wheat belt, feeding on small birds concentrated in the small 

timber reserves left after clearing (Le Souef 193 1). It is among the few native passerines 

regularly utilising exotic pine plantations (pers. obs) and is also among those least affected 

by dieback of eucalypt forests (Ford and Bell 198 1). Er (1997) suggests that this may be 

due to its larger body size, making it less vulnerable to predation and environmental 

factors under reduced tree cover. However, a contributing factor could be its aggressive 

nature; it is one of the few species able to tolerate territory overlap with noisy miners 

(Sewell and Catterall 1998). It is among the native species that thrive in suburbs whereas 

smaller birds fare poorly, in part due to the depredations of butcherbirds (Ford 1989). 

Luck et al. (1999), in a study on bird responses at inherent and induced edges in the South 

Australian Mallee, found no significant differences between grey butcherbird distributions 

at induced or inherent edges and also no edge response, i.e. grey butcherbird density 

neither increased nor decreased at edges. They did find that species common at edges were 

habitat generalists, prevalent in a variety of natural and disturbed vegetation types, but it 

cannot be inferred from this that the obverse is true, i.e. that birds that are not more 

common at edges are not habitat generalists. 

In spite of this apparent robustness and adaptability, the grey butcherbird has slowly 

disappeared from some places since European settlement (Blakers et al. 1984). It is 

possible that this is due to simplification of vegetation structure, given their apparent 

preference for dry sclerophyll with an underlayer of shrubs (Larkins 1982). 



2.1 -6 Territory Size and Population Density 

Territory size appears to vary widely depending on habitat type and available resources. 

In Bardon, an inner west Brisbane suburb, ten territories were found in an area of 

approximately 100 ha. This gives a maximum average of 10 ha per territory. Effective 

territory size was somewhat smaller, possibly no more than 7 ha, allowing for roads and 

buildings and apparently unsuitable areas containing no butcherbirds (present study). 

Territory sizes in the Tuggerah Lakes region NSW (33" S 15 1" E) were estimated at less 

than 22 ha (Alan Morris pers. corn.). Larkins (1982) estimated a territory size of 4.5 ha at 

Turramurra NSW in a habitat of mixed urban with dry sclerophyll forest bordered by 

sporting ovals. 

Surveys undertaken at Lake Broadwater Environmental Park between April 1984 and 

January 1987 (Seton and Wood 1988) gave a maximum density per transect for grey 

butcherbirds of 1.75 per 10 hectares. Assuming four birds per territory (i.e. typical post- 

breeding season density) gives a territory size of 23 hectares. Assuming two birds per 

territory (i.e. minimum pre-breeding season density) gives a territory size of 1 1.5 

hectares. These crude estimates concur surprisingly well with the territory size estimates 

given above. A larger territory size would be expected in the harsher Lake Broadwater 

environment. Similar extrapolations from data by Sewell and Catterall(1998) gave 

territory sizes in the greater Brisbane area ranging from 2.5 hectares for territories in well 

tended gardens with tall eucalypts to 12 hectares for those in large remnant eucalypt 

forests. 

2.1.7 Social Organization and Territoriality 

The grey butcherbird is typically described as living singly or in pairs (Blakers et al. 

1984) unlike the pied butcherbird for which co-operative breeding (see Box 2.1) has been 

well documented (Robinson 1994). However there is some evidence of a tendency 

towards cooperative breeding in grey butcherbirds. 



Several reviews (Dow 1980, Brown 1987, Skutch 1987, 

Clarke 1995) refer to cooperative breeding in grey 

butcherbirds. All references therein are traceable to a 

single incident described in Rowley (1976) where three 

grey butcherbirds (one a juvenile) were seen feeding 

nestlings. However other sources do strengthen the 

suggestion of cooperative breeding. The R.A.O.U. Nest 

Record Scheme has ten records of more than two birds 

attending the nest or young and Hindwood (1 955) 

observed nest defence by a juvenile grey butcherbird. 

Box 2.1 Cooperative 

breeding 

Cooperative breeding is 

characterised by the presence 

of helpers attending the nest 

or young (Ligon 1999). A 

prerequisite for cooperative 

breeding is delayed dispersal 

of offspring from the natal 

territory. 

Over most of Australia the grey butcherbird is sedentary and defends a territory year 

round. However near Darwin (12" S 130" E), with pronounced wet and dry seasons, it 

retreats from flooded creeks during the wet summer season. Nevertheless, data from the 

Field Atlas suggested no large-scale seasonal movement; the longest recorded movement 

of a banded individual was 11 krn (Blakers et al. 1984). 

Multi-year studies with identifiable individuals (e.g. Larkins 1982, Carter and Carter 

1996) support the notion of life-long territory fidelity. Larkins (1982) observed the same 

two individuals on the same territory for two years; Carter and Carter (1996) observed 

five individuals which remained on the study territory for at least two years including one 

which remained for three years and another which remained for five years. 

2.1.8 Feeding methods and prey 

Grey butcherbirds obtain prey by foraging in foliage, raiding nests, pouncing to the 

ground and occasionally giving aerial chase (Thompson 1922, Chandler 1944, Hyem 193 1, 

1937, Irby 1934, McKeown 1936, Hindwood 1947, Sedgwick 1947, Cooper 1948, Hobbs 

1981). Prey is frequently wedged in crevices including those in artificial structures (Carter 

1924, Sedgwick 1947, Cooper 1948, Walters 1980). 



Prey items include insects such as grasshoppers, cockchafer grubs, mantids and phasmids, 

small lizards and house mice Mus rnusculus (McICeown 1936, Sedgwick 1940, Green 

1966, Walters 1980). In addition, small birds and nestlings are frequently eaten. These 

include painted button-quail Turnix varia, laughing kookaburra Dace10 novaeguineae 

nestlings, dusky robins Melanodryas vittata, pardalotes Pardalotus sp., white-naped 

honeyeaters Melithreptus lunatus, brown honeyeaters Lichrnera indistincta, willie wagtails 

Rhipidura leucophrys and house sparrows Passer domesticus (Cheney 19 15, Carter 1924, 

Chandler 1924, Legge 193 1, Le Souef 193 1, Fletcher 1934, Hyem 1937, Hindwood 1947, 

Hobbs 1981, Ford 1989). Hyem (193 1) saw a grey butcherbird take a bat in mid-air but 

not eat it. 

The grey butcherbird's reputation as an aggressive, fearless predator appears to be well 

founded. A grey butcherbird was seen to repeatedly attack two letter-winged kite Elanus 

scriptus nestlings in spite of aggressive defence by the female kite (Irby 1934). Whitlock 

(1937) saw a grey butcherbird take a mouse from a fully-grown kitten. Silvereyes 

Zosterops lateralis reputedly avoid being in the proximity of grey butcherbirds (Serventy 

1930, Le Souef 1931). 

Domestic chickens Gallus gallus and caged birds such as canaries Serinus canarius are 

frequently killed by grey butcherbirds (Carter 1924, Legge 193 1, Jack 195 8). As a result, 

the grey butcherbird was for a time a declared pest in Queensland under the Fauna 

Conservation Act, possibly due to pressure from the avicultural lobby (Jack 1958). 

Feeding of nestlings is discussed in Section 2.1.9 below. 

2.1.9 Breeding 

Nest structure and location 

The nest is typically described as untidy or loosely made of dead twigs and lined with 

grass, roots, fine roots, fibre or bark (Carter 1924, Hindwood 1930, Beruldsen, 1980). 



It is usually in a sapling or a small tree. Earlier records give nest heights from 9 ft [-3 m] 

to 40 ft [-lo m], located frequently in saplings but occasionally in a fork of a tall eucalypt 

and even in a branch of mistletoe (Thomson 1922, Carter 1924, Chandler 1924, Ross 

1926, Hindwood 1930, Carnaby 1933, de S. Disney 1974). Data from the R.A.O.U. Nest 

Record Scheme showed a nest plant mean height of 9.3 m (range 2 4 0  m, n = 200) and 

mean nest height of 5.6 (range 1.5-20 m, n = 276). 

Eggs, clutch size, incubation and feeding 

Eggs are various browns or dull greens spotted with brown to red markings and 

sometimes with a reddish tinge (Hindwood 1955, Beruldsen 1980, Slutch 1987). Size 

varies from 3 1 x 21 mm (Hindwood, 1955) to 3 1 x 23 mm (Beruldsen 1980). 

The number of eggs in a clutch is usually three or four (Hindwood 1930, de S. Disney 

1974, Beruldsen 1980, Skutch 1987). The mean clutch size from the R.A.O.U. Nest 

Scheme data was 3.3 (range 1-7, n = 98). A clutch of seven has been recorded (White 

1914). This clutch was clearly separated into three and four indicating that two birds had 

layed. De Warren (1926) observed grey butcherbirds building a second nest for a second 

clutch during a single breeding season. 

Two estimates for incubation period give 23 days with the young remaining in the nest 

for 25 or 26 days (Skutch 1987) and 24.7 days (range 23-27, n=6) from first laying to 

first hatching, (R.A.O.U. Record Nest Scheme). The female alone broods and the male 

feeds the female on the nest (Thompson 1922, Chandler 1924, Skutch 1987). 

The few published records suggest that, as with many other passerines, nestlings are fed 

largely on insects. Prey items include dragonflies, coclchafer grubs, phasmids, moths and 

small lizards (Thomson 1922, Chandler 1924, Sedgwick 1940). Both sexes feed the young 

(Thomson 1922, Chandler 1924, Hindwood 1955, Skutch 1987) and occasionally more 

than two birds have been observed attending the nest (see section 1.7). 



Time and duration of breeding season 

Nest building may start in July (Hindwood 1955), but takes place mainly in August 

(Carter 1924, Hindwood 1955). The first egg of the season for a breeding pair is laid 

mainly in August or September (de S. Disney 1974, R.A.O.U. Nest Record Scheme) but 

may be as late as October (Thomson 1922, R.A.O.U. Nest Record Scheme). A few 

reports suggest a later finishing date, for example November (Hobbs 1961) or even the 

end of January (Hindwood 1955), and young birds out of the nest have been seen being 

fed by adults in February (Hindwood 1955). 

The nest and young are defended vigorously (Leach 1928, Lord 1956). Most recorded 

cases of grey butcherbird attacks on humans, many of these drawing blood, seem to be in 

relation to nest defence (Thomson 1922, Hindwood 1955, Cleland 1956, Bourke 1958, D. 

Jones 2000 pers. corn.). 

Courtship behaviour and copulation 

Copulation seems to be rarely observed, or at least, rarely reported. Larkins (1982) 

reported that copulation took place after intensive courtship displays of food begging and 

aerial chases. Robinson (1 994) observed only five copulation attempts in the pied 

butcherbird in a four-year study involving many hours in the field. 

2.1 .I 0 Vocalizations 

Grey butcherbirds have a wide range of harsh and melodious vocalizations. Very few 

descriptions mention both types. A concise, accurate description is given by Pizzey and 

Knight (1997). They describe both the loud mellow phrases, and the harsh rollicking and 

grating sounds, as does Gannon (1933). Slater et al. (1992) refer to melodious piping, a 

rattling cheep (presumably alluding to the harsh phrases) and soft mimicry which could 

refer to subsong. Other descriptions refer only to the melodious phrases (Simpson and 

Day 1993) or the harsh sounds (Leach 1928, Sullivan 1931). de S. Disney (1974) referred 

to 'melodious duets' and also to the virtually identical begging calls given by young and 

nesting females. With the exception of Larkins (1982), discussed in detail below, only one 



reference, Gannon (1 933), refers to antiphonal singing and four unambiguous references 

(Sharland 1929, Dove 1929, Dove 1934, Pollard 1930) to 'whisper' song, which, from the 

descriptions, appear to be adult subsong. Interestingly, Dove (1929, 1934) implies that 

the same bird gave subsong in the same tree over a time span of at least five years. 

Previous studies on vocalisations 

The only work of any depth is that by Larkins (1 982) who studied a pair of grey 

butcherbirds and their offspring in Turramurra NSW from 1972-74. One of the birds in 

the pair was individually recognizable by a disarranged tuft of feathers. Behaviour in the 

field (presumably copulatory behaviour) indicated that this was the male. Males, females 

and immatures sang and some vocalizations were sex-specific. The absence of sonagrams 

(unavoidable for a non-professional at this time) makes it difficult to recognize with 

confidence the vocalizations to which Larkins (1982) refers. Musical annotations are 

provided for some vocalizations but it is difficult, in fact virtually impossible, to 

represent vocalizations accurately by this method and they are difficult to interpret. 

Vocalizations were classified as songs and calls and songs were divided into breeding song, 

advertising song and quiet song. A summary of the vocalization descriptions follows. 

(a) Songs 

Breeding song 

Breeding song, sung by the presumptive male, consisted of two phrases sung alternately 

and repeatedly. It commenced on 25 July and was sung softly at first but became louder 

as the season progressed. Initially the duration lengthened day by day until singing lasted 

twenty minutes. Song then diminished in duration and volume until it ceased early in 

November. 

Breeding song was sung in a particular tree on a territory boundary. The tree was far 

removed from the roosting tree in which the mated pair spent the night. Before leaving the 

roosting tree to fly to the singing tree, the presumptive male gave the first [species] 



specific call for the day. The bird singing breeding song was never observed because of 

access problems. However Larkins deduced that it was a male because the male was seen 

flying from the direction of the singing tree towards the female when breeding song had 

finished. 

A vocalization termed 'autumn breeding song' was also sung during the day from a high 

tree (not the breeding song tree) and at low volume. 

Advertising song 

Advertising song was given from a high tree with male and female using individual motifs, 

given antiphonally. It was used at territorial boundaries and, for the focal pair, was more 

intense during the year in which they first established the territory. Song was made up of 

contact calls and commenced with, or included, the specific call given by either bird. The 

motifs of individual birds varied slightly from territory to territory. 

Quiet song 

Quiet song was defined as song sung at less than normal volume and was divided into 

whisper song (quiet song by adult birds) and subsong (quiet song by juveniles). Adult 

birds, both male and female, sang whisper song after the young had left the nest or after a 

failed clutch was not followed by a new one. It was sung, at intervals, from the end of one 

breeding season to the beginning of the next. It was given from a low branch and during 

singing the feathers were fluffed. Mimicry of other birds in the territory alternated with 

grey butcherbird calls. By the middle of March the adult male included motifs from 

breeding song in quiet song. Juvenile subsong did not include mimicry and on only one 

occasion was it heard to include breeding song. The tonal quality was inferior to that of 

adults. 

(b) Calls 

The speczjk call 



This complex call was the first one of the day (given from the night perch) and also the 

last. The description seems to imply that there is little regional variation. 

Contact calls. 

Contact calls were similar to advertising song but given with less volume and tempo. 

Attack calls 

These were described as loud and harsh. 

Alarm calls 

These, described as 'querks', often very persistent and 'annoying', were used in the 

presence of potential predators such as goannas, cats or possums. No alarm calls were 

noted for overhead predators. 

Pre-perching or slumber song 

This consisted of low, almost inaudible warbles given near the roost site. It was detected 

only during nest building and only in one year. 

Food begging calls 

These were directed by the female to the male during courtship display and while on the 

nest. These were essentially the same as begging calls of young birds but were softer 

when given during courtship display. 

Ground chuckles 

These were subdued chuckling sounds heard in one year only on the day nest building 

was completed. Activity was not observed but the calls were considered to be unrelated 

to copulation. 

2.2 STUDY SITES 

2.2.1 General Description of Study Sites 



There were four study sites within Brisbane and a rural site at Lake Broadwater 

Environmental Park. The major study site was Bardon, Brisbane site 1. This site was 

chosen for convenience of access and the presence of at least five contiguous territories. A 

second suburban site, Indooroopilly, Brisbane site 2, was chosen for comparison of 

dialects over a short distance (5 Ism). Indooroopilly was chosen as it has similar 

vegetation structure and housing density to Bardon. The third site within Brisbane was 

Toohey Forest, a large area of natural bushland. It was chosen to allow for any possible 

effect of vegetation modification as a result of human activity. 

A rural site at Lake Broadwater Environmental Park was chosen to study vocalizations in 

a relatively natural environment, far removed fiom intensive urbanisation. An important 

criterion for choosing this site was assured logistics support (a contact living in the 

district). 

2.2.2 Brisbane 

Brisbane (27" 28" S, 153" 01" E), with a population of 1.5 million, and area 122,000 ha is 

bordered on the east by a relatively shallow water body, Moreton Bay, and on the west 

by hills and low mountain ranges. Development has been hindered to the west by hills 

and has consequently continued north and south along the coastal transport corridors 

(Geoscience Australia 2000). 

Climate 

The climate is sub-tropical with warm to hot, wet summers, mild drier winters and a 

median annual rainfall of 1200 mm. The month with the highest daily average maximum 

temperature in summer is January (29.2" C) and the month with the highest daily average 

maximum for the winter months is July (20.6" C). Lowest daily average minimum for the 

winter months is 9.4" C occurring in July. The highest average maximum monthly rainfall 

is 175.5 mm (February) and the lowest mean rainfall is 32.9 mm (September). Monthly 

temperature and rainfall data are for 1949- 1996. (Geoscience Australia 2000, 

Commonwealth Bureau of Meteorology 2000). 



Vegetation 

Although Brisbane is one of the fastest growing urban areas in the world (Poole 1995), 

there are still extensive areas of remnant native vegetation. Some hundreds of hectares 

surround the Greenbank and Enoggera military reserves and the Belmont Rifle Range 

(Poole 1995) and Toohey Forest covers more than 650 hectares (R. Coutts pers. corn.). 

The rugged ranges to the west, while hindering urban development, have led to the 

preservation of further large tracts of vegetation. Temperature, ralnfall and topography 

vary across the city. Consequently there is a variety of vegetation types including sub- 

tropical closed forest, open eucalypt forest, melaleuca forest and coastal wallum. This 

variety reflects the large diversity of bushland community types found in south 

Queensland (Catterall and Kingston 1993, Poole 1995). 

Brisbane sites 

This is an inner Brisbane suburb 4 km west of the city centre. Although close to the city 

centre, it still contains extensive areas of native vegatation, including eucalypt open forest. 

Native vegetation with tall eucalypts is found in backyards and median strips. The suburb 

is quite hilly and there are some heavily vegetated gullies. Weeds, including exotic garden 

plants, are common in gardens, gullies and pockets of natural vegetation. 

ii) Indooroopilly 

This suburb is 7 km southwest of the city centre. Bordering the Brisbane River, it is 

neither as elevated nor as hilly as BardodRainworth. It is similar vegetatively but lacks 

the large stands of native vegetation found in Bardon. 

iii) Toohey Forest 

Toohey Forest is a relatively large (approximately 650 ha) remnant of native vegetation 

10 km southeast of the city centre. The dominant vegetation type is Eucalyptus open 



forest particularly on ridges. Rainforest trees are present in some of the moister gullies 

(Catterall and Wallace 1987). Griffith University is situated within the forest. 

Figure 2.2 Study sites. The main study sites were in the adjacent Brisbane suburbs of 
Bardon and Rainworth. Additional sites were at Indooroopilly, Nathan Campus of Griffith 
University, and Lake Broadwater west of Dalby. Source: Griffith University Cartography 
Department, 2003. 

2.2.3 Lake Broadwater Environmental Park 

Lake Broadwater Environmental Park, (1 5 1" 04", 27" 30'3, covering some 870 ha, is 

located 20 km west of Dalby, Queensland, and 193 km west of Brisbane. It derives its 

name from Lake Broadwater, a shallow depression that occupies the lowest portion of an 

alluvial plain tending east-west across the centre of the Reserve. The lake is seasonally 



flooded by run-off from the surrounding plain and from a short inlet stream draining 

higher land to the east and south. In good seasons the lake drains westward via a shallow 

watercourse. The plains around Lake Broadwater Environmental Park range from 340 to 

360 m above sea level (Scott 1988). 

Climate 

The climate is sub-tropical continental. The average rainfall registered for Dalby is 669 

mm. but the region is renowned for rainfall variance. Records indicate the patchiness of 

rainfall over even a few square kilometres. 

Average minimum temperature for winter (June, July and August) is 6" C. The lowest 

average monthly maximum is 17" C (July). Average maximum and minimum temperatures 

for January (the hottest month) are 33" C and 21" C respectively. 

The average number of heavy and light frosts per annum recorded at Lake Broadwater 

Environmental Park from June 1984 to May 1987 was 1 1. All of these occurred from 

May to August. The region experiences drought and flooding. Lake Broadwater 

Environmental Park is fortunate in that large numbers of trees have been retained around 

the district breaking down the wind velocity substantially. 

Vegetation 

The reserve encompasses open forest, low open forest and woodland, grassland, wetland 

and aquatic vegetation types. The dominant trees are Casuarina leuhmannii (bulloak), 

Callitris glaucophylla (cypress pine), Eucalyptus pilligaensis (Pilliga grey box), 

Eucalyptus camaldulensis (river red gum) and Eucalyptus populnea (poplar box). 

2.3 FIELD TECHNIQUES 

2.3.1 Recording Methods 

Data were collected by electronic and aural means and spectrograms (sound 

spectrographs) were made from electronic recordings. For most electronic recordings a 

Sony Walkman Professional stereo cassette recorder, model WM-D6C with Sony 



earphones was used. This recorder has a quartz lock capstan servo system which 

ensures accurate and stable tape speed. Microphones used were a Sony Stereo 

microphone, model ECM-909A and a Sennheiser K6, ME 66 supercardioid 

microphone. 

Good quality tapes such as Sony HF 90, Type I, TDK SA 90, High Position Type I1 

and Fuji DR-I, IECI Type I Normal were used. W e r e  recordings were to be used for 

analysis or playback, TDK SA Type I1 tapes or Sony Metal-XR Type IV were used. 

Sony Metal-XR tapes were originally used when it was believed that tape stretching 

was a problem. The use of these was discontinued when it was realised that this 

problem was no worse with Type I1 tapes than with Type IV. 

Choosing territories for study of general vocalizations 

One of the aims of the study was to try to document similarities and differences in 

vocalizations within and between local populations. Accordingly, territories were 

chosen from local populations for detailed study. Two were chosen in the Rainworth- 

Bardon area and one in Indooroopilly. Data were also collected opportunistically from 

other areas using the aural recording method (see 2.3.2 for a description of this 

method). This resulted in an unequal coverage for some vocalizations but enabled the 

collection of data fiom a wider geographical range than if collection had been restricted 

to focal sampling. 

Recording procedures for general vocalizations 

Formal electronic recording sessions were 30 to 90 minutes long. Recording was 

continuous, where feasible, in order to measure the intervals between vocalizations. 

However the recorder was switched off during long periods of silence. Recording 

sessions were usually timed to capture the first vocalizations of the day but a smaller 

number of sessions were started later in the day to see whether there were different 

patterns at different times. 

Aural recording techniques were similar but generally shorter, for example aural 

recording was frequently used to ascertain the time and nature of the first vocalization 

of the day. 



Recording was done in the field, standing near the position from which the birds were 

singing (usually a tree). No attempt was made to standardise distances since a comparison 

of intensities between songs was not necessary. Comparisons of intensities between 

phrases within songs were occasionally examined, but relative intensity only was 

required. 

Recording breeding song 

Preliminary investigations had indicated that only one bird per territory sang breeding 

song, that it was sung for a limited time of the day and of the year only, that each bird had 

a unique repertoire and that a small number of singing posts were used in a set order each 

day. Recording &sign was therefore planned to further investigate these preliminary 

findings. 

Nine contiguous territories within the combined suburbs of Rainworth and Bardon were 

chosen for monitoring. Several routes that collectively allowed complete auditory 

coverage of all nine territories were planned. Each route allowed monitoring of three or 

four territories per observation session. It was not possible to monitor all territories on 

one day because the singing bouts were short and all bird commenced at approximately 

the same time each day. These investigative walks took place mostly between the end of 

July and early December 1996 and also at the start of the breeding season in 1997, 1998 

and 1999. 

After walking each of these routes several times, the singing post from which each bird's 

song bout would commence could be predicted. However the approximate starting time 

could be predicted for only several days after an investigative walk, in part due to earlier 

dawn as the season progressed but also due to changes in the length of the daily song bout 

through the season. 

When the general location and starting time of song bouts had been ascertained, regular 

monitoring was undertaken for the breeding season. Ideally this was on a weekly basis but 

this schedule could not always be adhered to because of various restrictions unrelated to 



the study. Both aural and electronic recording methods were used. Aural methods were 

used to identify singing posts and length of singing bout. Electronic recording was used to 

measure strophe length and time from start of one strophe to start of the next and also to 

identify song elements and strophe composition (number and type of elements in a 

typical strophe). See Sections 1.5 and 2.7 for the use of 'strophe'. 

2.3.2 Observational and Experimental Methods 

Playback equipment 

Playback was used only in connection with breeding song and the specific methods are 

described in more detail in Chapter 6. Playback tapes were broadcast using either a JVC 

portable CD changer system model RC-XC1 or a Hitachi model TRQ-229 with Pioneer 

150 mm twin cone automotive stereo speakers mounted in Hitachi enclosures adequate 

for a frequency response above about 200Hz. The JVC portable unit has a 4-track 2- 

channel stereo system, an electronic governor DC motor for capstan and two 10 cm 

speakers. It was chosen for its portability and ruggedness combined with reasonable 

quality at an acceptable price. The Hitachi cassette recorder was powered from a car 

battery. It was used when access was not a problem. 

Aural recording 

Some vocalization data were obtained by listening and making written notes. This type of 

recording is suitable for analysing broad patterns such as time of day of first vocalisation, 

switches from one song type to another, contributions by different individuals and broad 

changes in singing rate during the day and over the year. This method was adopted when, 

after an extended period of listening, making electronic recordings and categorising 

vocalizations, it became apparent that discrete vocalizations could be identified and 

annotated accurately by ear. A trial was carried out with the assistance of a professional 

ornithologist to verify the accuracy of this method. The procedure is described below: 

Vocalizations that had been recorded electronically were given code names and stored as 

computer files. The examiner had a numbered list with code names and a brief description. 



Vocalizations were played at random and identified by ear. Replays were not allowed, as 

instant recognition is necessary for this to be a reliable field technique. There were four 

test categories, with ten test items from each category. Part marks were allocated within 

each test item (Table 2.2). 

Table 2.2. Test categories and results (mark/lO) for playback test administered to examinee. 
The test was designed to check reliability of aural recording method. 

These results indicated adequate accuracy for the intended purpose and accuracy 

improved with further familiarity. 

Observations 

Mark110 

10 

9.75 

10 

9.1 

Category 

1 

2 

3 

4 

Observations of behaviour were largely limited to behaviour seen while birds were 

vocalizing. These observations were made by speaking into the microphone while 

recording electronically or making written notes while doing aural recording. Behaviours 

noted were: wing, tail and head movements, wing, tail and head position, direction bird 

was facing (with respect to the direction of the territory for a bird on the boundary or 

with respect to other vocalizing grey butcherbirds), fluffing of body feathers. Proximity 

to other birds was also noted where possible. 

2.4 SEXING BUTCHERBIRDS 

Grey butcherbirds were sexed in the field by two methods: use of visible external 

differences and the presence of a cloaca1 protuberance. 

Description 

Vocalization types from Bardon-Rainworth (examinee 
familiar with these) 

Details of phrases and comments on variations of 
vocalizations from Bardon-Rainworth 

Vocalization types from other areas (not so familiar 
with these) 

Details of phrases and comments on variations of 
vocalizations from other areas 



Use of visible external differences 

Grey butcherbirds are considered essentially monomorphic with the female somewhat 

browner, either overall or in part (Hindwood 1955, Simpson and Day 1993, Pizzey and 

Knight 1997). However, subtle differences in plumage, given variation due to state of 

moult and general plumage condition, are not reliable indicators of sex. Carter and Carter 

(1996) describe how adult male and female grey butcherbirds can be sexed in the field. 

Both sexes have a small whitish spot in front of the eye (the loral spot). In males this is 

quite white, rather rounded and does not contact the eye. In females the spot is dirty 

white, makes contact with the eye and the lower edge runs back under the eye to give a 

'spectacled' effect. They stress that this feature is useful for adult birds only. Birds 

should be assessed for adulthood by the extent of the pale area at the base of the bill. In 

adults the bill is black in the distal half and blue-grey in the basal [proximal] half. In males 

two-thirds or more of the basal portion of the upper mandible may be pale. 

Carter and Carter (1996) list other differences; males are slightly larger than females, 

males have more white in the greater secondary coverts and are generally 'cleaner' in 

appearance. These features are not as reliable in the field as the loral spot but may be 

useful adjuncts. 

Examination of cloaca for enlarged cloaca1 protuberance 

Briskie (1 998), in an overview of the present state of the study of avian genitalia points 

out that we are still in the early stages of documenting diversity in the structure of avian 

reproductive organs. He lists several groups where the male has a significant intromittent 

organ - waterfowl (Anatidae), the closely related screamers (Anhimidae) and the greater 

vasa parrot Coracopsis vasa of Madagascar. Interestingly the intromittent organ of the 

vasa parrot is not homologous with the intromittent organ of other birds and must have 

evolved independently. Briskie (1998) lists some species with structures of 'gigantic 

proportions' namely Smith's Longspur Calcarius pictus and the alpine accentor Prunella 



collaris with its 'huge protuberance7. The cloacal protuberance of the superb fairy-wren 

Malurus cyaneus has an 'odd cartilaginous tip7 whose function remains a mystery. 

A significant recent study is that of the bearded tit Panurus biarmicus by Sax and Hoi 

(1 998). They reported that the cloacal protuberance (CP) in bearded tits functions as a 

copulatory organ not as a sperm reservoir as seems to be the case for many passerines. 

CP volume differed significantly between mated and unmated males and provided a good 

indicator of their reproductive status. Within individual male mated bearded tits, CP size 

changed in conjunction with their mate's fertile cycle pealung around the day of clutch 

initiation. 

A male butcherbird in breeding condition examined in 1998 had an enlarged cloacal 

protuberance. A female and a juvenile examined did not have an enlarged protuberance. 

These results were consistent with sex as determined from the loral spot. However, given 

the results of Sax and Hoi (1998), it would be premature to assume that absence of a 

cloacal protuberance in or out of the breeding season indicates a non-male. Much work 

remains to be done for this and most species of Australian birds. 

Two other more technical methods, laparoscopy and molecular methods, were not used in 

this study but are briefly described below: 

Laparoscopy 

Laparoscopy has the disadvantage that it is stressful to the bird. Firstly the bird must be 

caught and restrained. Secondly, any invasive procedure poses some risk of infection 

and/or physical trauma. Nevertheless it is quick and inexpensive and, in the hands of a 

skilled operator and on a robust bird accustomed to human contact, is not too traumatic. 

It is useful where there are no external differences as, for example, between juveniles or 

between male and female pied butcherbirds. 



Molecular methods 

Eight molecular methods are listed by Ellegren and Sheldon (1997). All methods have 

disadvantages. Some are very laborious, some require expensive equipment not readily 

available, and some are readily available only if a genetic probe has already been isolated 

for the species and others do not work on all species. Very little work has been done on 

Australian birds in this regard and so molecular methods were not suitable for the present 

study. 

2.5 DATA ANALYSIS 

2.5.1 Analysis of Electronically Recorded Data 

Oscillograms and Spectrograms were made using initially the Apple Macintosh I1 VX 

Canary Program Version I. 1, later upgraded to Version 1.2 (Cornell Laboratory of 

Ornithology, 1993 and 1998). 

Sampling frequency for sound was 22.1 kHz allowing for analysis of sound from at least 

500Hz to 10 kHz to an accuracy of 0.05 kHz, and time accuracy to 10 ms, both more 

than adequate for the present study. 

Spectrogram generation 

Initially most spectrograms were done with a frame length of 256 points and an FFT size 

of 256 points with 50 % overlap. This gave adequate time and frequency resolution. 

Spectrograms with much longer Frame Length and FFT and greater percentage overlap 

took an unsatisfactorily long time to produce with the equipment originally available. As 

a test a spectrogram was produced with a frame length of 1024 points, an FFT of 1024 

points with 87.5 % overlap. The frequencies measured with this spectrogram were not 

significantly different and were within the margin of error estimated for those produced 

under the standard specifications. Consequently it was consider that nothing was to be 

gained using the more time consuming better frequency resolution spectrograms. 



When greater computing power became available a wider variety of parameters was used 

for example FFT 512; frame length 512. But again the aim was to produce spectrograms 

that allowed broad comparisons. Clipping level was varied to give the clearest 

representation. Typical levels would be -85, but again this varied depending on the 

output. 

In general, little attention was paid to harmonics. The frequencies with the greatest 

intensity - those which seemed to carry the 'tune' - were the focus of attention. The 

purpose of this study was to describe what was happening rather than to determine 

which components of the songs were important to the birds. 

Further, it should be noted that the tern 'frequency modulation' was not used to describe 

a change in frequency (see Section 6 for further discussion). 

Variables measured within sonagrams 

Four of the six variables used by Jurisevic (1998) were useful in describing the 

vocalisations of grey butcherbirds: (1) the peak dominant frequency (the upper level of 

the dominant frequency) (2) the minimum dominant frequency (the lowest level of the 

dominant frequency); (3) duration of individual elements and (4) duration between 

successive elements. Two variables used by Jurisevic (1998): peak (maximum) frequency 

(the highest trace present on the sonagram) and minimum frequency (the lowest trace 

present on the sonagram) were not as useful for grey butcherbirds as for raptors. 

Amplitude 

No attempt was made to measure absolute amplitude (intensity), rather dB ratings were 

relative for recordings during a particular recording event. Readings given as negatives with 

the larger numbers the loudest thus, for example, a sound with a reading of -90 dB would 

be more intense than one with a reading of -100 dB. Most intense reading for each 

harmonic was used. Where harmonics were measured, the frequencies of individual 

harmonics were measured at corresponding points in time. 



An additional method of detecting amplitude differences, one which is qualitative only, is 

by noting which parts of the vocalizations can be heard from a given distance and same 

which parts cannot be heard at that same distance. This is not unreasonable, as it is liltely 

the same applies to birds also. 

2.5.2 Measurement of Vocalisation Rates 

Vocalisations rates were measured both as number of discrete vocalisations or 'songs' (see 

Section 1.5) in a given time period and as the actual period of time spent producing sound. 

The number of discrete vocalisations could be calculated from data obtained using the 

aural recording method in addition to data collected electronically since it simply involved 

counting the number occurring in a given period. Measurement of total sound production 

in a given time period was more complex. This was calculated by multiplying the number 

of vocalisations of each different type by the mean duration of each. Duration was 

measured from the beginning of the first element to the end of the last element (measured 

from sonagrams). Thus silence within a vocalisation (silence between elements) was 

included in duration. Rate of sound production, in seconds of sound per minute of song 

bout, was calculated by dividing the total sound production by the total duration in 

minutes of the period in question. 

2.5.3 Statistical Analysis of Data 

This was essentially an investigative, exploratory and descriptive study and the intention 

had never been to formulate hypotheses and undertake rigorous hypothesis testing. 

Consequently simple descriptive statistics (usually mean and standard deviation) were all 

that was required for this project. For some data additional simple tests such as t-tests 

and one-way ANOVAs were used to test apparent trends. Where necessary, data were 

entered into Excel spreadsheets and the graphing and statistical functions associated with 

this program were used. 



2.6 OFFICIAL TWILIGHT TERMS FOR RECORDING TIME OF DAY 

As discussed in the introduction and literature review, problems can arise through failure 

to specify precisely what time birds start singing. For comparative studies across and 

within both species and localities, it is useful to relate time of early morning singing to 

sunrise or official twilight times. This is particularly important when the 'dawn chorus7 

and related topics are being discussed. 

Accordingly, 'astronomical twilight' 'nautical twilight', 'civil twilight' and sunrise (Crowe 

1971) were used as referral points. For recordings done in Brisbane the Queensland 

Department of Lands Table of Sunrise, Sunset and Twilight for Brisbane for all days of 

the year was used. 

For Lake Broadwater, the distance west of Brisbane was used to calculate the correction 

needed to convert EST to time with respect to twilight for Lake Broadwater (see Box 

2.2). 

Box 2.2 Calculating correction factor for Lake Broadwater 

Correction factor = 1/360*24 

Where 1 = difference in longitude between Brisbane and Lake Broadwater, 360 = number 

of degrees of longitude around the globe and 24 = number of hours in a day. Since Lake 

Broadwater is west of Brisbane, the correction factor was added to the time before sunrise 

(or other period) that was obtained using Eastern Standard Time (EST) and the tables for 

Brisbane. 

Where times were given in the literature, they were rarely given with respect to local 

sunrise or twilight at the particular locality. Accordingly, where the information was 

relevant, times with respect to sunrise or twilight were calculated using the U.S. Naval 

Observatory Astronomical Applications web site. Using the appropriate Latitude, 

Longitude and Time Zone, the yearly tables for the particular location were obtained. 

The general procedure was verified using data for Ebenezer in NSW. The times for 

Ebenezer obtained using the above method were checked against data kindly supplied by 



Arch McSween, Dept of Natural Resources, Qld. In this case it was recognized that 3 

minutes had to be taken off the times obtained using the U.S. Naval Observatory 

Astronomical Applications web site to allow for the distance that Ebenezer was west 

of the longitude from which EST was measured. It was appreciated that appropriate 

corrections would, in theory, have to be made for all such data generated. No cases 

arose in the study where errors due to the relatively small uncertainties in longitude 

were significant. In particular, when calculating the change in twilight due to changes in 

latitude, exact longitude was not strictly needed. All that was necessary was that 

longitude (arbitrary if necessary) was kept constant for all related calculations. 

2.7 TERMINOLOGY 

Failure to define terms can lead to problems. This has been particularly addressed in 

Chapter 4 where the terms relevant to that chapter have been defined. However it is 

necessary to include here some comments on the use of certain terms which will 

appear in earlier chapters. A fuller list of terms is given in Appendix Two. 

Call: Will be used for brief vocalizations associated with momentary actions. 

Chorus: Except when writing in general terms, 'chorus' will mean more than one bird 

singing so that 'dawn chorus' means the phenomenon where a number of birds are 

singing and the combined rate and volume of song is greater than at other times of the 

day. A chorus within a group, where several group members sing, will usually be 

referred to as 'duetting' following the terminology of Farabaugh (1982). 

Dawn; predawn: These terms will be used in a general sense only to refer to the 

daytime period before sunrise. Where an indication of precise light levels andlor time 

of day is required, the periods astronomical twilight, nautical twilight, and civil 

twilight (Appendix Three) will be used and actual times will be given with respect to 

the start or finish of these periods or with respect to sunrise. 

Duetting: Two or more birds from the same social group singing a coordinated song. 

See also 'chorus'. 



Frequency modulation: The term 'Frequency modulation' has definite, precise meaning 

e.g. Kline p353, and does not simply mean a change in frequency, gradual or otherwise. 

Nothing is to be gained in weakening this useful term by using it for a less complex 

phenomenon which can easily be described in less technical language. 

Song: When used for an individual this will refer to male breeding song. On occasion it 

will be used in the broad sense e.g. 'bird-song' but this use will not necessarily imply a 

precise meaning. 

Strophe: Some use will be made of this term for the individual short vocalizations used in 

breeding song, but not with any intention of recommending it for any general use. It will 

only be used when convenient to make it clear that different vocalizations are being 

referred to, not song in the general sense as outlined above. 

Vocalization: will generally be used for short discrete acoustic signals, to avoid any 

implied categorisation into 'song' or call'. 



CHAPTER THREE 

GREY BUTCHERBIRD DIURNAL 

IONS: STRUCTURE AND 

ND SOCIAL PArrERNS 

For the vast majority of [Neotropical] species, essentially nothing is known about their 

ontogeny, vocal repertoires, geographic variation, how vocalizations are used in 

communication, or even the barest essentials of their life histories. 

Kroodsma et al. 1996,.p 269 



CHAPTER THREE 

GREY BUTCHERBIRD DIURNAL VOCALIZATIONS: 

STRUCTURE AND TEMPORAL AND SOCIAL PATTERNS 

3 .I OVERVIEW 

In this chapter I present my findings on the daytime vocalizations of the grey 

butcherbird and discuss where they fit into the broad topic of bird song. In the 

introductory section I will first examine some issues in current bird song studies that 

are relevant to a study of grey butcherbird daytime vocalizations. 

In the results the main daytime vocalizations, the sounds generally associated with 

grey butcherbirds, are described in detail. The first section in the results describes the 

application of the sexing method of Carter and Carter (1996) and other confirmatory 

evidence regarding sexing grey butcherbirds. This is followed by a description of the 

elements that comprise the vocalizations followed by a description of how these 

elements are combined to give phrases and finally vocalization units or 'songs'. 

Following this, behaviours associated with the vocalizations and sex specificity of 

vocalizations are described and evidence for possible functions is given. This is 

followed by some observations on geographical variation, quiet song and subsong in 

adult males and juveniles. The second major vocalization type, the major focus of this 

study, is that given by males in the breeding season. This is described in Chapters 4, 5 

and 6. 

3.2 A REVIEW OF SOME ASPECTS OF BIRD VOCALIZATIONS WITH SPECIAL 

REGARD TO DAY VOCALIZATIONS IN THE GREY BUTCHERBIRD 

3.2.1 Some Problems with the Terms 'Song' and 'Call' 

At the beginning of this study it soon became apparent that it was not feasible to describe the 

vocalizations of grey butcherbirds in the context of current paradigms of bird song theory. 

This necessitated a thorough review of the literature on bird song as outlined in the general 

introduction. One of the biggest problems was that the descriptions of 'song' in the literature 

simply did not make sense when applied to what I was observing. With particular reference to 

day vocalizations, it became necessary to review what was meant by 'song'. 



As outlined in the general introduction, it is common practice to divide avian 

vocalizations into songs and calls. A simple and also simplistic difference between 

songs and calls is that calls are simple and innate whereas songs are more complex 

and largely learnt (Thorpe 1963, 1974). However this simple distinction may no 

longer be appropriate since the extent to which song is learned varies across species, 

and even within species, for example Byers and Kroodsma (1 992) investigating 

development of two categories of song in chestnut-sided warblers, found that one 

song type needed a larger learning component than the other. 

Many species give vocalizations that, on structure, would be classed as calls, but are 

used for functions normally attributed to song (Andrew 1961, Smith 1996). For 

example Corvus frugilegus gives single 'calls' which serve the same hnction as 

complex song (Andrew 196 l), brown towhees Pipilo fuscus stop singing when mated 

and thereafter use 'monotonous monosyllabic calls . . ... as a song substitute' during the 

dawn chorus (Baptista and Gaunt 1994, p. 824) and simple vocalizations are 

sometimes given to advertise non-breeding territories (Smith 1996). In contrast, many 

vocalizations with a quite complex structure are commonly assigned 'call' status 

(Smith 1996). 

Further, there is not always a clear dichotomy between songs and calls within the one 

species. For example there is a vocalization continuum in female accentors. Some 

produce only calls, others produce songs by attaching an extra syllable to a call, while 

still others some give long complex songs (Langmore 1998a). An additional problem' 

is that the terms are not always used consistently. 

'Bird song' is often used use as a synonym for 'bird vocalizations' both passerine and 

non-passerine. This is particularly so in semi-popular literature, but is sometimes used 

in this sense in the scientific literature. For example Farabaugh et al. (1988) used the 

term 'song' to refer to the day vocalizations of the Australian magpie (a passerine). 

Robinson (1956) called this vocalization 'carolling' and, although he did refer to 

magpie vocalizations in general as 'song', he tended to use 'calls' and 'carols' for the 

different day vocals and 'song' for male breeding song. Keast (1993) referred to the 

vocalization of a non-passerine, the common bronzewing Phaps chalcoptera, as a 

song. 



A possible solution to the song-call dichotomy dilemma 

Smith (1 996), recognising that structure of the basic unit was not a suitable criterion 

for classifying songs and calls, suggested that bout structure (or lack thereof) and 

associated actions would be more useful for defining songs and calls. 

An alternative [to the traditional classification on songs and calls based on 
structure] is to recognise that songs can be of more than one structural class.. . 
Songs occur primarily in sustained, quasi-rhythmic bouts. Non-song vocalizations 
do so only incidentally, and typically correlate more with momentary actions such 
as attacking, diving for cover or alighting from flight. 

Smith 1996 p387 

Smith's approach will be further explored in the discussion. The next topic to be 

explored here is that of song types and song classes. 

3.2.2 Song Types and Song Classes 

a) Song types 

The term 'song type', used for a variation on a species song, is rarely defined 

carefully. For example Catchpole and Slater (1995 p10) describe a type as a different 

version of the species song and state that a bird has a repertoire of song types. But 

how different are the song types? Are they the same 'tune' with a minor variation or 

two? Are they different readily distinguishable 'tunes'? Do they perform the same 

function within a given species? Albrecht and Oring (1 995) state that male chipping 

sparrows Spizellapasserina each sing a single, simple, individually distinct song type. 

Do they mean that the species typical song of the male chipping sparrow consists of 

as many song types as there are individual adult male chipping sparrows? Each male 

nightingale has about 200 discrete and readily distinguishable song types (Todt and 

Hultsch 1996). Do Todt and Hultsch (1996) mean that there are 200 times as many 

song types within nightingale song as there are individual adult male nightingales? 

Kroodsma (1 987) gives a precise description of the two song types of the male blue- 

winged warbler Vermivorapinus, a Paruline warbler. He describes type I song, the 

song considered typical of the species, as consisting of two phrases A and B with the 

A phrase highly stereotyped among males and the B phrase somewhat variable in 

detailed structure. With this information it is clear that minor variations in type I 



constitute different (perhaps individually distinct) renditions of the same song type. 

However it is clear that there are major differences between the two types. They 

would seem to be different classes of songs not just different types. For example the 

repertoires of many parulines comprise two distinct categories of songs, each with 

distinctly different patterns of use, geographical variation, and possibly function and 

mode of development (Byers and Kroodsma 1992) and in some paruline warblers the 

different song types are used in inter- and intra-sexual contexts (Spector 1992). 

These concerns are not merely semantic quibbles. As shown later, the concepts of 

song types and song classes may be important in the debate regarding differences 

between songs and calls and also with respect to the evolution of song. 

In some cases the term 'song type7 is used for songs that are individually distinct but 

are interchangeable with in a given repertoire. Hartshorne (1 956) was clearly referring 

to such songs when discussing the monotony threshold. Lambrechts and Dhondt 

(1988 in Weary et a1.1991) clearly were referring to different song types with the 

same function when they proposed that a repertoire of song types was an adaptation to 

overcome the constraint on song output imposed by newomuscular exhaustion. 

Kramer et al. (1985), discussing song switching in the song sparrow Melospiza 

melodia, again were clearly referring to different types performing the same function. 

In contrast, the different types in the Paruline repertoires, as discussed above and 

further in section 3.2.3d, are not interchangeable. 

Another problem with imprecise terminology is that it adds to difficulties in 

determining repertoire size, particularly for cross taxa comparisons. For example, 

Nottebohm (1975) discussing the difficulties in determining repertoire size 

commented that there is a tendency of some authors to count variations of a call as 

new vocalizations whereas others include such variants within the range of variability 

of each call type. Repertoires were discussed more fully in Section 1.6. 

b) Song classes 

As already outlined, some aspects of bird song study have suffered from a lack of 

consensus among workers regarding the meanings of terms and consequently from a 

lack of precise definitions which may be referred to as standards. Some attempts have 

been made to address these deficiencies, for example Shiovitz (1 975), Catchpole 



(1982) but a satisfactory resolution is probably not possible until additional detailed 

studies have been done on vocalizations of tropical and southern hemisphere species. 

One significant casualty of the lack of consensus has been recognition of the existence 

of several different song classes. 'Class' is a broader category than 'type' and each 

class contains one or more song types. This phenomenon was recognized relatively 

early in the modern study of bird song, but only recently has its potential importance 

been realised. The concept of song classes is particularly relevant to long-range adult 

male song but to set this in context I first review the various categories of song I have 

elicited in reading the literature. 

3.2.3 The Various Categories of Song 

Originally song was divided into crystallized (adult) song and subsong. Subsong was 

generally sung quietly and much that was not clearly crystallized song was assumed 

to be subsong. For example Hartshorne (1973) considered most quietly delivered song 

to be 'subsong' effectively implying that it had no communication function. Female 

song (Section 3.2.5) was considered merely an aberration. 

The picture is not nearly so simple (Figure 3.1). Not only do females sing, but also 

there is a growing body of evidence for the existence of at least two classes of adult 

song within the repertoire of a single species, each possibly with different functions 

and ontogenies. Furthermore, low volume song is not a single entity. Low volume 

song is now known to have two components, one of which, quiet song (Dabelsteen et 

al. 1998), belongs to the fully adult song spectrum. The other, subsong, is sung by 

both young males during the initial song development phase, and by some adult males 

outside the breeding season (Marler and Peters 1982). 

Adult song comprises solo male song, solo female song and duetting. Adult male song 

comprises subsong, quiet song, and loud song, often referred to as full song. Female 

song and duetting are discussed in sections 3.2.5 and 3.2.6. Finally, in an attempt to 

remove as much ambiguity as possible, it is necessary to consider short and long- 

range signals. 

Vocal communication can be divided into long-range signals and short-range signals. 

Long-range signals are conspicuous, broadcast signals that often function as 

advertisements of territorial and reproductive status (Krebs et al. 1978 in Titus 1998) 

Short-range signals are often inconspicuous and characteristically are directed at 



specific individuals within close proximity to the signaller (McGregor and Dabelsteen 

1996). Both long-range and short-range signals include calls as well as songs but the 

term 'signal' implies communication thereby excluding subsong. Titus (1 998) used 

the acronyms SRS and LRS for short-range songs and long-range songs of the male 

dark-eyed junco Junco hyemalis. The acronyms were used for songs only, not signals 

in general. 

The components of male song mentioned above, viz. subsong, quiet song, and loud 

song are now described in greater detail. 

a) Low volume song: male solo song 

The terms 'whisper-song' (Dove 1929, Pollard 1930), 'subsong' (numerous authors), 

'quiet song' (Dabelsteen et al. 1998), 'unobtrusive signals' (McGregor and 

Dabelsteen 1996) and 'short-range song' (Titus 1998) have been used in connection 

with songs given at low volume. 

Of these terms, the more recent 'quiet song' (Dabelsteen et al. 1998) and 'short-range 

song' (Titus 1998) have been used quite specifically for songs given by adult males 

communicating with other birds, usually females, at close range. The older term 

'subsong' has not always been used precisely and has sometimes been applied what 

was in fact 'quiet song'. 'Whisper song' however does seem to have been applied 

only to genuine subsong, judging from the context in which it seems to have been 

given. For example, 'whisper-song' has been used to describe what appeared to be 

adult male subsong in grey butcherbirds (Dove 1929, Pollard 1930, Dove 1934), 

silvereyes (Dove 1929) and Australian magpies (Dove 1929, Robinson 1956) and for 

subsong in immature magpies (Robinson 1956). 

b) Low volume song: subsong 

The term 'subsong' is here restricted to the low volume, non-social singing, typical of 

the young and adults of many species during the autumn or late winter before the start 

of the breeding season as suggested by Dabelsteen et al. (1998). To date it has been 

recorded only in the three orders, Passeriformes, Psittaciformes and Apodiformes, in 

which song learning is known to occur (Marler and Peters 1982). 



MALE SONG LE AND MALE FEMALE SONG 

Figure 3.1 Summary of the major groups of song given by passerines. Different groupings result according to the criteria used: maturity of singer 
(adult or juvenile), sex of singer (male or female) and song volume (low or full). Each of these categories cuts across the boundaries of the other. 
Some of the categorisations are tentative because of gaps in knowledge. For example, do females that sing as adults sing subsong as juveniles? 
Quiet song has largely been overlooked because of the tendency to dismiss all low volume song (sometimes called whisper song) as subsong,. 

Juvenile subsong Adult male subsong Quiet song 

(short range song) 

Typical male passerine 
song 

(long range song) 

Male and female (and 
sometimes immatures) 
in duets (and choruses) 

Female solo song 



In a variety of birds, subsong typically occurs between two and 10 weeks of age (Nice 

1943 in Marler and Peters 1982) and can be divided into several stages including 

plastic song and crystallised song (Thorpe 1954, Marler and Peters 1982), but for the 

purposes of this review the only distinction that made is between subsong and full 

adult song. Subsong is different from adult song in being sung at a much lower 

volume and being longer and more variable in structure (Dabelsteen et al. 1998). The 

term 'crystallised song' will not be used as this implies a stereotyped final song and 

this has been shown not to be the case for all birds. An addition to the use suggested 

by Dabelsteen et al. (1998) is that adult subsong has been documented in some 

Australian passerines in summer after the breeding season, for example grey 

butcherbirds, Australian magpies and silvereyes (Dove 1929, Dove 1934, Pollard 

1930). Consequently, in this thesis, the term 'subsong' will be used as in the sense 

suggested by Dabelsteen (1 998) but with this minor modification. 

Function of subsong 

In young males, subsong constitutes the first stage in song development (Dabelsteen 

et al. 1998) and probably aids in the acquisition of skills required for new motor 

coordination (Marler and Peters 1982). Subsong is often given in concealment from 

low positions in bushes and, most significantly, usually with no conspecifics within 

hearing range (Dabelsteen et al. 1998), which reinforces the proposal that subsong has 

no social function. 

The function of subsong in adults, however, is uncertain (Marler and Peters 1982, 

Dabelsteen et al. 1998). It may play a role in repertoire development in species in 

which there is a significant change in repertoire from year to year, for example the 

Indigo bunting Passerina cyanea, the red-winged blackbird Aeglaius phoeniceus, the 

canary and the Saddleback Creadion carunculatus (Marler and Peters 1982). It is not 

clear from the literature whether subsong occurs only where there is a substantial 

change in repertoire. If this were so many of the 'confusing paradoxes' (Marler and 

Peters 1982 p 46) would be resolved. Some hint is given in Marler and Peters (1982), 

where it seems that the extent of subsong given by adult males may be directly related 

to the degree of change in the repertoire. For example in swamp sparrows which 

hardly change adult song from year to year, limited subsong is given. 



c) Low volume song: quiet song or short-range song in adult males 

Dabelsteen et al. (1 998 p 100) implicitly defined quiet song as a low volume, directed 

vocalization with a definite social function sung 'by birds which are interacting 

directly or which are otherwise close to other birds whom they affect'. 

Quiet song has usually been confused with subsong either through imprecise 

terminology or simply lack of realisation that there was a difference (Dabelsteen et al. 

1998, Titus 1998). Only recently has the phenomenon, also referred to as 'short-range 

song', been explicitly recognised as a distinct entity within low volume song (see for 

example McGregor and Dabelsteen 1996, Dabelsteen et al. 1998, Titus 1998). 

The difference between quiet song and subsong had earlier been recognized by some 

workers though the distinction was not stated explicitly. For example Armstrong 

(1963 in Dabelsteen et al. 1998) suggested that non-communicatory and 

communicatory subsong should be distinguished. Andrew (1961 p552) referred to a 

type of song given in courtship displays, which was 'more variable in form [than 

typical song] approximating rather to the low intensity subsong given early in the 

season'. 

In some cases the difference has not been recognised. For example Marler and Peters 

(1982) state that 'subsong may occur . . . in adult precopulatory courtship'. It is highly 

likely that the song referred to here was quiet song as defined by Dabelsteen et al. 

(1998) rather than true subsong. 

Difficulties in studying quiet song 

Current knowledge of quiet song is very sparse, probably because it is quiet and 

therefore difficult to detect. It is unlikely that the phenomenon is simply very rare 

(Dabelsteen et al. 1998). Male-female communication given at close range occurs in 

many species (Ratcliffe and Otter 1996) and presumably this 'close range 

communication' is quiet song. There are some species, viz. blackbirds Turdus merula, 

dunnocks Prunella modularis, alpine accentors Prunella collaris and the great tit 

Parus major with well documented quiet song. In addition there are examples, 

especially in the older literature, for example other Turdus species and the European 

robin Erithacus rubecula (Dabelsteen et al. 1998). 

The difficulty of observing quiet song is highlighted by the fact that Andrew (1961) in 

his careful and thorough review of bird song and behaviour, reported that male 



blackbirds sing 'in the presence of the female but not during courtship ' (italics 

added). Thus, even though Andrew (1961) was clearly quite aware of the existence of 

a low volume song used in courtship, he had not detected this subsequently 

documented song in blackbirds. 

Possible functions of quiet song 

One function of quiet song could be to avoid eavesdropping on song prior to 

copulation. Under these circumstances detection could be disadvantageous, possibly 

leading to cuckoldry or a thwarted extra-pair copulation (EPC) attempt (Dabelsteen et 

al. 1998). In addition it seems to be used as a courtship song when in close proximity 

with a mate (Andrew 1961, Marler and Peters 1982, Titus 1998), but may also be used 

during interactions between males, for example male dark-eyed juncos (Titus 1998). 

Wickler (1976 in Farabaugh 1982) suggested that the low intensity elements in the 

duet of the duets of African slate-coloured bou-bou shrike Laniarius funebris 

represents communication with the mate. This could represent a stage in the evolution 

of quiet song. 

Andrew (1 96 1) considered that courtship song given in the presence of the mate was 

not as strongly motivated as when it was elicited by the absence of a mate. 

Presumably Andrew based this opinion on the fact that this song was sung at a low 

volume. However this could be because the two song types are serving different 

functions. A song given away from the mate could be an advertising song (territorial 

or soliciting for extra-pair copulations). Such song would need to be loud, whereas 

one used for courtship with the female close by need not be so loud. A difference in 

motivational state should not be deduced from this difference in loudness. This would 

be true whether or not the song came into the quiet song category as discussed by 

Dabelsteen et al. (1998). 

In summary, all the available information suggests that quiet singing may be a 

widespread phenomenon during the breeding season of songbirds (Dabelsteen et al. 

1998). A most likely function of quiet song is communication with the mate prior to 

copulation and under these circumstances it would be advantageous to communicate 

quietly to avoid broadcasting intentions to other males. 



d) Long-range song (full song) in adult males 

There is increasing evidence from the literature that there are two classes of song 

within long-range adult male song, with not only different patterns of use and 

functions, but also ontogenies and maybe evolution. The evidence from the literature 

suggests that it would be worthwhile investigating whether there was a non-random 

taxonomic distribution of species with two song classes. Two groups containing 

species with two song classes are now described. 

Two song classes in the paruline warblers 

The repertoires of many parulines, such as chestnut-sided warblers (Byers and 

Kroodsma 1992), Adelaide's warbler Dendroica adelaidae, male yellow warbler D. 

petechia, prairie warbler D. discolour, golden-winged warbler Vermivora chrysoptera 

(Staicer 1996) and blue-winged warbler (Kroodsma 1987), comprise two distinct 

categories of songs, each with distinctly different patterns of use and geographical 

variation (Byers and Kroodsma 1992), structure (Spector 1992) and possibly function 

(Byers and Kroodsma 1992, Spector 1992). For example the male chestnut-sided 

warbler song repertoire contains accented-ending (AE) songs and unaccented-ending 

(UE) songs (Byers and Kroodsma 1992) with different degrees of learning associated 

with each class. 

Two song classes in grasshopper sparrows and swamp sparrows 

Both grasshopper sparrows Ammodramus savannarum and swamp sparrows 

Melospiza georgiana have two have two different song 'types'. In the grasshopper 

sparrow one type is used before and one after pairing. In long-range song in the 

swamp sparrow at least there are differences in syntax between the two types. These 

structural differences may help to direct songs to different intended audiences (Titus 

1998). These descriptions suggest that these two 'types' could be considered 'classes7 

as described above. 

In conclusion, the paruline warblers have been carefully investigated. This 

investigation has revealed a substantial use of two song classes. Very few other 

groups have been investigated. What might be waiting to be discovered? 



3.2.4 The Function of Song 

Overview and early history of song function 

The function of song has been one of the major foci in the study of passerine 

vocalizations. It is not the intention in this section to undertake a complete review of 

current hypotheses. Rather the intention is to highlight some general problems on 

which a study of Australian passerine vocalizations, in this case the grey butcherbird, 

may throw some light. Further hypotheses regarding song sensu stricto are discussed 

in section 4.1.3. 

The traditional view of the function of male song was a sound 'that serves to attract a 

sex partner, ward off a bird of the same sex or both7 (Tinbergen 1939 in Catchpole 

1982 p.298, Baptista and Gaunt 1994) and this 'dual function' hypothesis still 

dominates most explanations of why birds sing (Albrecht and Oring 1995). Also, 

individual recognition and species recognition were early recognized as functions of 

song (Thorpe and North 1965, Goldman 1973). 

There were problems with some early studies. They were often anecdotal, lacked 

analytical and quantitative data and often did not take account of the distinction 

between message and meaning. A signal, for example a song, may contain one or 

more messages, the meaning of which may vary depending on the context in which 

they are transmitted or received (Catchpole 1982). Further, early studies often failed to 

distinguish clearly between the function of a song and its causation. Song may serve to 

repel rival males from the territory, but that does not necessarily mean that song is an 

aggressive response. The sound of song or the absence of a mate may simply elicit 

song (Andrew 196 1). 

Other difficulties in correctly ascribing function to song, again unavoidable in the 

early days of an essentially new discipline, were caused by a lack of recognition of the 

existence of several song classes as previously discussed, with consequent failure to 

separate song with inter-sexual functions (e.g. mate stimulation) from song with intra- 

sexual functions (e.g. territorial song). A further complication has been the failure to 

separate non-song vocalizations from song sensu stricto (See Chapter 4). 

Yet other problems have been caused by assuming generality of song function. It 

should not be assumed that data on the function of song in one species or population 

can be generalized to a wider taxonomic group until the actual range of variation is 



known (West and Icing 1996). There may be differences between populations, 

between male and female birds and between closely related species. For example the 

function of the species-typical song of the brown-headed cowbird Molothrus ater 

appears to differ among the three sub-species (West and King 1996); female 

blackbirds Turdus merula, usually found in denser parts of the habitat than males, 

disregard parameters more likely to degrade when passing through dense vegetation 

and thus male and female birds may obtain different information from the same song 

(Dabelsteen and Pedersen 1993); and closely related sympatric species often differ 

markedly in their vocalizations perhaps reflecting the former role of the vocalizations 

in isolation and subsequent speciation (Becker 1982). 

Some passerines e.g. Cowus frugilegus give single calls which serve the same 

function as complex song and are given in the same situations (Andrew 1961). 

Whether or not these vocalizations should be classified as songs or as calls is a 

separate issue and has been discussed in Section 1.3. Further, although it has been 

shown that songs can attract females, it is not known if other vocalizations could 

function as effectively and it has been suggested that non-song vocalizations should 

be tested for the functions of territoriality and mate attraction (Kroodsma and Byers 

1991, Baptista and Gaunt 1994). 

In the following sections functions that appear relevant to day vocalizations in grey 

butcherbird are discussed. 

Functions and behaviours associated with territoriality: Counter-singing and 

song-matching 

Established neighbours often counter-sing, that is they respond almost immediately to 

each other's vocalizations. When the vocalization given in response is of the same 

type as the original and chosen non-randomly then the birds are said to be song- 

matching. Counter-singing with song-matching is thought to indicate a higher level of 

arousal than counter-singing without song-matching (Morton 1982). 

Counter-singing, especially song-matching, allows birds to exchange accurate 

information about their distance apart (Falls et al. 1982, Morton 1982, McGregor et 

al. 1983). Established neighbours are not generally considered a threat unless they 

invade each others' territory, therefore it would be advantageous for them to be able 

to tell how far apart they are (McGregor et al. 1983). Birds can indeed judge distance, 



for example territorial male European robin can both discriminate between the songs 

of neighbours and non-neighbours and estimate the distance and direction of sound 

(Brindley 1991). There are several suggested methods for judging distance. 

Degradation and distance judgement 

It has been hypothesised that birds use degradation to judge distance (McGregor et al. 

1983) and that degradation may be judged by comparison with a standard consisting 

of a bird's own rendition of the song (Morton 1982). Results of studies on Carolina 

wrens (Morton et al. 1986) and great tits have supported these hypotheses and further 

suggested that exact similarity between the playback and the bird's own rendition is 

not necessary but that approximate similarity may be important (McGregor et al. 

1983). Experiments with human subjects have also shown that familiarity with a 

sound is necessary in order to judge how far away it is (McGregor et al. 1983). 

Differential attenuation of frequencies is considered the usual method of judging 

degradation (Naguib 1995, Morton 1996) but it is unclear whether degradation is a 

reliable distance cue in all habitats (Dabelsteen and Pedersen 1993, Nelson 2000). 

Reverberation can also be used in certain habitats but is low in temperate forests in 

winter when trees carry fewer leaves and may be negligible in an open environment 

(Naguib 1995). Naguib (1995) suggested that in the Carolina wrens familiarity with a 

song could have a stronger influence on the accuracy of ranging when the relative 

intensities of high frequencies provided the only distance cue than when reverberation 

alone provided the only cue. 

Other means of detecting distance 

Sound pressure level (amplitude) has been little studied as a distance cue (Dabelsteen 

and Pedersen 1993, Nelson 2000). Birds can detect small changes in incident sound 

pressure level (SPL) and can regulate or control SPL during production. Nonetheless 

SPL is considered to be an unreliable distance cue when excess attenuation is 

unpredictable or when signallers vary source SPL over time (Morton 1982). 

Change in amplitude has also been suggested as a means of judging distance but 

degradation may be a more reliable indicator than amplitude because amplitude does 

not change in a predictable way with distance and also is under the control of the 

singer (McGregor et al. 1983). The reliability of SPL as a cue to auditory distance 

depends on the accuracy with which a listener can predict source SPL (Nelson 2000). 



The behaviours associated with the functions described above involved vocalizations 

that did not in themselves necessarily have any inherent meaning. The meaning came 

from the context. Some bird sounds may have meaning inherent in their structure. 

This topic is discussed below. 

Function inherent in vocalization structure 

It is generally true of human language, especially written language, that meaning is 

arbitrarily assigned to words. The situation is not so simple with spoken language 

where additional or different meaning may be conveyed by structure. For example 

words spoken softly and with a rising inflection may take on a different meaning if 

shouted and spoken with a falling inflection. Nevertheless there is still an inherent 

arbitrary meaning to most sounds. In birds and other vertebrates, on the other hand, 

there is as yet little evidence for arbitrary sounds (Morton 1982). 

In the evolutionarily older vertebrates such as reptiles and amphibians, which 

continue to grow after sexual maturity, call frequency (Hz) tends to directly reflect 

body size. Thus larger animals have lower dominant frequencies and this in itself 

contributes to social dominance. The situation is different for homeothermic 

vertebrates (birds and mammals). These do not continue to increase in size once 

maturity is reached and consequently higher or lower frequencies do not necessarily 

reflect relative size within a given species although there is still a tendency for an 

inverse relationship between mean frequency and body size (Morton 1982, Baptista 

1996). 

Frequency may, however, reflect differences in motivation. Sounds used by 

aggressive birds and mammals are lower in frequency whereas higher-frequency 

sounds are used for appeasement (Morton 1982) and many alarm calls are high in 

frequency (Hailman and Ficken 1996). Moreover, at least in birds, when a given 

sound is produced at a higher frequency than normal for that sound, this seems to 

indicate increased motivation (Becker 1982). 

Absolute frequency is not the only indicator of motivation. Changes in frequency 

within a sound can act as indicators with increasing frequency expressing lowered 

aggressive tendencies and falling frequencies expressing increased aggressive 

tendencies (Morton 1982). For example, the distress call of the starling Sturnus 

vulgaris, a non-aggressive sound, rises in frequency (Aubin 1990). 



Becker (1982) thought harmonics and tonality were fairly unimportant in the songs of 

many species though he reported that in some birds, for example the hill mynah 

Acridotheres tristis, tonality is the most important species-specific parameter. In 

contrast, Morton (1982) considered that tonality could indicate motivation with 

aggressive sounds often harsh and appeasing or non-aggressive sounds more tonelike. 

Morton (1982) further suggested that the two parameters, tonality and frequency, 

could be combined into a structural-motivational model with two physical 

dimensions, one pertaining to sound quality and ranging from harsh or atonal to pure- 

tone-like, the other pertaining to sound frequency. The two dimensions could vary 

independently but were often synchronised so that the lowest frequency sounds were 

harsh while the higher frequency sounds were tonal. Thus aggressive sounds tend to 

be low and harsh while appeasing sounds tend to be high and tonal. Sounds such as 

so-called contact notes that rise then fall in frequency or vice versa, indicate interest 

but are neutral regarding aggression level. These sounds appear chevron-shaped on a 

sonagram (Morton 1982). 

Thus, in bird sounds, information is inherent in the very type of signal (Hailman and 

Ficken 1996), but information content is not restricted to discrete sounds. There is 

further information inherent in the larger scale acoustic structure of vocalizations such 

as songs. 

Structure of song as a predictor of function 

A number of comparative studies suggest that the predominant function of song can 

be predicted to some extent from song structure over and above the structure of its 

components (Catchpole 1982, Albrecht and Oring 1995). In general, songs with a 

mate attraction function show increased song complexity while territorial song is 

generally short, simple and stereotyped (Albrecht and Oring 1995). 

Catchpole (1982) described typical examples of the two the types of songs. The first 

song type, fashioned by inter-sexual selection, was complex, showed variable 

sequencing, had a large syllable repertoire and performance was continuous. Males 

stopped singing after pairing and did not engage in matched counter-singing. This 

type of song was used for female attraction and a male with a better song apparently 

attracted a better female. 



The second type of song, fashioned by intra-sexual selection was repetitious with a 

small syllable repertoire and stereotyped sequences. It was sung discontinuously and 

continued after pairing. The main selection pressure was intra-sexual. This type of 

song was used mainly for male repulsion and the male with the better song got a 

better territory (Catchpole 1982). 

Catchpole however warned about such a dichotomy since there was evidence that 

most species have a dual function to their song (Slater 1993). But this dual function 

song, or unitary song is found mainly in temperate northern hemisphere regions and 

may represent a highly developed type of song. Many passerines have a wider range 

of song categories than unitary song. 

Further, contrary to predictions based on song structure, Albrecht and Oring (1995) 

found that male chipping sparrows each sing a single, simple, individually distinct 

song type but the song functions primarily in mate attraction rather than territorial 

defence which would have been predicted from the physical features. The observation 

by Becker (1982) that song in the European robin and the chestnut-sided warbler 

increases in complexity when they are more likely to attack is another example of 

complex song for territorial encounters. 

Many species show an increase in song length and a shortening of inter-song-interval 

when excited (Becker 1982). However in great tits changes in song output were 

affected by singing constraints in addition to motivational factors if the average 

percentage of time spent singing was high (Lambrechts 1988). Thus changes in song 

length are not necessarily indicators of change in motivation. 

As previously indicated most studies of bird song have focussed on males but female 

vocalizations are an essential component of territory defence in some species and the 

topic of female song, of considerable relevance in the context of grey butcherbird 

vocalizations, will next be discussed. 

3.2.5 The Role of Song in Female Birds 

As was indicated in the preceding section, bird song is generally associated with 

males (Langmore 1998a) It is frequently stated or assumed that, in the majority of 

species, females sing infrequently or not at all (e.g. Levin 1996a) and if they do sing, 

it is in duets with the male. However female singing is widespread in the tropics and 

sub-tropics and it is likely that this idea was a reflection of temporal zone bias 



(Farabaugh 1982, Baptista and Gaunt 1994). Moreover, even in temperate regions, 

females of several species occasionally sing (Eens and Pinxen 1998, Langmore 

1998a). 

However the extent to which females sing varies considerably among species, but in 

no case does female song replace male song (Farabaugh 1982). Even where sex-role 

reversal occurs as in the dunnock (Davies 1983) and the ovenbird Seiurus 

aurocapillus (Oring 1986) and female song is to be expected (Baptista and Gaunt 

1984), the male still sings. 

Female song has been well documented not only in many duetting species (Farabaugh 

1982) but also as solo performances, for example in alpine accentors (Langmore 

1998a). At one extreme are the zebra finch Taeniopygia guttata and most temperate 

passerine species for example the Carolina wren Thryothorus ludovicianus in which 

only males normally sing (Farabaugh 1982, Brenowitz and Kroodsma 1996). At the 

other extreme are species such as the Australian magpie where there is a substantial 

contribution given by females in addition to duetting (Brown et al. 1988, Farabaugh et 

al. 1988) and the superb fairy-wren where prolific female song is given independently 

of male song (Cooney and Cockbum 1995). Between these extremes are species such 

as the rufous-and-white wren Th. rufalbus in which female song is less complex than 

male song and sung less regularly (Farabaugh 1982) and the bay wren Th. 

nigricapillus and buff-breasted wren Th. leucotis in which males and females 

contribute equally to antiphonal song duets (Farabaugh 1982, Brenowitz and 

Kroodsma 1996). These two aspects of female song, solo song and duetting will now 

be discussed. 

Solo female song: occurrence and function 

Solo female song is defined here as that given by a female in a non-duetting context, 

regardless of whether or not the female otherwise duets. Female solo song has been 

shown to have territory defence and mate attraction functions and various functions 

associated with nesting. 

Some female birds sing to defend territories only during the non-breeding period. 

Others sing to defend territories year-round. Although the literature on this topic is 

scant it suggests that it is only in the northern hemisphere temperate zone that singing 

is confined to the non-breeding season. Year-round solo female song seems to be 



confined to sub-tropical and temperate latitudes in the southern hemisphere. However 

this perception could be due to failure to look for such song in the northern 

hemisphere. 

Singing confined to the non-breeding season is found in non-migratory, northern 

hemisphere, temperate zone species. For example female European robins defend 

winter territories with song (Lack 1965, Baptista and Gaunt 1994, Catchpole and 

Slater 1995). Coastal female white-crowned sparrows Zonotrichia leucophrys nuttalli 

tend to sing in the fall and winter to aid their mates in preventing conspecifics of both 

sexes from inserting into the territory (Baptista and Gaunt 1994). 

Year-round solo female song is found in subtropical and temperate southern 

hemisphere latitudes. Two species discussed here range from sub-tropical to 

temperate Australia (Blakers et al. 1984). Prolific solo female song, given all year 

round, has been documented for two species of fairy-wrens, the splendid wren 

Malurus splendens (Payne et al. 1988) and the superb fairy-wren (Cooney and 

Cockburn 1995). Both these birds maintain year-round territories, and in both species 

territory defence is a significant function of female song (Payne et al. 1988, Cooney 

and Cockburn 1995). Additionally, same-sex defence has been demonstrated in 

superb fairy-wrens (Cooney and Cockburn 1995). 

Solo female song for mate attraction 

Unlike the case with male songbirds, attraction of mates does not seem to be a 

common function of female song (Langmore 1998a, Langmore 1998b). However in 

the female alpine accentor (Langmore 1998a) and white-crowned sparrows (Baptista 

and Gaunt 1994) song does seem to have a mate attraction function. Female song that 

seemed to be for mate attraction was elicited in populations of dunnocks where males 

were removed to increase the incidence of polygyny (Langmore 1998a). 

Morton (1996) considered that a mate attraction song may be necessary for both 

males and females in species that defend year-round territories to facilitate acquisition 

of a new mate while minimizing the risk of losing the territory. However mate 

attraction did not appear to be a function of song in the superb fairy-wren (Cooney 

and Cockburn 1995) and the splendid fairy-wren (Payne et al. 1988), which are 

among the few species that have been tested. 



Solo female song for nesting functions 

Another suggested function of female song is stimulation of begging by fledglings in 

the black-headed grosbeak Pheucticus melanocephalus (Baptista and Gaunt 1994). 

Female Australian magpies have a low warble, which they sing to nestlings (Brown et 

al. 1988). The function of this warble was not specified. In several species females 

sing to coordinate care of offspring, for example nest relief in slate-coloured boubous 

(Langmore 1998a) (it was not clear in Langrnore (1998a) whether this was solo song 

or duetting). 

Comparison of female song with male song 

It is difficult to give a definitive answer to the question of how similar female song is 

to male song as the literature documenting female song structure is quite scant. The 

few available references suggest that there may be a wide range of conditions ranging 

from identical or similar songs (for example the European robin (Lack 1965) white- 

crowned sparrow, black-headed grosbeak (Catchpole and Slater 1994) golden whistler 

Pachycephala pectoralis (Brown and Brown 1994)) through to different songs, for 

example red-winged blackbirds (Catchpole and Slater 1994). However, even in cases 

where female song is virtually identical to that of the male, the female does not 

always sing (Lack 1965, Catchpole and Slater 1994). 

The above brief discussion refers to a relatively uncommon phenomenon. In most 

cases where the female sings, it is in male-female duets either overlapping or 

antiphonal. 

3.2.6 Duetting: Occurrence and Function 

Duetting is not uncommon. In at least eight families of passerines, 10% or more 

species duet (Farabaugh 1982). A duet is an acoustic display, involving songs, calls or 

non-vocal sounds performed by two more members of a pair or extended family 

group. Duetting involves temporal coordination with the behaviours within a duetting 

bout separated from each other by significantly smaller intervals than those between 

successive bouts. It can include overlap between male and female display bouts. It 

does not include counter-singing (Farabaugh 1982). 

Duetting species occur in all major faunal zones, but are more common in the tropics 

(Farabaugh 1982). Duetting has been documented in a number of sub-tropical and 

temperate Australian passerines including the Australian magpie (Farabaugh et al. 



1988), magpie-lark Grallina cyanoleuca (Tingay 1974, Hall 2000), eastern whipbird 

Psophodes olivaceus (Watson 1969), golden whistler Pachycephala pectoralis 

(Brown and Brown 1994), grey butcherbird (Larkins 1982) and pied butcherbird 

(Robinson 1994) as well as in the non-passerine laughing kookaburra Dace10 

novaeguineae (Parry 1973). 

Thorpe (1973) considered that there were four features common to duetting species: 

monomorphism; occurrence in the tropics; maintenance of year-round territories; and 

long-term [social] monogamy. Farabaugh (1982) found little evidence in favour of 

monomorphism but concluded that the other points were valid. Morton (1996) noted 

that the songs of males and females differed in the vast majority of tropical birds but 

he did not clarify whether this referred to duetting as well as non-duetting species. 

However sonagrams of duets from four species of tropical wrens, the buff-breasted 

wren Thryothorus leucotis, the rufous-breasted wren T. rutilis, the rufous-and-white 

wren T. rufalbus and the black-bellied wren T. fasciatoventris (Farabaugh 1982) show 

clearly that the male and female parts are not the same. 

In a few species, females and males sing identical songs, for example the Zapata 

sparrow Torreornis inexpectata, the blue-black grosbeak Cyanocompsa cyanoides, 

and the Cuban red-winged blackbird Agelaius phoeniceus (Morton 1996). Morton 

(1996) implied that in these species, individuals appear to forgo same-sex competition 

for a truly co-operative defence of territory, as evidenced by identical vocalizations. It 

was not stated whether this defence was within duets but the context suggests that this 

is the case. 

In contrast, evidence from an Australian species, the golden whistler, suggests that 

identical vocalizations do not always indicate joint territory defence. Identical song 

for a pair of duetting golden whistlers was confirmed by sonagram analysis. The duets 

appeared to have an aggressive function but the limited data allowed no conclusions 

to be drawn regarding same-sex competition. Observations of banded birds indicated 

no permanent pair-bonding and little evidence of territory attachment (Brown and 

Brown 1994). Joint defence would be unlikely under these circumstances but cannot 

be ruled out. 

In study on an the Australian magpie-lark (Hall 2000) found convincing evidence that 

duetting served a truly cooperative territory defence function rather than same-sex 



defence. This species would seem to hold an intermediate position regarding sex- 

specificity of vocalizations. Hall (2000) was of the opinion that male and female sang 

virtually identical songs but Tingay (1974) indicated that even though there were no 

vocalizations that were confined to one or another sex across the species, within a pair 

vocalizations were partitioned on the basis of sex. 

A further level of complexity is introduced by another Australian species, the 

Australian magpie. Farabaugh et al. (1988) studied a population of Australian 

magpies in New Zealand where the species had earlier been introduced. Because of 

the complex vocalization structure, it was more meaningful to compare syllables 

rather than complete songs. The authors found that although syllable sharing was not 

common, some syllables occurred in both sexes and some were shared only by birds 

of the same sex. There were, however, no sex specific syllables across all birds, but 

within a local group, including neighbours and same group, a magpie shared 

significantly more with birds of the same sex than with the opposite sex. Territory 

defence was clearly same-sex with the sex-specific syllables possibly being used for 

such defence (Farabaugh et al. 1988). 

In summary, in most species males and females have different vocalizations. It has 

been suggested that where the sexes have identical vocalizations, joint rather than 

same-sex territory defence will be found. Clearly further studies, especially on banded 

southern populations of temperate subtropical and temperate species would be 

valuable. 

The function of duetting 

Originally it was hypothesized that vocal duetting was a single behavioural entity, the 

result of similar environmental pressures on males and females (Levin 1996a). It 

arose from coordinated contact calls (Watson 1969), was performed for the joint 

benefit of the members of a pair and functioned in pair bond maintenance, andlor joint 

territory defence (Thorpe 1963, Tingay 1974, Falls 1982), including defence against 

same-sex rivals (Farabaugh 1982). In particular, it was thought that the function of 

duetting in tropical species was to enable mates to keep track of each other in the 

dense vegetation (Thorpe 1973). But not all tropical areas are densely vegetated and 

many species from many different taxonomic groups usually duet when in visual 



contact and duets are often accompanied by elaborate visual displays (Farabaugh 

1982). 

The above functions are to some extent interconnected relating to the necessity of 

maintaining year-round territories when there is prolonged parental care of young and 

were frequently assumed to rely on temporal co-ordination of vocalizations 

(Farabaugh 1982). 

Even though the very early work by Thorpe (1965) on duetting Laniarius suggested 

that either sex could start the duet, it has often been assumed, although rarely stated, 

that the male initiated all duets (Langmore 1998a). Perhaps these assumptions arose 

as a result of studies in dense vegetation where birds were not readily visible, for 

example, in the eastern whipbird (Watson 1969), or from studies on monomorphic 

species, and in each case it was assumed, in sympathy with the prevailing paradigms, 

that the male initiated the duets. 

Many studies have shown that this assumption is poorly founded. Tingay (1974) 

showed that the female initiated nearly 40% of antiphonal duets in the magpie-lark. 

Female initiation of duets was convincingly demonstrated in bay wrens (Levin 

1996a), and has been described in painted quailthrush Cinclosoma ajax, Boyer's 

cuckoo-shrike Coracina boyeri, Hunter's cisticola Cisticola hunteri and Cocos 

flycatcher Nesotriccus ridgwayi (Langmore 1 998a). 

The previously mentioned, temperate zone bias had led to the belief that antiphonal 

duetting in tropical birds was a pair-bonding and pair-bond maintenance mechanism 

(Morton 1996). More recent work has shown that, in some cases at least, duetting 

involves territorial aggression toward same-sexed birds. Strong response by the 

female in Central American populations of the house wren Troglodytes aedon 

suggested same-sex defence (Farabaugh 1982). More definitive evidence was 

provided by experiments on the bay wren in particular, showing that females directed 

song at rival females and may have been singing independently of males (Levin 

1996a). 

However some support for pair-bond maintenance is provided by a suggestion by 

Farabaugh et al. (1988) who noted that Australian magpies display duetting and co- 

defence of territories but never allopreen. The authors suggested that the complex 



duetting in which magpies indulge has replaced allopreening in social bond 

maintenance. 

Recently it has also been suggested that vocal duets might also Eunction in acoustic 

mate guarding by a bird vocally responding to its partner's songs to signal that its 

partner is already paired and is therefore unavailable as a potential mate (Levin 1996a, 

Langmore 1998a). The acoustic response of the male bay wren to female 

vocalizations is consistent with this explanation (Levin 1996a). Acoustic mate- 

guarding differs from other explanations in that it does not assume that the closely co- 

ordinated nature of duetting reflects a co-operative function (Langmore 1998a), 

however clearly this does not apply to all cases of duetting for example as in the 

magpie-lark (Hall 2000). 

The evolution of duetting and female song 

No clear hypothesis emerges from the literature regarding the evolution of female song. 

There is, however, an implication that solo male song was the initial condition and that 

female song arose as a response to ecological constraints. For example if it were profitable 

for a female to exclude other females, female song might develop to exclude other females 

(Farabaugh 1982); or else a female must be able to defend her territory if the male is 

absent (Langmore 1998a). If co-defence were even more advantageous (Farabaugh 1982), 

or the male responded to the female vocalizations as a form of acoustic mate-guarding 

(Levin 1996a), duetting could then evolve. There is, however, another possible scenario, 

with duetting as the primitive condition and solo male song as the derived state. The 

evidence for this will now be examined. 

Farabaugh (1 982) considered that all thoroughly studied species that have year round 

territoriality include duetting in their behavioural displays. However Morton (1996) 

reported that in the Carolina wren, populations in temperate northern latitudes still 

maintain year-round territoriality and pair-bonding, but only males sing. 

Farabaugh's observation concerning duetting in all species that hold year-round 

territory may well be true for the tropics. And, in this context, it is significant that the 

female house-wren sings in Central America where the species is monogamous and 

holds territories all year round, but does not sing in the north temperate zone 

(Farabaugh 1982). 



Morton (1996) suggested that in temperate zones, climatic constraints may have 

caused territoriality and reproduction to coincide. This would have resulted in sex role 

divergence with males involved in territory defence and females involved in nest 

building and brooding. Furthermore, the function and nature of birdsong in the 

temperate zone would be related to these constraints. Researchers' focus on temperate 

zone oscines have contributed to a temperate zone bias in interpretations of song 

function and evolution, specifically misinterpretations of the function of duetting as 

pair bonding rather than same-sex defence. 

These observations can be interpreted as suggesting that year-round territoriality and 

duetting are primitive conditions and that solo male song developed later in the 

temperate zones. A further implication then, is that female song also is a primitive 

condition. Some support for this is found in Gahr and Guttinger (1986 in Baptista and 

Gaunt 1994) who suggested that female song may be the primitive condition in 

estrildid finches. They noted that female zebra finches, which do not normally sing, 

possess the potential to develop a male song system, and that female song is 

commonplace in a number of estrildids. The significance of female song in the 

evolution of song is further explored in sections 3.5.11 and 7.6. 

3.2.7 Conclusion and Aims 

I will now explain why I believe the study of vocalizations of Australian birds could 

have a significant role in helping answer some of the questions raised in the preceding 

sections. There is some evidence that migration is a recent addition to the behavioural 

repertoire of passerines, that passerines evolved in Australia or at least spent some of 

their very early stages in Australia and that co-operative breeding, year round 

territoriality and female song are ancestral conditions (see also section 7.6). A number 

of authorities (for example Morton 1996, Slater 1997, Kroodsma et al. 1996) agree on 

the need to study many more tropical, sub-tropical and Southern Hemisphere birds. 

The grey butcherbird has many features of its life style that allow an exploration of 

some of these concepts. It belongs to an endemic Australian genus and many genera 

in the family are endemic to Australia. It holds year-round territory, females engage in 

regular duets with males and some members of the family are cooperative breeders. 

There are suggestions that cooperative breeding may be incipient in grey butcherbirds. 



The careful study of vocalizations in the grey butcherbird by Larkins (1982) though a 

good starting point was done without the aid of electronic recording equipment and 

concentrated on only one family group. Apart from this study, the vocalizations have 

not been described in detail in any published material. Accordingly, this study focused 

on the vocalizations of several family groups of grey butcherbirds. Groups were 

chosen so that there were replicates at the local level (several contiguous groups) and 

a broader geographic level (several groups from disjoint areas in Brisbane and one 

group from the Darling Downs, more than 100 krn away). 

The broad aims were to describe the vocalizations in breadth rather than depth so that 

general comparisons could be made with vocalizations of birds from other parts of the 

world and to give a broad picture so that later studies could be made with some 

understanding of whether equivalent vocalizations were being compared. 

The specific objectives were: i) to study the day-time vocalizations- the vocalizations 

made by all members of a family group; ii) to describe the constituent elements of 

these vocalizations and how these were assembled into phrases and full vocalizations; 

iii) to describe the pattern of delivery of the vocalizations on a daily and a seasonal 

basis; iv) to note the contribution of females and any supernumeraries and to record 

whether any vocalizations were sex specific; v) to gain some idea of inter-group 

variations in vocalizations vi) to make behavioural observations where possible with 

the aim of ascribing possible functions to the vocalizations. 

3.3 METHODS 

General methods were as given in Chapter Two. Additional details specific to 

descriptions of vocalizations (both day vocalizations and breeding song vocalizations) 

are given here. 

3.3.1 Measurements and Observations Relevant to Day Vocalizations 

Measurement of frequencies and intensity of harmonics of an element or 

segment 

Frequencies and intensities of harmonics were measured a) to determine the ratio of 

the frequencies to one another and hence to determine the frequency of the 

fundamental and b) to describe the energy distribution in the harmonics and see if this 

was consistent with the aural impression of harsh or musical sounds. Care was taken 



to take measurements of the different harmonics of the same element at the same 

position on the time axis. 

Measurement of vocalization rates for day vocalizations 

Number of vocalizations in a given time was measured for one hour at the same time 

of the day for different times of the year and also at different times during the same 

day. Rates were measured using aural recording as described in methods and given as 

discrete vocalizations per 10 minutes. A vocalization unit is described below. 

Vocalization rates as actual amount of time spent singing was measured as described 

in general methods. 

Data gathering for low volume song (subsong) in young birds 

Subsong in young birds was observed opportunistically. Written records for 

unequivocal subsong were taken on nine occasions using the aural recording method. 

Notes were taken of the vocalizations used and any behaviours observed. Age was 

estimated using plumage characteristics and breeding data where available. Cases 

where data were inadequate for age estimates were excluded from analysis. 

3.3.2 Terminology 

3.3.2.1 Terminology specifically associated with grey butcherbird vocalizations in 

this study 

One problem encountered during this study was has the choice of terminology for the 

sounds made during the day by a grey butcherbird family group. It was decided to 

refer to these initially simply as 'vocalizations' and 'vocalization units'. Definitions 

are given below. 

A vocalization is any sound made by a grey butcherbird. 

A vocalization unit (W) is a group of syllables from the grey butcherbird repertoire 

that are often sung together in a set sequence. The syllables are usually, but not 

always, grouped into standard butcherbird phrases recognisable Erom one vocalization 

to the next. The units may form part of a singing bout or may be given in isolation. 

These units are frequently referred to as 'song' or 'songs' in general use. However, 

while use of the term 'song' in general as a synonym for 'repertoire' is considered 

acceptable, 'songs' is not acceptable. This implies that each individual vocalization 

unit is a song and the term 'song' is generally used in the literature, explicitly or 



implicitly, for male breeding song. Thus 'grey butcherbird song' is acceptable but 

'grey butcherbird songs' is not. 

Further definitions of terms of particular relevance to day vocalizations are given here 

for convenience. These are also included in Appendix One where terms used 

throughout the entire thesis are defined. 

Naming grey butcherbird vocalizations 

Vocalizations were given names that were either onomatopoeic or suggested by a 

combination of rhythm and sound. Using the first method the names should be 

instructive to the reader as well as to the author of this thesis. The second method 

yields names that may be of little assistance to the reader but were of immense help to 

the author in keeping track of the numerous vocalizations. Where appropriate 

vocalizations are referred to by both an arbitrary name, for example VU 1 and the 

rhythm and sound name for example 'St Petersberg cackle with yah yah and low 

warble'. 

3.3.2.2 Definitions of standard terms used in describing grey butcherbird day 

vocalizations 

Antiphonal Singing 

A specialised form of duetting in which male and female use different notes and 

sing alternately, often with marked precision in timing (Hooker and Hooker 1969). 

Bout 

A bout is a group of vocalizations that are separated in time from each other by 

intervals that are significantly longer than the intervals between behaviours within 

bouts (adapted from Farabaugh 1982). 

Cackle 

A sequence of loud raucous notes of a wide frequency range (adapted from 

Jurisevic and Sanderson 1994b). 

Call 

A call is short and simple, produced by both sexes throughout the year (Catchpole 

1979). 



Crystallized song 

Crystallized song types are operationally defined as those in which the form and 

order of elements does not vary from rendition to rendition (Byers and Kroodsma 

1992). 

Degradation 

Change in the quality of bird song during transmission. It is caused by reflections, 

reverberations and differential attenuation of a song's component frequencies 

(Morton 1996). 

Dominant frequency 

The portion of a vocalization which contains the greatest concentration of acoustic 

energy (Jurisevic 1998). 

Element 

A continuous trace on a sonagram (Ince and Slater 1984). See also 'syllable'. 

Frequency 

The number of cycles per second. This is an absolute measure unlike pitch, which 

is subjective. 

Long-range signals 

Long-range signals are conspicuous, broadcast signals that often function as 

advertisements of territorial and reproductive status (Krebs et a1 1978). 

Musical notes and harsh notes 

The allocation of energy between different frequencies of the total energy 

expended in producing a given note determines whether a note sounds musical or 

harsh. If the energy is not concentrated systematically at any particularly related 

points, but is spread more at less at random over the frequency length, then the 

sound is likely to be harsh and discordant. A rich flute-like sound, on the other 

hand, will show as a strong fundamental and a series of six or more quite discreet 

harmonics at related intervals above it - the harmonics 3, 5 and 7 (the fundamental 

being 1) being stronger, and even numbered ones somewhat weaker (Thorpe and 

Lade 1961). 



Phrase 

A distinct series of units (usually, but not necessarily, syllables) that occur together 

in a particular pattern (based on Catchpole and Slater 1995). 

Pitch 

The sensation of pitch is largely determined by frequency but is not identical with 

it. Our sensation of pitch depends to some extent on intensity; for low tones pitch 

increases with intensity, but for high tones the situation is reversed. 

Pulses 

The individual components or elements of a vocalization (Jurisevic 1998). 

This term was adapted and used in this thesis to refer to elements with a rapid rise 

in frequency resulting in a nearly vertical appearance on a standard sonagram. 

Repertoire 

n. Stock of pieces that [a] company or performer knows or is prepared to give; 

totality of regularly performed pieces, regularly used techniques etc. (Sykes J.B. 

1976. Ed. The Concise Oxford Dictionary of Current English Usage. Clarendon 

press, Oxford.) 

[A] male chaffinch [e.g.] is said to have a repertoire of song types (Catchpole and 

Slater 1995). 

Segment 

A recognizable part of an element or syllable (after Shiovitz 1975). 

Short-range song 

Short-range songs can be defined as those that are effectively transmitted over 

short distances relative to LRS. They are often inconspicuous and characteristically 

are directed at specific individuals within close proximity to the signaller. They 

may be structurally distinct from LRS or may be ordinary song produced at lower 

amplitude. (McGregor and Dabelsteen 1996) 

Song 

Songs are a type of vocalization appropriate to, and often confined to, the breeding 

season; it given primarily by the male under the general physiological control of 



the sex hormones and .... often capable of a high degree of modification by imitative 

learning (Thorpe 1974). 

In song there are sequences of sound given in a more or less highly organised 

pattern (Catchpole 1979). 

Songs are vocalizations that occur primarily in sustained, quasi-rhythmic 

performances. Many species have two or more structural classes of such 

vocalizations and members of only one class are commonly called songs (Smith 

1996). 

Song Bout 

This is rarely defined. The implication from the literature is that it is a clearly 

defined period of delivery of song by one bird. 

Song Type 

A version of a species song. A bird is said to have a repertoire of song types 

(Catchpole and Slater 1995). A sequence of elements occurring in the same order 

each time they are repeated. 

Strophe 

A discrete vocalization composed of a limited number of elements. The word has 

been taken from the German where it refers to the particular delivery of a song 

(Catchpole and Slater 1995). 

Equivalent to a song; of about two to three seconds duration (Todt and Hultsch, 

1996). 

Syllable 

A sound which produces a single, complete, and distinct impression, uninterrupted 

by silences greater than two centiseconds. Synonymous with figure, note, element 

(Shiovitz 1975). 

Sounds of continuous duration in which the frequency may remain the same or 

vary through time. In musical notation, syllables would be expressed either as 

single notes or as a series of notes as in a glissando. Syllable is preferable to note, 

since a single note defines both a specific temporal period and a specific frequency 

(Wildenthal 1965). 



3.4 RESULTS 

3.4.1 Sexing Birds 

Prior to the availability of guidelines for sexing grey butcherbirds using plumage 

characteristics (Carter and Carter 1996) no attempt had been made to sex individual 

birds. However it had been assumed that birds delivering breeding song (see Ch 4) 

were males. Subsequent observations of such birds were, without exception, in 

agreement with these guidelines. 

Frequent observations of apparently mated pairs revealed, in all cases, a pair of birds 

with plumages matching the descriptions for male and female. The grey, black, and 

white areas of the presumed male were clear and crisp and the clear round to elliptical 

white loral spot was separated from the eye by a thin, black band. The plumage of the 

presumed female was always less crisp. The white was slightly greyer, the black was 

duller and the 'female' loral spot pattern always present. The crown of the female had 

no striations (as are found in juveniles) but was not as deeply black as that of the 

male. On some occasions, binoculars were necessary to verify fine details such as 

loral spot shape. 

On four occasions over three years at least three different individuals were observed 

on the nest throughout the incubation period. In all cases the plumage pattern was that 

described for females. On one occasion two birds were observed copulating. It was 

assumed that the bird that mounted the other was the male. This bird had been singing 

breeding song immediately prior to the copulation event. Plumage characteristics 

were, again, in agreement with the guidelines. 

3.4.2 Description Of Butcherbird Vocalizations 

Observed vocalizations were assigned to five different categories: loud daytime 

vocalizations given by all members of the group all year round, quiet song between 

close members of a pair (rarely observed), male breeding song and adult and juvenile 

sub-song. Fine scale and broad scale structure of loud daytime vocalizations are 

described in detail in this chapter. The remaining types are briefly described except 

for male breeding song, which is described in detail in Chapters 4, 5 and 6. 



3.4.2.1 Loud Daytime Vocalizations 

Loud daytime vocalizations, which could be heard several territories away, were 

given throughout the day and throughout the year. All group members contributed but 

some vocalizations appeared to be sex specific. The term 'vocalization unit' (VU) was 

used for the longer discrete vocalizations (see section 3.3.3.1). VUs were composed of 

a number of basic elements. Elements were combined to form phases, which were 

generally combined to form VUs although they could be given on their own. Neither 

elements nor phrases were combined at random. Some combination rules are 

described in sections 3.4.2.1.2 and 3.4.2.1.3. 

In the BardonIRainworth study area, five vocalization units consisting of several 

phrases were sung regularly. These were sung in chorus (duets) of two or more birds 

where group members sang the different phrases sequentially. 

If sung by two birds they were sometimes sung 

antiphonally but often the parts sung by 

different birds overlapped. Evidence for group 

singing was explicit. Different individuals in a 

group were seen giving different parts of 

vocalizations or heard giving the different 

parts from clearly separated positions in the 

territory. 

Box 3.1 Antiphonal Singing 
In antiphonal singing, different 
individuals sing different parts 
of a song in a speczjied order. 
For example $a song consists 
of four parts, in order A,B, C,D 
then one singer may sing A and 
C and the other, B and D. The 
timing is generally the same as 
ifone singer were to sing the 
whole song. 

Occasionally a single bird delivered a vocalization unit that was usually sung as a 

duet. On these occasions the intensity was lower and the tone sweeter than when two 

or more group members engaged in singing. 

3.4.2.1.1 Constituent elements 

The elements comprising loud day vocalizations were divided into two types, musical 

elements and harsh elements. Although quite harsh and quite musical elements could 

be distinguished, there were many elements which were difficult to assign to either of 

these groups. In fact for some elements, both harsh and musical renditions were 

sometimes given. 



a) Musical elements 

Musical elements were generally of two types, constant frequency elements or warble 

elements with rising and falling segments (Figure 3.2). Elements with frequency 

change in one direction only (steadily rising or steadily falling elements) were rare. 

Musical elements had either no easily detectable harmonics, or had sound energy 

concentrated in alternate harmonics (Table 3.1 and Figure 3.3). 

The dominant frequency range of warble and constant frequency elements was 

generally between 670 Hz and 1.53 kHz. The mean duration of 50 musical elements 

recorded in three contiguous territories in Bardon over 5 years was 1 19 mS (SD 56, 

range 30-350 mS). 

Table 3.1 Energy distribution in harmonics present in a musical element sung by a grey 
butcherbird shown in figure 3.3. Energy is concentrated in the first, third and fifth harmonics. 
The higher the intensity measurement the greater the energy; thus the first harmonic at 
-73.123 dB contains the most energy. Frequency of each harmonic is, as would be expected, 
close to a whole number multiple of the lowest harmonic. Care was taken to measure the 
frequency of the harmonics at the same vertical line i.e. at the same time. 

b) Harsh sounding elements 

Harmonic 

h 1 

h 2 

h 3 

h 4 

h 5 

All harsh sounds were wide band and showed a rich harmonic structure. Where 

frequency measurements were made for only one harmonic, they were made for the 

dominant frequency (the harmonic with the most intense grey-scale value on a 

sonagram), since it was considered that this harmonic would be responsible for the 

perceived pitch of the element. Four types of harsh sounds were detected. These were 

two sounds of rapidly rising frequency (blinks and short raucous rapidly rising 

pulses), 'yips' and 'yarks', and begging sounds. 

Frequency 

1.069 

2.188 

3.249 

4.377 

5.438 

Intensity (dB) 

-73.123 

-105.16 

-86.932 

-104.918 

-95.466 

Frequency hx/ 
frequency h l  

1 .O 

2.0 

3 .O 

4.1 

5.1 
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Figure 3.3 Sonagram of a chorus given by a group of five grey butcherbirds at Indooroopilly in 1994. (a) and (b) the fourth and fifth 
elements are musical sounds from an adult grey butcherbird. Energy is concentrated in the first, third and fifth harmonics. The second and 
fourth harmonics do not appear in the spectrogram because their faint images were removed along with the background noise images. (c) 
Another musical sound clearly showing energy concentration in harmonics 1 ,3  and 5 at 1.248,3.702 and 6.198 Hz. Sonagram parameters: 
FFT 5 12, Frame Length 5 12, clipping level -1 05. 



(i) 'Blink' 

This short element (Figure 3.4), named onomatopoetically, was never immediately 

repeated within a vocalization. The lead-in section, with no obvious harmonics, is not 

easily heard by the human ear and the dominant frequency (effective pitch) is the 

frequency of the lowest harmonic of the steeply rising segment. A variation of this 

element (Figure 3.10) does not have the harmonics and consequently does not have 

the harsh sound. It has, however, a frequency of 1.24 kHz, the dominant frequency of 

the harsh sound. 

(ii) Short rapidly rising pulses 

These elements of approximately 20-60 mS duration were a common component of 

daytime vocalizations. Two types, type 1 (Figure 3.8) and type 2 (Figure 3.4), were 

detected. Frequency rose rapidly in these elements with rates typically 25 HzImS in 

total with 75 Hz/mS for the sharply rising section. No difference was detected in 

mean upper and lower frequencies for six typical type 1 and type 2 short pulses (Table 

3.2). 

kHz 1 I 
I I 

I 

2.0 3.0 4.0 
S 1 .o 

Figure 3.4 Sonagram of a vocalization unit containing the harsh element 'blink'. In this 
element energy is fairly evenly distributed in harmonics at 1.24, 1.64 and 2.18 kHz. These 
have been marked on this sonagram for ease of identification. The energy distribution is 
shown by the degree of shading (greyscale). This sonagram also shows cackles composed of 
short almost vertical pulses at 2.0 seconds and 4.0 seconds and two musical warble elements 
(the low frequency elements at approximately 0.3 seconds and 2.7 seconds). Recorded at 
Rainworth, July 1995. 



1 Type 2 (n=  6) 1 2.527 (0.179) 1 1.491 (0.170) 1 

Table 3.2 Mean upper and lower frequency of the dominant frequency from two types of 
short pulses from day vocalizations of grey butcherbirds at Bardon. Standard deviation is 
given in brackets. 

(iii) Yips and Yarks (Table 3.3, Figure 3.5) were longer in duration and rose more 

slowly than short raucous pulses. Yips and yarks both consisted of an introductory 

section followed by a steeply rising section but differed mainly in duration and the 

distribution of intensities in the harmonics. In yark elements, a horizontal section of 

about 200 mS duration was followed by a rapidly rising section of duration of 

approximately 50 mS and there was a band of closely spaced intense harmonics at 

1.392, 1.56 and 1.703 kHz. The difference in proportions of horizontal and rising 

sections, as well as the presence of a band of high intensity harmonics in the yarks, 

contributed to the different sounds. As both the band of intense harmonics in the yarks 

and the onomatopoeic names suggest the yarks had a harsher sound than the yips. 

Short pulse 
type 

Type 1 (n = 6) 

Table 3.3 Duration and mean rate of rise in frequency for the dominant frequency of yip and 
yark elements from an alarm call given by a male grey butcherbird near Armidale, N.S.W. 

Y ark 250 

Mean upper 
frequency (kHz) 

2.623 (0.139) 

(iv) Begging sounds 

Mean lower 
frequency (kHz) 

1.135 (0.362) 

Begging calls were made by fledglings and also by females on the nest. The calls 

from each sounded the same and appeared similar on sonagrams (Figure 3.6, Figure 

3.7). Each consisted of single element type given repeatedly. In each case energy was 

distributed fairly evenly throughout the harmonics (Table 3.4, Table 3.5). 

The harmonics were clearly whole number multiples of the first detected overtone at 

0.93 kHz. and 1.2 kHz. for fledgling and female respectively, indicating that they 

were indeed harmonics and also that the lowest harmonic detected was in fact the 

fundamental not just the lowest harmonic visible. 



kHz s 0.0 1 .o 2.0 3 :o 

Figure 3.5 Sonagram of an alarm call from a male grey butcherbird near Armidale, N.S.W. 
showing yips and yarks. There are 17 sound figures shown in this sonagram. Yips occur at 
elements 2, 3 ,6 ,  7 and 12-17. There are four yarks at elements 8, 9, 10 and 11. The sonagram 
is shown with the accompanying oscillogram which emphasises the repetitive nature of the 
alarm call. 

The rate of increase in the frequency of the first harmonic for female begging call 

elements (Table 3.5, Table 3.6) was 1/10 of that for a yip and 1/50 of that for the 

steeply rising part of a pulse. The rate of rise for juvenile begging elements was 

slightly more than that of the female but was of the same order of magnitude, 

especially when compared with the yips and cackles. The frequency of corresponding 

harmonics was lower for juveniles than for females. However for any differences it 

should be borne in mind that the sample size was not large enough to decide whether 

any differences were within the range of individual variation. 



kHz I I 
mS 0 5 0 0  

Figure 3.6 Begging call from a juvenile grey butcherbird at Indooroopilly. The juvenile was 
begging while other birds were chorusing and only a short segment of the recording was 
suitable for comparison with Figure 3.7. 

kHz 

Figure 3.7 Sonagram of a begging call from a female grey butcherbird on a nest being fed by 
a male. Near Armidale, N.S. W. 



Table 3.4 Energy distribution in harmonics present in a begging element given by a juvenile 
grey butcherbird. Energy is not obviously concentrated in any particular pattern within the 
harmonics. The higher the intensity measurement the greater the energy; thus the first two 
harmonics at -89 dB contain, the most energy. Frequency of each harmonic (frequency hx/ 
frequency hl)  is, as would be expected, close to a whole number multiple of the lowest 
harmonic. 

Table 3.5 Energy distribution in harmonics present in a begging element given by a female 
grey butcherbird. Energy is not obviously concentrated in any particular pattern within the 
harmonics. The higher the intensity measurement the greater the energy; thus the first 
harmonic at -77 dB contains the most energy. Frequency of each harmonic (frequency hx/ 
frequency h l )  is, as would be expected, close to a whole number multiple of the lowest 
harmonic (presumably the fundamental). 

Harmonic 

h 1 

h 2 

h 3 

h 4 

h 5 

h 6 

h 7 

Table 3.6 Duration (with standard deviation), rate of frequency rise and frequency envelope 
for first harmonic for begging call elements from a female and a juvenile. n = number of 
elements analysed. 

Frequency 

0.93 

1.86 

2.75 

3.72 

4.6 

5.54 

6.5 1 

Harmonic 

h 1 

h 2 

h 3 

h 4 

h 5 

h 6 

Intensity (dB) 

-89 

-89 

-95 

-101 

-107 

-104 

-1 10 

Frequency 

1.2 

2.4 

3.6 

4.8 

5.9 

7.2 

Bird 

Female on nest (n = 6) 

Juvenile (n = 2) 

Frequency hx/ 
frequency h l  

1 .O 

2.0 

3 .O 

4.0: 

4.9 

6.0 

7.0 

Intensity (dB) 

-77 

-9 1 

-88 

-80 

-89 

-93 

Duration 
(mS) 

360 (20.4) 

320 (30) 

Frequency hx/ 
frequency h l  

1 .o 

2.0 

3 .O 

4.0 

4.9 

6.0 

Frequency rise 
rate (HzImS) 

0.95 

0.60 

Frequency envelope for 
first harmonic (kHz) 

1.3 - 1.8 

0.81 - 1.001 



Frequency range of harsh elements - summary 

The frequency range of harsh elements was broadly between 1.33 kHz and 3.07 kHz. 

many harmonics were present and energy distribution tended to be fairly even with no 

particular harmonics or pattern of harmonics being emphasised. 

(v) Intermediate sounds 

Some sounds such as the elements 'chur' and 'chill' were of intermediate harshness 

(Table 3.7). The second harmonic of each was twice the frequency of the first, 

suggesting that the first harmonic was the fundamental, although other interpretations 

are possible (for example these harmonics could represent h2 and h4 with h l  = h2/2). 

Table 3.7 Frequencies of two elements of intermediate harshness. The frequencies of the first 
and second harmonics of each element were in the ratio 1:2. The phrase was recorded at the 
Pilgrim Church Territory at Bardon on 14 October 1996. 

3.4.2.1.2 Use of elements to form phrases 

Syllable 

Chur 

Chill 

A sequence of elements was designated a phrase if this sequence occurred in different 

contexts, that is, the sequence appeared to be a functional unit. The elements 

described above were combined in this manner to form the phrases described below. 

(i) Cackles 

Frequency kHz 

Harmonic 1 (fl) 

2.209 

2.062 

Phrases consisting of rapidly repeated short raucous pulses (type 1 and type 2 short 

pulses) were termed 'cackles' (Figures 3.8a & 3.8b) (after Jurisevic and Sanderson 

1994b). The different types could generally be distinguished in the field by sound and 

by the context in which they were given. 

a) Type 1 cackle (St Petersberg cackle). 

Frequency H z  

Harmonic 2 (f2) 

4.467 

4.123 

This consists of type 1 pulses, usually repeated three to five times (Figure 3.8a). 

Although it is difficult to decide on the exact pitch, and this cannot be seen from the 

sonagram, there was definite melody to this phrase. In it's simplest expression, it 

sounded like three notes on the same pitch followed by two descending notes. This 

f2Ifl 

2.0 

2.0 





phrase was named for the rhythm and sounds although it could not strictly be called 

an onomatopoeic name. 

b) Type 2 cackle. 

This was a series of three not quite identical short pulses (Figure 3.8b) with no 

discernible 'melody' in contrast to the type 1 cackle. 

(ii) 'Low warble' phrase 

This phrase (Figure 3.8 a) consisted of 3 simple warble elements typically with 

frequency between 880 Hz and 740 Hz and duration 170-1 90 mS. This was always 

sung by a male. The phrase is named onomatopoetically. 

(iii) Harsh Blink-01 0 blink-o 

This phrase, with an onomatopoeic name, consisted of one 'blink' element combined 

with a short musical warble element to give 'blink-o' (Figure 3.9). The upper and 

lower frequencies of the musical element were 1.24 kHz and 1.4 kHz respectively. A 

common variation (0 blink-o) was formed by the addition of an introductory short 

warble element. Both variations appeared to be used as a territory declaration. In the 

phrase illustrated, the lead in section, with no obvious harmonics, was not easily heard 

by the human ear and the effective pitch was the frequency of the lowest harmonic of 

the steeply rising segment. A phrase with an almost identical 'tune' but different 

timbre consisted of the musical 'blink' followed by '0' or '0-o' (Figure 3.10). 

kHz 
I I I 

s 0.0 1 .o 2.0 3.0 

Figure 3.9 Spectrograms showing the 'blink-o' phrase and the 'o blink-o' variation from grey 
butcherbirds at Bardon. The short lead segment (less than 1 kHz) had no detectable harmonics 
and was not discernible to the human ear as a separate sound. As the appearance of 'blink' 
with energy evenly distributed in harmonics suggests it was quite harsh in sound. The 
following and introductory '0' elements were classed as musical elements. 



(iv) Lah, de dah dah, de dit 

This phrase (Figure 3.10) consisted of six warble elements of duration from 40 to 300 

mS and with frequencies between 1 .Ol and 1.43 kHz (Table 3.8). The name was not 

strictly onomatopoeic, but captured the rhythm and vowel and consonant sounds. A 

variation, in which element 3 was omitted, was frequently sung. 

Table 3.8 Frequency and duration characteristics of 'lah de dah, dah de dit' phrase. 

Figure 3.10 Sonagram showing (a) musical blink-o (with an extra terminal element) and (b) 

lah de dah dah de dit. 



(v) Love song phrases 

There are three phrases in this genre (Figure 3.1 1) each with a quite musical sound. 

a) Love songphrase 1 (A pret-tyl consisted of three elements, the first was a warble 

and the second a warble with an additional steeply rising segment. This phrase was 

named onomatopoetically. 

b) Love songphrase 2 (love-song-a-song) consisted of three warble elements and one 

warble element with an extended horizontal tail. This phrase name captures the 

rhythm. This phrase had a narrow frequency range. 

c) Love songphrase 3 (love song) consisted of two constant frequency elements. This 

phrase is named to fit in with phrase 2 from which it could be derived by omission of 

elements and consequently it also had a narrow frequency range. 

(vi) Gossip phrases 

There were four phrases in this genre (Table 3.9, Figure 3.12). 

a) Gossip phrase 1 (Chop chop) 

This phrase was named onomatopoetically. It consisted of two rapidly descending 

elements of intermediate harshness. 

b) Gossip phrase 2 

This phrase has a variable number of elements. The longest common version, 'have 

you heard the lat-est thing-o' consisted of eight elements. Most variations were made 

by deleting one, two or three terminal elements. A less common version contained all 

standard eight elements plus an extra element inserted after the first. The maximum 

frequency was 1.6 kHz and the minimum 650 Hz, but for most of the phrase the 

frequencies lay between 950 Hz and 1.0 kHz, giving an aural impression of a phrase 

of rather constant frequency. This phrase name captures the rhythm. 

c) Gossip phrase 3 (Yes! It's) 

This phrase consisted of two elements of approximately the same length. Both 

elements had a harsh sound but were not as harsh as begging and short pulse sounds 

described earlier in this section. The first element consisted of two segments - the first 

of rapidly descending frequency, the second a warble segment. The second element 

was a simple rapidly descending segment. This phrase was named onomatopoetically 



Phrase 2 Phrase 3 
I Phrase 1 

Figure 3.11 Sonagram of a vocalization unit showing 'love song' phrases. Phrase 1 = 'a pret-ty', phrase 2 = 'love-song-s-song', phrase 3 = 

'love song'. The phrases consist of warble elements or constant frequency elements except for the second element in phrase 1 which shows a 
vertical tail attached to a warble element. 



and also to fit in with the 'sense' of the previous name. This phrase was used in 

different contexts and sometimes the 'consonants' were altered so that 'chur-chill' 

was a better representation than 'yes it's'. 

d) Gossip phrase 4 (Wonderful) 

This phrase of 400 mS duration consists of three short warble elements; the first and 

last identical, the middle one with a slight increase in frequency. 

Table 3.9 Elemental composition of 'gossip' phrases. 

Gossip phrase 2 (Have you heard the latest thing-o) 

Gossip phrase 1 (Chop chop) 

Gossip phrase 3 ( Yes! It's) 

Element 

Gossip phrase 4 ( Wonderful) 

Element 

1 

2 

Duration (mS) Max freq (kHz) Min freq (kHz) 

Duration (mS) 

175 

160 

Element 

1 

2 

3 

Frequency fall 
rate (HzImS) 

Max freq (kHz) 

2.06 

2.01 

Min freq (kHz) 

1.42 

0.660 

Min freq (kHz) 

n/ a 

790 

n/a 

Duration (mS) 

115 

60 

9 5 

Max freq (kHz) 

71 0 

900 

71 0 
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Figure 3.12 Sonagram showing 'gossip' phrases. (a) phrase one consisting of two elements, 
(b) phrase two with seven elements with the first overlapped by the second element of phrase 
one (c) phrase three with two elements and phrase four with three elements. 

(vii) Miscellaneous phrases (not illustrated) 

'Oh, oh' This sounded like a more musical version of 'chop, chop' but and was of 

much more restricted in frequency range. 

'Here we go!' This is 3 element phrase containing Short warble elements. The first 

element is lower in frequency than elements 2 and 3 (which sound identical). 

'Wolf whistle'. This is a two element phrase. One element descends rapidly, the other 

rises rapidly. It can be effectively represented 'twhet, twhew'. 

'It's Myrtle!' Three element phrase with the middle element higher than the other 

two. This could be derived from the melodic version of 'It's St Peter's' by omission 

of the 'St' and slight change in rhythm. 

3.4.2.1.3 Vocalization units 

These phrases described above were combined to form vocalization units described 

below. 

(i) Vocalization unit one (VU1) 

This vocalization unit (Figure 3.13) contained three different phrases: type 1 cackles, 

yarks and low warble all used a variable number of times. The VU always 

commenced with a cackles followed by yarks. Phrase 3 was quite 'mobile'. It was 

sung at any place in the VU except the very beginning and often overlapped other 

phrases. The VU was always given as a duet. Phrase 1 was usually given by a female. 

Phrase 2 was always sung by a male (see also section 3.4.3.5). This vocalization unit 



was frequently the first song of the day although it was given at other times of the 

day. 

kHz 
S 1 .o 2.0 3.0 

Figure 3.13 Sonagram of vocalization unit 1. This unit consists of (a) three type 1 cackles, (b) 
one yark (see also figure 3.5) and (c) two low warble phrases. The low warble phrase is the 
three note phrase with frequencies just below 1 kHz. Other elements with a narrower 
frequency range than the pulses are often included in this VU. This vocalization is difficult to 
record well. It is always sung high in the closed canopy and the reverberations combined with 
the noisy nature of the song give a 'dirty' spectrogram. Filtering to remove background noise 
and reverberation also removes parts of some elements especially steeply rising segments. 

(ii) Vocalization unit two (VU2) 

This two phrase vocalization unit (Figure 3.14a, b) consisted of two phrases, musical 

blink-o and lah, de dah de dit. Variations were commonly formed by repetitions of 

elements one and three in phrase two. Sometimes an extra phrase, the 'low warble' 

phrase, was added. This vocalization unit seemed to be sung antiphonally by two 

birds. It was not recorded with extra birds joining in. Occasionally there was some 

overlap of phrases as in figure 3.14b. 

(iii) Vocalization unit three (VU3) 

This VU (Figure 3.15) consisted of three to five (rarely more) more phrases. A type 

2 cackle was always sung first. The phrase 'a pret-ty' was always included but the 

inclusion of the other 'love song' phrases was variable. All phrases could be repeated. 

(iv)Vocalization unit four (VU4) 

This VU (Figure 3.16) was typically sung in chorus. Frequently the whole group 

joined in this vocalization, thus it could be sung by a chorus of three or more. It 

consisted of the four 'gossip' phrases vi-a, vi-b, vi-c and vi-d (section 3.4.2.1.2) sung 



in that order. If it were sung as a duet, phrases vi-a and vi-c were sung by one bird and 

vi-b and vi-d by the other. 

kHz s 0.0 1 .O 2.0 3.0 

kHz 
S I ;O 2.0 3.0 4.0 

Figure 3.14 Vocalization unit two. This VU was usually sung antiphonally. It consisted of 
two phrases, musical blinko and the phrase lah, de dah de dit. (a) A common version of this 
VU recorded at Rainworth in 1993. Phrase one = 'blink-0-0. Phrase two = lah-de-dah-dah-de- 
dit. (b) An uncommon version of this VU recorded approximately 500 metres away at Bardon 
in 1998. A 'low warble' phrase has been added (elements three and four) and repeated at 
elements eight and nine. The usual phrase two has been extended by repetition and addition of 
extra small elements. 

Sometimes there was an overlap in the phrase singing (Figure 3.16d). The degree of 

overlap of the phrases was variable. Phrases were occasionally omitted and shortened 

versions of the phrases were occasionally used. On rare occasions the order in which 

the phrases were sung was varied. Phrases vi-c and vi-d were sometimes repeated, so 

that the complete vocalization consisted of 5 or 6 phrases. Most variations, 

nevertheless, commenced with vi-a and ended with vi-d. 

In 1995 an unusual rendition of phrase 3 was heard at Bardon. This had an extra 

element inserted between elements 2 and 4. This addition was obvious to the human 

ear. Subsequent sonagram analysis of a 1994 version on this phrase from the r~ctin 

(Rainworth Gully) population revealed that this element was included in the song but 

was only discernible to the human ear if played at half-speed. By 1996 the timing had 

altered so that the version sounded virtually identical with the Colorado Avenue 

(Bardon) version. In a commonly sung variant, phrase vi-b was replaced by a phrase 

with virtually identical elements but different timing. 





kHz \ I I I s 0.0 1 .O 2.0 3.0 
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Figure 3.16 'Gossip duet' (a) complete VU. (b) Phrases 1 and 3 as sung by bird A (c) Phrases 
2 and 4 as sung by bird B 

1.0- - - - .-  

kHz I I I s 0.0 1 .O 2.0 3.0 



Vocalization unit 5 (VU5) blink-o + cackle 

This VU (Figure 3.17) consisted of 'oh blink-o7 and types 2 cackles with an extra 

element. Longer versions frequently resulted from repetitions of either phrase. The 

vocalization was sung as a duet with one bird singing 'oh blink-o7 and the other 

giving the cackles. 

Figure 3.17 Vocalization unit 5 with two repetitions of each of the phrases. 

Other vocalizations 

Other vocalizations, mainly solo vocalizations, consisted of renditions of one or two 

phrases. Only certain phrases were used in this manner, for example type 1 cackle, 

type 1 cackle with yarks and blink-01 0 blink-o. Occasionally during the year, in a 

territory with more than two birds, the phrase 'blink-o, 0 blink-o' was taken up by all 

birds in the territory and a delicate bell-like chiming rang through the territory. This 

could last for 15 minutes. Occasionally another vocalization, in particular a musical 

phrase such as lah-de-dah-de-dit, would be given in response but these were relatively 

rare, occupying less than 10 % of the time allocated to the whole bout. No vocal 

interactions with other territorial groups were noticed during these bouts. This had 

been documented in January, September and December but exhaustive monitoring 

was not done to confirm whether it was limited to any particular time of the year. 



3.4.2.2 Quiet Solo Song (Adult Male Whisper Song) 

No acoustic analysis was made for electronic recordings of adult male whisper song. 

Annual patterns and behaviours, however, were noted and are described in section 

3.4.7 following descriptions of patterns of vocalization and behaviours noted for loud 

day song. 

3.4.2.3 Quiet Song between Members of a Pair 

This was observed fortuitously on only one occasion, without the opportunity to make 

electronic recordings. Behaviours noted are described in section 6.3.11, following 

behaviours during noted during breeding song. 

3.4.2.4 Juvenile Subsong 

No acoustic analysis was made for electronic recordings of juvenile sub-song. 

Behaviours noted are described in section 3.4.8 following descriptions of patterns of 

vocalization and behaviours noted for loud day song. 



3.4.3 Vocalization Patterns Including Daily and Annual Variation 

Despite the importance of song in the life of birds, they maximise vocally for only a very 
short period of their time. Singing is concentrated around dawn, tapers off rapidly during 
the morning, is minimal in the middle of the day, and may increase again towards sunset. 
Song may be depressed by proximal factors such as inclement weather. Notwithstanding 
the wide recognition of these generalisations, there has been little precise comparative 
study of temporal vocalization patterns in birds. This is especially true of Australian 
birds. 

Keast 1994a 

3.4.3.1 Daily starting time of vocalizations 

Day vocalization starting time was recorded on 1 16 mornings over the years 1993 to 

1999. The time at which the first vocalization of the day was given changed throughout 

the yea but was always given between first light and sunrise. For example in late 

February, with sunrise at 0538 hrs, and first light (nautical twilight) at 0447 hrs, the first 

vocalization of the focal population the was given at about 05 10 hrs. The earliest time 

recorded was 0355 hrs on 6 December. The latest was 0610 hrs recorded on several dates 

between 26 June and 3 1 July. Starting time was plotted as time after 0355 hrs to show the 

change in starting time with the seasons (Figure. 3.18). As would be expected, the earliest 

absolute time was in December, close to the summer solstice and the latest times were 

close to the winter solstice. 

Start of day vocalizations was also given as time before civil twilight (Figure 3.19). The 

earliest start was 24 minutes before civil twilight and the latest was 14 minutes after civil 

twilight. Mean start before civil twilight was 2.7 minutes (SD 6.7). There was no 

apparent tendency for day vocalizations starting time to change through the year with 

respect to civil twilight. Start of day vocalizations was also given with respect to start of 

breeding season song (see Chapter 4). 

3.4.3.2 Diurnal and annual variation in vocalization rate (number of vocalizations 

per unit time) 

Birds sang at all times during the day, but singing rate peaked in the early morning with a 

lesser peak in the evening. Typically, once day song commenced for the day, it was sung 

intermittently for about an hour with more concentrated smaller bouts within the larger 
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Figure 3.18 Start of day vocalizations of grey butcherbirds in the Bardon area for 117 mornings over the years 1993 to 1999. Starting time is 
given as absolute time (EST) and reflects the change in time of sunrise through the year. Data is for all weather. 



Date (dlm) 

Figure 3.19 Start of day vocalizations of grey butcherbirds in the Bardon area for 117 mornings 
over the years 1993 to 1999. Starting time is given as time before civil twilight. 

bout. This burst of vocalizations during the first few hours of the day was followed by a 

lull. There was often a burst in the early afternoon, another in the late afternoon with only 

isolated vocalizations in between these bursts. The final vocalization for the day was 

given between sunset and last light. 

Rates during the first hour of vocalizations in the morning (Figure 3.20) varied from an 

average of one vocalization per 10 minutes to seven per 10 minutes and were highest 

from March to May. 



Date (DIM) 

Figure 3.20 Vocalization rates of grey butcherbirds at Rainworth during the first hour of 
vocalizations, for 12 different days from the years 1993 to 1995. 

3.4.3.3 Sound production rate 

Sound production rates (see 2.5.2) were calculated on two different days. Just over 1% of 

the time was spent singing (actually producing sound) (Table 3.10). 

Table 3.10 Sound production. Examples of percentage of time spent actually producing sound 
during peak vocalization periods. Total sound production was calculated by multiplying the 
number of vocalizations of each type by the mean duration, measured from the beginning of the 
first element to the end of the last element. Sound production rate was calculated by dividing the 
total sound production (minutes) by the total duration (minutes) of the period in question and 
expressed as a percentage. 

Date Time of day Number of 
vocalizations 

Time spent 
producing sound (%) 



3.4.3.4 Pattern of singing vocalization units 

The first vocalization of the day usually consisted of a cackle with other phrases, the most 

common being VUl (type 1 cackle with yark-yarks) (Figure 3.13). This led to these 

cackles being referred to as 'wake-up' cackles. These VUs were then sung intermittently 

over the next few minutes when a change to another type occurred. A similar short bout 

of this second VU was then given, again intermittently, and eventually a third type was 

introduced. On some occasions only a single rendition would be given before switching 

to a new vocalization, whereas on other occasions each VU would be sung several times 

before another was introduced. At any stage a reversion to one of the previous VUs could 

occur. There appeared to be no predictable sequence of types following the wake-up 

cackle - types appeared to be introduced at random. This study did not seek to verify this 

apparent randomness statistically. 

First VU type was documented on 8 1 mornings over the years 1993 to 1999. Vocalization 

Unit 1 was given first on 73 of these occasions. Data were further analysed for the 

breeding season and the non-breeding seasons (Table 3.1 1). Chi-squared test showed no 

significant correlation of either this cackle or other vocalizations with season. 

Table 3. 11 Distribution of grey butcherbird first vocalization type of the day over breeding and 
non-breeding seasons. There was no significant correlation (Chi-squared test) of first vocalization 
type with season. 

I Season I 

Incidental observations suggested that the last vocalization of day in any territory was 

virtually identical with the early morning vocalization. 

Vocalization type 

Wake-up cackle 

Other vocals 

3.4.3.5 Sex and age related vocalizations 

Data regarding the sex of singers giving particular vocalizations were recorded for 85 

separate vocalizations on 16 different dates for birds in the RainwortNBardon area, 

during 1997, 1998 and 1999. One vocalization, the 'low warble' (Figure 3.13), was sung 

Breeding 

40 

6 

Non-breeding 

33 

2 



only by males. All other vocalizations, except possibly cackles, were sung by males, 

females and immatures (Table 3.12). Neither incidental nor tabulated data suggested the 

rendition of cackles by immature birds but this needs to be checked further. Data 

collection was not designed to detect differences in frequency of use of type by different 

sexes, but no particular trends were noted. In addition, sex of singer was noted 

incidentally on many occasions and although data were not recorded, these incidental 

observations were consistent with the recorded data. 

Table 3.12 Sex of singer for 85 renditions of various phrases from day vocalizations by grey butcherbirds 
in the Bardon area. Observations were made on 16 different occasions during the years 1997 to 1999. 
Males M, females F, immatures I. 

Differential sex rendition of phrases within the one vocalization 

Vocalization type 
containing phrases 

Gossip 

Blink-o 

Cackle 

Love song 

Miscellaneous 

Sex of participating birds was observed and noted for 42 renditions of phrases from VU4 

(Table 3.13). These were either part of a complete vocalization or given separately. These 

were incidental observations and not part of a project designed to specifically test the 

frequency of sex specific vocalizations. In addition, no attempt was made to analyse 

frequencies of phrases from complete renditions of the four-phrase vocalization 

separately from frequencies of isolated renditions of the phrases. Nevertheless some clear 

trends were apparent, suggesting that a more rigorous study could prove useful. Only one 

phrase, the second, rather melodious, and longest phrase of the complete vocalization 

Number of separate 
data points 

42 

14 

8 

6 

6 

Sex of singers 

M, F, I 

M, F, I 

M, F 

M, F, I 

M, F, I 



seemed to have no association with sex of singer. In general the trend was phrase 1 - 
females, phrase 2 - males and females, phrase 3 - females, phrase 4 - males. 

Table 3.13 Rendition by sex of phrases from the 'gossip duet' (vocalization unit 4). N(F) = 

number of females N(M) = number of males, N(X) = number of unknown sex, either unsexed 
immature or unseen. Unseen were included only where they were taking part in a vocalization 
where sex of the other singers was known. 

Contribution of immature birds to vocalization renditions 

When more than two birds were present in a territory group, the extra birds often 

contributed to group singing. These extra birds were usually irnrnatures that had been 

retained in the territory. They added complexity to vocalizations by interjecting phrases, 

leading to lengthening of the simple form of the vocalization. For example VU4 'gossip' 

was generally sung with four phrases P1 P2 P3 P4. Variations such as P1 P2 P4 P3 P3 P4 

P4 P4 and P2 P3 P4 P3 P3 P4 'A pretty' P3 (Table 3.14) were recorded when immature 

birds joined in. The interjection of the phrase 'a pretty' is unusual. This phrase was 

usually sung as part of VU3. 

Table 3.14. The parts contributed by three birds in a rendition of 'gossip' at Bardon on 311 1/95. 
P2: Haven 'tyou heard the latest thing-o. P3: Yes It's. P4. Wonderful. The phrase 'apretty ' is an 
unusual interjection from a different vocalization. The usual introductory phrase 1 was omitted 
from this rendition. The sequence of delivery is from left to right across the columns. 

Delivery 
sequence 

Bird 1 

Bird 2 

Bird 3 

1 

p2 

2 

p3 

3 

p4 

4 

p3 

5 

p3 

6 

p4 

7 

A pretty 

8 

p3 



3.4.4 Behaviour During Day Vocalizations 

Postures while giving day vocalizations 

Postures and movements observed during day vocalizations involved the head, wings, tail 

and whole body. Movements involving the head included head-bobbing and also holding 

the head high, sometimes subsequently bringing it low so that it was almost horizontal. 

Wing-waving was frequent, but sometimes wing movements simply involved holding the 

wings out from the body initially and then bringing them in to the body. Sometimes the 

whole body seemed to jerk. All these behaviours were noticed while birds were 

communicating using vocalizations with other group members. These postures appeared 

to be quite general and not restricted to any specific territory group. 

Vocalizations during aggressive interactions appeared to include a different set of 

behaviours. In particular, marked fluffing of the body feathers and rapid opening and 

closing of the tail feathers were noted during a close encounter by two males. In addition, 

aggressive interactions, especially when the whole group was involved with an 

interaction with a neighbouring group, included singing while flying and dive-bombing. 

Duetting birds answered each other when separated and sometimes gave the previously 

noted postures even though there was no obvious chance that the birds could see other. 

The giving of a posture did not however seem to be obligatory. For example a bird was 

observed answering a distant one in the same territory at Rainworth State School. While 

the distant bird gave the typical first phrase of the vocalization, the close one held its 

wings out as if in anticipation and then gave the usual vocal and postural responses. The 

first bird soon repeated the introductory phrase but this time the second bird gave the 

usual response without the accompanying wing movements. 

3.4.5 Function of Vocalizations 

Context of vocalizations gave indications of possible functions: communication, 

aggression including territory defence, territory declaration without overtly aggressive 

behaviour and alarm calls. Some behaviours did not seem to be associated with specific 

vocalizations whereas some others did. The converse was not true. No vocalization was 

restricted to a specific Eunction. Examples are discussed below. 



3.4.5.1 Behaviours not associated with specific vocalizations 

a) Communication 

Birds from the same territory but separated in space would often appear to keep in touch 

by duetting. On one occasion a group of four was seen foraging within 50 metres of each 

other. One bird (unseen) gave a cackle vocalization. An adult male repeated this phrase 

and an immature joined in with the phrase that typically followed this cackle. In another 

example an adult grey butcherbird with two fledglings was singing parts of the 'gossip' 

duet with a more distant bird. The closer bird then flew off to join the distant bird leaving 

the fledglings behind. When the two adults were together they gave a full rendition of this 

duet. 

b) Aggression 

(i) Counter-singing with possible 'song-matching' at territory boundaries 

Singing at territory boundaries, either in response to, or invoking a response from, a 

neighbour was frequently observed. On most recorded occasions the vocalization type 

originally given was given in response, suggesting that song-matching was occurring 

(Table 3.15). These bouts were often of short duration, involving only a single exchange 

from each territory group. 

Table 3.15 Details of counter-singing with possible song-matching during grey butcherbird day 
vocalizations at Bardon. In both cases the neighbours responded with the same vocalizations as 
the focal group. Both bouts occurred in the morning after sunrise and involved two groups only. 

On several occasions longer bouts of up to 5 minutes in duration were observed. During 

these bouts a given vocalization type would typically be used several times by both 

groups. One group would then switch to another type. In all recorded cases the other 

group would switch to that type. These patterns were heard many times and documented 

Date 

August 93 

13/9/94 

28/3/95 

Time 

Early 
morning 

0620 

0627 

First group 

Gossip 

Cackle and LS 

Cackle and LS 

Neighbours' 
response 

Gossip 

Cackle and LS 

Cackle and LS 



in detail on several occasions. There was usually no obvious delay in response by 

answering birds (zero latency). 

In one case involving song-switching, four neighbouring groups were giving a particular 

vocalization. One group switched to a different vocalization whereupon the other three 

groups immediately switched to that vocalization (Table 3.16). This lasted for four 

minutes then after a minute of silence one group started with the initial vocalization. All 

groups immediately took this up and continued with a short bout of vocalizing. 

Table 3.16 Counter-singing with song-switching during grey butcherbird day vocalizations at 
Bardon. In each case the original vocalization was being sung by the number of neighbouring 
groups indicated. After a few minutes one group would switch as indicated whereupon all groups 
switched to that vocalization. All bouts occurred in the morning after sunrise. 

(ii) Behaviour during close encounters 

Counter-singing (with or without apparent song-matching) usually occurred with some 

distance, typically about 50 metres, between the birds. These intervening areas did not 

seem to belong to a territory as birds were rarely seen in thern. Closer encounters on a 

territory border were documented on three occasions. On these occasions swooping with 

beak snapping and close approaches (within 1 metre) were observed. 

On one occasion at Pilgrim Church early morning in October 1996, seven butcherbirds 

were involved in a melee at the boundary of two territories separated by a road. The 

butcherbirds from each territory were lined up on the power-lines so that the groups were 

only a road's width (approximately five metres) apart. Counter-singing was clearly being 

Date 

13/1/00 

19/1/00 

August 96 

given and occasionally a bird would cross the road. This resulted in dive-bombing and 

beak-snapping and one brief display of antiphonal duetting, apparently between birds 

from different territories. Sonagram analysis verified this, showing the differences in 

intensities between the singers nearer the microphone and those further away. 

Time 

0530 

0730 

0900 

Original 
vocal 

VU2 

VU2 

VU2 

Number of 
groups 

4 

2 

2 

Vocal after 
switch 

VU4 

VU4 

VU4 



A similar incident was documented at the boundary of the Rainworth State School 

territory one mid-morning on August 1996. Two groups of butcherbirds were heard 

singing vigorously on either side of a road which appeared to mark the territorial 

boundaries. One bird flew to an exposed perch (a TV antenna) near the road, singing 

while flying. Birds from the territory on the other side of the road dive-bombed it with 

beak snapping. When all returned to the former positions within the territory there was a 

brief bout of apparent song matching. 

(ii) Aggressive postures in response to a human imitating a grey butcherbird 

A human male imitated an adult male grey butcherbird that was begging food from 

humans. The bird seemed to answer the human male, overlapping his vocalizations. Soon 

afterwards the human whistled at the male and a female that had landed nearby. The male 

adopted a more horizontal position with the beak held forward. The female simply 

ignored him. 

3.4.5.2 Behaviours associated with specific vocalizations 

a) Alarm calls 

The early morning cackle with yark-yarks from VU1 seemed to be used as an alarm call. 

Birds had been observed directing these vocalization at a cat on the ground, during 

mobbing in the company of noisy miners and on one occasion after a pied butcherbird 

displaced a grey butcherbird, the grey butcherbird flew overhead giving this vocalization 

before flying away. 

b) Behaviour of uncertain function 

Although, as previously described, birds foraging alone would often use vocalizations for 

intra-group communication, not all vocalizations given by isolated birds seemed to have a 

communication function. One such vocalization was ' 0  Blink-0'. A bout of this 

vocalization would often be given in the late afternoon, with the sounds ringing out from 

various parts of the territory. This sound was sweet, tonal and loud and carried well in the 

rather dense habitat in which the birds lived. Birds were never observed to move closer 

when giving this call whereas with most other vocalizations with an apparent 

communication function the calling birds eventually did move closer together. 



The frequency structure of this vocalization (Figure 3.9) is down-up-down as in a 

chevron. In particular the birds emphasise the last two syllables so that the overall 

impression is of a falling frequency pattern. 

3.4.6 Geographical Variation 

Some vocalizations showed little variation across wide geographical areas while a small 

number showed differences from one territory to the next. Variation in vocalizations fell 

between these extremes. Little variation was detected in the cackles and yark-yarks. 

These vocalizations could be identified as such in any butcherbird population heard 

incidentally over a wide range in south-east Queensland. 

On the small scale there was very little difference in all vocalizations. To illustrate this, 

all vocalizations, comprising a near complete sample of the complete repertoire for the 

area, were monitored one January morning between 0700-0800. The observation area 

was approximately 75 Ha in the main study area. The same vocalizations (phrases and 

complete VUs) were detected for all groups in the area. Subtle differences in timbre and 

timing were noted but no obvious difference in frequency intervals was detected aurally. 

On a broader scale essentially the same basic phrases were used but there was more 

variation in the combinations and frequency of use of different phrases. There was some 

slight variation in renditions of cackles but this did not appear to be any greater between 

groups than within groups. Other phrases varied more significantly. The derivation of the 

phrases could be usually deduced but often there was a difference in the actual syllables 

used and the timing. 

Some specific examples of variation are given below: 

a) Phrase 3 from the 'gossip' vocalization at Rainworth ('Have you heard the latest thing- 

o' tended to show increasing difference with distance. 

b) During incidental observations at Woodford, some 50 km north of Brisbane, grey 

butcherbirds were heard giving the early morning VUI. It consisted of the usual cackle as 

heard at Rainworth but was accompanied by the 'love-song-a-song' phrase from VU3 

instead of the usual Rainworth accompaniment. 



c) At Tarragindi a grey butcherbird sang 'low warble' in the usual context for this vocal 

and with the same frequency and timbre. However an extra syllable was audible in the 

'warble' so that it became 'war-er-ble'. The added syllable was higher in frequency the 

other syllables so that the phrase was essentially 'won-der-ful' from VU4 at Rainworth 

but transposed to lower frequencies. 

3.4.7 Adult Male Subsong 

Adult male subsong was observed on many occasions. Field notes were taken for 23 

separate dates over 6 years, with the majority (1 9 out of 23) of these being at Griffith 

University, Nathan (Table 3.17). Subsong was documented in all months except July and 

September. 

Table 3.17 Months in which adult male subsong was heard with number of times per month. 
Subsong song was heard many more times than this but this represents documented cases only. 

Only one male was detected singing in a territory at any one time. Song was delivered 

from the same perches each year. It was softer than day vocalizations and breeding song 

(see Chapter 4)' being audible at a maximum of 10 to 30 metres from the singer. Song 

bouts varied in duration, from several minutes to one and a half hours. Within the longer 



bouts, singing ceased during changes of perch, either within the one tree or in different 

trees, during stretching and momentarily while foraging. 

Singers gave the impression of being quite immersed in song, showing no obvious 

reaction to agonistic threats by noisy miners, even when given as close as 20 cm. They 

did however show some response to the presence of the observer when an approach 

closer than about 5 metres was attempted. Responses shown to the human observer were 

cessation of song and/or flight to a new song perch. 

Description of a complete bout of adult male subsong 

An adult male was observed singing subsong song on 8/12/99 at Griffith University, 

Nathan, between 1245 and 1403. Singing was continuous and soft and could not be heard 

more than ten metres from the bird. The only breaks occurred when the bird paused to 

forage, to stretch, or to change singing-perch. Singing consisted of a medley of mimicry, 

day song and breeding song. Phrases rather than complete vocalizations from grey 

butcherbirds were given. Although the types of vocalizations were mixed, there was some 

grouping of like categories. For example an imitated vocalization when first introduced 

was usually followed by further mimicry and grey butcherbird vocalizations were also 

clustered. However no segregation of breeding song (see Chapter 4) and day song was 

observed. 

Birds mimicked were: Pale-headed rosella Platycercus adscitus, pied butcherbird, 

Australian magpie, rainbow lorikeet Trichoglossus haematodus, possibly scaly-breasted 

lorikeet Trichoglossus chlorolepidotus and noisy miner. All these birds were commonly 

found in the singer's territory. 

Behaviours noted during song 

The beak was held either horizontally or upwards at an angle of approximately 45 

degrees. No accompanying body movements were observed. Singing was virtually 

continuous with occasional pauses of several seconds duration for stretching and up to 

two minutes for foraging. Noisy miners were foraging nearby during much of the bout. 

The singer took very little notice of the miners even when they directed agonistic displays 

at him from less than 20 cm. 



The singer foraged during the bout. All foraging was done in the foliage and foraging rate 

was greater in the last half of the bout. In the first half there were four foraging attempts 

in 30 minutes but there were six attempts in the next 10 minutes. All foraging attempts 

clearly observed were successful. Small caterpillars were the only prey seen. 

3.4.8 Juvenile Subsong 

Subsong in young birds was detected in all months from December to April but in no 

other months. After exclusion of uncertain records, subsong was analysed for nine 

separate occasions. 

The youngest bird observed was approximately three months and the oldest about eight 

months old. On four occasions the singer was not alone and was accompanied by other 

juveniles or other family members. Subsong generally consisted of a continuous stream 

of phrases from day vocalizations often given in a squeaky monotone without variation in 

timbre or timing. Phrases usually ran on one after the other in an apparently random 

manner with no indication of the usual combinations heard in adult day vocalizations. 

The volume was sometimes quite soft as in adult subsong; on other occasions it was 

louder, though never as loud as day vocalizations. Birds in close proximity often sang at 

the same time but rarely with any apparent attempt at co-ordinated duetting. Mimicry was 

noticed in younger birds with the most 'unformed' song and there seemed to be a 

tendency for older juveniles to use phrases in the correct context, that is, assembled to 

form recognisable vocalization units. Observations suggested that juveniles did not join 

in duets even though they were quite close to singing adults. Descriptions of subsong 

bouts by two groups of birds estimated to be five or six and eight months of age 

respectively are given in Appendix Four. 

3.5 DISCUSSION 

3 .5.1 Overview 

The broad aim of this component of the study was to describe the vocalizations of the 

grey butcherbird so that general comparisons could be made with vocalizations of birds, 

particularly passerines, from other parts of the world. The specific objectives were: 



- to use the sexing method of Carter and Carter (1 996) and examine it's applicability to 

grey butcherbirds; 

- to describe the daytime vocalizations of the grey butcherbird in terms of elements, 

phrases and vocalization units or 'songs' including within-group variations and 

repertoire size; 

- to investigate the contribution of all members of a family group and to investigate any 

sex specificity of vocalizations; 

- to describe the pattern of delivery of the vocalizations on a daily and a seasonal basis; 

- to briefly investigate geographic variation in vocalizations; 

- to describe other categories including whisper song in adult males and subsong in 

juveniles but excluding breeding song in adult males (described in Chapters 4, 5 and 

6); 

- to suggest possible functions of the vocalizations based on structure and associated 

behaviours. 

3.5.2 Sexing Grey Butcherbirds 

Prior to the availability of guidelines suggested by Carter and Carter (1996) for sexing 

grey butcherbirds using plumage characteristics it had been assumed that birds delivering 

breeding song (Ch 4) were always males. Since then numerous observations in a variety 

of situations have attested to the accuracy of the guidelines. One of the most significant 

observations was the presence of a cloacal protuberance in a hand-held bird, classified as 

a male using the plumage characteristics (Carter and Carter 1996). Absence of the cloacal 

protuberance, however, should not be used to indicate a non-male, as the size of this 

organ changes in males of some species according to reproductive condition (Sax and 

Hoi 1998). Further confirmatory evidence was the presence of ovaries in a dead bird that 

had previously been classified as a female using plumage characteristics (Pers. Obs.). A 

useful follow-up study would be to band birds from a local population and sex them 

using both plumage characteristics and chromosomal analysis. Additional studies could 

then be done correlating behaviour with sex. 



3.5.3 Description Of Butcherbird Vocalizations 

3.5.3.1 Vocalization structure, broad categories and within-group variation 

Typical passerine vocalizations include long-range song, close-range song (quiet song) 

and subsong (McGregor and Dabelsteen 1996, Dabelsteen et al. 1998, Titus 1998). Grey 

butcherbird day vocalizations included all of these categories. The vocalizations that were 

studied in most detail fitted a common design for Northern Hemisphere passerines 

(Catchpole and Slater 1995): basic elements were combined in a non-random pattern to 

form phrases and phrases were used to form discrete larger vocalizations. These larger 

vocalizations are generally referred to as 'songs' but in the present study the vocalizations 

given by the group during the day are referred to as 'vocalization units' (VU). One 

significant digression from the common pattern was that females and any immatures still 

in the territory sang in addition to males, usually during group singing (duetting). Further 

differences are explored in more detail below (section 3.5.4). 

All vocalization units contained both harsh elements and musical elements. Harsh 

sounding elements fitted well within frequency range for passerines generally (Keast 

1993). Cackle pulses (short, wide-band sounds with a rich harmonic structure) appeared 

typical of those found in a wider group of birds, for example Australian raptors (Jurisevic 

1998). Two different types of these pulses were common in daytime vocalizations and 

little variation was detected in different renditions of each. Equivalent phrases were 

identified in populations other than the study populations but slight differences could be 

detected by ear. 

Musical variants of the type 1 cackle and the harsh 'blink' sound were recorded. These 

differed from the original in the reduction of energy in most harmonics except the 

dominant effective frequency. This could be significant in evolution of songs from calls 

and will be discussed in Chapter 7. 

Begging calls made by females on the nest at Armidale NSW and within the main study 

area sounded identical to the human ear. They also sounded identical to begging calls 

made by fledglings. This similarity was such that a professional ornithologist, hearing the 

call given by a female on the nest, was adamant that it was given by a fledgling until 

shown the source of the sound. The slight differences detected by sonagraphic analysis 



may simply represent individual variation; a larger sample size would be necessary to 

decide whether there were any real differences. Interestingly a sonagram of these begging 

sounds appeared almost identical with that of a call of the black falcon Falco subniger 

(Jurisevic 1998). 

Five discrete vocalization units were regularly used but vocalization was not stereotyped. 

Novel renditions of the standard types were common, with changes ranging from slight 

(for example a small but perceptible change in rhythm) to marked (for example the 

lengthening of a standard unit by repetitions of phrases). The most common source of 

variation seemed to be within and among phrases. Phrases seemed to have an 

independent existence. They were occasionally given in isolation and some phrases were 

found in more than one unit. For example VU2 and VU3 both had phrases in common 

with VU5. Changes seemed to occur in phrases independent of changes in a whole 

vocalization unit. Some of the phrases given in isolation were never heard incorporated 

into vocalization units within the main study population but were however heard in 

populations at other study sites. One explanation for this phenomenon is that these 

phrases belong to a broader group of common phrases with a hard-wired component to 

their learning and acquisition. Possibly they represent a stage in the evolution of a group's 

repertoire, or even stages in the wider evolution of 'songs' from calls. This will be 

discussed in Chapter 7. 

Vocalization delivery modes 

VU 1, the 'wake-up' cackle, was usually the first vocalization of the day and also the last; 

it was quite loud and the introductory cackle was much less variable across populations 

than most other phrases. The VU was almost always sung as a duet and was possibly 

initiated by the female. Sometimes only the introductory phrase was sung. If the second 

phrase was sung, it was always by the male. These observations are consistent with 

female territory defence with male overlap of female vocalizations (Levin 1996a). 

Vocalization units were commonly sung as duets. One unit in particular, VU4, the 

'gossip' song, was typically sung antiphonally and extra group members seemed regularly 

to contribute to this unit. This resulted in a quite variable vocalization, with overlap and 

repetition of phrases, giving the impression that the various group members were vying to 



make their contribution. It was also within this VU that the change of a vocalization over 

time was witnessed, as described in the results. The change occurred in the timing over 

two years with the end result that two groups (Rainworth Gully and Colorado Avenue) 

were singing virtually identical renditions of the one unit whereas previously the 

renditions were slightly but discernibly different (even to the human ear). Yet another 

variant of this unit was caused by substitution of a different phrase for the longer 

melodious second phrase. This substitution phrase contained virtually identical elements 

but quite different timing. There was no reason to suspect that the context or function of 

the vocalization was any different in this case. 

The delivery by a single bird of a vocalization unit usually sung in duet is worthy of 

further study. On these occasions the intensity was lower and the tone sweeter than when 

two or more group members engaged in singing. This seemed to happen more frequently 

during the middle of the day. 

Rules for vocalization structure 

Although certain phrases were always used at the start of vocalization units, this sequence 

of events was not inevitable and the phrases could be used to introduce other phrases or 

given solo. For example in the Bardon population 'blink-o' was often followed by a type 

two cackle, but at other times by the phrase 'la de da de dit' (VU2). It was also used solo 

in the bell-like 'blink-o' bouts described previously (Section 3.5.2.1). Further, at a more 

distant study site (Griffith University), a frequently used day vocalization consisted of 

'blink-o' followed by the Griffith University version of phrase two from VU4 then by the 

phrase 'It's Myrtle! ' which was frequently heard at Indooroopilly but rare at Bardon. 

3.5.3.2 Repertoire size and song types 

Problems concerning repertoire size have been discussed earlier (Sections 1.6.2 and 

3.2.2). Repertoire size in the majority of passerines was shown to be small, often with 

fewer than five song types (Keast 1993, Beecher et al. 2000b) although it can be up to 

hundreds as in the nightingale (Todt and Hultsch 1996) and even thousands as in brown 

thrashers (Kroodsma 1996). 



How large is the daytime vocalization repertoire of grey butcherbirds? Five discrete 

vocalization units were detected for the focal population. A large number of slightly 

different renditions were recorded but most of these could be derived from the larger 

units by simple omission of phrases or elements. This method of generating new 

renditions has been recorded for other birds. For example tlie tropical bou-bou Laniarius 

aethiopicus adds extra notes to the standard rendition of a song (Thorpe and North 1965) 

and both the grey fantail Rhipidurafiliginosa and male buntings (Emberizidae) generate 

different renditions by deletion of terminal elements (Keast 1993, Payne 1996). 

A relatively recent introduction to the bird song debate is the question of two distinctly 

different categories (classes) of song as, for example, in the paruline warblers with 

different ontologies and patterns of use (Kroodsma 1987, Spector 1992). This needs to be 

kept in mind when discussing song types function. In the current study, data from 

geographic variation suggested that components of the five major different vocalization 

units belong to two such groups. This will be further discussed in Chapter 7. 

3.5.3.3 Yearly Patterns 

First vocalization of the day: time and type 

During the non-breeding season it was clear that on most days the first song of the day 

was the type I cackle. The subjective impression had been that this was given less 

frequently as the first vocalization during the breeding season, however this impression 

was not supported by analysis of available data. However this data had been gathered 

incidentally and a more carefully designed study designed to investigate whether there 

was any difference while the female was incubating would be useful. Robinson (1956) 

had noticed a reduction in the duration of the year round early morning chorus of the 

Australian magpie during the breeding season when dawn song reached its peak. 

Throughout the year, group vocalizations started close to the beginning of civil twilight 

(about half an hour before sunrise), continued for several hours then tapered off, with 

intermittent activity during the day and a minor resurgence in the late afternoon. This 

pattern was similar to that reported for passerines generally (Keast 1994a). One would 

expect that the observed bout structure, with more concentrated smaller bouts within 



larger bouts would also be typical, but it is difficult to find this explicitly stated in the 

literature. 

Since the mean starting time of daily vocalizations with respect to civil twilight did not 

change throughout the year, the actual the time at which they commenced did change. 

The earliest time was recorded in December, close to the summer solstice, and the latest 

times were close to the winter solstice. Thus starting time appeared related to light 

intensity although the actual causative factor was not investigated in this study. Starting 

time with respect to start of breeding season song will be discussed in Chapter 5. 

3.5.4 Comparisons of Structure and Delivery Mode with Vocalizations of 

Birds Elsewhere 

Keast (1 993) measured song characteristics of 27 Australian forest bird species, including 

the grey butcherbird, and compared them with songs of forest birds elsewhere, especially 

the Northern hemisphere, where most studies have been done. For his study site in NSW 

he found that 'song' of Australian birds, including the grey butcherbird, shared many 

major features and structures with the majority of passerines in other parts of the world. 

These features included the use discrete 'songs' separated by gaps, a song length from 1- 

4 seconds, maximum vocalization rates commonly 9-14 songs Imin., an inter-song length 

equal to or greater than the song length and small, simple repertoires (1 -3 songs for 56% 

of 27 species studied) and sound emittance rates of 20-30 secslmin. 

A comparison of these values with those found in this study for grey butcherbird day 

vocalizations revealed similarities in some features and significant differences in others. 

Similarities were in the use of discrete 'songs', the 'song' length and the greater rate of 

singing (in terms of vocalizations per hour) in the first few hours of the morning. Some 

differences were in the maximum vocalization rate, the sound emittance rate and the 

lowest frequencies. The maximum vocalization rate for grey butcherbirds was 0.7 

vocalizations per minute - an order of magnitude lower than that given by Keast (1 993). 

As a consequence, the sound emittance rate for grey butcherbirds was also much lower. 

Keast (1993) gave the frequency range for the grey butcherbird as 1 .O-5.6 kHz. In the 

present study the frequency range for harsh elements was broadly from 1.33 kHz to 3.07 

kHz and that for other elements was from 670 Hz to 1.53 kHz. So generally these fit into 



the pattern noted above except that certain phrases and elements, for example the 'low 

warble' phrase are lower in frequency than Keast (1 993) recorded for all but one (the little 

wattlebird Anthochaera chrysoptera) of the forest birds studied. 

Another difference was in repertoire size and complexity. Keast (1993) found that the 

grey butcherbird had a repertoire of 1-3 songs. This was not the case for the grey 

butcherbirds in the main study site where there were five distinct vocalization units in the 

repertoire. As discussed earlier the concept of repertoire size has associated ambiguities 

but if it is accepted that the 'typical' repertoire size of passerines is approximately five or 

fewer, then the focal population of grey butcherbirds had a typical repertoire size. A more 

significant difference between grey butcherbird vocalizations and typical 'bird song' was 

that grey butcherbird vocalizations were sung all year round, not just for a limited period 

during the breeding season. 

However caution is necessary when comparing these daytime vocalizations with 

passerine song in general. Comparisons regarding complexity should be made with those 

of other duetting species, especially those that retain imrnatures in the territory for some 

length of time, as do grey butcherbirds, and comparisons should not be made with 

standard male song as defined earlier. Grey butcherbird male breeding song (Chapters 4, 

5 and 6) will be compared with standard male song. 

Are there other similarities or differences? It became clear during the literature review 

that male passerines were thought to be responsible for most vocalizations. For example 

Albrecht and Oring (1995) and Todt and Hultsch (1 996) respectively refer specifically to 

males when discussing repertoire size in chipping sparrows and nightingales. Grey 

butcherbirds are clearly different in this respect. Females have a major role in 

vocalization production and irnrnatures also make a contribution. This will be further 

discussed in duetting (3.5.10) 

3.5.5 Geographic Variation 

3.5.5.1 Geographic variation and vocalization category 

There was no intention in this section of the study to investigate whether the variation 

found in grey butcherbird vocalizations could indicate the existence of dialects or to map 



those dialects. Dialect delineation requires extensive carefully planned sampling 

(Mundinger 1982) and would be a separate study in itself. Moreover dialects themselves 

are not subject to natural selection, though the capacity to learn vocalizations, which can 

result in dialects, could be (Mundinger 1982). The questions being asked here were 

simple. Do grey butcherbird vocalizations show geographic variation and does the extent 

of variation vary with vocalization classes? 

Long-term studies have indicated that repertoires of some species are stable over long 

periods but in others they change over the years (Baptista and Gaunt 1994). The current 

study showed that some types appeared more stable than others and that vocalization 

components could be divided into two groups on the basis of variation between groups. 

Some vocalizations, in particular the cackles and yarks, varied little on a broad 

geographic scale and showed many of the criteria of calls. They were used momentarily 

in specific situations (Smith 1996), they varied little suggesting a hard-wired rather than a 

learned vocalization and they were relatively simple in structure (Catchpole 1982). 

Other vocalizations such as the melodious phrase 2 of VU4 showed only subtle 

differences between neighbouring groups but more obvious differences between widely 

separated groups with a tendency for differences to be greater the further apart the groups 

were. These vocalizations possessed some of the structural criteria of songs. They were 

reasonably complex and tended to be musical (Catchpole 1982); they were loud and 

sustained (Levin 1996a, Smith 1996); it appeared they advertised the existence of a 

defended territory (Levin 1996a); and the geographic variation noted earlier would 

suggest they were capable of modification (Thorpe 1974). However in other respects they 

were not song-like. They were neither given exclusively by males nor confined to the 

breeding season (Andrew 196 1, Thorpe 1974, Catchpole 1982, Catchpole and Slater 

1995, Levin 1996a), and birds giving them were in most cases interacting with other birds 

rather singing in the non-interactional manner suggested by Smith (1 996). 

3.5.5.2 Geographic variation among particular vocalizations 

Among the vocalizations that did vary, evidence from comparisons of renditions of 

different versions of a given vocalization sometimes gave clues to the possible evolution 



of these vocalizations. Two examples of a possible relationship between the 'low warble' 

male specific phrase from VU1 and 'won-der-ful', the last phrase in VU4, are given here: 

(i) A variation of the phrase 'low warble', described for the Bardon, population, was 

heard at Tarragindi but modified by the addition of an extra syllable to become 'war-er- 

ble'. It was essentially the phrase 'won-der-ful' from the typical VU4 from Bardon 

transposed to lower frequencies. 

(ii) A vocalization that sounded like a variation of VU4 was heard at Griffith University. 

The first bird sang the equivalent of phrase 2 followed by a vocalization with a similar 

tune to the 'warble' part of 'low warble' but at a higher frequency so that it was nearer to 

the standard phrase 4. Then the next bird, approximately 50 metres away, sang the 

equivalent of phrases 1 and 3. Thus although the sequence was different (2-4-1-3 instead 

of 1 -2-3-4), each bird kept the correct order within its own two phrases. Two aspects of 

this observation are significant. The first is that it was consistent in phrase allocation to 

that in Bardon (1 and 3 sung by one bird and 2 and 4 by another) and the suggestion of a 

relationship between 'low warble' and 'won-der-ful'. 

A possible explanation for this similarity is that one is derived from the other. Whether 

the male vocalization from the non-sex-specific phrase or the reverse will be discussed in 

Chapter 7. 

3.5.5.3 Comparison of geographic variation with that in two other Australian species 

It would be expected that some characteristics of geographic variation in the grey 

butcherbird were similar to those found in passerines generally, given that geographic 

variation is taxonomically widespread and may be the rule rather than the exception 

(Mundinger 1982). Although the existence of geographic variation in Australian 

passerine vocalizations has been widely recognized among professional and amateur 

ornithologists there have been no long-term, extensive studies of this phenomenon 

although variation has been documented for some species. Aspects of variation in two 

Australian species, the chowchilla Orthonyx spaldingii (McGuire 1996) and the eastern 

whipbird (Watson 1969) will now be compared with variation in the grey butcherbird. 

Both the chowchilla and the grey butcherbird are territorial and extremely vocal. 

Chowchillas form groups of from four to six birds that occupy and defend a territory. In 



grey butcherbirds group size can be two to five or more and all adult and immature birds 

help defend the territory and it appears that in both species all members of the group sing. 

In both species song is important in territory defence though in the chowchilla group song 

starts at first light whereas in grey butcherbirds it starts at the commencement of civil 

twilight, approximately half an hour later. In both species there is geographic variation on 

the broad scale but little variation between nearby groups. 

The eastern whipbird is also territorial and the whip-crack component of its loud 

territorial 'song' is relatively constant and species specific (Watson 1969). This similar to 

the situation with the type I cackle of the grey butcherbird, although in each case 

detectable differences are sometimes heard and, with the grey butcherbird at least, these 

are more easily detected in widely separated populations. 

3.5.6 Low Volume Song: Subsong 

The term 'subsong' is here restricted to the low volume, non-social singing (Dabelsteen 

et al. 1998) described in section 3.2.3. Adult male subsong will first be discussed 

followed by juvenile subsong. 

3.5.6.1 Adult male subsong 

Although data for adult male subsong was largely gathered opportunistically, and should 

therefore be seen mainly as a basis for further study, some results were unequivocal. 

Adult male subsong occurred during the middle of the day rather than early morning or 

late afternoon and at all times of the year. There was a suggestion that it was more 

frequently observed during late spring, summer and early autumn but a carefully 

designed study would be needed to confirm this. Each male used a small number of 

regular perches and only one male per territory seemed to sing subsong but this could 

simply reflect the fact that that most territory groups contained only one adult male. 

Singing was continuous and soft and consisted of a medley of mimicry, day song and 

breeding song (Chapter 4). Birds mimicked were commonly found in the singer's territory 

and there was a tendency for imitated vocalizations and grey butcherbird vocalizations to 

be clustered separately. The clustering of the species-specific songs and mimicry 

compares with the structure of song in the Albert's lyrebird (Robinson and Curtis 1996). 



Grey butcherbird adult male subsong showed characteristics of both song sensu strict0 

and typical subsong. Like true song it was sung in discrete, sustained, rhythmic bouts and 

the singer was alone and was not obviously interacting with other birds (Smith 1996). 

However unlike typical song it was not confined to the breeding season (Andrew 1961, 

Thorpe 1974), and as in typical subsong it seemed to occur more frequently outside the 

breeding season. In addition it always contained mimicry. The use of mimicry in subsong 

but not in full song has been previously documented (Marler and Peters 1982) but the use 

of mimicry in typical adult male song has been documented for only a small number of 

passerines, including Albert's lyrebird (Robinson and Curtis 1996). Although the volume 

of this song was quite low, being audible at a maximum of 10 to 30 metres from the 

singer, this song did not fit the criteria for quiet (short-range) song since the singer was 

quite alone whereas quiet song is used for communicating with other birds (Dabelsteen et 

al. 1998, Titus 1998). 

In summary, this singing did indeed most closely match standard adult subsong in that it 

was low-volume, non-social singing. A difference was that it was given was given all 

year round and not only in autumn or late winter before the start of the breeding season 

(Dabelsteen et al. 1998). 

The function of subsong in adults is uncertain (Marler and Peters 1982, Dabelsteen et al. 

1998) but one suggested function, that it plays a role in repertoire development in species 

in which there is a significant change in repertoire from year to year (Marler and Peters 

1982), could apply to the situation in grey butcherbirds. This will be further discussed in 

Chapter 5 and section 7.6.3. 

3.5.6.2 Subsong in juveniles 

Juvenile subsong had some features in common with typical subsong described for the 

northern hemisphere. It was low-volume, often given from low positions in dense foliage 

(Dabelsteen et al. 1998) and frequently exhibited the continuous warbling found, for 

example, in the first stage of song development in the song sparrow (Marler and Peters 

1982). 

The context and structure of this song were consistent with proposed functions for 

subsong: it represents the first stage in song development and aids in the acquisition of 



skills required for new motor coordination (Thorpe 1954, Marler and Peters 1982, 

Dabelsteen et al. 1998). Another similarity was the inclusion of mimicry at some stages 

and rejection of mimicry from adult song. This occurs in some other songbirds for 

example the chaffinch (Marler and Peters 1982). There was however a significant 

difference as described below. 

Typical subsong is usually given with no conspecifics within hearing range, reinforcing 

the proposal that subsong has no social function (Dabelsteen et al. 1998). In contrast, 

grey butcherbird juvenile subsong was usually given with other conspecifics in close 

proximity. That juvenile grey butcherbirds practised day vocalizations in company, and 

even on some occasions appeared to interact with each other, suggests that even though 

their subsong may not have an immediate social function, it may have an ultimate 

function of preparing the birds to interact with their group members. If the birds have to 

learn to duet they cannot do this without practice. 

3.5.6.3 Comparison with earlier findings 

There were several differences with these findings and those by Larkins (1982). Some of 

the differences could be due to differences in terminology. Larkins (1 982) did not seem 

to be aware of the existence of subsong in adults (Marler and Peters 1982) and was 

writing prior to the significant paper by Dabelsteen et al. (1 998) clarifying issues 

regarding quiet song and subsong. He was also writing prior to the useful descriptions of 

Carter and Carter (1 996) regarding grey butcherbird plumage and may have taken later 

immatures for females. Thus his findings that females sang 'whisper song' may refer to 

immatures singing subsong or to females singing quiet song sensu Dabelsteen et al. 

(1998). One specific difference unlikely to be due to terminology was the finding of 

subsong in juveniles in this study but not that by Larkins (1982). 

There is no implication here that the current study is correct in all details. Subsong was 

not a focus of the study and observations were often incidental. It is rather that further 

observations need to be made with the aim of answering some specific questions such as 

whether females sing (true) quiet song. This issue is further discussed in sections 7.6.3 

and 7.7. 



3.5.7 Behaviour During Vocalising 

The behaviours observed during vocal communication among group members belonged 

to a general group of behaviours common to many passerines. Andrew (1961) considered 

that head-raising with bill-pointing as shown by the grey butcherbirds was a common 

component of passerine displays occurring in at least 50 species from a variety of 

families. Most of these families were apparently Northern Hemisphere families, but in the 

light of recent classification changes (Sibley and Monroe 1990) it is not clear whether 

some Australian species, then classified in the old families, were included in Andrew's 

study. Andrew (1961) also reported bill-raising followed by a deep lowering of the bill 

during courtship for some species. This behaviour was noted during duetting in grey 

butcherbirds (this study) and pied butcherbirds (unpublished data). As described below 

(section 3.5.1 O), these duets seem to have a territorial function for grey butcherbirds, but 

the accompanying behaviours are often given in situations where it is not likely that 

neighbouring birds can see the singers. Thus both territorial and courtship (probably pair- 

maintenance) functions seem to be possible for duets involving these displays. A dual 

function is not without precedent (Catchpole 1982, Baptista and Gaunt 1994, Albrecht 

and Oring 1995). 

Fluffing the belly feathers during fighting was marked in grey butcherbirds. Andrew 

(1 96 1) was of the opinion that this behaviour was extremely rare but interestingly 

reported it for the rufous whistler Pachycephala rujiventris. It has also been documented 

for the closely related golden whistler. Brown and Brown (1 994) described feather 

fluffing, with bill-raising followed by bowing during duetting by a breeding pair of 

golden whistlers under conditions that suggested aggressive territory defence. 

From this limited data it is not possible to draw firm conclusions regarding similarities or 

differences between northern and southern hemisphere birds for the behaviours noted. 

However the presence of the otherwise rare feather fluffing in fighting in two old 

endemic Australian families may be worth pursuing further. But before such a study were 

undertaken it would be important to clarify what type of vocalizations accompany these 

behaviours. This will be addressed again after breeding song in the grey butcherbird has 

been described. 



3.5.8 Sex and Age Related Vocalizations 

Most vocalizations were sung by all group members other than juveniles. Only one 

phrase, the three-note 'low warble' phrase was identified as being entirely sex specific 

and was always sung by males. However there were some indications of sex specificity 

for several other vocalizations (for example phrases within VU4). Only the second, rather 

melodious longest phrase of the complete vocalization seemed to have no association 

with sex of singer. Sex specificity was suspected for the phrases in VU3 with the female 

giving the cackle phrase and the male giving the musical phrases. This VU is of particular 

interest as some of the elements in the musical phrases are very similar to elements found 

in male breeding song. 

The existence of sex specific parts would explain why a duet sometimes began with the 

'typical' introductory phrase and sometimes with the phrase that usually followed it as 

occasionally occurred in VU4. Here, it is suspected, the female gave the introductory 'oh 

oh' (or 'chop chop') phrase and other members responded with phrase 2. This duet was 

frequently sung with the first phrase omitted. Thus, if the female usually initiated a 

particular duet, it would begin with the female specific first phrase and the male would 

follow with his first phrase. If the male initiated a duet he would start with his customary 

phrase, otherwise sung as the second phrase. This would be evidence for a co-operative 

function and evidence against duets as non-cooperative behaviours caused by males 

interfering with female vocalization. 

Complexity of vocalizations was increased by the contribution of immature birds. The 

proximate cause of this could simply be immature birds learning how to socialize so that 

if and when they obtained a place in a new territory they would be able to contribute to 

territory defence. The ultimate effect could be that the increased complexity of the 

vocalizations made it very clear to any potential territory intruders that this territory was 

well defended. A hypothesis to test would be that immatures made no difference to 

territory defence with the prediction that either the premature removal of imrnatures from 

a territory led to reduced ability to hold the territory or that groups with no immatures had 

to work harder at defending their territories either by vocalizing more frequently or by 

actual physical defence. 



3.5.9 Function Of Day Vocalizations 

3.5.9.1 Function of elements and phrases predicted from structure and context 

Function was deduced largely from structure, behaviour and context. As previously 

described (section 3.2.4) structural parameters that can be used to assess motivation 

include absolute frequency, pattern of change in frequency, rendition of a sound at a 

different frequency from normal and tonality (Becker 1982, Morton 1982, Hailman and 

Ficken 1996). Context can provide clues to proximate functions and several hypotheses, 

the 'alerting message', the 'releaser' and the 'species identifier' hypotheses (Date et al. 

199 1) seek to provide proximate functions for elements and phrases often given at the 

beginning of a larger vocalization. Vocalizations that serve to advertise territory need to 

carry a greater distance than vocalizations for communications with close group 

members. Noisy or harmonic sounds covering a wide range of frequencies (0.6-10 kHz) 

with low dominant frequencies (1.1-6 kHz) facilitate sound location and transmission 

over long distances (Aubin 1987, 1990). 

In the following four sections certain vocalizations will be assessed for values of these 

parameters and these will be used in conjunction with behaviour and context to try to 

deduce possible functions for these vocalizations. 

i) Function of cackles 

Cackles and yark-yarks, in addition to being incorporated into day vocalization units, 

seemed to be used as alarm calls. Jurisevic (1 998) found that Australian raptors also gave 

some vocalizations in more than one context. Vocalizations with this cackle structure 

carry a substantial distance and are easily located (Aubin 1987, 1990, Jurisevic and 

Sanderson 1994b). Observations in the field suggested that cackles were heard at a 

greater distance than many other vocalization components, supporting an alarm call 

function. The apparent effect of cackles in summoning neighbouring birds (of any 

species) to join in mobbing behaviour further supports an alarm call function. 

The individual pulses that made up these alarm calls were noisy with high amplitude, 

wide frequency range, low dominant frequencies and were uttered rapidly. These 

characteristics are similar to those found in many passerines, parrots and raptors, possibly 



as a result of convergence of structural characteristics in acoustic signals performing a 

similar function (Jurisevic 1998). 

ii) Function of 'blink-o' sung in tinkling mode 

Some vocalizations given by isolated birds seem to have a communication function 

(section 3.5.10.2). However the '0 blink-o' vocalization, described in Section 3.4.2.1, 

although given by a number of birds scattered through the territory did not, in this 

context, seem to be used in communication with group members. Whereas in most cases 

birds answering each other did move closer within a minute or so, calling birds giving 

this isolated vocalization were never observed to move closer. If these observations are 

correct, then although a group integration function is possible, another explanation may 

be that these group vocalizations have a territorial defence function. As might be 

predicted from their structure (Aubin 1987, 1990), the sweet, tonal sound carried well in 

the relatively dense habitat in which the birds were found. Listening neighbours would be 

aware that the territory was well and truly occupied. There would be no need to play 

'Beau Geste' (Krebs 1977). The birds would indeed have defence posts scattered 

throughout the territory. 

The shape of the vocalization adds strength to this suggestion. Although it is not actually 

chevron shaped on a sonagram, the overall movement of frequencies is down-up-down as 

in a chevron. In particular the birds emphasise the last two syllables where the 

frequencies are falling. This is consistent with an aggressive function as described by 

Morton (1982). The use of the 'blink-o' vocalization described in (iii) above is consistent 

with a species-identifier role (Date et al. 1991). This will be further addressed in Chapter 

iii) Low frequency elements 

The frequency range of the male specific 'low warble' phrase was lower than that for all 

species listed in a eucalypt forest by Keast (1 993). This phrase should carry well in the 

rather dense vegetation of the grey butcherbird habitat. Low frequency sounds were not 

restricted to males however. Many elements in VU4 were of low frequency (less than 1 

kHz) and females certainly sang some of these. 



iv) Alerting and releasing functions of elements 

Certain phrases were often introduced by low frequency, low volume elements for 

example the 'oh' elements. These characteristics suggest that these elements act as 

alerters (Date et al. 199 1) to group members rather than as communication to extra-group 

birds. The syllable 'oh' (or the phrase 'oh, oh') could have an alerting function. It is often 

followed by the phrase 'blink-o' and, if these suppositions were correct, this would form 

a strong clear message - an alerter would strengthen the impact of the species identifier. 

This element or phrase also usually introduces the main phrase from VU4. The element 

'oh' is given at a low frequency, which may be important, as it would be transmitted with 

less distortion than the rest of the vocalization, and would ensure more awareness in 

listeners, possibly facilitating better reception of the rest of the message. This has been 

observed in other birds, for example the introductory component of the song of the 

rufous-sided towhee Pipilio erythropthalmus is a low-frequency tone (Date et al. 1991). 

An alerting role would be consistent with the use of cackles when these are given at the 

beginning of the vocalization units 1 and 3. This would be particularly important for 

VU 1, given first in the morning (section 3.5.1 0.3). 

A releasing function would be expected of all phrases of all vocalization units sung as 

duets. Since units can start with either the first or the second standard phrase this suggests 

that either bird can start with its own first phrase which then acts as a releaser for the next 

phrase and so on. This particularly seems to apply to VU4 within the Bardon group. One 

bird will sometimes give the standard second phrase alone but will never give the next 

part it usually sings (phrase 4) until another bird from the group gives phrase 3. 

VU 4 may illustrate another principle in species recognition. Occasionally a vocalization 

was heard that had the same introduction (alerter) and conclusion as the standard version 

but with phrases two and three delivered with a different melody (frequency pattern) 

though sung with the same rhythm and in the same context. Species specificity can be 

encoded in duration or rhythm as well as frequency (kHz) or tonal quality (Becker 1982) 

and the suggestion here is that rhythm was the species specific parameter for phrases two 

and three. 



3.5.9.2 Structure of larger units as a predictor of function 

The examples above involved the small-scale structure of individual elements or phrases. 

Larger scale structure of vocalizations, such as tonality, length, complexity and change in 

complexity can be used to predict function (Becker 1982, Catchpole 1982, Albrecht and 

Oring 1995) although as previously described the reliability of these parameters has 

recently been questioned (Slater 1993, Albrecht and Oring 1995). These rules did not 

seem useful for trying to predict the function of grey butcherbird vocalization units. Most 

units were composed of both harsh and tonal (sweet and musical) sounds and were 

generally complex though the complexity could vary (section 3.4.2 and 3.4.3.5); thus it 

was more profitable to try to deduce a function from context. Moreover since duetting 

was an integral component of these vocalizations, their function is described below under 

duetting (section 3.5.10). 

3.5.10 Duetting And Female Song 

Grey butcherbirds clearly displayed two features considered by both Thorpe (1973) and 

Farabaugh (1 982) to be common to most duetting species: maintenance of year-round 

territories; and long-term [social] monogamy. They also displayed monomorphism, 

considered by Thorpe (1 973) to be a common feature of duetting birds although 

Farabaugh (1982) found little evidence in favour of this feature. Whether the subtle 

plumage differences identifiable in the field (Carter and Carter 1996) contraindicate 

monomorphism in grey butcherbirds is uncertain but, more significantly, there could be 

ultra-violet generated differences. The more definite white and black areas of the male 

grey butcherbird plumage may indicate U-V luminescence (Finger and Burkhardt 1994). 

Monomorphism may be in the eye of the (human) beholder. 

Thorpe (1 973) also listed occurrence in the tropics as a common feature. The grey 

butcherbird tends to be subtropical and temperate rather than tropical but, although is it 

more common in the tropics, duetting has been well documented for a wide range of 

species fiom all major faunal zones (Farabaugh 1982) including a number of Australian 

passerines (e.g. Watson 1969, Tingay 1974, Farabaugh et al. 1988, Brown and Brown 

1994, Robinson 1994) and also the grey butcherbird (Larkins 1982). Therefore the 

finding that duetting was common in the study species was not unusual. Further, since 



little is known about life histories of tropical and southern hemisphere passerines 

(Farabaugh 1982, Kroodsma 1996) this perceived commonness in the tropics as 

compared with other zones may need to be revised. 

Certain acoustic features of duetting in the grey butcherbird fitted the description given 

by Farabaugh (1 982). Duets involved temporal co-ordination with the contributions of 

each bird within a duet separated from each other by significantly smaller intervals than 

those between successive duets. Some renditions were antiphonal - the responses were 

such that it was not obvious from the sound alone that two birds were singing. This is 

common among duetting birds (Thorpe and North 1965, 1966, Levin 1996b). On other 

occasions timing was not always precise and one grey butcherbird's contribution 

overlapped that of the other or was even omitted. This is consistent with current ideas 

concerning the precision of timing in duetting - it is not always as precisely timed as 

originally believed but does vary within certain limits (Farabaugh 1982). 

The level of contribution of female grey butcherbirds to vocalizations also fitted in well 

with the range in passerines (Section 3.2.5) which ranges from that found in most 

temperate passerine species in which only males normally sing (Farabaugh 1982, 

Brenowitz and Kroodsma 1996) through species such as some Thyrothorus wrens where 

males and females contribute equally to antiphonal song duets (Farabaugh 1982, 

Brenowitz and Kroodsma 1996) to species such as the Australian magpie where there is a 

substantial contribution given by females in addition to duetting (Brown et al. 1988, 

Farabaugh et al. 1988) and the superb fairy-wren where prolific female song is given 

independently of male song (Cooney and Cockburn 1995). Female grey butcherbirds 

contributed equally with the male to antiphonal duets as do female Th. leucotis 

(Farabaugh 1982, Brenowitz and Kroodsma 1996) but did not provide a substantial 

additional contribution, as do female Australian magpies (Brown et al. 1988, Farabaugh 

et al. 1988). There was little evidence of solo female song and they certainly could not be 

said to be prolific solo singers as are female superb fairy-wrens (Cooney and Cockburn 

1995). 

Data in the literature regarding sex-specific vocalizations is scant but does suggest that 

conditions may range from identical or similar songs (Lack 1965, Catchpole and Slater 



1995) through to different songs (Watson 1969, Catchpole and Slater 1995). For grey 

butcherbirds the limited data did not clearly show that there were female-specific phrases, 

or even syllables as in the Australian magpie (Brown et al. 1988, Farabaugh et al. 1988) 

although further investigations have been suggested. There was, however, substantial 

evidence that the female initiated some duets as in the bay wren (Levin 1996a) and that 

the female initiated the first group vocalization of the day. 

Evidence for intra-group duetting rather than counter-singing as an interpretation of dual 

singing was unequivocal. With counter-singing and song-matching between neighbouring 

groups, one group would sing a complete vocalization and the other would respond with 

another complete unit. However during intra-group duetting different birds contributed 

different components of set vocalization units in identifiable sequences. Further evidence 

was that if the second bird did not answer, only part of the vocalization would be given. It 

seemed as if the first bird was waiting for the second bird to do its part before it could 

proceed with the sequence. Some suggested functions will now be examined. 

3.5.10.2 Possible functions of duetting in grey butcherbirds 

Most earlier proposed functions of duetting (Section 3.2.6) assumed that vocal duetting 

was a single, mutually beneficial behavioural entity whose functions included pair bond 

maintenance, contact in dense vegetation and joint territory defence including defence 

against same-sex rivals (Thorpe 1963, Thorpe and North 1965, Watson 1969, Thorpe 

1973, Tingay 1974, Falls 1982, Farabaugh 1982, Levin 1996a) and generally related to 

the necessity of maintaining year-round territories when there was prolonged parental 

care of young (Farabaugh 1982). Recently it has been shown that the assumption that 

antiphonal duetting in tropical birds was a pair-bonding mechanism does not universally 

apply and in some cases at least, duetting involves territorial aggression toward same- 

sexed birds (Farabaugh 1982, Levin 1996a, Morton 1996). Further, in some cases, the 

female may sing independently of males (Levin 1996a). However some support for pair- 

bond maintenance was provided by Farabaugh (1 982) who suggested that duetting could 

replace allopreening as a pair-bonding behaviour in some species. Counter-evidence to 

the contact in dense vegetation hypothesis was that many species from many different 



taxonomic groups usually duet when in visual contact and duets are often accompanied 

by elaborate visual displays (Farabaugh 1982). 

The common assumption that the male initiated duets (e.g. Watson 1969) is not valid. 

Female initiation of duets has been demonstrated convincingly in many duetting species 

(Tingay 1974, Levin 1996a, Langmore 1998a). Acoustic mate-guarding, which does not 

assume a co-operative function for duetting and would involve interference with female 

initiated duets by the male, has recently been proposed as a possible function of duetting 

(Levin 1996a, Langmore 1998a). 

In the grey butcherbird the female certainly initiated the first duet of the day in the 

breeding season for all documented cases. However no data was gathered when it was 

certain that the female was incubating and this needs to be clarified. There was some 

evidence that the female initiated VU4 but again this data is not robust and follow-up 

studies would be needed. A banded population would be greatly advantageous in this 

regard as the small sex differences in plumage are not always detectable under viewing 

conditions in the field. This would increase the rate at which reliable data was gathered. 

In studying the bay wren, Levin (1996b) chose daytime to avoid confounding effect of 

dawn chorus and preparation for roosting behaviour. This should be taken into account in 

further studies with data gathered from a variety of times through the day. 

Typical grey butcherbird habitat contains dense patches and birds are not always in visual 

contact. However the elaborate displays given by a pair of birds sitting virtually side-by- 

side when duetting does suggest that keeping in contact with the mate in dense vegetation 

is not is not the sole function of duetting in this species. Nevertheless separated birds 

certainly do communicate by duetting and a subsidiary contact function could not be 

ruled out. However the elaborate postures assumed by duetting grey butcherbirds even 

when their companions cannot see them suggests an instinctive response (Andrew 1961). 

This in turn suggests that at some time in the past the behaviours were meant to be seen 

and, although the birds now sometimes duet in dense habitat out of sight of each other, 

there has been no evolutionary pressure to remove these behaviours, which were 

observed in all groups studied. 



There was no evidence from this study to suggest a mate attraction function for grey 

butcherbird female song. Attraction of mates does not seem to be a common function of 

female song (Langmore 1998a, Langmore 1998b) and although Morton (1 996) 

considered that a mate attraction song may be necessary for females in species that 

defend year-round territories, mate attraction did not appear to be a function of song in 

the superb fairy-wren (Cooney and Cockburn 1995) and the splendid fairy-wren (Payne 

et al. 1988), which are among the few species that have been tested. 

Nesting functions have been suggested for female song in the black-headed grosbeak 

(Baptista and Gaunt 1994) and the Australian magpie (Brown et al. 1988). No evidence 

was found in either the literature or in the field for such song in female grey butcherbirds; 

but this was not specifically looked for and the data are limited. 

All the functions discussed above apply to within-pair or within-group situations. There is still 

another group of functions to consider - those that apply between groups. A territory defence 

function for duetting will now be examined. 

3.5.10.3 Territorial defence functions of duetting 

Duets were always loud and could be heard several territories away, with the result that grey 

butcherbirds in neighbouring territories would be aware that the territory was occupied by an 

established group. This is necessary though not sufficient for a territory defence function. The 

pattern of singing vocalization units supported the suggestion that vocalization units 

containing cackles served as a territorial declaration. This type of vocalization was always 

sung by at least two group members and in the majority of cases was the first vocalization of 

the day. The last song of day in any territory was virtually identical with the early morning 

type I cackle. This lends weight to the proposed territory declaration function. This same 

pattern was noted in both the breeding and the non-breeding season. 

There seemed to be no rules for the introduction of subsequent vocalization units, suggesting 

that these types were interchangeable regarding function (Kramer et al. 1985, Lambrechts 

1988, Weary et al. 1991). The proximate function was not elicited in the study however there 

was no suggestion of a Beau Geste effect (Krebs 1977) as there was no change of singing 

position correlated with change of song type and it must have been apparent fiom the sheer 



volume and sometimes overlapping of singing that two or more birds were present in the 

territory. 

Behaviours that more strongly suggested territorial defence were counter-singing and song- 

matching. As previously described, neighbouring groups clearly engaged in counter-singing 

as shown by the virtually zero latency of response. Further, there was evidence for the 

stronger condition of song-matching rather than just counter-singing: when one group 

changed the initial vocalization, all neighbours would switch to that same vocalization. This 

suggests that grey butcherbird duets have a territorial function (Falls et al. 1982, Morton 1982, 

McGregor et al. 1983). 

For territorial defence to be effected using counter-singing, neighbouring birds need to be 

able to recognize their neighbours, match their songs where required for song-matching 

and judge how far away they are. Birds can still judge distance even when they cannot 

see each other and there are several possible features of sound they can use. In theory 

birds could use changes in incident sound pressure level (SPL) (amplitude) (Dabelsteen 

and Pedersen 1993, Nelson 2000), since they can detect small changes, but SPL is an 

unreliable distance cue (Morton 1982) and it is more likely that they use degradation 

(McGregor et al. 1983). Degradation may be judged by comparison with a standard 

consisting of a bird's own rendition of the song (Morton 1982, McGregor et al. 1983, 

Morton et al. 1986). If grey butcherbirds did use degradation, and there were geographic 

differences in repertoires, then it would be expected that vocalizations of neighbouring 

groups were more similar to each other in their repertoires than they were to more distant 

groups. This was indeed so. 

The next question is how the birds judge degradation. Differential attenuation of 

frequencies is considered the usual method of judging degradation (Naguib 1995, Morton 

1996) but this study did not attempt to address this question. Reverberation can also be 

used to judge distance but not in open environments or where foliage is very sparse 

(Naguib 1995). Typical grey butcherbird habitat then should meet the requirements for 

adequate reverberation and much reverberation was noticed in sonagrams of typical 

group vocalizations. 



The evidence that song-matching indicates an aggressive response in all species has been 

questioned (Dawson 1982). However the vigour and behavioural context of song-matching in 

the grey butcherbird did suggest aggressive territorial defence. The general effectiveness of 

song-matching and counter-singing as territorial defence strategies was attested by the rarity 

of actual physical encounters between birds from neighbouring groups. This was not because 

the birds were not capable of such behaviours; although rare, these behaviours were 

occasionally noted and the occasions were remarkable for the intensity and energy of the 

displays. The behaviour of grey butcherbirds after such disputes was remarkably similar to 

that described for Australian magpies by Robinson (1956 p. 252) 

'It reaches its highest point at any time of the day after territory disputes when it has an 

almost triumphant ring that cannot be mistaken. Is usually sung from a position well 

within the territory boundary.' 

3.5.11 Duetting and the Evolution of Song 

There is an implication in the literature that solo male song was the initial condition and 

that female song arose as a response to ecological constraints (Farabaugh 1982, Langmore 

1998a). There is, however, another possible scenario, with duetting as the primitive 

condition and solo male song as the derived state (Farabaugh 1982, Baptista and Gaunt 

1994, Morton 1996). The evidence for this is examined in the general discussion (Chapter 

7). However some discussion on the evolution of song is appropriate at this stage, in 

particular the evolution of 'song' from calls. Some elements will now be examined for 

clues in his regard. 

In the element 'blink' (Fig 3.4), the dominant frequency is that of the lower harmonic, 

1.24 kHz. This element is used with a musical element to give a 'blink-o' vocalization 

that is predominantly harsh and is used in aggressive territory encounters. A musical 

variation of 'blink' was used in chorus in a possibly low intensity territorial declaration 

(section 3.5.9.1). This variation had energy concentrated in a small number of harmonics 

and consequently did not have the harsh sound. It did have, however, a frequency of 1.24, 

the 'pitch' or dominant effective frequency, of the harsh sound. Yet another version of 

this was used in male breeding song (Chapter 4). This possible derivation of musical 

elements from harsh call-like elements and the use of 'call' elements in vocalization units 



that have some of the characteristics of 'song' is consistent with the evolution of song 

from calls. 

The very existence of juvenile subsong in grey butcherbirds with the standard pattern of 

gradual perfection of adult song (e.g. Marler and Peters 1982), and the documented 

geographic variation in adult song suggest that at least some day vocalizations are 

learned, not hard-wired. In this context a useful further study would be a more focussed 

investigation into which vocalizations are practised and whether there is any correlation 

between the amount of practice and the extent of geographic variation. One hypothesis 

proposed fiom this study is that some components of day vocalizations are hard-wired 

and others are learned. A prediction that follows would be that there would be less 

practice for vocalizations with less variation. 

3.6 CONCLUSION 

As this study has shown, it has not been feasible to describe all aspects of group 

vocalizations of grey butcherbirds in terms of current paradigms of bird song theory. 

While some vocalizations clearly came within the ambit of classical calls there were 

others that were neither songs nor calls and could not be adequately described in these 

terms. Nor was there any subset of group vocalizations that fitted the typical 'song' given 

by Northern Hemisphere males. Some ideas that might help sole this dilemma were given 

by Smith (1996). Recognising that structure of the basic unit was not a suitable criterion 

for classifying 'songs' and 'calls', he suggested that bout structure (or lack there of) and 

associated actions would be more useful for defining songs and calls. 

An alternative [to the traditional classification on songs and calls based on structure] is to 
recognise that songs can be of more than one structural class. Songs occur primarily in 
sustained, quasi-rhythmic bouts. Non-song vocalizations do so only incidentally, and 
typically correlate more with momentary actions such as attacking, diving for cover or 
alighting fiom flight. 

Smith 1996 p3 87 

The existence of a different subset of grey butcherbird vocalizations, given by the male 

only, has been alluded to previously in this study. These vocalizations are described in 

the following chapters and in the final chapter the significance of grey butcherbird group 

vocalizations will be reviewed. 



CHAPTER FOUR 

MALE BREEDING SONG I 

ACOUSTIC STRUCTURE: FINE SCALE 

AND LARGE SCALE 

The butcher-bird's notes before dawn flew pure and melodious; he chanted a 
stave or two, and the sun climbed the lower sky in white radiance. 

Katherine Susannah Pritchard 1972, Coonardoo 



CHAPTER 4 

MALE BREEDING SONG I 

ACOUSTIC STRUCTURE: FINE SCALE AND LARGE SCALE 

On a tree by a river a little tom-tit 
Sang "Willow, titwillow, titwillow! " 
And I said to him, "Dicky-bird, why do you sit 
Singing 'Willow, titwillow, titwillow'?" 

Sir W. S. Gilbert The Mikado 

4.q INTRODUCTION: DAWN SINGING AND THE DAWN CHORUS 

4.1.q The Existence and Nature of Dawn Singing and Some Current 

Problems 

Many birds sing more at dawn than at other times of the day (Part 199 1, Smith 1996, 

Staicer et al. 1996) and in some species (for example, among the Poecile tits) dawn 

singing is more elaborate than other singing (Hailman and Ficken 1996). However the 

dawn chorus, dawn songs and dawn singing present many puzzles and the functions are 

still poorly understood (Staicer et al. 1996, Smith 1996). 

These problems are caused by several factors including: the relatively small number of 

passerines for which detailed life histories and song structure are well documented, and 

the fact that both proximate causes (e.g. light intensity) and ultimate functions could vary 

across species. However a further suite of problems appears to be caused by 

inconsistency and lack of precision in use of terms and poor subject specificity. Some 

such problems are described below while other problems relating to daily and seasonal 

timing and duration of dawn song are described in the intFoduction to Chapter 5, where 

the results of investigations relating to these topics are given. 

Some current hypotheses regarding the hnction of dawn singing are also discussed 

below, followed by comments on the desirability of studies on Australian bird 

vocalizations and the suitability of the grey butcherbird as an appropriate study species. 



4.1.2 Problems Resulting from Imprecise Use of Terms and Poor Subject 

Specificity 

a. Problems associated with failure to specify geographical location of dawn singing 

Most of the literature for the dawn chorus and dawn singing refers to the northern 

hemisphere but this could simply reflect the locations of centres of study. Although 

Staicer et al. (1996) clearly state that the term 'dawn chorus' refers specifically to the 

north temperate zone, Henwood and Fabrick (1 979) state that the dawn chorus is heard in 

habitats ranging from tropical rain forest to deserts, implying a wider range of latitudes. 

In addition, dawn singing has been documented for birds (mostly passerines) in the 

southern hemisphere (for example Robinson 1956, Larkins 1982, Glass 1992, Keast 

1994b, Crouch 2001). 

b. Problems associated with failure to specify which species sing and which sex sings 

- male or female or both 

It is also important to know which species sing. Most well documented cases of dawn 

singing are for passerines and Staicer et al. (1 996) implied that the term 'dawn chorus' 

refers specifically to songbird (oscine) vocalizations though Smith (1996) states that it is 

characteristic of a wide array of birds. 

Some northern hemisphere species in which dawn singing has been documented are: tits 

and chickadees, including great tits (Kacelnik and Krebs 1982, Mace 1987), willow tits 

Poecile montana (Hailman and Ficken 1996), the black-capped chickadee (Otter et al. 

1997), the collared flycatcher (Part 1991), several species of Paruline wood-warblers 

(Smith 1996) including the yellow warbler Dendroica petechia (Spector 1992 in Hailman 

and Ficken 1996). 

In the southern hemisphere, singing at dawn has been documented for the Australian 

Magpie (Robinson 1956), the grey butcherbird (Larkins 1982, Keast 1994b), the pied 

butcherbird (Glass 1992), the white-plumed honeyeater Lichenostomus penicillatus 

(Crouch 2001) as well as 18 other Australian passerines and three non-passerines, the 

laughing kookaburra Dace10 gigas, the sacred kingfisher Todiramphus sanctus and the 

pallid cuckoo Cuculus pallidus (Keast 1994b). 



Further, the sex of the singer is relevant but frequently omitted information. It is rarely 

stated which sex engages in dawn singing, probably because it is assumed so frequently 

that females generally do not sing. In the cases where the sex is mentioned, it is always 

males that sing (Kacelnik and Krebs 1982, Mace 1987, Part 1991, Spector 1992 in 

Hailrnan and Ficken 1996, Keast 1994b, Albrecht and Oring 1995, Hailman and Ficken 

1996, Otter et al. 1997). However, as discussed in the sections on song in females and 

different song classes, this is not necessarily true. It depends on the definition of 'dawn 

singing'. 

c. Problems associated with failure to take different song classes into account with 

implications for the quality of dawn chorus singing 

A further set of problems concerns the quality of the song and the possibility of different 

song classes sung during the dawn period. 

Little has been done specifically comparing the quality of dawn singing with song sung 

during the day, although it has been described as intense (Staicer et al. 1996), rapid and 

rhythmical (Smith 1996) and more elaborate than other singing (Spector 1992 in Hailman 

and Ficken 1996). Different types of song sung during the day were discussed in Section 

3.2.3. 

A further and, to some extent related, problem is that several classes of vocalizations, 

such as territorial vocalizations and male courtship song may be included in the same 

discussion without any differentiation. Each class may well have separate functions as 

discussed in Sections 1.3 and 1.6.4. 

4.1.3 Functional Explanations of Dawn Singing 

Early explanations for dawn singing in birds include favourable acoustic conditions 

(Henwood and Fabrick 1979, Mace 1987), low foraging profitability reducing the net cost 

of singing, high risk of territorial intrusion, and unpredictability in overnight energy 

requirements leading to spare energy reserves at dawn (Kacelnik and Krebs 1982, Mace 

1987, Staicer et al. 1996). All these hypotheses assume that males sing either to attract a 

mate or to defend a territory and/or that singing and foraging compete for time (Mace 

1987). 



In a major review of dawn singing and the dawn chorus, Staicer et al. (1 996) suggested 

that the hypotheses proposed to explain the phenomenon fell into three rough classes: 

intrinsic functions, social functions and environmental selective pressures. They further 

suggested that dawn singing may have more than one function, even in a single species 

and that many of the proposed functions were not mutually exclusive. 

4.1.3.1 Intrinsic Functions Hypotheses 

Intrinsic functions include circadian cycles and self-stimulation. These functions are not 

mutually exclusive and some evidence is accumulating that self-stimulating (positive 

feedback between singing and hormone levels) does occur (Staicer et al. 1996). 

4.1.3.2 Social Dynamics Hypotheses 

Hypotheses concerning social functions include the mate attraction, mate stimulation, 

mate guarding, territory defence, social dynamics and handicap hypotheses (Staicer et al. 

1996). The role of song in mate attraction and stimulation has been briefly discussed in 

Chapter 1. Evidence relating specifically to dawn singing is further examined here. 

a. The mate attraction hypothesis 

The mate attraction hypothesis was proposed quite early as a function of bird song 

(Tinbergen 1939 in Catchpole 1982) but there is little empirical support for a major 

prediction of the mate attraction hypothesis - that the dawn chorus should be most intense 

during the period of mate attraction (Staicer et al. 1996). For example, in some birds such 

as the collared flycatcher (Part 1991) and the great tit (Mace 1987) dawn singing peaks 

after pair bonds are formed, and the dawn chorus of wood-warblers (Parulinae) is usually 

absent early in the season (Staicer et al. 1996). Moreover, the hypothesis is not consistent 

with the common occurrence of dawn singing in birds with year-round territory and life- 

long mate bonds (Staicer et al. 1996). However mate attraction may play a role in 

collared flycatchers in attracting a mate if the original mate disappears during the 

breeding season (Part 1991). 

The female attraction hypothesis also predicts that males who become unpaired should 

increase their dawn signalling. For at least some species, paired status does not affect 

dawn song (Staicer et al. 1996). 



b. The mate stimulation hypothesis 

Supporting evidence for the mate stimulation hypothesis is found in the great tit where 

predawn serenading at the nest cavity appears to be primarily a precopulatory serenade of 

the female (Mace 1987) and similar behaviour has been observed in willow tits (Hailman 

and Ficken 1996). Further, empirical evidence for this hypothesis is found in Eurasian 

blackbirds but there is contrary evidence from wood-warblers (Staicer et al. 1996). 

c. The mate-guarding hypothesis 

The widely accepted mate-guarding hypothesis proposes that males may sing at dawn to 

guard their mates from extra-pair copulations (EPCs) (Staicer et al. 1996). Mace (1987) 

showed that changes in the duration of the dawn chorus in the great tit were closely 

related to female fertility, supporting the mate-guarding hypothesis but a paternity guard 

function was not supported for male collared flycatchers (Part 1991). In many species 

however, even if a paternity guard function is likely, it is doubtful that this is the sole 

function since males still sing when females are incubating (PSirt 1991). The hypothesis 

not provide a general explanation for the dawn chorus (Staicer et al. 1996). 

d. The territory defence hypothesis 

There is some evidence for the territory defence hypothesis but there is also contrary 

evidence. It does not apply to tropical wood-warblers or tyrannid flycatchers which 

maintain territories during the non-breeding season without having a dawn chorus 

(Staicer et al. 1996), and in many species dawn vocalizations are directed at females 

(Kacelnik and Krebs 1982) providing further contrary evidence. 

e. The social dynamics hypothesis 

The social dynamics hypothesis, one of the new hypotheses proposed by Staicer et al. 

(1 996), suggests that that prolonged simultaneous singing at dawn, the dawn chorus, 

might play an important role in adjusting social relationships among territorial 

neighbours, providing information additional to singer identity. Corroborating evidence 

is found in Tyrannids where most daylight cases of songs otherwise reserved for dawn 

occur when developing social relationships are still fluid (Smith 1996). 



An important feature of this hypothesis is that it suggests an explanation for chorusing as 

well as for singing at dawn (Staicer et al. 1996). In fact this hypothesis would appear to 

mainly provide an explanation for chorusing, not for singing at dawn. An important 

corollary of the social relationships hypothesis does suggest why chorusing might be 

done at dawn. This corollary states that dawn singing may influence a male's chances of 

obtaining EPCs and guarding his mate from them (Staicer et al. 1996). Recent paternity 

studies suggest that females tend to engage in EPCs with neighbours rather than with 

strangers or floaters (Staicer et al. 1996) and many bird species copulate most early in the 

morning (Mace 1986, Pikt 1997). Thus, assuming that females pay attention to the dawn 

singing of neighbours, the social dynamics hypothesis suggests that singing at dawn may 

attract paired females for EPCs (Staicer et al. 1996). 

The hypothesis is consistent with the fact that the dawn singing period generally 

coincides with the period in which females are fertile (Staicer et al. 1996) For example, 

many observations have found song output to be greatest just after the start of the 

breeding season and decreasing as the season progresses (Keast 1994b, Albrecht and 

Oring 1995). 

If singing at dawn is important for gaining EPCs, it would be expected that singing at 

dawn reflects male quality. The ability to assess a number of males without leaving the 

territory may select for females to depend heavily on long distance cues of male quality 

and availability (Otter et al. 1987). This would be particularly relevant if such behaviour 

were costly and reflected male quality (Moller 1991b in Otter et al. 1987). 

Several hypotheses, including low energy supplies and higher risk of predation, have 

been put forward to explain why singing at dawn may be more costly than singing at 

other times of the day, but the evidence is scant and indirect (Staicer et al. 1996). 

Supporting evidence is, however, provided by black-capped chickadees. Higher ranking 

black-capped chickadee males had a greater song out-put, based on several measures, 

suggesting that the dawn chorus can provide an accurate signal of male quality to females 

(Otter et al. 1997). 



4.1.3.3 Environmental selective pressures 

Environmental selective pressures suggest that singing at dawn, rather than being costly, 

may be a suitable time to sing. Specific hypotheses include lower predation risk, optimal 

acoustic transmission, inefficient foraging and unpredictable conditions (Henwood and 

Fabrick 1979, Mace 1987, Staicer et al. 1996). 

Lower predation risk at dawn could be due to low light levels and also to dilution of 

predators' attention by the number of others singing (Mace 1987, Part 1991, Staicer et al. 

1996). 

The acoustic transmission hypothesis proposes that songs transmit further at dawn 

(Henwood and Fabrick 1979) with less degradation than at other times, making dawn 

singing suitable for establishing relatively accurate baselines for judging degradation. 

This effect, if applicable, would be a proximate reason for the dawn chorus (Staicer et al. 

1996). 

The inefficient foraging hypothesis and the unpredictable conditions hypothesis are more 

relevant to the subject matter covered in Chapter 6 and are discussed in the introduction 

to that chapter. 

The final hypotheses relate to the possession of a repertoire of song types. The first two 

are concerned not so much with repertoire size as the possession of a repertoire of at least 

two songs types. The remaining hypotheses relate to repertoire size per se. 

4.1.3.4 Hypotheses related to the repertoire concept 

Two functions related to the possession of a repertoire per se, the monotony reduction 

hypothesis (Hartshorne 1956) and the and the anti-exhaustion hypothesis (Lambrechts 

and Dhondt 1988) were briefly described in Section 1.6.3. The monotony reduction 

hypothesis seeks to explain repertoires in terms of the effect on the listener, the anti- 

exhaustion hypothesis, the effect on the singer. 

The monotony reduction hypothesis 

The controversy regarding this hypothesis was briefly described in Section 1.6.3. Of 

relevance to this section is the type of singing the hypothesis seeks to explain. Hartshorne 

(1956) essentially proposed that where song length was relatively long compared to 



length of pauses between songs, there was a high probability that successive songs would 

be different and conversely where a song (type) was repeated many times in succession 

the reverse proportions would hold. In the first case the singing style was as versatile. 

Hartshorne (1956) proposed that the function of song switching in versatile singers was to 

prevent monotony in the listener with a consequent reduction of effectiveness in 

conveying the message. It is important to recognise that this is a proximate function and 

has no implications for the ultimate function of the song. 

The Neuro-muscular exhaustion hypothesis 

The neuro-muscular exhaustion hypothesis (also referred to as the neuro-muscular 

exhaustion hypothesis) was briefly discussed in Section 1.6.3 but is more relevant to male 

breeding song and is described in more detail here. This hypothesis was proposed by 

Lambrechts and Dhondt (1 988) to explain the function of repertoires per se. They 

referred to the phenomenon of gradually decrease in song output during a bout by male 

great tits as 'drift'. They proposed that a repertoire of song types was an adaptation to 

overcome the constraint on song output imposed by neuromuscular exhaustion, and that 

switching songs allows a more effective recovery than would otherwise be obtainable. 

However Weary et al. (1988) concluded that decline in song output by male great tits was 

not caused by neuro-muscular exhaustion They suggested that drift might reflect short- 

term changes in motivation to sing. 

Lambrechts (1 988) subsequently concluded that changes in song output were mostly 

affected by motivational factors if the average percentage of time spent singing was low, 

that changes in song output were affected by both motivational factors and singing 

constraints if the average percentage of time spent singing was high and further, that 

average song output of male great tits could be used as a measure of male quality and 

singing ability when the individuals are motivated to sing. Weary et al. (1 99 1) designed 

an experiment to test Lambrechts' and Dhondt's anti-exhaustion hypothesis. The 

experiment was not conclusive. The two hypotheses are not mutually exclusive. 

Functions related to repertoire size 

The final group of hypotheses aim to explain not the function of repertoires as such but 

rather accept the value of repertoires and seek to explain repertoire size. Repertoire size 



can vary with phylogeny, age and geography (Baptista 1996) and any hypotheses to 

explain repertoire size should consider these confounding factors. 

Several hypotheses to explain the existence of repertoires have already been discussed. 

These rely on the existence of a repertoire of more than one type but not necessarily a 

large repertoire. Whatever the benefits of large repertoires are, they have to be weighed 

against the possible costs, for example increased learning difficulty (Falls 1982). Some 

observed advantages of large repertoires are discussed below. 

Within a given species, song repertoires may be a product of sexual selection and several 

studies have shown correlations of repertoire size and reproductive success in male 

songbirds (Beecher et al. 2000b). For example male sedge warblers Acrocephalus 

schoenabaenus with larger repertoires mate earlier in the season than do males with small 

repertoires (Brenowitz and Kroodsma 1996). For the great tit, and red-winged blackbird 

repertoire size has an effect on both exclusion of rival males from territories and female 

sexual behaviour. For the song sparrow and the sedge warbler, however, it appears that 

the large song repertoire is due to intersexual pressure (Catchpolel988). 

Among some species repertoire size seems to be correlated with population density, 

suggesting that increased competition for territories or mates promotes larger repertoires 

(Brenowitz and Kroodsma 1996). Hiebert et al. (1989) found that song sparrow males 

with large territories had greater annual and lifetime reproductive success than males with 

smaller territories. 

With the emphasis on explanations for large repertoire size, little attention has been paid 

to the value of simple repertoires. However the majority of species have small repertoires 

(Keast 1993, Beecher et al. 2000b), often with fewer than 5 song types (Beecher et al. 

2000b). For example male buntings recorded hundreds of times typically used only one 

song theme (a series of pairs of elements) each, and their renditions of the song differed 

only in the deletion of terminal elements (Payne 1996). 

Morton (1 996), suggested that by singing one individualistic song, as do some Paruline 

warblers, a male is identified individually each time he sings making it easier for females 

to determine the amount of time he is able to devote to singing. 



Birkhead et a1 (1 997) found that paired male sedge warblers had larger song repertoires 

than unpaired males, however they found no significant relationship between song 

features and any measures of sperm quality or abundance. Neither was directional 

asymmetry in testes mass significantly co-varied with the expression of secondary sexual 

characteristics such as song features. However, older males tended to have larger 

repertoires and testes and a greater degree of directional testes asymmetry than younger 

males. (Directional asymmetry is a condition in most male birds where one testis, usually 

the left, is larger than the right). 

If females choose males with larger repertoires and larger repertoires and more 

directional asymmetry are correlated with male age, then the females may be using these 

features to pick better quality males (because older males have survived longer and are 

therefore ips0 facto better). 

4.1.4 Summary 

a. General conclusions 

None of the hypotheses discussed here provides a general explanation of either dawn 

singing or the dawn chorus. It is unlikely that any one hypothesis will provide a general 

explanation, given the diverse ecologies and phylogenies of the species that sing at dawn 

(Staicer et al. 1996). However, given the problems referred to in Section 4.1.1 and given 

that large segments of the avifauna are under-represented in studies to date of dawn 

singing and the dawn chorus, it would seem that there is a need for further studies. The 

Southern Hemisphere avifauna in particular are under-represented and further studies in 

this area could add valuable information regarding the nature of dawn singing and the 

dawn chorus. 

Consequently a study of vocalizations in an Australian passerine could be of value if the 

following points were addressed: 

i. During what periods of the year does the species in question sing at dawn? 

ii. Precisely when, with respect to civil twilight, does the species commence to sing? 

iii. Which sexes and individuals within a family group, if relevant, engage in dawn 

singing or the dawn chorus? 



iv. Are the songs sung at dawn the same as songs sung at other times of the day? 

v What is the behaviour of the singing birds? 

vi Where within the territory are the birds singing? If both males and females sing do 

they sing from the same places? 

If these questions were answered then possibly the questions below could be answered or 

at least debated: 

i. Do birds in the Southern Hemisphere sing in the same style as birds in the Northern 

Hemisphere? 

ii. Do the functions of song seem to be the same in the Southern Hemisphere and the 

Northern Hemisphere? 

iii. Does the nature of song in the Southern Hemisphere add anything with respect to the 

various hypotheses regarding the function of song? 

iv. What indicators would we look for to test the hypotheses? 

b. Suitability of the grey butcherbird as a study species 

As indicated in Chapter 3 it became apparent while studying the grey butcherbird that the 

most conspicuous vocalizations given by these birds did not fit the descriptions of song in 

the literature, especially those sections of the literature dealing with pattern of delivery of 

song. This made the discovery of a special song sung only during the breeding season 

particularly exciting. This male breeding song was first recorded fortuitously at 

Rainworth in 1993. The bird involved was delivering a then unrecognised vocalization, 

before light, in a relatively inaccessible gully. What was presumably the same individual 

was heard singing during late winter and spring in the two following years but it was not 

identified as a grey butcherbird until 1995. It was then suspected that these particular 

vocalizations might be connected specifically with the breeding season. In subsequent 

years electronic and aural recording verified the generality, at least within Southeast 

Queensland, of the phenomenon of a distinct male breeding song. Tape recordings from 

Dorrigo, N.S,W. and Mitchell Park, N.S.W, kindly supplied by members of the 

Australian Wildlife Recording Group and subsequent acquaintance with the work of 

Larkins (1 972) indicated that this phenomenon was general to grey butcherbirds. 



Subsequently a closer reading of Robinson (1956 p283) showed that he had observed 

that 'the grey butcherbird (Cracticus torquatus) sings a virile dawn song between 

dawn and sunrise, .... and does not as a rule commence before September'. 

It was soon realised that the grey butcherbird was a suitable species to study to 

attempt some answers to the questions posed above. The factors that make it suitable 

have been outlined in general methods and include the bird's wide distribution and 

accessibility. Features of its ecology that make it particularly suitable for the study of 

dawn singing are that, as shown in Ch. 3, both male and female vocalise during the 

day, the species holds year round territory and territories are contiguous within a local 

population. This allows the possibility of investigating the niche that dawn singing 

occupies within a wider repertoire, changes within and across years and also 

differences between individuals. 

4.1.5 Aims and plan for the remainder of this chapter and for Chapters 5 

and 6 

If a species has a stereotyped song that varies little across space and time then it may 

be possible to give a description of the song that is both definitive also reasonably 

concise. If however, there is variation in both these dimensions then the undertaking 

is more complex and can never be complete but only illustrative. If, in addition, the 

each individual sings a distinct song then this compounds the difficulties. 

Grey butcherbird dawn song was found to be quite complex and consequently, in 

order to describe it adequately and allow a comparison with song in the Northern 

Hemisphere, different aspects of the song were described separately. In the remainder 

of this chapter additional methods specific to the study of dawn song will be 

described, followed by case studies of three male grey butcherbirds from the main 

study area with the song of each bird described over three years. In these case studies 

the fine scale acoustic structure of the dawn songs of the three birds will be described 

in detail starting with a description of the individual elements of which the songs for 

each year are composed, the combination of these elements into phrases and then the 

formation of different strophes from phrases and elements. Relationships between the 

different repertoires for different years for the same bird will be described within each 

case study and finally all birds will be briefly compared with regard to broad 

similarities and also differences. 



Following this, the large scale acoustic structure of bouts including details such 

delivery rate, total number of strophes per bout and number of strophe types and 

classes per bout is described in section 4.5. There is no discussion at the end of this 

chapter but rather the discussion is held over to Chapter 5 where both small- large- 

scale acoustic structure are discussed along with temporal structure. 

In Chapter 5 the temporal structure of bouts is described both on a seasonal and a daily 

basis. This will include changes in bout length and in starting time throughout the 

season and also the seasonal duration of breeding song. Chapter 6 covers relevant 

behaviours noted during the study and an account of a small preliminary study using 

play-back. 

4.2 METHODS: FINE SCALE ACOUSTIC STRUCTURE (CASE STUDIES) 

4.2.1 Preliminary Definitions and Comments on Terms 

Some of these terms were introduced in Chapter 1 and are also given in Appendix 

One. For clarity they are briefly described again in this section. Some definitions, 

strophe type and strophe class, were written specifically for this study, although 

admittedly, strophe type is essentially equivalent to song type as given in Appendix 

One. The definition below is, however, more precise than the standard definition and 

more appropriate for this study. Some authors do, however, implicitly give a definition 

of song type equivalent to that below. 

Song: A decision was made not to use the term 'song' for the discrete vocalizations 

comprising breeding song. As argued in Chapter 1, there are problems with the use of 

this term. The term 'strophe' (see below) is unambiguous and has been adopted to 

refer to each discrete vocalization. 

Strophe: (a) A discrete vocalization composed of a limited number of elements. The 

word has been taken from the German where it refers to the particular delivery of a 

song (Catchpole and Slater 1995). (b) Equivalent to a song; of about two to three 

seconds duration (Todt and Hultsch 1996). (c) A short burst of song containing a 

number of phrases and separated by periods of silence (adapted from Lambrechts and 

Dhondt 1988). 

Strophe type: Strophes with the same number and type of elements and essentially the 

same sound (or melody), with only minor variations, belong to the same type. Any two 

renditions of a given strophe type are not necessarily identical in all respects, just as in 



human music any two renditions of the one tune may not be identical, even from the one 

performer. This use of the term is consistent with the use in German. 

Strophe class: Strophes of similar type (and clearly based on the same melody) but 

differing in the number of elements present are considered to belong to the same strophe 

class. Differences in element composition are always minor. 

Song bout: This is rarely defined. The implication from the literature is that it is a clearly 

defined period of delivery of song by one bird. For Northern Hemisphere birds a common 

implication is that a bird can give a number of bouts during a day. In this study a breeding 

song bout was considered to be the complete period of dawn singing by an individual. 

Short pauses were not deemed to break the delivery into discrete bouts, however two 

singing periods separated by a break longer than the periods of singing on either side 

would be considered two discrete bouts. 

4.2.2 Localities and Times of Data Collection 

The main study area covered several square kilometres in the Brisbane suburbs of 

Rainworth and Bardon (see Chapter 2 for more details of study area). Male breeding 

season song data was obtained from 1993 to 1999. As described in Chapter 2, the 

breeding season of the grey butcherbird is from August to December with some extension 

into July and January. This corresponds to late winter to mid-summer in the Southern 

Hemisphere, with day length becoming longer through the season and first light and 

sunrise becoming earlier. Investigations from 1993 to 1996 were largely exploratory and 

more regular monitoring was undertaken from 1997 to 1999. 

Data were gathered for 15 birds in the main study area. Detailed observations were made 

of seven birds. The other eight were observed on one or two occasions only. These 

infrequent observations were sometimes incidental, but on other occasions observations 

were made to check the generality of the focal observations. A schedule of observation 

years is shown in Table 4.1 and additional details on data collection is shown in 

Appendix Five. 

In addition, three birds at Lake Broadwater were monitored in 1998 to investigate 

whether singing regimes in a bushland setting, far removed from city lights and noises, 

were similar to those noted in city suburbs. Two birds in Toohey Forest was observed in 



1999 to investigate whether singing regimes in remnant bushland surrounded by city 

suburbs revealed similar patterns. (See Chapter 2 for details of these study areas) 

4.2.3 Methods of Data Collection 

Data were collected both aurally and visually (with hand written notes) and by electronic 

recordings (see Chapter 2). 

Table 4.1 Years for which breeding season data was obtained for fifteen birds in the 
RainworthIBardon area. An entry for any bird indicates that that bird was observed at least once 
in that breeding season. For more detailed information regarding intensity of observations see 
Appendix Five. See section 4.2.4 for bird name conventions. 

BIRD 

Gully 

RSSchool 

Hoop-Jack 

Pete 

Harry 

Bert 

Sam 

Stokes 

Mike 

R. Park 

Tony 

Stuart 

StuartWest 

Camphor 

1998 

x 

x 

x 

x 

x 

x 

x 

x 

x 

SEASON 

1997 

x 

x 

x 

x 

x 

x 

x 

x 

x 

1999 

x 

x 

x 

x 

x 

x 

x 

x 

x 

BREEDING 

1996 

x 

x 

x 

x 

x 

x 

x 

1995 

x 

x 

1993 

x 

1994 

x 



4.2.3.1 Electronic recording of male breeding song 

From 1996 to 1999 inclusive, male breeding song was recorded electronically from a 

total of 12 birds, nine in the Bardon-Rainworth area, one in Toohey Forest and two at 

Lake Broadwater. Several of these birds were recorded electronically only once or twice 

but three were recorded during at least three out of the four years and on more than one 

occasion in at least one of the years. 

4.2.3.2 Aural recording 

A total of 1 17 aural records of male breeding song in the BardodRainworth area were 

obtained. These included noting the presence, starting time or finishing time of breeding 

song, any behaviours, including use of singing perch, and verifying, when possible, that 

the singer was a male. Certain notes regarding the acoustic structure of song were also 

made. These included noting the number of different strophe types, the pattern of use of 

strophe types, and, in some cases, whether the bird was using the same strophe types 

(essentially recognized by melody) as had been heard for that bird earlier in the year. 

4.2.3.3 Specific requirements for breeding song data collection 

There were certain emphases peculiar to breeding song data collection. As discussed 

Chapter 2, there was no published literature on the phenomenon in any refereed journal 

so that its nature was, at first, completely unknown. Consequently it was necessary to 

survey a large number birds to ascertain whether the phenomenon was common to all 

grey butcherbird territories and not just a local aberration. In addition, breeding song was 

sung for a limited time during the day and during the year. Each day, breeding song 

generally commenced while it was still dark and, at the beginning and end of the season, 

was sung for less than a minute each day. The yearly duration was from late July or early 

August until the last half of November. As a result of these constraints, gaining a broad 

overview was incompatible with gaining a large amount of precise, accurate data for all 

birds. 

From 1993 to 1997 efforts were directed (albeit fortuitously in the early years) at 

determining the time envelopes (the times during the year and during the day for which 

the birds sang), the number of birds singing per territory, the location within the territory 



of the singing posts, and the sex of the singers. Much of this information was 

collected aurally and visually. Starting times were recorded to the nearest minute. 

When relative times were important, as in analysing patterns in a song sequence using 

electronically recorded data, times were noted to the nearest second. During 1996, 

1997,1998 and 1999 singing sequences of up to half an hour were recorded 

electronically for the focal birds. Singing rate and repertoire size were obtained from 

this data. 

Weather conditions were noted during observations. Four parameters, rain, cloud 

cover, wind and temperature, were recorded. Rain was registered as absent (clear), 

drizzle, intermittent or steady rain; cloud cover was given in octets; wind conditions 

were given as still, light breeze or strong wind and temperature as cold, cool, mild, 

warm or hot. Additional information was noted where relevant (for example, if there 

was little other cloud cover, 'heavy cloud in the east' would be relevant, given that 

observations were being made before sunrise. These conditions would give a lower 

light level than a more extensive cloud cover thinly spread across the vault). 

4.2.4 Labelling and Identifying Study Subjects 

As described in Chapter 6, male birds in the focal population frequently gave breeding 

season song from a roadside tree on a territory boundary and thus it was convenient to 

give each bird a name that alliterated with the name of the road. Thus Bert sang on 

Birdwood Terrace, Sam on Sixth Avenue and Harry on Hanvood Street. Birds that did 

not choose perches near roads were named for some other feature of their territory. 

The naming conventions proved very satisfactory since the name of the bird 

immediately conjured up the location of the territory. 

It was assumed that the same individuals sang in subsequent years since exactly the 

same trees, and usually the same branches, were used each year. It was also 

considered unlikely, given the territory attachment and longevity of grey butcherbirds, 

that all males would be replaced in each territory each year. Sam, who was banded, 

provided confirmatory evidence of this assumption. 



4.2.5 Data Analysis 

4.2.5.1 Determining frequency (Hz) envelopes for individual birds 

Each bout (see section 4.5) consisted of a number of different strophe types, with some 

strophe types consistently sung more frequently than others and others sung once or twice 

only during a bout. Consequently, since a rarely sung strophe might include an element 

with an extreme frequency, maximum and minimum frequencies (absolute frequency 

range) were not appropriate measures of the frequency envelopes. To avoid this potential 

source of inaccuracy, means were calculated from sequences of strophes where the 

frequency (number) of different strophes types had been determined. Where possible 

sequences of 60 or more strophes were used but for one bout (Sam 1999) only 38 were 

used. A frequency (number) distribution table was constructed for each sequence and 

mean maximum and minimum were calculated from these tables. For example, mean 

frequency for Bert for 1996 was calculated as shown in Table 4.2 

Table 4.2 Sample calculation of mean maximum frequency (kHz) from frequency (of occurrence) 
distribution data. Data are from a bout given by Bert in 1996. 

Strophe 
type 

A1 

A2 

Mean maximum frequency = 239.761100 

= 2.40 kWz 

B 1 

Total 

There was some variation in measured values for any given strophe type. Some variation 

was due to errors in measurement; some was variation reflected different renditions of the 

one strophe type. One source of error was the presence of very faint introductory sections 

in some elements. This made accurate measurement difficult. However, these differences 

were usually less than about 50 Hz. For example, for Harry 26/10/96, measured maxima 

Frequency 
(n) 

8 3 

16 

1 

100 

F,,, (kHz) 

2.41 

2.36 

Fmax x n 

199.65 

37.67 

2.43 2.43 

239.76 



and minima for three different renditions of strophe type A1 were 2.56, 2.50 and 2.55 

kHz and 773, 834 and 809 Hz respectively. 

No attempt was made to measure maxima and minima of each strophe in the sequences 

being analysed. Previous examination of several renditions of a wide range of strophe 

types had indicated that the variation was no more than indicated above and values used 

in calculations were obtained from I to 3 examples of the same strophe type. 

4.2.5.2 Determining mean number of elements per strophe for individual birds 

The strophe structure of a bout described in the previous section also had implications for 

calculating the mean number of elements per strophe. A mere listing of the number of 

elements per strophe type would, in some cases, have given a quite misleading value for 

mean elements per strophe. This was particularly so where there was a large number 

(e.g. 10) of strophe types employed, the number of each type sung varied markedly and 

the strophe types differed significantly in number of elements per type. Again, to 

overcome this potential source of inaccuracy, a frequency (number) distribution table was 

constructed for each sequence and mean elements per strophe was calculated from these 

tables. 

4.2.5.3 Classification of strophe types 

Strophe types were initially identified by ear and classified on a melodic basis. Strophe 

types fell into distinct groups (hereafter called classes) characterised by a particular 

melodic theme. The various types within a class were usually simple variations on the 

class theme. A class thus consisted of a group of similar but not identical strophe types. 

The classification was verified and refined using sonagrams of each type. 

4.2.5.4 Allocation of strophes to class 

Generally strophes assigned to different classes sounded quite different melodically to the 

human ear and individual strophes were assigned to class, by ear, with close to 100% 

accuracy (for many hundreds of individual strophes). The basis for confidence in the 

accuracy of this method was that sonagram analysis almost invariably confirmed the 

aural allocation. However allocation into classes varied in difficulty depending on the 

complexity of the repertoire under consideration. For these more complex repertoires, 



division into classes was somewhat arbitrary, with some class boundaries being located 

on a continuum. 

4.2.5.5 Labelling of strophe types and classes 

Strophes belonging to one class were sung much more frequently than those from other 

classes, and within this class, one variation was sung more frequently than the other 

variations. Classes were initially labelled A, By C etc. in order of frequency of rendition 

and strophe types were labelled Al ,  A2, B 1 etc. again, in order of frequency of rendition. 

Thus strophe type A1 would be the most frequently sung strophe variation in a bout. 

Occasionally more careful examination resulted in re-allocation of type resulting in a 

minor violation of this general rule. 

Identity of labels does not necessarily imply identity of strophe type. For an individual 

within a single year it does, but not otherwise. 

4.2.5.6 Description of element types used 

Elements detected during the study were divided into basic elements and complex 

elements. There were six classes: (i) rising elements, (ii) falling elements, (iii) horizontal 

elements, (iv) short unidirectional elements, (v) warble elements (with a crescent 

subgroup) and (vi) complex elements. 

(i & ii) Rising and falling elements 

Rising and falling elements were those in which the frequency rose or fell sharply from 

the beginning to the end of the element and in which change in frequency was in the same 

direction throughout except for small ornaments at the beginning or end. Consequently, 

using the sonagram proportion convention described in Section 4.2.6, rising and falling 

elements appeared much taller than wide. Rising and falling elements generally covered a 

wider range of frequencies, but were of shorter duration, than other element types. 

Typical frequency change rates were +10 HzlmS for rising elements and -1 5 HzImS for 

falling elements. 

(iii) Horizontal elements 

Horizontal elements had negligible vertical extension and were much longer than wide. 

Many horizontal elements had a rise and fall of frequency (a small hump) near the 



beginning or the end, but the general proportions distinguished them from warble 

elements (see (v) below). 

(iv) Short unidirectional elements 

These were similar to short horizontal elements but had either a slight rise or a slight fall, 

not both. They were not classified with rising and falling elements as they were closer in 

general shape to horizontal elements, tending to be of greater horizontal extent than 

vertical extent. 

(v) Warbles and crescents 

Warble elements were those in which frequency direction changed at least once and 

which showed considerably less vertical extension than rising and falling elements. They 

ranged from approximately as long as wide or slightly longer than wide. Warble elements 

that had the same pattern of rise and fall were considered to be the same type unless the 

proportions were very different. One type of warble element which showed 4 to 6 

changes of direction was referred to as an exaggerated warble. A simple type of warble 

element that generally had the shape of a crescent lying on its side, that is like a 

horizontal element with a hump in the centre (either concave or convex) or a truncated 

warble was referred to as a crescent when convenient. It was not easy to separate 

crescents from warbles because these elements formed a continuum. 

(vi) Complex elements 

Complex elements were much more variable in shape and allocation to different classes 

was not appropriate. Some complex elements were a combination of two or more basic 

elements, for example some consisted of two rising or falling segments connected by a 

short hump. Others were unique. Some could be considered a variation on warbles but 

with more vertical extent than the classic warble. 

4.2.5.7 Assigning specific elements to class and type and labelling elements 

Elements in the same class were allocated to type where appropriate. Element labels 

indicated the class and type number (for example, w3 referred to the third named warble 

element). The numerical subscript had no particular significance apart from acting as an 

identifier. 



Decisions as to which label to apply to an element were often a matter of judgement and 

subject to reassessment. The context in which an element occurred had some bearing on 

classification decisions. 

4.2.5.8 Choice of standard time reference for commencement of daily vocalizations 

It was suspected that starting times for male breeding song were related to light intensity. 

Light intensity during the dawn period is, in turn, related to length of time before sunrise. 

Given that the sun rises progressively earlier from the winter solstice until the summer 

solstice, breeding song should start progressively earlier as the breeding season 

progresses. 

To allow for the effect of earlier sunrises, 

starting times could have been related to 

sunrise. However, it had already been 

determined that breeding song started well 

before sunrise, therefore civil twilight (see Box 

4.1 and Appendix Three) was chosen as a 

suitable reference time, and times were 

converted to time before civil twilight. This not 

only allowed for changing sunrise but had the 

additional benefit of making the data less 

cumbersome (numbers were smaller in 

magnitude). 

Box 4.1 Civil Twilight is the time 

generally thought of as 'dawn'. It is 

officially defined as the time before 

sunrise when the centre of the sun's disc 

is depressed not more than 6 degrees 

below the true horizon. For practical 

purposes it is the period after first light, 

but before sunrise, when illumination is 

adequate for large-scale operations. 

During civil twilight it is possible to see 

into the tree canopy. Before then, the 

canopy can be seen in outline only and 

the interior is dark. (Crowe 1971) 

4.2.6 Sonagram Presentation 

4.2.6.1 Sonagram proportions 

For ease of comparison, standard sonagram proportions were adopted for printing. For 

comparing large numbers of strophes, for example the complete repertoires of several 

birds, 0.75 cm on the vertical axis represented 1 kHz and 5 cm on the horizontal axis 

represented 1 second, a ratio of 3:20. These proportions were adhered to when sonagrams 

were enlarged for other comparisons and within each type of comparison the same 

absolute measurements were used. For element comparison, for example, 1.5 cm on the 



vertical axis represented 1 kHz and 10 cm on the horizontal axis represented 1 second. In 

practice this ideal was not always obtained and a small amount of drift occurred. 

4.2.6.2 Tidying up sonagrams 

As described in 4.2.6, there was often distortion of the sound figures largely caused by 

reverberation. In addition, there was often great variation in amplitude (intensity) of 

sound so that manipulation of the sonagram to remove reverberation using the Canary 

software editing features often removed faint elements and segments. Therefore, in cases 

where this was a concern, the sonagrams were printed with reverberation showing. 

Excess reverberation was removed using correction fluid where the reverberation 

detracted from the clarity of the image. This is not meant to imply that reverberation is 

necessarily ignored by the birds or has no significance. Reverberation would have an 

effect on sound quality. This simplification technique was used since in this study the 

major aim was to detect basic patterns for purpose of description and comparison. 

4.2.7 Difficulties and Limitations 

For the most part, singing commenced while it was still dark, so it was usually impossible 

to see a singing bird in the early stages of a bout. Use of a spotlight was considered too 

invasive for relatively little gain. Breeding song usually continued until the start of civil 

twilight when a good view could often be obtained. 

Singing occurred for only a short time each day and for only a few months of the year, so 

opportunities for observation were limited. In addition, all birds in a given area started 

and finished singing at approximately the same time each day, thus, since only one bird 

sang in each territory, it was not possible to closely monitor more than one bird a 

morning. This latter difficulty was particularly relevant when trying to monitor starting 

and finishing dates for the season. 

4.3 RESULTS: (a) FINE SCALE ACOUSTIC STRUCTURE (CASE STUDIES) 

Two aspects of breeding song were examined in detail: acoustic structure and annual and 

diurnal temporal patterns. Some behavioural observations were also made. Breeding song 

proved to be quite complex with considerable variation between birds within the same 



year and within birds over different years. The complexity and variation meant that 

summary descriptions would lose much of the detail and not give a realistic picture of 

what actually happened. In addition since breeding song in Australian birds has been 

scarcely described there was no general standard for comparison. Therefore it was felt 

that individual descriptions of the songs of several birds - case studies - would be a more 

useful method. 

Three birds (Bert, Harry and Sam) proved to be particularly suitable for analysis as they 

sang from readily accessible perches fortuitously located so that early morning recording 

was not too invasive of the privacy of nearby human residents. In addition, they were 

sufficiently close to each other to allow the assumption that they belonged to the same 

dialect area. This meant that detected variations in repertoire were more likely to be due 

to individual differences than to dialect differences. As previously explained, logistical 

constraints did not allow the detailed analysis of electronic recordings of large numbers 

of individuals. Nevertheless some analysis of electronic data from other birds was 

gathered and further, auditory observations, which had been shown to be accurate (see 

Chapter 2), confirmed that the overall pattern detected for these three birds was indicative 

of the general pattern. 

The vocalizations of the focal birds over the years 1996 to 1999 were examined in detail 

(not all birds were recorded in all years). Initial investigations had suggested that Bert's 

repertoire was less complex than that of the others and this was chosen as the baseline 

case study in the hope that general patterns might be discerned more easily from analysis 

of this repertoire 

In the case studies, electronic and aural recordings were analysed for the fine scale 

acoustic structure, viz. constituent elements, construction of phrases from elements, 

construction of strophes from phrases, and changes in these components over the years, 

In addition frequency envelopes were noted. Large scale acoustic structure, including 

features such as mean bout length, delivery rate and sound production was analysed for 

other birds in addition to these three birds (section 4.5). Additional sonagrams of strophes 

from Sam and Harry and Willy are shown in Appendix Six. 



4.3.1 Case Study 1 : Bert 1996-1 998 

4.3.1.1 Bert 1996 

a. Elements used by Bert in 1996 

In 1996 Bert was recorded electronically on only one morning, 29" October. During the 

recorded portion of that bout he used two rising elements, one falling element, two 

horizontal elements and six warble elements, a total of 11 types (Fig. 4.1). These were 

labeled r l ,  r2, f l y  hl ,  h2, wl ,  w2, w3, w4, w5 and w6 respectively. It is possible that 

element types wl and w4 represented extremes of a range of variation of the one element 

type, but without in between types this could not be clarified. 

b. Phrase formation in 1996 

Bert had an extremely simple repertoire in 1996 (see below). This made phrase 

identification rather uncertain, since phrases are defined as groups of elements that 

repeatedly occur in association. In order to detect an association, it is necessary to see the 

phrases in a different context, e.g. a different strophe class. However, certain element 

combinations which were identical with, or similar to, those of 1996 were also noted in 

1997, in a larger number of strophe types. It was then possible to recognize the existence 

of phrases in 1996. The notation elementltelement2 was used to describe phrases; for 

example, rllwl described phrase 1 which consisted of elements r l  and wl in that order. 

In 1996, three phrases were used (Fig. 4.2). These were labelled phrase 1, phrase 2 and 

phrase 3 and had the composition rllwl, w2,/1 and w3lr2 respectively. 

c. Formation of strophes from elements and phrases in 1996 

In 1996 Bert used two classes of strophes, A and B. Class A contained two strophe types, 

A1 and A2 and class B contained one strophe type, B 1. Each strophe consisted of 

recognisable phrases. 

Type A1 commenced with phrase 1 which was followed by element type w2, then phrase 

2 (Fig. 4.3 a). A2 was formed by the addition of element h l  to the end of A1 (Fig. 4.3 b). 

Type Bl was recorded once only. It introduced six new element types, having only one 

element in common with the other strophes (Fig. 4.3 c) and contained phrase 3. 



Figure 4.1 Element types used by Bert on 29th October 1996. Elements rl-r2 are rising elements, 
f l  is a falling element, hl  and h2 are horizontals and wl-w6 are warble elements. 

Figure 4.2 The three phrases used by Bert in 1996. (a) Phrase 1 consisting of elements r l  and wl ;  
(b) phrase 2 consisting of elements w2 and f l  (c) phrase 3 consisting of elements w3 and r2 . 



The mean number of elements per strophe was 5.2 (S.D. = 0.41). This was calculated for 

a sequence of 100 consecutive strophes. 

4.3.1.2 Bert 1997 

a. Elements used by Bert in 1997 

In 1997 Bert was recorded electronically on 22"d August and 26th August. (Aural 

recording verified that the pattern recorded electronically on these two days was 

essentially the same for the season). More complex elements, hybrids of simpler elements 

from 1996, were used in this year. Hybrid elements were given labels of the form 

(element 1 element2)i. For example, (rw) 1 was the first hybrid consisting of a rising 

element and a warble element in that order. 

Bert used three rising elements, two warbles, one horizontal element and a hybrid rising- 

warble: a total of 7 different elements. These were labelled r l ,  r2, r3, w3, w5, h2 and 

(rw)l with elements judged to be the same type as those used in 1996 given the same 

labels. A comparison of types used in each year (Figure 4.4), at first suggests that there 

was only a moderate overlap between the two years with two additional elements in 1997 

(Fig. 4.5) and many from 1996 omitted. However, the classification of the warble and 

horizontal types was somewhat subjective and evaluation of the significance of the 

differences within a type was not possible. A lumping rather a splitting approach would 

have reduced the differences between the two years to the presence of a falling element in 

1996, but not in 1997, and an extra rising element in 1997. 

There was, nevertheless, a significant difference in the repertoires of the two years with 

the 1997 repertoire more varied than that of 1996. A simple enumeration of the elements 

present in each of the two years would indicate that the repertoires were equally varied. 

However this obscures the fact that most of the extra elements in Bert 1996 occurred in 

the strophe, type B 1, sung once only. Appropriation of terms from ecology is helpful here 

in emphasising the difference between the years. The element richness may have been 

equal in 1996 and 1997, but the strophe diversity was higher in 1997. 
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Figure 4.3 Strophe types sung by Bert in 1996. (a) Type Al,  (b) type A2, (c) type Bl .  

Year 

1996 

1997 

Figure 4.4 Comparison of element types used by Bert in 1996 and 1997. Five elements were 
common to each year. There was one type used in each year not used in the other year; a falling 
type used in 1996 not used in 1997 and a hybrid type first introduced in 1997. 
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Fig 4.5 The extra elements found in Bert 1997 but not in Bert 1996. (a) r3; (b) (rw)l. Element 
(rw)l is similar to w3, but the rising segment, consistently present, distinguishes it from w3 and 
the relatively lower intensity of this segment distinguishes it from r3, as well as the greater depth 
of the warble segment. (c) h3; a very short horizontal. 

There was an added variability in 1997 in that there was more variability in element r l  

(Fig.4.6), but again, the various forms were used interchangeably between strophe types 

and strophe classes. 

Figure 4.6 Different varieties of element r l  used by Bert in 1997. (a) from type A1 sung 22/8/97, 
(b) from type A2 sung on 26/8/97, (c) from type A2 sung on 26/8/97, (d) from type B 1 sung on 
26/8/97 

b. Phrase formation in 1997 

Four phrases were used in 1997. Two phrases, rllw5 and (rw) lIh2 (Fig 4.7 a and b) 

appeared related to phrase 1 from 1996. They were labelled phrase 4 and phrase 5. Both 

sounded similar to phrase 1 (fig 4.2), and were possibly functionally equivalent (see 

discussion). Despite the different composition of phrases 4 and 5 they had a very similar 

sound and were used apparently interchangeably in two types of strophes sung that year 

(see 4.3.4). The third phrase, phrase 6 (Fig. 4.7 c), was similar to, but not identical with 

phrase 3, 1996 (Fig. 4.2 c) and the fourth phrase, phrase 2 from 1996, is not illustrated 

again here. 



Figure 4.7 Three new phrases used by Bert in 1997. (a) Phrase 4 composed of elements rland w5 
(b) phrase 5 composed of elements (rw)l and h2. These two phrases appeared to be used as a 
replacement of phrase 1 from 1996 and were used in similar positions in strophes. (c) Phase 6, 
r31r2, similar to but not identical with phrase 3, 1996. 

c. Formation of strophes from elements and phrases 

In 1997 Bert used two classes of strophes, class A and class B. Class A contained two 

strophe types, A1 and A2 and class B contained two strophe types B 1 and B2. 

Type A1 (Fig. 4.8 a-b) consisted of, in order, phrase 4 or 5, phrase 6 and phrase 2. Type 

A2 was formed by the omission of the last element from type A1 (Figure 4.8 c) and type 

A3 by the omission of the last two elements from type A1 (Fig. 4.8 d). Type A3 was 

recorded once only and, in this rendition, phrase 5 was used as the introductory phrase. 

Type B 1 commenced with phrase 4 or 5, followed by phrase 3 and concluded with 

elements h2, h3 and h4 (Fig. 4.8 e). Type B2 was formed by omitting the last two from 

type B1 (Fig. 4.8 f, g). 

The mean number of elements per strophe was 6.0 (S.D. = 0.69). This was calculated for 

a sequence of 60 consecutive strophes. 

d. Relationships between strophes in classes A and B in 1997 

Strophes from class A and class B sounded markedly different to the human ear. 

However sonographic analysis revealed that the first 2 elements of strophes from both 

classes were almost identical, although elements 3 and 4 were quite different. One of the 

factors contributing to the strong impression of melodic difference between A and B was 

an apparent difference in rhythm. This, in turn, was due to the fact that elements 3 and 4 

in A type strophes were far enough apart (mean = 50 ms; S.D. = 7.7; n = 4) to be 



distinguishable, to the human ear, as different notes, whereas in class By the time gap 

(19.7 ms; S.D. = 9.4) was not great enough to be distinguishable. However the time gap 

differences under consideration may not be any more significant to birds than other time 

gap differences elsewhere in the strophes (see discussion). 

In summary, the major difference between type A1 and type B1, and between type A2 

and B2, is the difference in shape of the corresponding elements from each type, apart 

from the first 2 elements. 

e. Relationships between strophes from 1996 and 1997 

Strophe Bl  1996 is similar to Strophe A1 1997. This latter strophe could be formed from 

B 1 1996 by substitution of an rl  for the initial w2 and the deletion of the fifth element. 

Given that a similar substitution was used regularly in 1997 (to form the two variations of 

B 1, 1997), it does seem plausible that the observed similarity of structure represents a 

true relationship between the strophe types. Likewise, a very simple change in structure, 

deletion of element 2, would transform A2 of 1996 into B2 of 1997. 

4.3.1.3 Bert in 1998 

By 1998 Bert had added nine new elements (Fig. 4.9). These were more complex than 

most of the elements from previous years. There were elements with rising and falling 

segments, elements with two falling segments joined and one element with a warble 

segment and a falling segment. It appeared, at first, that Bert had retained only three 

elements, r l ,  h2 and w5, from previous years. However, many of the new elements were 

combinations of old elements. For example, r l  (from 1996 and 1997) formed the initial 

segment of element (rf)l and f l  from 1996 formed the first segment of element (ff)2. 

One of the most novel elements was element (1-93 which consisted of two short segments, 

one rising and one falling, with neither component bearing a strong relationship to 

previous elements. Element (rf)4 at first appeared novel, but could be divided into two 

parts with the first part identical to r2 from 1997. 
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Figure 4.8 Class A strophes used by Bert in 1997. (a) Type Al,  (b) another rendition of A1 with 
an extra segment on element 5 ,  (c) type A2 formed by omission of the last element from type Al, 
(d) type A3 formed by omission of the last two elements from Al.  A3 was recorded once only, on 
22/8/97. 
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Figure 4.8 (cont) B class strophe types used by Bert in 1997. e type B1, f type B2 formed by 
omission of the last element from B1, g type B2 with phrase 5 replacing phrase 4. 



Figure 4.9 New elements used by Bert in 1998. 

a. Phrase formation in1998 

Three new phrases were added in 1998 (see Table 4.3 and Fig 4.10). Two of these, 

phrases 7 and 9, appeared related to phrases used in 1997. Phrase 7, with composition 

(rf)l/w5 was similar to phrase 4, composition rllw5, used in 1997, but differed in the 

more complex first element (rf) 1. This element was clearly related to r l  from phrase 4, 

being formed by the addition of a falling segment to rl  . Phrase 9, with composition 

(rw)2/h2, was similar to phrase 5, composition (rw)l/h2, from 1997. Phrase 8, with 

composition (rf)2/(rf)3, did not show any clear derivation from earlier phrases. 



b. Formation of strophes from elements and phrases in 1998 

In 1998, Bert used two strophe classes, A and B. Class A contained three strophe types, 

Al, A2 and A3, and class B contained two strophe types, B 1 and B2. Again, the 

relationships between the strophe types within a class were simple. 

Type A1 (Fig. 4.10 a) consisted of the three new phrases, phrase 7, phrase 8 and phrase 9 

in that order. Type A2 was formed by the addition of an element (fql  at the beginning of 

type A1 (Figure 4.10 b). Type A3 was formed by the omission of the last phrase from 

type A2. 

Type B1 contained 5 elements, all new to 1998, except for w5 (Fig 4.1 la). Type B2 was 

formed from B 1 by the addition of phrase 8 (Fig. 4.1 1 b). 

The mean number of elements per strophe was 6.2 (S.D. = 0.66). This was calculated for 

a sequence of 60 consecutive strophes. 

c. Maximum and minimum frequencies recorded within strophes 

Maximum and minimum dominant frequencies within each strophe type were measured 

for strophe types for all years and mean maximum and mean minimum frequencies were 

calculated (Table 4.4). Mean maximum fell by about 200 Hz and mean minimum rose by 

about 100 Hz over the three years of observation. Previous examination of separate 

renditions of the same strophe type had previously shown that there was very little 

variation between different renditions and gathering sufficient data for statistical analysis 

would have been prohibitively time conswning for negligible anticipated gain. Therefore 

statistical analysis of the differences in ranges of maxima and minima were not 

performed. 

4.3.1.4 Summary of Repertoire 

Bert's repertoire over the years 1996 to 1998 was relatively simple, consisting of only 

two strophe classes each year. Types within a class bore a clear relationship to each other, 

usually differing from each other by only one or two elements. 
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Figure 4.10 Class A strophes sung by Bert in 1998. (a) Type Al,  (b type A2, (c) type A3. As in 
other years, there is a simple relationship between the strophe types within a class. All three new 
phrases introduced in 1998 can be seen in Type A I .  



Figure 4.11 Class B strophes sung by Bert in 1998. (a) Type B1, (b) type B2. As with class A, 
there is a simple relationship between the strophe types in class B. 

Summary of composition of phrases used by Bert in 1996,1997 and 1998 

Table 4 .3  Phrases used by Bert in 1996, 1997 and 1998. 



Table 4.4 Maximum frequencies and minimum frequencies and range for strophe sequences from 
each year from 1996 to 1998 for Bert. 

The 1996 repertoire was particularly simple, consisting for the most part of two almost 

identical strophe types. A third type, belonging to a different class, was sung rarely and 

did not alter the overall impression of extreme simplicity. Thus 1996 consisted mainly of 

only one strophe class. Both the 1997 and 1998 repertoires consisted of two strophe 

classes, one containing three strophe types, the other two types. In each case both classes 

were sung frequently enough to give an impression of greater variability than in 1996. 

Year 

1996 

1997 

1998 

Strophe length, measured as mean number of elements per strophe, increased steadily 

from 5.2 (S.D. = 0.41) for 1996 through 6.0 (S.D. = 0.69) in 1997 to 6.2 (S.D. = 0.66) for 

1998. 

Mean maximum dominant frequency within each strophe type fell by about 200 Hz and 

mean minimum rose by about 100 Hz over the three years of observation. 

4.3.2 Case Study 2: Harry 1996-1998 

Mean 
maximum 

kHz 

2.40 

2.26 

2.18 

4.3.2.1 Harry 1996 

Element structure was not examined in as much detail as for Bert, but sonagrams were 

made for all strophe types detected (Appendix Six). 

Maximum 
range kHz 

2.35 - 2.41 

2.11 -2.36 

2.10 - 2.30 

Harry's 1996 repertoire was more complex than Bert's. It included all element types 

found in Bert's repertoire but contained a greater proportion of complex elements (Fig. 

4.12) and fewer horizontal types. 

Harry had phrases in common with Bert but used these differently. Phrase 1 was present 

in some A class strophes, as with Bert, but appeared at the end rather than at the 

Mean 
minimum 

Hz 

790 

92 8 

912 

Minimum 
range Hz 

760 - 1090 

800 - 1030 

720 - 1020 



beginning of a strophe. Phrases 4, 5, and 6, all used by Bert for the first time in 1997, 

were used by Harry in 1996. Phrase 6 was used in class D strophes, which were not sung 

very frequently. 

Strophe types showed greater variation, and were allocated to four classes, A, By C, and 

D. In addition, the average number of elements per strophe was greater. The most 

fi-equently used strophe type, Al ,  contained eight elements whereas Bert's most 

frequently used type, Al ,  contained only 5 elements, and no strophe type detected for 

Bert in 1996 contained more than seven elements. 

4.3.2.2 Harry 1997 

In 1997 Harry again had a complex repertoire, but there were fewer complex elements. 

Rather the complexity came from the number of strophe classes and number of strophe 

types sung. One of the less frequently sung strophe types contained a warble element with 

a more pronounced warble effect then previously encountered (Fig. 4.13 a). One complex 

element (rQ4 was detected in Harry's 1997 repertoire (Fig 4.13 b). This same element 

was also detected in Bert's repertoire but not until 1998. 

Phrase 6 was used again, but this year it was used in the most frequently sung strophes, in 

contrast to the situation in 1996. 

Overall, Harry used 16 different strophe types in four classes in 1997. There were four 

types in class A, two types in class By four in class C and four in class D. in addition there 

were two types, each detected once only, that were difficult to assign to class, having 

elements from two different classes. If necessary these could have been assigned to class 

A and D respectively as these were the classes with which they had most elements in 

common. 



Figure 4.12. Strophe type A1 from Harry's 1996 repertoire. Elements 3 , 7  and 8 are more 
complex than those used by Bert in 1996, with the exception of one complex element detected 
once only from Bert's single rendition class B strophe. 

Figure 4.13 Two strophes from Harry, 1997. (a) A strophe concluding with an element with a 
pronounced warble effect (b) A strophe containing a complex element (the second element) 
which was first detected in Bert's repertoire in 1998. 



4.3.2.3 Harry 1998 

In 1998 Harry used a wide variety of syllable types but no significant introduction of new 

element types was detected. A new phrase, phrase 8, was introduced this year (Fig 4.14). 

I New phrase 

I I 
kHz I I I 

S 0.5 1 .O 1.5 2.0 

Figure 4.14 A class A, type A3, strophe from Harry in 1998, showing a new phrase which 
appeared in his repertoire in this year. 

In 1998 1 1 different strophe types, in two classes, were detected for Harry. There were 

nine types in class A and two types in class B. Again the relationship between types 

within a class was simple both in sound and element structure, whereas the two classes 

were clearly different in these two parameters. 

4.3.2.4 Maximum and minimum frequencies recorded within strophes 

The maximum and minimum dominant frequencies within each strophe type were 

measured for strophe types for all years (Table 4.5). Over these years maxima ranged 

from 1.41 to 2.63 kHz and minima from 690 Hz to 1.19 kHz. Upper maxima were fairly 

constant from year to year as were lower minima, in other words, the frequency envelope 

changed little from year to year. However the lower maxima and upper minima each 

varied by 800 Hz over the three years. The data suggest an increase in mean minimum for 

Harry in 1998 but little change in other measures of the frequency envelope. 



Table 4.5 Maximum frequencies and minimum frequencies and range for strophe sequences from 
each year from 1996 to 1998 for Harry. 

4.3.2.5 Summary of Repertoire 

Year 

1996 

1997 

1998 

There were 15 strophe types detected for Harry in 1996, 16 types in 1997 and 1 1 types in 

1998. In each case these types could be allocated to four classes. The mean number of 

elements per strophe was 6.6 (S.D. = 1.53) in 1996,5.2 (S.D. = 1.26) in 1997 and 6.5 

(S.D. = 1.21) in 1998. There was little change in the frequency envelope over the years, 

however there was possibly a slight increase in the mean yearly minimum. Highest mean 

yearly maximum was 2.48 kHz and lowest mean yearly minimum was 690 Hz. 

As had been shown for Bert, examination of separate renditions of the same strophe type 

had previously shown that there was very little variation between different renditions and 

gathering sufficient data for statistical analysis would have been prohibitively time 

consuming for negligible anticipated gain. Therefore statistical analysis of the differences 

in ranges of maxima and minima were not performed. 

4.3.3 Case Study 3: Sam, 1996,1998 and 1999 

Minimum 
range Hz 

730 to 940 

690 to 930 

775 to 1 192 

Mean 
maximum 

kHz 

2.48 

2.33 

2.35 

4.3.3.1 Sam 1996 

In this year Sam used a total of 18 different elements, belonging to all classes, i.e. rising 

elements, falling elements, horizontal elements, short unidirectional elements, warble 

elements and complex elements. Horizontal elements included short and very short 

horizontals. There were four types of warbles including crescents. 

Maximum 
range kHz 

2.20 to 2.60 

1.41 to 2.63 

1.78 to 2.48 

Some phrase formation was evident. Four elements common to types A1 and C1 could be 

considered to constitute a phrase, but were not detected as a unit in subsequent years in 

Sam's repertoire or in those of any other birds. 

Mean 
minimum 

Hz 

807 

854 

1067 



The 1996 repertoire consisted of only three song types, allocated to three different classes 

and labelled accordingly Al,  B 1 and C1. The mean number of elements per strophe was 9 

(S.D. = 0.14). 

Song types A1 and B 1 sounded more similar to each other than either did to type C1 but 

examination of the sonagrams showed very little similarity in element composition 

between A1 and B 1 (Fig. 4.15). However each type consisted of nine elements, had a 

similar pattern of rise and fall in frequency (shown in the sonagrams) and similar rhythms 

(discernible to the ear). These qualities apparently contributed to the aural similarity. 

Overall, the analysis confirmed the appropriateness of allocation of A1 and B1 to 

separate classes. 

Type C1 (Fig. 4.16) showed no obvious similarity in element structure to type B1 but did 

share four elements, in order, with Al .  However these elements occurred at the end of C1 

whereas they occurred at the beginning of A1 . Whether or not the sharing of these four 

elements warranted allocation of C1 to class A could not be determined without the 

presence of intermediate strophe types. 

4.3.3.2 Sam 1998 

By this year the number of elements had increased markedly and detailed analysis was 

not feasible given the broad scope of this thesis. All element classes were represented but 

there were few simple elements and generally the elements were complex, with many 

ornaments. 

Phrase formation was not marked in this year. Groups of elements were used repeatedly 

in different strophe types, but usually within the same strophe class. This use does not 

fulfil the requirements for phrase identification. For phrase identification, groups of 

elements need to be used together regularly in different contexts and occurrence in 

different types within the one class does not meet this criterion owing to the simple 

relationships between strophes within the one class. 



kHz 
mS 1000 

I 
kHz I t 

mS 500 1000 

Figure 4.15 Strophe from Sam 1996. (a) Type A1 . (b) Type B 1. The strophes sound very similar 
but there is little similarity in element structure. The strophes do have the same number of 
elements and a similar pattern of rise and fall in frequency. These qualities may contribute to the 
similar sounds. 

Four element phrase 

m 

Figure 4.16 Type C1 Sam 1996. The four element phrase at the end of the strophe is also found at 
the beginning of type A1 (see Fig. 4.15). 



A total of 16 different strophe types belonging to three main classes were detected. Class 

A contained three types, class B nine types and class C3 types. A further three types were 

difficult to classify being quite long and having unique components combined with 

phrases from other classes. 

The mean number of elements per strophe was 8.4 (S.D. = 1.69) in 1998 and strophe 

types with from 10 to 15 elements were common (Fig. 4.17). 

Figure 4.17 A strophe from Sam 1998 with 12 elements. Strophes with more than 10 elements 
were a feature of Sam's repertoire. The strophe shown belongs to a small group of strophes 
difficult to assign to class. 

There were again simple relationships between strophe types within one class with types 

being derived one from the other by the addition or deletion of one or more elements 

(Fig. 4.18). 

4.3.3.3 Sam 1999 

The 1999 repertoire was again quite complex. All element types were present though 

there were very few horizontal elements. There was a relative increase in the number of 

rising and falling elements used, and most elements were complex. The rising element 

seen in both 1996 and 1998 was again present and the exaggerated warble observed in 

Harry 1998 was first observed in Sam in 1999 (Fig. 4.19). 



Phrase formation was not markedly evident but phrase 1 (Fig. 4.19), seen in all other 

birds in most years was present in all strophe classes although not all strophe types. 

There were five strophe classes with 9,3, 3 ,2  and 1 strophe types in classes A, By C, D 

and E respectively. The number of elements per strophe varied from 5 to 13 with a mean 

of 8.7 (S.D. = 1.5 1) for a sequence of 39 strophes. 

kHz 
mS 0 500 1000 

kHz 
mS 0 500 

Figure 4.18 Relationships between strophe types in class C for Sam 1998. (a) Type C1. (b) 
Type C2. (c) Type C3. Omission of the last element from C1 produces type C2 and omission of 
the last 2 elements produces type C3. 



3.0 4 Phrase 1 

Figure 4.19 Strophe from Sam 1999. Type A4 strophe showing phrase 1, used by all birds in 
most years, and the exaggerated warble element seen in Harry in 1998. 

4.3.3.4 Maximum and minimum frequencies recorded within strophes 

The maximum and minimum dominant frequencies within each strophe type were 

measured for strophe types for all years (4.6). Maxima ranged from 2.14 to 2.80 kHz and 

minima from 650 Hz to l 100 kHz. Over the three years, absolute maxima varied from 2.5 

to 2.8 kHz, a range of 500 Hz. Absolute minima varied less, with a range of 65 Hz. There 

was less variation in the mean maxima than the absolute maxima but both measures 

suggest an increase in upper frequency limit in 1999. 

As had been done for Bert, previous examination .of separate renditions of the same 

strophe type had previously shown that there was very little variation between different 

renditions and gathering sufficient data for statistical analysis would have been 

prohibitively time consuming for negligible anticipated gain. Therefore statistical 

analysis of the differences in ranges of maxima and minima were not performed. 



Table 4.6 Maximum frequencies and minimum frequencies and range for strophe sequences from 
1996, 1998 and 1999 for Sam. 

4.3.3.5 Summary of Repertoire 

Year 

1996 

1998 

1999 

Overall, the repertoire showed increasing complexity from 1996 through to 1999. Sam 

used a similar range of element types to Bert and Harry, with rising and falling elements, 

horizontals and warbles present but in general there were more warbles and complex 

elements used and less obvious repetition of elements from year to year. 

Some phrase formation was evident in 1996; the four elements common to types A1 and 

C1 could be considered to constitute a phrase, but were not detected as a unit in 

subsequent years in Sam's repertoire or in those of any other birds. Phrase formation was 

not marked in 1998 or 1999. 

Mean 
Maximum 

kHz 

2.42 

2.41 

2.61 

Sam's repertoire was obviously more complex by 1999. The number of strophe classes 

had increased to five, with three strophe types in class A, seven in class By three in C and 

with two strophe types of uncertain status but showing similarities to both class A and 

class B strophes. Where there was more than one type in a strophe class, the relationship 

between strophe types was similar to that observed for Harry and Bert with strophe types 

differing from one another only in the addition, or omission, of one or more elements, 

usually at the end (Fig. 4.19). The mean number of elements per strophe was 9 (S.D. = 

0.14) in 1996, 8.4 (S.D. = 1.69) in 1998 and 8.7 (S.D. = 1.51) in 1999. 

Although there was little obvious repetition of elements, there appeared to be some 

relationship between some elements between the years. For example a complex (fr) 

element used in 1996 was similar to one used in 1998 (Fig. 4.20). Another feature of 

Maximum 
range 
kHz 

2.38 -2.50 

2.14-2.52 

2.25-2.80 

Mean 
minimum 

Hz 

977 

80 1 

886 

Minimum 
range 
Hz 

71 5-980 

650-920 

660-1 110 



Sam's strophes was a wide amplitude range within the one strophe rendition (Fig. 4.20). 

This was not detected to the same extent in other birds. 

4.3.4 Summary Results for all Birds 

4.3.4.1 Constituent elements 

All birds used the same simple element types, rising elements, falling elements, warble 

elements and horizontal elements as well as more complex elements which appeared to 

be formed by combining two of the simpler elements. One bird, Bert, used a greater 

proportion of simpler elements in the earlier years than the other two did. Certain 

elements appeared virtually identical across individuals and years while others were 

confined to one or two of the birds and yet others to one bird in one year only. In short, 

some elements were relatively invariant while others appeared to be individual 

inventions. 

4.3.4.2 Phrase formation 

Most phrases were composed of only two elements. Phrase formation was common to all 

birds, with some phrases found in all birds in all years and others less broadly shared. 

There was some overlap in phrases used by Bert and Harry in 1996 and 1997, but the 

method of use varied for example in Harry's 1996 repertoire phrase 1 was present in 

some A class strophes but appeared at the end rather than at the beginning of a strophe. 

Phrases 4, 5, and 6, all used by Bert for the first time in 1997, were used by Harry in 

1996. Both Harry's and Sam's repertoires was more complex than Bert's. They included 

all element types found in Bert's repertoire but contained a greater proportion of complex 

elements and fewer horizontal types. The complex element (rQ4 first observed in Bert in 

1998 was detected in Harry's 1997 repertoire (Fig 4.13 b). In all years Sam used more 

elements than the other two birds. 

Phrase 6 in Bert's repertoire was used in class D strophes by Harry but these were not 

sung very frequently in 1996 but in contrast was used in 1997 in the most frequently sung 

strophes. In 1998 a new phrase, phrase 8, (Fig 4.14) was detected in Harry's and Bert's 

repertoires. 
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Figure 4.20 (a) Type C strophe 1996 and (b) type BII-3 strophe 1998 showing the marked change 
in amplitude noted in many of Sam's strophes. The variation in amplitude can be seen both in the 
oscillogram and in the greyscale intensities in the sonagram. The complex (fr) elements in the 
1996 strophe (5th from the left) and in the 1998 strophe (1st on the left) are similar style although 
the 1998 one is wider than the 1996 element. Both strophes show the overall emphasis on warbles 
and rising and falling elements with ornaments rather than horizontal elements. 



Sam appeared to have fewer phrases in common with Harry and Bert and moreover did 

not seem to use phrase formation so much. His repertoire was more 'free form'. 

Phrase 1 however (original Bert classification) was used by all birds, in at least one class 

in most years, often at the beginning of a strophe. This very important result will be 

referred to at length in the discussion. 

4.3.4.3 Strophe formation from phrases and elements 

For all birds most strophes were a mixture of phrases and individual elements. An 

occasional strophe was composed only of identified phrases but this was not common. 

The number of elements per strophe varied markedly. Over three years the number of 

elements per strophe varied from 4 to 7 for Bert, from 1 to 1 1 for Harry and 4 to 15 for 

Sam. This range in element numbers matched the range in strophe types sung. The 

number of strophe types in Bert's repertoire was markedly less than the number in 

Harry's and Sam's. Strophe type classes and numbers are explored in further detail in 

Section 4.5.2. 

4.3.4.5 Mean number of elements per strophe 

The mean number of elements per strophe was calculated, for sequences of consecutive 

elements, from each of the three years, for each bird. For all birds there was little 

difference in within-bird means over three years. For two birds, Bert and Harry, there was 

little difference between means over the three years but the mean for Sam was 

consistently higher. Harry and Sam however, both consistently showed considerably 

more variability in the number of elements per strophe (indicated by standard deviation) 

than did Bert (Table 4.7). 

4.3.4.5 Relationships between the strophe types within a class 

For all birds there was at least one strophe class where there was a simple relationship 

between strophe types. In each repertoire there was always one strophe type which was 

sung more frequently than the others. The second most common strophe type was formed 

by the addition or deletion of a single element to the beginning or the end of the most 

common type. This process was often repeated to form a third strophe type and 



sometimes to form a fourth. In some repertoires further types in the same class were then 

generated by inserting elements at other positions within one of the previous strophes. 

Table 4.7 Mean number of elements per strophe for three birds over three years per bird. 
Standard deviation is given in brackets after the mean. n = number of consecutive strophes used 
for analysis. The higher standard deviation for Harry and Sam reflect the greater variability in 
element types per strophe for these two birds. 

Complex strophes were formed by adding a long, previously unused phrase to a common 

strophe or adding a phrase from one strophe to a distinctly different strophe. This was 

never observed in Bert's repertoire, was observed in Harry's repertoire in all years and in 

Sam's in 1998 and 1999. 

Bird / Year 

Bert 

Harry 

Sam 

4.3.4.6 Amplitude range 

There was considerable variation in difference in amplitude range within a strophe 

between individuals. Bert showed relatively little variation, Harry sang occasional 

strophes with marked within-strophe variation in amplitude, while this was a relatively 

common feature of Sam's repertoire. 

1996 

5.2 (0.41) 
n = 100 

6.6 (1.53) 
n = 163 

9.0 (0.14) 
n = 106 

4.3.5 Frequency Analysis of a Series of Frequently Recurring Phrases with a 

Similar Sound 

A series of similar sounding phrases (1,4 and 5 ) ,  consisting of two elements, occurred 

frequently. Aurally, the phrases seemed to correspond, not only in frequency interval, 

with the first element higher than the second, but also phonetically. They were referred to 

as 'blink-o' phrases, the 'ink' capturing quite well the ringing quality of the first element. 

These phrases occurred in the repertoires of all birds and in all years. 

1997 

6.0 (0.69) 
n = 60 

5.2 (1.26) 
n = 124 

8.4 (1.69) 
n =  119 

The frequency responsible for the pitch which the human ear registered was difficult to 

determine by inspection as the constituent elements were not constant in frequency. In an 

attempt to detect the origin of this phenomenon of similar sound, frequencies were 

1998 

6.2 (0.66) 
n = 60 

6.5 (1.21) 
n = 93 

nla 

1999 

nla 

n/a 

8.7 (1.51) 
n = 39 



measured at the position on each element where the intensity was greatest. A total of 14 

relevant phrases were measured. Of these, seven these appeared very similar to phrase 1 

on sonagrams and seven appeared different (Fig 4.21). 

2.0 

1 .o 

kHz 
m~ 0 500 0 500 0 500 

Figure 4.21 Phrases which had a different appearance on sonagrams but sounded very similar. (a) 
Phrase 1 from Bert 1996. (b) A similar sounding phrase from Sam 1996. (c) Another similar 
sounding phrase from Harry 1998. 

Frequency at the most intense point was measured, as described above, for both elements 

of the phrases and the time interval between these points calculated. Mean frequencies 

and mean time interval were calculated separately for each group of phrases and for the 

combined group (Table 4.8). 

Table 4.8 Average frequency and time interval characteristics of 'blink-o' phrases from male 
breeding song. Frequencies were measured at the most intense point ('loudest') point on the 
element. Time was measured at the same points as frequency. Group 1 phrases were those that 
resembled phrase 1. Group 2 phrases had a different appearance on a sonagram but had the same 
sound. F1 = frequency of first element, F2 = frequency of second element. F1- F2 = frequency 
interval. 

All n = 14 1.56 0.07 1.234 0.15 0.32 0.15 277 38.4 



There was no significant difference between the mean frequency intervals or the time 

intervals for the two groups (t-test NS). (Table 4.9). The frequency interval range was 

140-640 Hz. These phrases have been analysed in some detail as they are believed to be 

important (see discussion). 

Table 4.9 Average frequency and time interval characteristics of 'blink-o' phrases from male 
breeding song with standard error. 

4.4 METHODS: ACOUSTIC STRUCTURE (LARGE SCALE) 

Fine acoustic structure of song strophes was examined in detail in section 4.3 using case 

studies on three birds, Bert, Harry and Sam. In this section, results of investigations into 

several large scale aspects of acoustic structure are examined. These are: number of 

strophes per bout; song strophe delivery rate including variation within and between 

individuals; number of strophe classes and types per bird; pattern of delivery of strophe 

types and sound production in a bout. 

4.4.1 Additional Methods Specific to Large Scale Structure 

To describe these large scale aspects, data was obtained for seven birds (Table 4.10) 

including the three case study birds. Additional details of methods specific to this section 

are described here. 

a. Number of strophes per bout 

Recording of complete or near-complete bouts was carried out on 13 occasions. This 

involved capturing the complete bout electronically on tape or counting the number of 

strophes and making relevant notes using the aural recording method. On some of these 

occasions the complete bout had not been captured but the total number could be reliably 

estimated. All totals were rounded to the nearest five since, in some cases, it was not clear 

whether the first couple of strophes were caught. 



Bouts given during the last few days of the breeding season were not included in the 

analysis. Results had shown that on these days a few desultory strophes were usually 

given. For example, on the last day in the 1999 breeding season on which Bert sang, he 

gave two strophes, only one of which was complete. A virtually identical pattern was 

observed for Gully during his last bout for the 1998 season. 

b. Song strophe delivery rate 

Song strophe delivery rate was measured both as average number of strophes per minute 

and as average time from the beginning of one strophe to the beginning of the next. The 

advantage in using strophes per minute was that this parameter could be calculated using 

both aural and electronic recordings. Time from the beginning of one strophe to the 

beginning of the next could be measured only using electronically recorded data but had 

the advantage that variation in delivery rate within a single bout could be quantified. 

Electronically recorded data from five birds, Tony, Sam, Harry and Bert and Willy were 

used for analysis. Data from very early or very late in the breeding season was excluded 

from analysis, on the assumption that hormone levels might not be stable at those times. 

At the beginning of the breeding season levels of hormone responsible for song 

production would be increasing. Not only might an individual sing somewhat erratically 

while levels were changing but also there is little reason to expect that levels in different 

individuals would increase and stabilise at the same rates. It was felt that nothing would 

be lost for this study in avoiding these times. 

Periods of continuous singing within a bout were used in all analyses. However, in some 

cases, there were pauses of up to nearly a minute within these periods. These are 

described hrther under variation within individual birds. 

A large range of variation in strophe delivery rate due to position within a bout for any 

particular bird had been noticed during preliminary investigations. Consequently, to 

compare rates between birds, analysis was also done using strophe sequences chosen so 

that they were approximately equivalent. It was hoped that this would minimise variation 

due to difference among years, time of year and position of sequence within the bout. An 

analysis of variance was performed on sequences of 50 consecutive strophes from three 

birds, Harry, Bert and Sam. They were chosen from bouts sung no more than two weeks 

apart (on 25/10/96,29/10/96 and 411 1/96 respectively), from the body of each bout 



(approximately strophes 100 to 50 from the end) and where no disturbances were 

observed. 

Variability in mean time from the start of one strophe to the start of the next, within a 

bout was measured using coefficient of variation. 

c. Number of strophe types and classes per bird 

The rationale for classification and labelling of strophe types and classes was described in 

Section 4.2. The same methods were used here. In addition, in order to test for adequacy 

of sampling of strophe types, number of strophe types detected in a bout was plotted 

against number of strophes analysed in that bout. Pearson's product-moment correlation 

was used to test for correlation except where for cases where there was clearly no positive 

correlation. This was done for three birds, Bert Harry and Sam and the results generalised 

to other birds. 

d. Pattern of delivery of strophe types 

If there were rules for the use of strophe types this would mean that strophes were not 

randomly delivered. Rules could govern whether particular strophe sequences were 

compulsory or forbidden. In either case there might be a significantly increased 

occurrence of particular pairs of strophe types. To test for this, the observed frequency of 

occurrence of strophe types, the expected and observed frequencies of occurrence of pairs 

of strophe types within a sequence of strophes were calculated. 

Expected frequency was calculated as follows: 

Let S and T be two strophes occurring in a particular sequence 

Observed frequency of strophe S = P(S). Observed frequency of strophe T = P(T). 

Expected frequency of occurrence of S and T occurring in the order ST = P(ST) where 

P(ST) = P(S) x P(T) 

Observed frequency was obtained by observation. 

Chi-square test was performed if necessary and where there were sufficient data. 

e. Sound production in a bout 

Total sound production during a bout section was calculated by multiplying the number 

of strophes of each different type occurring in that section by the mean duration of each 



strophe type. Strophe duration was measured from the beginning of the first element to 

the end of the last element. Thus silence within a strophe (silence between elements) was 

included in strophe duration. This approach was considered valid since the time between 

strophes was much greater than the time between elements (see also discussion). 

Rate of sound production, in seconds of sound per minute of song bout, was calculated by 

dividing the total sound production by the duration in minutes of the sequence in 

question. 

4.5 RESULTS: ACOUSTIC STRUCTURE (LARGE SCALE) 

4.5.1 Strophe Delivery Details 

Number of strophes per bout 

For the 13 bouts involving recording of complete or near-complete bouts, the number of 

strophes varied from 40 to 400 with a median of 165 (Table 4.10). There was wide 

variation over the season and no apparent relationship between number of strophes per 

bout and time within the breeding season. 

Song strophe delivery rate 

Song strophe delivery rate was measured as both number of strophes per minute and as 

mean time from start of one strophe to start of the next. 

i. Number of strophes per minute 

Overall, there were differences in delivery rate for a given bird in different bouts and also 

between different birds. Mean number of strophes per minute varied from 3.9 

stropheslmin (Sam on 3110199 (over 9.48 minutes of delivery time)) to 16.6 stropheslmin 

(Willy on 3019198 (over 6.13 minutes of delivery time)) (Table 4.1 1). 

However there was some indication that individual birds might sing at similar rates over a 

period of a few days. For example, Bert delivered strophes at the rate of 1 1.1 per minute 

on 22/8/97 and at a rate of 12.2 per minute four days later. Willy sang at rates of 16.6 and 

16.2 strophes per minute on two consecutive days, 3019198 and 1110198. 



Table 4.10 Number of strophes per bout. Data is for thirteen bouts from seven birds over four 
years, given in decreasing order of number of strophes. Data is from complete or near complete 
recordings of bouts. For the near-complete bouts, starting and finishing time had been noted and 
consequently total could be estimated with reasonable confidence. 

Further, when sequences were chosen to minimise the effect of variation due to 

differences other than those between individuals (see methods), there was no difference 

detected in delivery rates for sequences of 50 consecutive strophes from three birds, 

Harry, Bert and Sam on 25/10/96,29/10/96 and 411 1/96 respectively (ANOVA NS, F = 

0.75, df = 2, 147). 

Tony 

H a m  

Bert 

Tony 

Sam 

Tony bossibly) 

Stokes 

ii. Mean time from start of one strophe to start of the next - variation within 

individuals on different days and variation between individuals 

Variability in song strophe delivery rate (Table 4.12), was measured using coefficient of 

variation (C.V.). Mean time from start of one strophe to the beginning of the next, varied 

from 3.6 seconds for Willy to 20 seconds for Sam (range 0.2 - 0.9). The range was as 

great within one individual (Bert) as between individuals (but see below). 

Median = 165 

13/9/99 

25/10/96 

26/8/97 

13/8/98 

3110199 

1/8/97 

24/9/99 

165 

165 

145 

130 

80 

50 

40 



Table 4.11 Strophe delivery rate for four birds as mean number of strophes per minute. Data for 
all birds are from periods of continuous singing within a bout. Total time includes sound 
production time plus silence between strophes. Results are shown in chronological order for each 
bird. 

Table 4.12 Strophe delivery rate, as mean time from the start of one strophe to the start of the 
next, for the same birds and dates as in Table 4.10. Standard deviation for mean is given in 
brackets. Intervals were measured from the beginning of one strophe to the beginning of the next. 
Results are shown in chronological order for each bird. 

Willy 
Willy 

30/9/98 
1/10/98 

102 
109 

3.6 (0.7) 
3.7 (0.9) 

0.2 
0.3 



iii. Variation within individuals during a single bout 

Variability in mean time from the start of one strophe to the start of the next, within a 

bout (Table 4.13), measured as C.V., ranged from 0.2 to 0.5. A large deviation from this 

pattern was noted for Bert on 29110196 (C.V. = 0.9). This resulted fkom several long 

pauses towards the end of the bout as can be seen in Figure 4.24. This is further discussed 

in the following section. 

Variation in delivery rate, measured as mean time in seconds (mean interval) from the 

start of one strophe to the start of the next was measured for Harry on 25110196 (Table 

4.13). The rate was 5.6 seconds between starts for the first 30 strophes (from near the 

beginning of the bout) and, for the next 3 consecutive blocks of 30,4.3 seconds, 4.9 

seconds and 5.2 seconds respectively between starts. The rate rose again to 7.6 seconds 

between starts for the last 30 strophes. 

Table 4.13 Strophe delivery rate, as mean interval from the start of one strophe to the start of the 
next, within a single bout. Standard deviation is given in brackets after mean interval. Data are for 
Harry on 25110196 and mean interval is shown for 30 strophes from the near the beginning of the 
bout and for three consecutive further blocks of 30 and then for the last 30. The whole bout was 
delivered from the one perch. 

This pattern was found to be common. Usually singing started relatively slowly but 

increased and then either remained fairly constant during the body of the bout (Fig 4.22) 

or fell slightly through most of the bout. In most cases delivery rate then fell again 

towards the end (Fig 4.23 and Fig 4.24). 

Usually birds changed singing perch during a bout. This occasionally resulted in a longer 

interval between strophes (Fig 4.24). In many cases the new perch was not far away and 

the change was effected within a few seconds, however a long pause of 50 seconds did 

take place during a perch change towards the end of the bout in the last 100 strophes of a 

bout by Bert on 29110196 (Fig 4.25). However, on many occasions, equally long pauses 

took place without any observed outside influence. 
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Strophe 

Figure 4.23 Variation in strophe delivery rate as time from start of one strophe to start of the next 
strophe for the last 107 strophes of a bout from Sam on 411 1/96. The overall decrease in rate 
towards the end of the bout (longer intervals between strophe starts) can be seen in this figure. 

On one recorded occasion (3/10/99) there was a marked change in this patter: Sam was 

singing slowly from his normal first perch. He changed perches without any marked 

change in singing rate but singing rate increased markedly towards the end of the final, 

and rather unusually short, section of the bout given from the second perch (Figure 4.25). 

Within a second or two of the cessation of singing, a faint breaking of twigs was recorded 

and another bird was seen to fly rapidly, quietly and directly away from Sam's singing 

tree and out of the territory. This may have been a copulation event (see Discussion). 

4.5.2 Number of Strophe Classes and Types per Bird 

In this section a brief test for adequacy of sampling, and findings from the three case 

studies were extended to other individuals. 

Adequacy of sa~npling 

There was no correlation between number of strophes analysed and number of strophe 

types detected (Fig. 4.26) for Harry, Sam and Bert (product-moment correlation NS). 



Strophe 

Figure 4.24 Variation in strophe delivery rate as time from start of one strophe to start of the next 
strophe for the last 100 strophes of a bout from Bert on 29110196. A change of perch took place 
between strophes 88 and 89 resulting in an interval of 50 seconds between strophes. Only one 
other long interval was associated with a perch change. No significant events were observed in 
association with the other long pauses. 
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Figure 4.25 Strophe delivery rate before and after a change of perch for Sam on 3110199. The 
graph shows the final 37 strophe intervals for the bout on that day. No discernible events was 
associated with the relatively long interval of 50 seconds. A change of perch took place just 
before strophe interval 23. A marked increase in singing rate is apparent for the final fifteen 
strophes (fourteen intervals). It was suspected that a copulation event occurred immediately after 
the final strophe. 



Allocation into classes 

Allocation into classes varied in difficulty depending on the complexity of the repertoire 

under consideration. Some repertoires (e.g. those of Bert in all years) were easily 

divisible into distinct classes and strophe types could be assigned unambiguously to class. 

Other repertoires, especially those of Sam and Harry, were complex with some strophe 

types easily allocated to distinct classes but others showing characteristics of two classes. 

Of these, some had class characteristics intermingled while others had a phrase from one 

class attached to the end of a strophe from another class. These strophes were assigned 

somewhat arbitrarily to class. 

The number of strophe classes per bird varied from one for Willy in 1998 to five for 

Harry and Sam in 1997 and 1999 respectively (Table 4.14). Usually repertoires with few 

strophe types had few strophe classes for example Bert had the smallest repertoire size 

with three strophe types allocated to two classes. In the larger repertoires, with 13-1 8 

strophe types, strophes were allocated to four or five classes. Otherwise there was no 

obvious correlation between strophe number and class number. For example, Willy sang 

eight and nine strophe types, respectively, on two days in 1998, and these were assigned 

to only one class, whereas Sam in 1996 sang only five strophe types but these were easily 

assigned to three different classes. 

In general the number of strophe classes per bird was reasonably constant. Bert used two 

strophe classes in all bouts analysed, Harry used four or five strophe classes in all bouts 

analysed except that in 1998. However in this year, class A contained two complex 

strophe types which could justifiably have been allocated to different classes. Willy used 

one strophe class on two consecutive days in 1998. Class numbers for Sam showed more 

variability, but the overall trend was for increasing repertoire complexity over the years. 

Number of strophe types per bird 

The number of strophe types sung in different bouts and years by different birds was 

determined for two birds in addition to the case study birds. Given the variability between 

birds and between years, only the mean number of types sung by a given bird in a given 

year and the range for a each bird were calculated (Table 4.14). More comprehensive 

means would have been essentially meaningless. The range varied from three for Bert in 

1996 to 18 for Sam in 1999. There was a tendency for two birds (Bert and Harry) to use 



the same number of strophe types per year but Sam showed a marked increase in number 

of strophe types sung over four years. 

Table 4.14 Number of strophe classes and variations for bouts 5 birds. Each row contains data 
from a single bout. For the bout by Harry on 22/8/97 only 60 strophes were recorded and the 
number of types and classes is probably an underestimate. In 1998 and 1999 Sam sang very 
complex repertoires not easily sorted into classes. In the 15 strophes sung from the last perch on 
3110199, there were 11 different strophe types sung. 

Extension of results from ease studies to additional birds 

Bird-bout 

Bert 
29/10/96 

Bert 
22/8/97 

Bert 
26/8/97 

Bert 
4/9/98 
Harry 

2511 0196 
Harry 
6/8/97 
Harry 

22/8/97 
Hanry 
41919 8 
Sam 

411 1/96 
Sam 

24/8/98 
Sam 

3/10/99 
Pete 

21/10/97 
Willy 

30/10/98 
Willy 

1/10/98 

The case studies examined in 4.3 showed that no birds shared any strophe types, and each 

bird sung new strophe types each year, with no repetition of strophe types between years, 

but with sometimes a discernible relationship between some strophe types from different 

years. They further showed that there was some repetition of elements and phrases, both 

between and within birds. These general results appeared to hold for the additional birds 

studied in less detail than in the case studies. 

Number of 
strophes 
analysed 

100 

25 

64 

60 

163 

127 

60 

93 

107 

170 

3 9 

5 1 

100 

170 

Total 
strophe 
types 

3 

4 

4 

4 

13 

14 

10 

11 

5 

15 

18 

8 

9 

8 

Number of 
different 

classes 

2 

2 

2 

2 

4 

5 

4 

2 

3 

5 

5 

3 

1 

1 

Strophe types per class 

2 

2 

2 

3 

9 

4 

4 

9 

2 

3 

9 

1 

9 

8 

1 

2 

2 

1 

2 

4 
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Number of strophes analysed 

Number of strophes analysed 

Number of strophes analysed 

Figure 4.26 Number of strophe types detected against number of strophes analysed for three 
birds, Bert, Harry and Sam. Strophe sequences for any bird were not necessarily sub-sets of the 
same set of strophes, being from different years in some cases. Consequently, cumulative totals 
were not relevant. The relationship between number of strophe types detected and number of 
strophes analysed was clearly not positive for Sam and Bert, and a correlation coefficient of 0.84 
was not significant for Harry. These results suggest that relatively short sequences can contain 
most strophe types. 



4.5.3 Patterns in a Sequence of Strophes 

No rules were detected for use of strophe types (for example no particular combinations 

of. types seemed to be preferred or excluded), nor was there any obvious use of particular 

types to signal intention (for example, changes of perch did not appear to be correlated 

with any strophe types). 

Possible counter-singing was occasionally detected, but there was no clear indication of 

song-matching. This counter-singing was very equivocal and not investigated further. 

Individual results 

i) Bert, 26 August 1997 

A strophe type delivery sequence is shown for Bert on 26 August 1997 (Fig. 4.27). Using 

the observed frequency of occurrence of strophe types (Table 4.15), the expected 

frequency of occurrence of pairs of strophe types was calculated and compared with the 

observed frequency of occurrence of pairs of strophe types (Table 4.16 and Fig. 4.27). 

Al ,  Al ,  B1, Al ,  B1, Al,  B1, B1, Al,  Al ,  B2, Al,  Al ,  Al ,  B1, Al ,  Al,  Al, 

B1, Al ,  B2, B2, A2, Al ,  B2, B2, B2, B1, B2, Al,  Al ,  B2, Al ,  B1, Al,  B2, 

Al ,  B2, B2, Al ,  B2, B2, Al,  B1, Al,  Al ,  Al,  B1, A2, Al ,  Al ,  B1, Al, Al, 

Figure 4.27 A sequence of strophe types from Bert. Types are shown for the last sixty strophes 
sung on 26 August 1997. Sequence of strophe types is read across the rows. Bert flew after the 
last strophe shown. 

Table 4.15 Frequencies and relative frequencies of each strophe type in the last sixty strophes 
sung by Bert on 26 August 1997. 



Table 4.16 Observed and expected relative frequencies of the occurrence of pairs of strophe types 
in a sequence of 62 consecutive strophes sung by Bert on 26/8/97. 

There were insufficient data for a chi-squared test but there was no obvious bias towards 

particular strophe pairs. 

ii) Sam, 4/11/96 

There was no difference in the number of deliveries of type A strophes and type B 

strophes but type C was sung only twice in the sequence of 107 strophes (Table 4.16) 

Generally A and B alternated but occasionally groups of As and Bs occurred. Type C did 

not occur frequently enough for comments to be made on any associations with the other 

elements and on one occasion was delivered between two A type strophes and the other 

time between two B type. The bout concluded with a string of 5 type B strophes. 

Statistical tests were not performed on this sequence as it was considered that the above 

results were self-evident. 



Table 4.17 Frequency of occurrence of groupings of strophe types in a sequence of 107 strophes 
consisting of three types, A, B and C. The sequence was delivered by Sam on 411 1/96. Generally, 
strophes were delivered in the sequence ABABAB . . .. 

General pattern of strophe delivery 

Strophe grouping 

AA 

AAA 

BB 

BBB 

BBBBB 

Analysis of strophe type sequences from other birds showed similar results, i.e. strophe 

types appear to be delivered at random in most bouts. 

4.5.4 Sound Production in a Bout 

Frequency of occurrence 

5 

1 

8 

1 

1 

Rate of sound production, in seconds of sound per minute of song bout, was calculated 

for two birds, Bert and Harry, for sections from bouts on one day for each bird in each 

year from 1996 to 1998 (Table 4.18). 

Table 4.18 Average sound production per minute for two birds on three days each over three 
years. 

Each bird sang with its greatest sound production rate in the 1997 bout and its least in its 

1998 bout. In addition, each bird sang with the fastest delivery rate (strophes per minute) 

in the 1997 bout and the slowest delivery rate in the 1998 bout. This latter result was not 

necessarily implicit. Strophe duration had also to be taken into account. For strophe 

duration the results were not so clearly related. For each bird, the longest mean strophe 

Bird 

Bert 
Bert 
Bert 
Harry 
Harry 
Hany 

Date 

29110196 
26/08/97 
4/09/98 
25110196 
6/08/97 
4/09/98 

Number 
of 

strophes 

100 
60 
60 

163 
127 
93 

Sound 
production 

rate 
(secslmin) 

9.0 
15.7 
7.7 

12.7 
14.6 
9.18 

Strophe delivery 
rate (strophes 
per minute) 

8.6 
13.6 
6.0 
10.9 
14.6 
7.0 

Mean strophe 
duration 

(secs) 

1.028 
1.196 
1.370 
1.136 
1.027 
1.285 



duration occurred in the 1998 bout, the bout with the slowest delivery rate. As 

previously mentioned, this was the bout with the lowest sound production rate. 

However the obverse was not true for shortest strophe duration for both birds. For 

Harry the shortest mean strophe duration did occur in the bout with the greatest sound 

production rate but this was not so for Bert. Further statistical analysis was done on 

this data but there was no indication that there was a fundamental difference in sound 

production rate between the two birds. 

4.6 A Note on the Discussion 

The findings in this chapter concern only part of the structure of grey butcherbird 

breeding song vocalizations. These findings are discussed, together with the findings 

from Chapter 5, at the end of that chapter. 



CHAPTER F 

MALE BREEDING SONG li 

L STRUCTURE: SEASONAL 

AND DAILY PAmERNS IN BREEDING 

SONG 

Never again would birds' song be the same. 
And to do that to birds was why she came. 

Robert Frost 
Never Again Would Birds' Song be the Same 



CHAPTER 5 

MALE BREEDING SONG II 

TEMPORAL STRUCTURE: SEASONAL AND DAILY PATTERNS 

IN BREEDING SONG 

5.1 INTRODUCTION 

As mentioned/discussed/outlined in Chapter 4, there are still many unanswered 

questions regarding dawn song and the nature of the dawn chorus. In order to tackle 

some of these questions it is necessary to have a clear idea of the nature of the 

problems. One set of problems arises from the uncertainties regarding the degree of 

generality of many findings. This is due to some extent to failure to specify clearly 

details such as the time and place and also the tendency to assume that the singer will 

be a Northern Hemisphere male passerine. A further problem is the relative lack of 

studies on Southern Hemisphere birds. 

Some attempt was made in Chapter 4 to address some of these problems with detailed 

studies of dawn song by individual male grey butcherbirds. In that chapter acoustic 

structure including element types, their combination into phrases and strophes and 

patterning of strophes in bouts was examined. This provided additional data suitable 

for assessing broad similarities between song sensu strict0 in Northern and Southern 

hemisphere birds. A different suite of problems is addressed in Chapter 5. 

5.1 . I  Further Problems Resulting from Imprecise Use of Terms and Poor 

Subject Specificity 

a. Imprecise use of 'dawn', 'twilight', 'chorus' 

One of the issues raised in Chapter 4 was imprecise use of terms of terms such as 

'dawn', 'twilight' and 'chorus'. Terms such as 'dawn' are associated with low light 

levels which are highly relevant to hypotheses regarding the function of song. Yet the 

terms 'dawn' and 'twilight' are rarely defined and, only occasionally are precise terms 

indicating light levels given explicitly. For example, 'daybreak' (Staicer et al. 1996, 

p426), 'predawn' (Hailman and Ficken 1996 p155) and 'after twilight' (Mace 1987 



p745) are imprecise; it is not possible to deduce the light conditions from these terms. 

However occasionally authors give the number of minutes before or after sunrise or 

civil twilight. In these cases, if latitude also is given, as in Part (1991) and Keast 

(1 994b), then light levels are implied (as discussed in section 12.2). If these details are 

not given then light levels are not even implicit. 

Otter et al. (1997 p169) defined 'dawn' as the start of civil twilight. They used "time 

before . . . civil twilight (dawn) . . . of the first song" as one measure of song output. 

This is inconsistent with other implied definitions of dawn but the use of 'civil 

twilight' does have the advantage of being specific with clearly defined light levels. In 

some cases the light levels are described (for example "the birds . . . were barely 

visible" (Slater 1993 p 1 53) and "light conditions were poor" (Part 199 1 p 454)). 

These descriptions suggest nautical twilight, but use of the term would have left no 

doubt. 

Another term that can cause uncertainty, and is rarely defined, is 'chorus'. This is 

usually used correctly but is sometimes used as if it were synonymous with the song 

bout of a single bird, (for example "a chorus was deemed to have ended when the male 

stopped singing for a minimum of five minutes'' (Otter et al. 1997 p169)). A single 

bird, however, cannot chorus. This lack of precision would not matter if the error was 

as obvious as in the above example. Frequently, however, 'chorus' is used 

interchangeably with 'singing', 'song' or 'bout' and consequently there is ambiguity in 

distinguishing the causes of dawn singing, which needs to be looked at initially fkom 

the perspective of a single bird, fiom the causes of chorusing, that is, many birds and 

species singing at approximately the same time. 

Because of the imprecision in publications referred to above, it is difficult to obtain 

precise details of starting and finishing times. Even when authors quote the time before 

sunrise there is still some uncertainty about light levels. This uncertainty arises 

because the difference between the start of nautical twilight and sunrise increases with 

increasing latitude. (See Appendix Seven for details and examples). Further, in late 

spring and summer at higher latitudes, there may be no twilight because the sun is 

permanently above the twilight limit or, even if the sun sets, there may be no start to 

nautical twilight because the sun never drops below the lower twilight limit. 

226 



If sufficient data are provided implicit light levels can be deduced. For example, Keast 

(1 994b) provided latitude, date and time before sunrise for the start and finish of the 

dawn chorus in an Australian eucalypt bird community. Using this information it is 

possible to work out that birds were starting on average towards the end of nautical 

twilight and finishing in civil twilight. Thus the fundamental light levels were implicit. 

In summary, in order to indicate the ambient light conditions at the time during which 

dawn singing takes place, the simplest way is to give the official twilight periods. 

Regardless of season or latitude, these specify the number of degrees the sun is below 

the horizon with the implicit light level. There are also official qualitative definitions of 

these twilight periods which give a good indication of the amount of light, somewhat 

analogous to the Mercali and the Richter scales for qualitative and quantitative 

earthquake magnitudes respectively (See Appendix Three). 

b. Problems associated with failure to specify time of day and date of dawn 

singing 

For any detailed discussion of dawn singing, it is essential to know at what time of the 

day and when during the year it takes place. However, in this area also, imprecision 

and lack of consistency have caused some difficulties in assessing the literature. 

Time of day can be deduced for cases where light levels are given or implied. Using the 

information in the literature, it appears that birds start dawn singing during nautical 

twilight and finish in either nautical or civil twilight (Part 1991, Slater 1993, Otter et 

al. 1997, Keast 1994b). However there are some cases where deduction is difficult. For 

example, in Mace's (1987) study of the great tit, it is not possible to tell precisely 

what is meant although her descriptions imply nautical twilight. 

Most authors state or imply that dawn singing is largely confined to the breeding 

season (Kacelnik and Krebs 1982, Mace 1987, Keast 1994'0, Albrecht and Oring 1995, 

Hailman and Ficken 1996, Staicer et al. 1996, Otter et al. 1997). This, however, could 

be because most song in the in the northern hemisphere is given by males in breeding 

condition during the breeding season. 



5.1.2 Aims for This Chapter 

In this chapter, the daily and seasonal duration of breeding song are examined. 

Methods are as detailed in the general section and in Chapter 4 and additional methods 

specific to this section are given here. The investigations in this chapter will give 

precise details of when dawn singing starts during the day and during the year (with 

the time relative to civil twilight so that associated light levels can be deduced) as well 

as the length of the dawn song bout with changes through the season. These results 

will be incorporated with results from chapter 4 in an overall discussion of breeding 

song at the end of the chapter. 

5.2 METHODS 

5.2.1 Seasonal Duration 

Minimum seasonal duration of breeding song was estimated (a) using data fiom all 

birds for which reasonable starting and finishing dates were available for any bird 

within the same year (three birds) and (b) using similarly selected data across all years 

(four birds). For these calculations, dates were weighted according to their reliability as 

follows: 

Criterion Reliability 
weighting 

Known to be first (or last) date Certain 4 

Thought to be close to first (or last) Probable 3 

Considered to be to be rather late (or early) Possible 2 

Considered to be much too late (or early) Unlikely 1 

Each yearly duration was given a weighting based on these criteria and a weighted 

mean calculated. 

5.2.2 Daily Start Times of Male Breeding Song 

Starting time, as time before civil twilight, was plotted against date. This was done for 

all-birds, all weather, all years from 1993 to 1999 and for 1999 alone and also for two 

individual birds (Sam and Tony), in all weather, for years where the greatest amount of 

data was available for these birds. Data from all years for a single individual was 

available for only one bird, Gully. 



In order to assess the effect of lowered light intensity due to poor weather, data were 

analysed separately for days with no cloud or light cloud. Light cloud was defined as a 

cloud cover of 4 octets (4/8) or less. Days where the weather was not recorded were 

also excluded, as were days with a heavy band of cloud low in the east, regardless of 

the amount of cloud cover. 

In most cases the appearance of the graph was used to detect trends. Where 

appropriate, correlation between starting time and date was tested using Pearson's 

product-moment correlation coefficient. The hypotheses being tested were that there 

was a positive correlation up to the middle of the breeding season and a negative 

correlation from the middle of the breeding season to the end. Use of this test assumed 

linearity between date and starting time, but this was not considered a problem due to 

the conservative nature of the assumption (see discussion). 

To perform the tests, each data set was divided into two sections, one before, and one 

after a date judged to represent the middle of the breeding season for that bird or set of 

birds. The date was selected by eye from the graph. 

5.3 RESULTS 

5.3.1 Seasonal Duration of Male Breeding Song 

Male breeding song typically commenced on the last days of July or early in August 

and finished in mid- to late November (Table 5.1 and Table 5.2). Where firm dates 

were available there was little variation in the starting dates for all birds (27 July to 30 

July), but greater variation in the finishing dates (1 0 November to 26 November). 

Variation in finishing date was also observed within individual birds across years. 

Additional data would have been needed to determine whether inter-bird variation was 

greater than inter-year variation but the available data suggested that three birds 

(Harry, Sam and Stokes) finished in the first half of November and two birds (Bert and 

Gully) finished in the last half. 

Minimum seasonal duration, estimated for three birds from data within the same year 

(Table 5.1), was three months 21 days (range 3m 15d to 3m 26d) and that estimated 

from data for 4 birds across all years (Table 5.2), was 3 months 19 days (range 3m, 

11 d to 4m, Od). 



Table 5.1 Starting and finishing dates and minimum duration of male breeding season song 
for three birds, within the one year for each bird. Where the known first breeding song for 
the season was not recorded, the earliest date recorded was used (if appropriately early). 
Likewise, where the known last breeding song for the season was not recorded, the latest 
date recorded was used (if appropriately late). Weightings refer to the likelihood that the 
date in question was the first (or last) for that season. 

Table 5.2 Starting and finishing dates and minimum duration of male breeding season song 
for four birds across all years. Dates are either known first occurrence or earliest recorded 
occurrence of breeding song for the season or known last or latest recorded occurrence of 
breeding song for the season for that bird across all years from 1993 to 1999. 

Bird 

Gully 
Sam 
Tony 

5.3.2 Daily Start Times of Male Breeding Song 

Generalised average: 3 months 21 days 

Weighting 

3 (Probably) 
4 (Certain) 
1 (Unlikely) 

Date 
start 
3 1/7/93 
3017199 
6/8/98 

Bird 

Gully 
Harry 
Sam 
Tony 

With very few exceptions, breeding song started before civil twilight (Fig. 5.1). Over 

the season, most times were scattered from and up to 60 minutes before civil twilight. 

The earliest times detected (the time envelope) showed a tendency to become earlier 

with respect to civil twilight (and, by implication, sunrise) as the season progressed 

up to approximately mid-October. This tendency continued until the middle of the 

breeding season (late September to early October) when the effect was reversed and 

there was a tendency for breeding song to start progressively later (with respect to 

civil twilight), until the breeding song stopped in mid- to late November. The same 

trend was observed in results for all-birds in a single year (Fig. 5.2), for individual 

birds over a single year (Figs. 5.3,5.4), for individual birds over all years (Fig. 5.5) and 

for good weather (Figs. 5.6, 5.7). The trend for earlier starting times towards the 

middle of the breeding season was particularly clear for some individuals within a 

single year (Figs. 5.3, 5.4). 

Date 
finish 
2611 1/93 
1011 1/99 
2111 1/99 

Generalised average: 3 months 19 days 

Date 
start 
28 July 
1 Aug 
30 July 

. 6Aug 

Weighting 

3 (Probably) 
2 (Possibly) 
3 (Probably) 

Weighting 

4 
3 
4 

. 3 

Minimum 
duration 
3 months 26 days 
3 months 19 days 
3 months 15 days 

Date 
finish 
28 Nov 
12 Nov 
15 Nov 

, 21 Nov 

Weighting 

4 
3 
3 

. 3 

Minimum 
duration 
4 months 0 days 
3 months 11 days 
3 months 16 days 

. 3 months 15 days 



These trends were apparent from the appearance of the graph. To further assess these 

trends, a second-degree polynomial trend-line was added to the graphs. The trend-line 

did serve to emphasise the perceived trend. Again, all graphs showed a similar pattern 

to that for all birds, all years, all weather (Figs. 5.8). 

Date (93-99) 

Figure 5.1 Starting time of male breeding song as time before civil twilight (the lower the 
data point, the closer to sunrise) for all birds, all weather, for years 1993 to 1999. 



Date (1999) 

Figure 5.2 Starting time of male breeding song as time before civil twilight for all birds, 
all weather, for 1999. 

Date (1999) 

Figure 5.3 Starting time of male breeding song as time before civil twilight for one bird 
(Sam), all weather, for 1999. 



Date (1998) 

Figure 5.4 Starting time of male breeding song as time before civil twilight for one bird 
(Tony), all weather, for 1998. 

Date (93-99) 

Figure 5.5 Starting time of male breeding song as time before civil twilight for one bird 
(Gully), all weather, from 1993 to 1999 inclusive. 



Date (93-99) 

Figure 5.6 Starting time of male breeding song as time before civil twilight for all birds 
from 1993 to 1999 inclusive, good weather only (i.e. omitting days more than half- 
overcast, days with weather not recorded or days with a heavy band of cloud low in the 
east). The pattern is essentially as that for all years, all weather. 

i! 1117 1018 919 911 0 811 1 811 2 
F 

Date (1999) 

Figure 5.7 Starting time of male breeding song as time before civil twilight for all birds in 
1999, good weather only (i.e. omitting days more than half-overcast, days with weather 
not recorded or days with a heavy band of cloud low in the east). The pattern is essentially 
as that for all years, all weather. 



. 
Date (93-99) 

Figure 5.8 Male breeding song starting time for all birds, all years all weather, as time 
before civil twilight, with a second-degree polynomial trend-line added. The trend-line was 
added merely to draw attention to the tendency for average starting time to become 
earlier with respect to civil twilight as the season progressed up to the middle of the 
breeding season and then to become later again towards the end of the breeding season. 

In addition, correlation between starting time and date was tested using Pearson's 

product-moment correlation coefficient. As described in methods, each data set was 

divided into two sections, one before, and one after a date judged to represent the 

middle of the breeding season for that set. The date was selected by eye from the 

graph. For example, for Gully all years (Fig. 5.5) the central date chosen was 28th 

September, when breeding song started at 44 minutes before civil twilight. 

For the data sets tested (all-birds 1993-1 999, all weather; Gully 1993-1999, all weather 

and good weather; Sam 1999, all weather) there was a significant correlation (P < 0.05) 

between date and starting time in one of the two sections tested (Table 5.3). 



Table 5.3 Correlation between date and starting time of breeding song for 5 sets of birds, 
years and weather. the results confirm the graphical impression of correlation between 
date and starting time of breeding song. 

The tendency for relative starting time to become earlier (or later) with date was more 

marked at the beginning and the end of the season (see especially Figs. 5.2 and 5.3). 

Consideration of the data for all birds, all years, good weather (Fig.5.6) shows that 

between late August and early November starting times were considerably more spread 

out than before or after these dates respectively. 

When data for dates between 24th August and 4th November was excluded, the results 

emphasised the above mentioned trend (Fig. 5.9). Before 24th August there was a 

positive linear correlation between date and start time with respect to civil twilight (r = 

0.7, n = 10, P < 0.05) and after 4th November there was a negative linear correlation 

between date and start time with respect to civil twilight (r = -0.9, n = 6, P < 0.05). 

The same overall trends were apparent whether considering data from individual birds 

or all-birds or for one year or for multiple years. 

Bird 

All birds 

All birds 

Gully 

Gully 

Sam 

5.3.3 Daily finish times of male breeding song 

Up to middle 

NS 

NS 

NS 

NS 

P < 0.01 
r = 0.82, n = g 

Year & weather 

93-99, all W 

93-99, clear 

93-99, all W 

93-99, clear 

1999, 

Cessation of daily breeding song, as time before civil twilight, for all birds, all years and 

all weather, varied between 14 minutes before, to 26 minutes after, civil twilight. There 

was little tendency for finishing time to alter in a systematic manner with date (Fig. 

5.10). An outlier of 57 minutes after civil twilight on 1011 0198, was excluded from 

analysis as this appeared to be quite atypical behaviour which was not seen at any 

other time in any year. Analysis of data for 2 individual birds, Sam and Gully, showed 

the same pattern (Figs. 5.1 1, 5.12) although Sam showed a greater range over one year 

Middle to end 

P < 0.05 
r = - 0.24, n = 81 

P < 0.05 
r = - 0.38, n = 25 

P < 0.01 
r = -0.69, n = 21 

P < 0.01 
r = -0.67, n = 19 

NS 



than Gully did over all years from 1993 to 1999. No sets showed a significant 

relationship between finishing time and date (NS; Pearson's product-moment 

correlation). 

Date (93-99) 

Figure 5.9 Starting times of male breeding song ('$od7 weather only) for all years from 
1993 to 1999, with data between 24'" August and 4' November excluded to emphasise the 
pattern in the 'tails'. 

-20 Dale (93-99) 

Figure 5.10 Male breeding song finishing time for all birds, all years, all weather 
expressed as time before civil twilight. In contrast to breeding song starting time, finishing 
time shows little change from the beginning to the end of the breeding season. 



Date (1999) 

Figure 5.11 Male breeding song finishing time for one bird, Sam, in 1999, all weather. For 
Sam, earliest start time altered with date ih the manner observed for other birds, but 
finishing time, shown here, was much more erratic. 

Date 

Figure 5.12 Male breeding song finishing time for one bird, Gully, 1993-1999, all 
weather, expressed as time before civil twilight. For Gully, finishing time showed little 
correlation with date. 



5.3.4 Comparison of Starting Times with Finishing Times 

Comparison with the corresponding graphs for starting time (Figs 5.1,5.3 and 5.9,  

shows a difference between starting and finishing times with respect to civil twilight, 

especially the earliest times for each data set. Earliest starting times altered with date, 

as previously described, whereas finishing times did not. There was a greater range in 

starting times than in finishing times for all-birds and for Gully alone but not for Sam 

(Table 5.4). 

Table 5.4 Range of starting and finishing times of male breeding song for all birds from 
1993 to 1999, for one individual, Gully, from 1993 to 1999 and for one individual, Sam, 
for one year, 1999. 

The above patterns for starting and finishing times are consistent with the following 

generalisations: 

(a) Breeding song usually commenced in the half- 

light (nautical twilight (Box 5.1)) when it was too 

dark to see into the tree canopy and finished just 

before or after the start of civil twilight. 

(b) ) On a daily basis, breeding song commenced 

progressively earlier each day (in absolute time) 

as the breeding season progressed and 

progressively later each day towards the end of 

the breeding season, finally ceasing some time in 

November 

Box 5.1 Nautical Twilight 

Nautical Twilight is defined as the 

period when the angular depression 

of the centre of the sun's disc is 

greater than 6" but not greater than 

12" below the true horizon. In 

practical terms, it marks the time 

when general outlines will be visible, 

but the horizon probably will not be 

distinguished, visibility is poor, all 

detailed operations are impossible, 

and all the brighter stars can be seen. 



(c) On a seasonal basis, breeding song started at the end of July or early August and 

finished in mid to late November 

(d) Breeding song duration tended to be greatest in the middle of the season and least at 

the beginning and towards the end of the breeding season 

(e) At the beginning and the end of the season starting times tended to lie within a 

narrow time band but between the end of August and the beginning of November, were 

quite spread out. 

5.3.5 Daily Duration of Male Breeding Song 

Daily duration of breeding song for all birds showed a general tendency to increase 

from the beginning of the season, reaching maximum duration in late August or early 

September, and then decreasing from early October until the end of the breeding 

season. This trend was observed using data for all birds, all years, all weather (Fig. 

5.13), all birds, for all years, 'good weather' (as previously defined) (Fig. 5.14), and for 

individual birds (Fig. 5.1 5 5.16). 

Using data for all birds for all years from 1993 and 1999, the maximum duration was 

47 minutes. A duration of 40 minutes or greater was recorded on eight occasions out of 

41 and these all occurred between 2oth August and loth October. The mean duration 

(Table 5.5) was 24 minutes (SD 13.2). There was little variation in average daily 

duration, whether considering all years from 1993 to 1999, or individual years (1 996, 

1998, 1999) (these individual years being the only ones with sufficient data available 

for analysis). Given the closeness of the means and standard deviations, no further 

tests of significance were performed to test the validity of this assertion. 



2917 1218 2618 919 2319 7 /10  21110 411 1 1811 1 

Date (93-99) 

Figure 5.13 Daily duration of male breeding song for all birds for breeding seasons from 
1993 to 1999. 

Date (93-99) 

Figure 5.14 Daily duration of male breeding song for all birds for breeding seasons from 
1993 to 1999, for good weather only. 
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Date (93-98) 

Figure 5.15 Daily duration of male breeding song for one bird, Gully, for breeding seasons 
from 1993 to 1998. 
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Date (96-99) 

Figure 5.16 Daily duration of male breeding song for one bird, Harry, for breeding 
seasons from 1996 to 1999. 



Table 5.5 Mean duration of breeding song for all birds for individual years for which 
sufficient data were available and for all years. Mean duration showed little variation from 
year to year. Number = number of measurements of breeding song duration. Standard 
deviation is given in brackets. C.V. = Coefficient of Variation. 

I Year I Number I Mean I C.V. I 

I All I 4 1 1 24 (13.2) 1 5 5 

5.4 DISCUSSION 

BREEDING (DAWN) SONG: ACOUSTIC AND TEMPORAL STRUCTURE 

The present section of the study attempted to investigate early dawn singing in the 

grey butcherbird. Aspects investigated included temporal and acoustic structure and 

behaviour. The findings regarding acoustic and temporal structure of grey butcherbird 

breeding song will now be discussed and an attempt will be made to deduce possible 

functions related to structure. Findings described in Chapters 4 and 5 are discussed 

below and further discussion follows in Section 6.5. 

5.4.1 Overview 

As described in Chapter 3, the grey butcherbird gave loud rollicking vocalizations, 

often as duets, during the day and all year round. A dramatic change occurred towards 

the end of July or early August at the start of the breeding season. The presumptive 

breeding male in a family group began to sing a song with very different structure and 

patterning. This song often commenced before first light and the length of time each 

day for which it was sung varied through the season. At first it was sung for only a 

few minutes each morning but this lengthened until by early October the song was 

sung for about one hour. The length of this special dawn singing then started to 

decrease, finally ceasing some time during November. This song is here called 'dawn 

song7 or 'breeding song' to distinguish it from 'day song' or 'year round song' also 

referred to as 'day vocalizations'. 



Breeding song was in many aspects simple. The timing was very regular, only a few 

element types were used and there were few harsh elements. However in some ways 

breeding song was complex. The breeding song repertoire of every bird was markedly 

different from that of its neighbours and, in addition, changed markedly from year to 

year. In an attempt to describe this song that varied across space and time, case 

studies were made of three birds, Bert, Harry and Sam, in the main study area from 

1996 to 1999. The case studies applied particularly to acoustic structure - the most 

complex aspect of the repertoires. The major findings from these case studies are 

discussed below and this is followed by a discussion of temporal aspects of breeding 

song extended to the general population of birds studied. Behaviour during breeding 

song with further implications for possible functions is described in Chapter 6. 

5.4.2 Case Studies of Three Birds 

5.4.2.1 General structure 

There were broad similarities in the repertoires of all three birds but also some distinct 

individual differences. All birds sang discrete song bouts composed of a variable 

number of discrete 'songs', referred to here as 'strophes'. Strophes were usually 
' 

composed of distinct phrases, which in turn were composed of recognisable elements. 

All birds used the same simple element types, rising elements, falling elements, warble 

elements and horizontal elements as well as more complex elements which appeared to 

be formed by combining two of the simpler elements. One bird, Bert, used a greater 

proportion of simpler elements than the other two. Certain elements appeared 

virtually identical across individuals and years while others were confined to one or 

two of the birds and yet others to one bird in one year only. In short, some elements 

were relatively invariant while others appeared to be individual inventions. 

Phrase formation was common to all birds and most phrases were composed of only 

two elements. Some phrases were found in all birds in all years and others were shared 

less widely. Most strophes were a mixture of phrases and individual elements. The 

number of elements per strophe varied markedly up to a maximum of 15 and, in 

general the repertoire with the lowest mean number of elements per strophe also had 

the smallest number of strophe types. 



Each bird used a limited number of strophes, which clearly fell into groups of similar 

strophes. These groups or 'strophe classes' should not be confused with 'song classes' 

used for the much more significantly different categories of vocalization described in 

Chapter 3. Where there was more than one type in a strophe class the relationship 

between strophe types was simple with strophe types differing from one another 

only in the addition or omission of one or more elements, usually at the end. This 

method of generating new renditions has been recorded for the tropical bou-bou 

(Thorpe 1965) and the grey fantail (Keast 1993) however it was not clear what 

particular type of song was being referred to in these cases. Thus for grey butcherbird 

breeding song, although there were set sequences of notes within a given song type, 

the ending was not fixed; almost any note could terminate the song. Complex strophes 

were formed by adding unusual phrases to a common strophe. This complex strophe 

formation was not observed in Bert's repertoire. 

Allocation into classes was difficult for some complex strophes and in a small number 

of cases strophes were assigned somewhat arbitrarily to class. The maximum number 

of strophe classes per bird over the years varied from two for Bert to five for Harry 

and Sam. Usually repertoires with few strophe types had few strophe classes but 

large numbers of strophe types did not necessarily mean large numbers of classes. The 

number of strophe classes for a given bird was reasonably constant. So what was the 

repertoire size? This cannot be answered without first considering some associated 

problems. 

5.4.2.2 Repertoire size 

Some problems concerning repertoire size were outlined in Section 1.6. The first 

decision to be made is what is meant by a repertoire. Perhaps the most useful 

interpretation in the case of the grey butcherbird, or any other species that modifies its 

repertoire from year to year, is that a bird's repertoire consists of all the different 

'songs' or 'themes' it will sing during a given time period, for example a breeding 

season. Otherwise repertoire size would be constrained only by the length of the 

bird's life and not species' characteristics. 

As previously discussed there are two further problems. The first is making sure the 

count is complete; the second relates to problems with classifying the songs that have 
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been identified. For the count to be complete the natural history of the bird in question 

must be sufficiently known and the sampling method must be adequate. Hopefully the 

detailed case studies just described have documented aspects of natural history 

relevant to repertoire size in sufficient depth to satisfy the first requirement. 

Adequacy of sampling is next discussed. Following this, classifying song types will be 

addressed. 

a) Adequacy of sampling strophe types 

One problem that regularly occurs with regard to repertoire size is whether all 

strophes types have been detected. Analysis of sequences of strophes for all birds had 

shown that when number of strophe types sampled was compared with number of 

strophe types detected, a limit was reached after approximately the first twenty 

strophes sampled. After this number there was no correlation between number of 

strophes analysed and number of strophe types detected. These results suggested that 

relatively short sequences of strophes contained most strophe types and sampling had 

been adequate. A sample of 25 to 50 strophes usually captured most song types. 

This is in surprising agreement with the recommendation of Hiebert et al. (1989) who 

considered that a half-hour repertoire size might be an ecologically valid measure of 

repertoire size since transients would be the main threat to a territory holding bird and 

they would judge a repertoire size within a half-hour of listening. Before the analysis 

of grey butcherbird repertoire size had been completed it had been thought that the 

recommendation of Hiebert et al. (1 989) might be valid only for birds with a typical 

temperate northern hemisphere life history, where transients that may pose a threat 

pass through with fairly high frequency early in the season when territories are being 

established. However it does seem that a brief sample during any one bout is likely to 

capture all but rare strophe types in the grey butcherbird's repertoire. 

Additional types were rarely added after sampling 25 to 50 strophes of a grey 

butcherbird's repertoire, but nevertheless they were added and some types were 

detected once only. This suggests that the repertoires were open-ended. This pattern 

has been found in common starlings Sturnus vulgaris although the ability to 

incorporate new song types decreases with age (Eens et al. 1992) and chickadees 



(Hailman and Ficken 1996). Hailman and Ficken (1996) found that as the sample size 

was increased for chickadees they continued to find new (and rarer) call types, 

apparently without any bound. Formal analysis (e.g. Zipf-Mandelbrot analysis) was 

not done on the grey butcherbird repertoires but the data to hand strongly suggest that 

these dawn song repertoires were open ended. Among communication systems, only 

human language is known to show this phenomenon but only a few passerine species 

have been appropriately analysed (Hailman and Ficken 1996). Additional studies of 

true dawn song in more species may show that the phenomenon is not so unusual. 

There was one occasion when the sampling method would not have been adequate but 

this was under exceptional circumstances. In 1999 Sam delivered a bout in which 18 

strophe types were detected but nine of these were given for the first time within the 

last 15 strophes of the bout. This was the bout during which Sam was possibly 

involved in a copulation event and excitement engendered by the presence of a visiting 

female may have elicited this creative outburst. Moreover while the imminent end of a 

singing bout was usually signalled by a decrease in singing rate (see below), in this case 

the singing rate increased markedly towards the bout's end. The bout ended with,the 

suspected copulation event. 

b) Classifying song types 

The number of 'songs' in birds' repertoires cannot really be known without knowing 

how birds themselves classify songs (Falls et al. 1988). Human observers could place 

too much emphasis on fine detail or consider small differences trivial when they are 

important to a bird (Hailman and Ficken 1996). It was beyond the scope of this study 

to address this problem. However very few studies have addressed it and the attempt 

at classification given here, based on human perceptions of similarity, gives some basis 

for comparison with birds elsewhere and a starting point for further studies. 

c) Repertoire size 

If the grey butcherbird repertoire size were measured in terms of strophe types then 

the smallest repertoire among the case study birds would have been Bert's in 1996 

with three song types and the largest would have been Sam's in 1999, with 18 song 

types. Even if the 1999 repertoire were discounted because of the suspected 



copulation event, Sam still would have had the largest repertoire with 15 strophe 

types in 1998. Harry's repertoire however was scarcely smaller with 14 song types in 

1997 and 13 in 1998. Such a basis for determining repertoire size would mean that the 

grey butcherbird had a large repertoire (Keast 1993, Beecher et al. 2000b). 

If however the strophe class as here defined were the basis for repertoire size then 

repertoire size would generally be two and four 'songs' or possibly up to five for 

Harry and Sam depending on the validity of the classification of complex strophes. 

This is within the more usual range for repertoire sizes (Keast 1993, Beecher et al. 

2000b). There would be some problems with this however as the complex strophe 

types allocated to separate classes could with some validity have been assigned to 

already existing classes. Western meadowlarks classify their songs using features 

contained in the first half of the song (Falls et al. 1988) and if grey butcherbirds did 

likewise then the endings of the complex strophes would not justify allocation to 

separate classes. Long-billed marsh wrens display a similar use of 'hybrids'. 

Categorization becomes arbitrary in such cases (Kroodsma 1982). If these hybrids in 

grey butcherbirds were not allocated to separate classes then Hany and Sam would 

have the same repertoire size as Bert and this would be misleading in terms of 

repertoire complexity. In short, repertoire size does not seem to be a useful parameter 

for comparing complexity between male grey butcherbird song repertoires. 

5.4.2.3 Rules for bout structure and modifications 

No rules were detected for use of strophe types (for example no particular 

combinations of types seemed to be preferred or excluded), nor was there any obvious 

use of particular types to signal intention (for example, changes of perch did not 

appear to be correlated with any strophe types). Some strophe types were used 

frequently, some were used rarely and others fell somewhere in between. Otherwise 

strophe types appeared to be delivered at random. 

One of the most significant findings was that no birds shared any strophe types, and 

each bird had a new repertoire each year. There was some repetition of elements and 

phrases, between and within birds, from year to year but no repetition of strophe 

types between years. There was however a discernible relationship between some 

strophe types from different years and there was some indication that common 
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strophe types in one year showed derivation from less frequently used strophe types 

from the previous year. For example in 1996 Bert used two strophes most of the time. 

A third strophe, more complex than the others, was detected once only but was 

closely related structurally to the most common strophe type in 1997. 

There was evidence that repertoire modification was influenced by the repertoires of 

nearby males. This was demonstrated several times by changes in Bert's repertoire, for 

example by 1998 Bert had added a complex element that had been heard in Harry's 

1997 repertoire and also a phrase that had been heard in Harry's 1996 repertoire. In 

1998 a new phrase was detected in both Harry's and Bert's repertoires and it is 

suggested that they copied this from another bird within auditory range of both birds. 

There were birds in the study area that were within auditory range whose repertoires 

were either not recorded or not analysed in detail. 

Both Harry's and Sam's repertoires were more complex than Bert's. They included all 

element types found in Bert's repertoire but contained a greater proportion of 

complex elements and both consistently showed considerably more variability in the 

nwnber of elements per strophe than did Bert. However there were significant 

differences in the overall structure of these complex repertoires and also in the: 

patterns of change noted over the years. 

Harry's repertoire was initially complex and this complexity did not alter much over 

the years. Sam's repertoire, initially more complex than Bert's but less complex than 

Harry's, did increase in complexity. From 1996 to 1998 the number of elements had 

increased markedly and most elements were complex, with many ornaments. Sam's 

1999 repertoire was again quite complex with few simple elements. In this year there 

was evidence of possible imitation by Sam of an element from Harry's repertoire; an 

exaggerated warble element observed in Harry 1998 was observed in Sam in 1999. 

Other differences were in the use of phrases, number of strophe types per year and in 

amplitude range. Sam used fewer obvious phrases than Harry did; his repertoire was 

more 'fiee form'. Harry (and also Bert) tended to use the same number of strophe 

types per year but Sam showed a marked increase in number of strophe types sung 

over four years and his strophes showed a wide amplitude range within the one 

strophe rendition. 



One phrase, judging by sound, was found in most repertoires. Surprisingly, when 

various renditions of this phrase were analysed (Section 4.3.5) they did not all have 

the same appearance on a sonogram. The sound of these phrases was a musical version 

of the harsh, onomatopoetically named 'blink-o' detected in day vocalizations. The 

mean time and frequency intervals of the phrases were not significantly different and 

this must have been responsible for the similarity of the sound to the human ear. 

However the range of frequency intervals was 140-640 Hz and it was surprising that 

with this wide range of frequency intervals, the phrases were classed together using 

aural means. Possibly the time interval and the timbre of the elements were 

responsible for this aural deception. The question that remains to be answered is 

whether they were equivalent to the birds. Whether they were or not these phrases 

certainly seemed to be significant. One or both versions of the phrase were used in 

strophes by all birds in most years, often at the beginning of a strophe and as already 

described harsh versions of these phrases were common in day vocalizations. This use 

of 'blink-o' is consistent with a species-identifier role (Date et al. 199 1). 

Another disparity in sonographic appearance and sound to the human ear occurred in 

strophes by Bert but in this case the disparity was the converse of that described 

above. Two strophes from class A and class B of Bert in 1997 sounded markedly 

different to the human ear, though sonographic analysis of element structure did not 

bear out this impression. The feature that caused the different sound was the change in 

rhythm. The surprisingly different sound for sonographically similar strophes seems 

less of a puzzle when compared with human music. Changes in timing can disguise or 

even transform a melody. Humans readily recognize a melody if it is transposed up or 

down in pitch as long as the timing is maintained and the notes are played in the same 

order. The omission of one or two notes or the addition of an ornament will not 

detract from this so long as the timing and relative frequencies are maintained. 

However if the timing is altered a melody may be unrecognisable. In any case, given 

that species differences can be encoded in rhythm (Becker 1982) it is reasonable to 

suggest that this rhythm difference could have been important to grey butcherbirds. 

These general results appeared to hold for the additional birds studied in less detail 

than in the case studies. In the following section the discussion will be extended to 



cover all birds from both the main study population and from further afield. Daily and 

annual song delivery patterns will also be discussed for this wider population. 

5.4.3 Extension of Previous Findings to the Wider Population 

i) Strophe structure and repertoire size 

All other birds studied used the same basic structure as the case study birds with 

strophes composed of a limited number of elements combined into phrases that 

formed the basis of 'songs'. Their repertoires also consisted of classes containing 

related strophe types as described for the case study birds. Repertoires for all birds 

fell within the same size range using strophe types as the basis, for example Pete's and 

Willy's repertoire sizes were about half that of Sam and Harry but twice that of Bert. 

Using strophe classes as a basis showed that the only bird from a rural area had the 

smallest repertoire, with one strophe class. However Bert's second strophe class 

contained a single strophe that had been heard once only and only two bouts had been 

recorded from Willy. Further observations of Willy's singing may have yielded 

additional strophe types. 

ii) Modification of songs using phrases from other birds 

A tendency for a bird to modifl his repertoire by incorporating phrases heard in the 

repertoires of neighbours in previous years had been noted for the case study birds. 

This appeared to be equally common among other birds in the main study area. One of 

the phrases that seemed so characteristic of Sam in 1998 had been heard in Gully's 

repertoire in 1995 and Pilgrim Pete was using a variation of this in 2000. There was 

insufficient documentation to trace the incorporation of this by Pete but it had not 

been an obvious feature of his repertoire in the previous two years. These examples 

along with the individually distinctive strophes and phrases suggest that grey 

butcherbirds are capable of learning by both imitation and improvisation, not 

exclusively one or the other as previous studies have suggested (Kroodsma 1996, 

Beecher et al. 2000b). This will be further discussed along with the role of subsong in 

adults and the role of learning in day vocalizations in Chapter 7. 

iii) Bout structure and repertoire size 



Findings for number of strophes per bout from the case study birds applied equally 

well to other grey butcherbirds. Number of strophes per bout had been measured for 

13 complete bouts from six different birds. The birds included four suburban birds 

(two of the case study birds and two others from the main study area), one from 

suburban bushland (Toohey Forest) and one from a rural bushland setting (Lake 

Broadwater). The number of strophes per bout varied widely over the season (range 

40-400, median 165) and there was no apparent relationship between number per bout 

and time within the breeding season except that at the very beginning of the season 

bouts were very short and gradually increased in length towards to middle of the 

season, with the reverse towards the end of the season. There was no indication that 

number of strophes per bout varied with different geographic location. 

Likewise the findings for pattern of strophe type use for the case study birds applied 

to all other birds examined. Apart from the more frequent use of particular strophe 

types there were no constraints on strophe type use; any type could follow any 

other 

iv) Singing rate 

Song strophe delivery rate measured both as average number of strophes per minute 

and as average time from the beginning of one strophe to the beginning of the next was 

electronically recorded for five birds, four from the main study area and one from the 

rural location. Results at first appeared inconsistent but further analysis resolved one 

inconsistency nevertheless another remained. These are discussed below. 

There were differences in delivery rate in terms of strophes per minute for a given bird 

in different bouts and also between different birds. For all birds rate varied depending 

on position within the bout, being generally slower at the beginning and end. Long 

pauses sometimes occurred within bouts. Sometimes this was correlated with changes 

of perch but on other occasions there was no obvious reason for this behaviour. 

However there was some indication that an individual bird might sing at similar rates 

over a period of a few days and, moreover, analysis of sequences chosen to minimise 

the effects of other factors, including time in the breeding season and relative position 



within the strophe, showed no difference in delivery rates among birds for the three 

case study birds. 

Delivery rate measured as time from start of one strophe to the beginning of the next 

also showed a range as great within one individual as between individuals. Further 

analysis similar to that for strophes per minute is needed to investigate whether 

equivalent bout sections would show a different result. However if the result for 

delivery rate in terms of strophes per minute were correct, that is if rates really were 

the same, and if mean strophe lengths were not the same for different birds, then 

delivery rate measured as time fiom the beginning of one strophe to the end of the next 

should not be the same for different birds and this initial finding would be correct. 

Preliminary investigations into sound production rates of two birds within auditory 

range of each other suggested no fundamental difference between birds. This result is 

inconsistent with the above. It cannot be correct if both of the above are correct. Short 

strophes with a given number of strophes per minute could not result in the same rate 

of sound production as long strophes and the same rate per minute. This discrepancy 

could be simply because the sample size was too small. 

In summary, although there was great variability in singing rate within the one 

individual, there may be a singing rate in terms of strophes per minute that is 'typical' 

of grey butcherbirds. No conclusions can be drawn regarding sound production rates at 

this stage and further analysis of the data and perhaps collection of further data 

suitable for answering this question is necessary before any definite statements can be 

made. 

Regardless of uncertainties above it was clear that delivery rate slowed down before 

changes of perch and towards the end of a bout. The tendency for strophe delivery 

rate to decrease is referred to as 'drift' and two hypotheses have been proposed to 

explain drift - the neuro-muscular exhaustion hypothesis and the short-term changes in 

motivation to sing hypothesis (Weary et al. 1988, 199 1, Lambrechts 1996). It is 

necessary at this stage to pre-empt later discussion and consider two types of 

function proposed for song: territorial defence and attraction of females for extra-pair 

copulations. These are alluded to briefly here and will be further discussed in the 



section on breeding song function. The characteristic decrease noted towards the end 

of a bout could be explained by either hypothesis. Drift before a change of perch 

would seem to be best explained by a short-term change in motivation. If singing from 

a given perch produced no worthwhile result (either an approach by a female or an 

interaction with a neighbouring male) then motivation to sing might well drop off and 

be revived by a change of position. The rapid increase in singing rate towards the end 

of Sam's possible copulation bout would be most consistent with the motivation 

hypothesis. Further experimentation is needed before any conclusions can be reached 

regarding the applicability of either of these hypotheses to the phenomenon of drift in 

dawn singing in the male grey butcherbird. 

The question still remains as to whether singing rate is a significant parameter in grey 

butcherbird breeding song. Is it possible that the rates were influenced by 

environmental factors such as availability of food? There is evidence that provisioning 

increases singing rate in some birds, for example male pied flycatchers Ficedula 

hypoleuca and Ipswich sparrows Passerculus sandwichensis (Otter et al. 1997). 

Many birds, including grey butcherbirds, are provisioned by humans (Sewell and, 

Catterall 1998, Howard and Jones in press). However there was no evidence from this 

study that singing rates were lower in country birds than in city birds and in fact the 

limited data for country birds suggests that the rates were quite high. 

Finally, it would seem that singing rate was not an important feature for individual 

recognition in grey butcherbird males. If a feature is useful for individual recognition 

then it should show larger variation across individuals than within individuals (Falls 

1982). This was not so. 

If percentage performance time, song duration and song rate have been shown not to 

likely contenders for showing differences in differences in 'male quality,' then that 

leaves vocal plasticity and other forms of elaborate singing as indicators of male 

quality (Catchpole 1982, Lambrechts 1996). Although Albrecht and Oring (1 995) 

showed that Catchpole's (1 982) rules regarding structure as a predictor of function 

(for example elaborate songs for mate attraction) did not universally hold, Catchpole 

(1 982) had cautioned that comparisons may be best made between closely related 

species, populations or even individuals. The grey butcherbird, with marked 



differences shown between males, would be a most suitable species to test the 

applicability of the hypothesis that more elaborate songs are more attractive to 

females than less elaborate ones. 

v) Daily starting and finishing time of the breeding song dawn chorus 

At the start of the breeding season the breeding song dawn chorus started close to civil 

twilight. Thereafter actual starting time showed wide variation among and between 

birds but the earliest starting time envelope followed a definite trend. The earliest 

starting time envelope became progressively earlier in relation to civil twilight as the 

season advanced peaking during late September. It then became later and later with 

respect to civil twilight, until breeding song finally ceased during November. The 

finishing time was not constant but fluctuated irregularly around civil twilight. The 

pattern observed for all birds for all years was not just due to the over-riding influence 

of one or two birds on the overall trend. Analysis of the data for all birds in one year 

or for one bird in all years revealed the same pattern. At the beginning and end of the 

season there was a positive correlation between date and starting time for any subset 

of data analysed. 

The peak thus coincided with the vernal equinox, not the summer solstice as reported 

for birds in temperate and tropical areas (Staicer et a1 1996). Thus while visible light 

may be an important proximal cue for the timing of acoustic signalling at the start of 

the season, it is obviously over-ridden by other factors after the middle of the breeding 

season, in contrast to the pattern reported for temperate and tropical birds. The 

interplay between light and hormone levels would appear to be different in the 

different groups. This pattern was found for all birds tested in the main study area. 

The peak at the vernal equinox shows an interesting parallel with birds breeding in the 

arctic under continuous daylight. Birds in the arctic sing a 'dawn chorus' which peaks 

at the time when light intensity is changing most rapidly (Kacelnik and Krebs 1982) 

and at intermediate latitudes in Australia day length changes more rapidly around the 

time of the vernal equinox than it does nearer the solstices. As a consequence the rate 

at which light intensity changes at dawn would also be at its most rapid at this time. 

This factor may be worth further investigation. 



vi) Daily and seasonal duration of the breeding song dawn chorus 

The breeding song dawn chorus started in late July to early August, the last month in 

winter and finished in mid to late November, in agreement with findings by Larkins 

(1 982). There had been some uncertainty regarding precise starting and finishing dates 

for some birds in some years and various estimates of duration were made as detailed 

in the methods. The various estimates agreed reasonably well to give a mean duration 

of just less than four months. The finishing times for the birds were spread over a 

longer time (20 days) than the starting times (less than a fortnight). 

In line with the demonstrated pattern of growth and decline in daily starting time but 

relatively constant finishing time, daily duration necessarily increased to a peak and 

then decreased through the season. The maximum duration occurred during the main 

egg-laying period for grey butcherbirds (Thomson 1922, de S. Disney 1974, R.A.O.U. 

Nest Record Scheme). One deficiency in the data was that there were fewer records for 

complete bouts than for starting and finishing times. As a result it was not possible to 

say whether a late starting time for a particular bird on a particular day meant a late 

finishing time. The appearance of the graph for bout duration suggests that this mlight 

have been the case as duration showed a more regular change in values than did starting 

time. Again this would be a suitable study for further investigation. It would however 

require several field assistants, as each bird would have to be monitored more closely 

than was possible in the present study. 

vii) Starting time of the breeding song dawn chorus in relation to weather 

There was very little effect of weather noted. This is consistent with the above 

suggestion that absolute light intensity is not a major proximal cue for the timing the 

start of the breeding song dawn chorus in grey butcherbirds. This is in contrast to the 

observation by Staicer et a1 (1 996) that weather affects starting times with the 

underlying factor being light intensity. Keast (1 994a) found that rain in mid-December 

delayed the start of the dawn chorus by 20-25 minutes and markedly reduced its 

length and sound production levels in the community. However it is unlikely that this 

observation referred to grey butcherbird breeding song since by mid-December no grey 



butcherbirds were ever detected giving dawn breeding song in the Brisbane area in this 

study or by Larkins (1982) in NSW. 

viii) Characteristics of dawn singing 

Breeding song had features suitable for transmission through dense vegetation, such as 

low frequency, a relatively narrow frequency range, appropriate spaces between 

syllables and a small amplitude range (Henwood and Fabrick 1979, Keast 1993, Titus 

1998). In fact the grey butcherbird breeding song tended to be lower than the optimum 

window of 1600-2500 Hz for forest birds (Morton 1975). Possibly this is a reflection 

of their larger size compared with most passerines (Morton 1975). Repetition of 

signals was also a feature of the song. This would assist in reception of the message by 

reducing the signal to noise ratio necessary for recognition (Klump1996, Titus 1998). 

Numerous and rapid frequency changes within one syllable, a feature more suited to 

transmission though open vegetation (Morton 1975), were not common. Although 

absolute amplitude measurements were not made, relative amplitude differences within 

the one vocalization were read fkom oscillograms. Differences were obvious during 

recording and these differences corresponded with measurements subsequently made 

on oscillograms. In most birds amplitude changes were not marked but Sam's 

repertoire did contain some very low amplitude sounds. Some syllables however had 

numerous frequency changes within one syllable and this would not be suitable for 

transmission in dense vegetation. This was in contrast to the situation for day 

vocalizations where frequency changes were marked. 

5.4.4 Function of Dawn Song 

Some proposed functions of dawn singing will now be examined in light of the 

previous discussion. Staicer et al. (1996), after reviewing hypotheses that seek to 

explain either dawn singing or the dawn chorus found that no hypothesis provided a 

general explanation of these phenomena and suggested that no single hypothesis would 

do so, given the diverse ecologies and phylogenies of the species that sing at dawn. 

However because so little has been done on birds other than northern temperate zone 

birds some of these hypotheses will be briefly examined for applicability to dawn 

song in the grey butcherbird. Several environmental constraints hypotheses (Staicer et 

al. 1996) are discussed first. These are the 'spare energy reserves at dawn', the 'lower 
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predation risk at dawn' and the 'favourable acoustic conditions' hypotheses. Another 

environmental constraints hypothesis, the inefficient foraging hypothesis, is more 

appropriately assessed under the discussion of implications of behaviour for song 

function (Section 6.5). 

a) Spare energy reserves at dawn 

Unpredictability in overnight energy requirements leading to spare energy reserves at 

dawn (Kacelnik and Krebs 1982, Mace 1987), if applicable at all, would be more 

applicable to temperate far northern zone conditions than the generally benign 

subtropical Brisbane climate. Moreover this hypothesis does not explain why the 

group vocalization dawn chorus starts later than the breeding song dawn chorus. Given 

that the group vocalization dawn chorus is a year round phenomenon and always 

starts later than the breeding song dawn chorus (during the period when they both 

occur), it is unlikely that hypotheses based on environmental constraints will provide 

an answer for either phenomenon. 

b) Lower predation risk 

The lower predation risk hypothesis (Mace 1987, Part 1991, Staicer et al. 1996) 

assumes that both nocturnal and diurnal predators are less active during the early dawn 

period. However many predators are in fact crepuscular and prior to habitat 

modification in Australia over the last 200 years arboreal nocturnal (and occasionally 

diurnal) predators such as tiger cats Dasyurus spp. and phascogales Phascogale 

tapoatafa were common. Thus singing during early dawn would not have been subject 

to favourable evolutionary pressure on this basis. Further, this hypothesis does not 

seem applicable to a species that is noisy and conspicuous during the day and is rarely 

the subject of predatory attacks. 

c) Favourable acoustic conditions 

The acoustic transmission hypothesis proposes that songs transmit further at dawn 

(Henwood and Fabrick 1979, Mace 1987) and, if applicable, would be a proximate 

reason for the dawn chorus (Staicer et al. 1996). One possible objection to this 

hypothesis is again the disparity between the starting times of the day vocalization 

dawn chorus and the breeding song dawn chorus. A possible counter to this objection 
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might be that dawn song is more constrained by acoustic conditions than day 

vocalizations because of its different acoustic properties. The added advantage of an 

early start might not be great enough for day vocalizations to outweigh the 

disadvantages. If acoustic conditions were important, the behaviour of Bert who sang 

on a noisy major thoroughfare provides contrary evidence. However it is possible that 

the commanding position of Bert's high ridge-top perch, with a large broadcast area, 

outweighed the disadvantages. Moreover the traffic noise, though intermittently great 

in volume, was of low frequency and may not have caused excessive interference. 

The next group of functions relate to repertoire size. These functions are not 

necessarily identical with functions related to the possession of a repertoire per se. 

Such functions are discussed in Section 6.5, as behaviour must be taken into account 

when examining these functions. Since the birds studied here had different sized 

repertoires, functions related to repertoire size are more appropriately discussed in 

this section. 

d) Functions related to repertoire size 

Although the majority of species have small repertoires often with fewer than five 

song types (Keast 1993, Beecher et al. 2000b) some studies have suggested that 

increased repertoire size correlates with increased territory tenure (e.g. Hiebert et a1 

1989). However Beecher et al. (2000b) found that for the song sparrow that territory 

tenure was related to the number of songs shared with a neighbour rather than to 

repertoire size and that the number of songs shared decreased for repertoire sizes 

larger than nine or ten. They further considered that the confounding effects of song 

sharing and repertoire size could be responsible for previous positive correlations 

between territory size and territory tenure in birds with small to medium sized 

repertoires. 

Any reproductive benefits due to song sharing would be largely the result of intra- 

sexual selection. The evidence for inter-sexual selection, that is that females 

preferentially choose males on the basis of large repertoire size and that these males 

leave more offspring over their lives, as an evolutionary force increasing repertoire size 

is equivocal (Dawson 1982, Beecher et al. 2002b). In this study there was no evidence 



for song sharing and no strong evidence for counter-singing between neighbouring 

males. The evidence pointed rather to inter-sexual selection. The few actual and 

possible copulation events suggested that the birds with the larger repertoires might 

have greater reproductive success but detailed studies involving banding and genetic 

testing need to be done to verify this. Moreover, in view of the uncertainty of 

repertoire size (Section 5.4.2.2) it could be argued that repertoire size was not 

important in grey butcherbird male song and that females might be choosing males on 

repertoire complexity rather than size per se. 

Within a species repertoire size can vary with phylogeny, age and geography 

(Baptista 1996). Increase over the years was shown by the increase in the complexity 

of Bert's repertoire. Among some species repertoire size seems to be correlated with 

population density, suggesting that increased competition for territories or mates 

promotes larger repertoires (Hiebert et al. 1989, Brenowitz and Kroodsma 1996). The 

initial findings on repertoire size are consistent with this suggestion but fbrther studies 

need to be done given the small sample size of country birds in the lower population 

density areas. 

In summary, the development of elaborate individual song types suggests strong inter- 

sexual selection pressure. With little evidence of song matching and no song sharing 

there is little evidence in favour of intra-sexual competition. There is an emphasis on 

individuality at the expense of sharing song types to facilitate song matching. Further 

hypotheses for song function relating to social dynamics (Staicer et al. 1996) will now 

be discussed. 

e) Social Dynamics Hypotheses 

Staicer et al. (1996) grouped several hypotheses - territory defence, social dynamics 

and handicap hypotheses - together as social dynamics hypotheses. Only the social 

dynamics hypothesis is further examined here. Territory defence is further examined in 

Section 6.5. 



The social dynamics hypothesis 

The social dynamics hypothesis claims that dawn singing plays an important role in 

oests an adjusting social relationships among territorial neighbours and thus sug, 

explanation for chorusing rather than simply singing at dawn (Smith 1996, Staicer et al. 

1996). There are two components to the social dynamics hypothesis. One concerns 

gaining general information about the status of neighbours; the other concerns sexual 

functions. These functions are not necessarily mutually exclusive. The sexual function 

rests on two relatively recent findings: the tendency females to engage in EPCs with 

neighbours rather than with strangers or floaters (Staicer et al. 1996) and the tendency 

for many bird species to copulate most early in the morning (Mace 1986, Pikt 1997). 

Thus, assuming that females pay attention to the dawn singing of neighbours, the 

social dynamics hypothesis suggests that singing at dawn may attract paired females 

for EPCs and thus provides an explanation for both singing and chorusing at dawn 

(Staicer et al. 1996). 

Although the dawn singing period is said to generally coincide with the period in 

which females are fertile (Keast 1994b, Albrecht and Oring 1995, Staicer et al. 1996) 

this may only be marked in temperate northern hemisphere species where there is a 

short intense breeding season. In southern hemisphere temperate regions migration is 

not so common and the climate is not so extreme. Thus in these regions and also in the 

tropics and sub-tropics the fertile season is more spread out and dawn singing would 

have to be of longer duration to cover the female fertile period. This may explain why 

the grey butcherbird breeding song period is relatively protracted. The birds may have 

to attempt a scattergun strategy rather than a more targeted approach. 

f) The mate-guarding hypothesis 

The mate guarding hypothesis does not provide a general explanation for the dawn 

chorus (Staicer et a1 1996) and the data from the current study provided contrary 

evidence for the hypothesis. First, breeding song was always sung at some distance 

from nest sites (where known) and always sung on an apparent territory boundary. 

Second, there were occasional days on which it was suspected a given male did not 

sing and these days coincided with the most probable egg-laying time. For example on 

3018100 three known grey butcherbirds were heard singing breeding song in the Bardon 



area but another three that normally sing in this area were not heard. Incidental nesting 

observations in the study indicated that egg laying took place prior to 14 September in 

Sam's territory at Colorado Avenue Bardon in 1999 and just prior to 29 August at 

Griffith University in 2000. These observations are supported by data from the 

R.A.O.U. Nest Record Scheme which indicated that first egg of the season for a 

breeding pair was laid mainly in August or September. Thus it is possible that the 

male was occupied in mate guarding at this noted cessation time and, significantly, no 

breeding song was heard at this time. 

To whom do male grey butcherbirds sing breeding song? 

Breeding song could be directed to the mate (or other group members), or to females or 

males outside the territory. Evidence for each of these scenarios will now be examined 

mainly from the aspect of acoustic structure. Behavioural aspects of this topic will be 

further discussed in Ch 6. 

In the main study area males usually sang from the edge of the territory. This is not 

consistent with song directed mainly at the mate. Further, the males mainly sang from 

the tops of ridges, which would maximize the broadcast area. However it is possible 

that the birds were simply singing from the territory boundary. Roads make suitable 

territory boundaries and, as a consequence of the human predilection for building roads 

along the ridge tops, many territory boundaries were on ridge tops in the hilly study 

area. 

If a male were singing to his group it would be expected that he would face his 

territory. In most cases, where observed, the male was facing away from the territory. 

This would lead to reduction of amplitude with consequent loss of transmission 

distance, and possibly additional degradation, as much of the sound would reach his 

territory group by reflection. There was no evidence that the male was singing to his 

group members. 

If a bird were singing to listeners outside the territory it would be advantageous if the 

listeners knew which direction the singer was facing. Birds can use differential 

attenuation of high and low frequencies in a wide-band song to determine the direction 

the singer is facing (Nottebohm 1975, McGregor and Dabelsteen 1996) and are often 



reported to turn to face another bird who begins to sing (McGregor and Dabelsteen 

1996). The presence of harmonics in grey butcherbird male song would give adequate 

broad-band characteristics to enable this use in but evidence that grey butcherbird 

males turned to face other males was equivocal. For example, although changes in 

singing direction were frequently documented for Harwood Harry he was rarely 

observed to change direction in response to another singing male, although on one 

occasion Sam did appear to turn to face a bird that had just started singing. 

What evidence is there for singing to females outside the territory? In many species 

dawn vocalizations are directed at females not necessarily the mate, possibly to 

advertise availability for extra-pair copulations (EPCs) (Kacelnik and Krebs 1982). If 

females were within their territories in the main study area they would be in relatively 

dense vegetation in gullies. Many components of breeding song should travel with 

minimal distortion through this habitat (see Section 5.4.3 viii) and females may be 

paying attention to song features that are least degraded on their passage to where the 

females are (Dabelsteen and Pedersen 1993). 

The presence of very low amplitude sounds as well as louder sounds, as seen in 

particular in Sam in 1999, suggests that some parts of the strophe might be used for 

close range communication and others for longer distance communication. The louder 

sounds could travel over several territories, from where a male might be able to attract 

females for extra-pair copulations and the soft sounds might be meant for intra- 

territory communication. In this they are like the 'quiet song' (Dabelsteen et al. 1998). 

What characteristics could females use to assess males? 

Regardless of the intended audience for grey butcherbird males singing breeding song, 

the song provides females with an opportunity to eavesdrop and select neighbouring 

males for extra-pair copulations (McGregor and Dabelsteen 1996). It is of course also 

possible that females could. Although evidence that females choose males on the basis 

of superior quality demonstrated by singing at dawn is scant and indirect (Staicer et al. 

1996) this possibility should be considered for grey butcherbirds. If female grey 

butcherbirds were assessing males for EPCs from a distance (Otter et al. 1987) (or 

using dawn song to locate an already approved male) they would need to use 



characteristics that varied between males. Significant and unequivocal differences in 

singing rate and sound production were not detected in this study (but have not been 

definitely excluded). The most obvious difference detected was in song complexity. 

Whether the females could assess complexity at a distance is uncertain. One feature of 

all repertoires was that strophe classes consisted of similar strophe types involving 

much repetition of certain phrases. Repetition of a message aids in recognition at a 

distance (Klump 1996, Titus 1998) and possibly complexity was detectable in the 

pattern of repetition. 

Finally if female choice has been a significant factor in the evolution of grey 

butcherbird male breeding song then this may have driven the daily start of breeding 

song into the dark. If females 'interpret' early starts as a sign of superiority, then there 

will be pressure for earlier and earlier starts. Singing before light could be due not so 

much to proximate pressures to sing while it is still dark, but to pressure to start 

before others. It is possible that an equilibrium position with opposing forces for early 

starts has been reached so that no male gains a particular advantage from an early start 

but, on the other hand, cannot afford a late start. 

Without appropriate experiments it is not possible to say in the case of grey 

butcherbirds which characteristic females consider superior. In the following chapter 

behavioural aspects of grey butcherbird breeding song are examined as well as some 

responses to playback and further possible functions are considered. 



CHAPTER S 

MALE BREEDING SONG III 

BEHAVIOUR DURING BREEDING SONG 

INCLUDING RESULTS OF PRELIMINARY 

PLAYBACK EXPERIMENTS 

Most often the behaviour of singing individuals is quite simple. They are typically 
alone and not, except for singing, doing much that is obviously interactional. 

Smith 1996 p. 377 



CHAPTER 6 

MALE BREEDING SONG Ill 

BEHAVIOUR DURING BREEDING SONG INCLUDING RESULTS 

OF PRELIMINARY PLAYBACK EXPERIMENTS 

6.1 INTRODUCTION 

Many avian acoustic displays are accompanied by physical displays such as the aerial 

displays of many raptors (Debus 1998) or the soaring display of the skylark Alauda 

arvensis (McGregor and Dabelsteen 1996). In these cases the bird is clearly meant to be 

viewed by conspecifics during at least part of the performance. Some audio-visual 

displays given by male passerines draw attention to elaborate or colourful plumage, for 

example the courtship displays given by Albert's lyrebird Menura alberti (Robinson and 

Curtis 1996) and many Birds of Paradise (Frith and Beehler 1998). In other cases the 

movement itself is the main signal, such as bill lowering given during courtship song in 

view of the mate (Andrew 196 1). These displays serve as a signal to (mainly) conspecific 

birds for mate attraction or territory declaration and defence, or both. 

Many acoustic displays, however, involve little or no movement (Smith 1996) and in 

these cases the sound alone must carry all the necessary information about the singer. 

However, if sounds are given in situations such that the producer is not seen by the 

intended recipients, then any associated movements or postures are likely to be 

involuntary. For example, the act of expelling air forcefully may cause the body to quiver 

(Andrew 196 1). 

These examples suggest that functions of song associated with breeding are concerned 

with intra-sexual competition or mate attraction. Some of these functions and associated 

hypotheses were discussed in Chapters 4 and 5. One such hypothesis is the 'Beau Geste' 

hypothesis (Krebs 1977)' named for the fictional character Beau Geste. Krebs (1977) 

proposed that repertoires are used by resident birds to increase the apparent density of 

singing residents, and hence decrease the apparent suitability of the area to new birds. 

This hypothesis applied in particular to the function of a repertoire of more than one song 



and was most likely to apply to birds living in dense habitats, where singing males are not 

easily visible, and particularly to species where the male regularly changes song perches 

between bouts of song. If this hypothesis were valid one would expect synchronisation of 

change of song type with change of perch (Krebs 1977). 

A different type of explanation for dawn singing (though not necessarily breeding song or 

the possession of a repertoire) is the inefficient foraging hypothesis which proposes that 

low foraging profitability at dawn reduced the net cost of singing (Kacelnik and Krebs 

1982, Staicer et al. 1996). However this hypothesis assumes that singing and foraging 

compete for time and this has not been clearly demonstrated (Mace 1987). Further, many 

non-insectivorous birds have a dawn chorus, and other studies indicate that invertebrate 

prey are not necessarily slower in the morning (Staicer et al. 1996). Clearly, both the 

hypothesis and its refutation imply that dawn song is given when light levels are adequate 

for foraging. 

A related explanation, the unpredictable conditions hypothesis, suggests that if a bird has 

obtained sufficient energy on the previous day, it may have reserves to sing at dawn. This 

hypothesis also assumes that singing and foraging compete for time which, as stated 

above, has not been proved. Further, it does not apply to the great tit (Mace 1987) And is 

generally considered unlikely (Mace 1987, Staicer et al. 1996). 

The function of the dawn chorus and even more generally, song in passerines still poses 

many questions and one of the problems is that not enough life history studies have been 

done to allow cross-taxa comparisons. Observations on behaviours observed during 

singing of a song obviously connected with breeding and in a bird belonging to a 

Southern Hemisphere family should provide some useful data and possibly throw light on 

these problems. 

One of the difficulties associated with determining function is that different song types 

may be interchangeable regarding function. In addition, humans will not necessarily 

classify songs in the same way as birds. Playback experiments can help reveal not only 

the function of song but also how birds themselves classify their songs (Horn and Falls 

1988, Horn 1991). 



A short series of experiments was conducted to investigate responses to playback of male 

breeding song. This series of experiments was not designed to produce definite answers 

to questions regarding the function of song. It was intended to be exploratory only and 

did not have the rigorous design necessary to help decide how the birds classified their 

songs. Some questions playback can provide information on are whether neighbours are 

considered more of a threat than strangers and whether a neighbour becomes a threat 

when he intrudes into another's territory (Falls 1982, Brindley 199 1, Albrecht and Oring 

1995). It was hoped that at the very least playback might lead to suggestions for further 

studies. 

6.2 METHODS 

6.2.1 General behavioural observations 

Behavioural notes were routinely taken during most vocalization recording sessions. As 

noted in general methods, observations were made by speaking into the microphone 

while recording electronically or making written notes while doing aural recording. 

Behaviours noted were: posture while singing; wing, tail and head position; wing tail and 

head movements; fluffing of body feathers; foraging while singing; and the direction a 

bird was facing (towards other vocalizing grey butcherbirds and towards or away from its 

own territory). Proximity to other birds and interactions with conspecifics were also 

recorded. In addition, the height and nature of the singing perch including tree species, if 

relevant, were recorded, as well as anything else that seemed relevant. No particular 

strategy had been set in place to detect the arrival of the singer at the singing perch and 

most observations of this event were incidental. 

6.2.2 Playback experiments 

Sequences of male breeding song of one minute in length were chosen from three birds, 

Harry, Sam and Bert. The sequences were recorded during the breeding season in which 

playback experiments took place. These sequences were played to Harry, Sam, Tony, 

Pete and birds from two new areas, the Slaughter's Falls and Simpson's Falls picnic 

areas. All playback experiments were conducted within a three-week period from 29th 

October to 1 9th ~ovember  1998. Results were recorded from seven playback trials (Table 

6.1). 



Table 6.1 Playback sources, playback recipients and dates of playback. Si = Simpson's Falls 
picnic area. S1= Slaughter's Falls picnic area. One-minute segments of breeding song recorded 
from Bert, Harry and Sam in 1998 were used as the playback stimulus. 

Study Sites 

Playback 
stimulus 
source 

Bert 1998 

Harry 1998 

Sam 1998 

Five trials were conducted within the original study site (for site details see Chapter 2). 

The two new sites, Slaughter's Falls and Simpson's Falls picnic areas, are situated on the 

foothills of Mt Coot-tha on the edge of Brisbane Forest Park, approximately three krn 

from the main study area. Neither of these new areas was more than a kilometre from the 

nearest suburban dwellings (albeit in a bush environment). 

Playback procedure 

Recipient and date of playback 

Playback tapes were broadcast approximately five metres from the breeding song singing 

perch for birds in the main study area. Preliminary investigations of the new areas had 

revealed the general location of grey butcherbird territories, but the position of singing 

perches had not been established. Consequently locations in these new areas were chosen 

for convenience of access and set up in the parking area in each picnic area. Playback was 

initiated before day vocalizations commenced and at this early hour there were no other 

cars in the immediate area. 

Broadcast volume was adjusted by ear to give approximately equal intensities. If, on 

arrival at an area, the experimental bird was already singing breeding song, playback was 

started immediately. If the experimental bird had not commenced breeding song, 

Harry 

7.11.98 

playback was delayed until the bird appeared to have settled into the usual breeding song 

routine. 

Pete 

30.10.98 

16.11.98 

The experimental tapes were played for 1 to 3 minutes depending on the response. If a 

bird responded immediately and appeared agitated, playback was kept short. 

S1 Falls 
birds 

15.11.98 

Tony 

29.10.98 

Sam 

1.11.98 

Si Falls 
birds 

19.11.98 



Response indicators 

Several standard response indicators to playback - response time (latency), closeness of 

approach, and change in singing rate - were noted. Response time is the time taken for a 

subject to respond to the stimulus - the smaller the response time the greater the response. 

Closeness of approach is how close the subject approaches the stimulus - the closer the 

approach greater the response. Heightened arousal is often indicated by an increase in 

singing rate. 

Aggressive behaviours previously seen in butcherbirds, both grey and pied, included 

dive-bombing, beak-snapping and loud vocalizations. These also were noted. A clear 

response by more than one member of the subject group was also considered a strong 

response indicator. 

For the purposes of this investigation, subject birds were classed as neighbours or 

strangers depending on whether or not they were in auditory range. It was assumed that if 

a human could hear a certain bird from a given spot then a butcherbird would also be able 

to hear it. A judgement, based on whether' a male was still singing breeding song, was 

made as to whether or not a bird was likely to be in breeding condition during the 

experiments. 

Measuring and recording responses 

Written notes were taken of observed behaviours. Only qualitative data were recorded. In 

addition vocal responses were recorded electronically. A subjective all-inclusive rating 

from 1 to 10, with 10 indicating the strongest response, was assigned to each overall 

response. For example a response that included an approach to within one metre and was 

accompanied by loud vocalisations was rated highly. In practice it was not difficult to 

assign relative ratings to the responses. 



6.3 RESULTS (a): GENERAL BEHAVIOUR 

6.3.1 The singing perch - characteristics and use 

The singing perch was almost invariably in a tree (there was only one exception in some 

hundreds of observations). Trees chosen for singing perches usually had a dense to 

moderately dense canopy although trees with sparse foliage such as jacarandas and 

eucalypts were occasionally chosen. The singing perch was usually about four metres 

(range 2-8 m) above the ground, towards the top of the canopy. Trees chosen included 

both native and introduced species. The physical characteristics and the location of the 

tree seemed to be the main selection criteria. 

All birds used up to three perches, each in a different tree. Not all perches were used each 

morning, especially if the bout was short, but those perches that were used, were 

occupied in essentially the same order each morning. For example a bird would sing from 

one perch for some minutes, move to a second regular perch, sing there for some minutes 

then return either to the original perch or move to a third perch. Where the same 

individuals were observed over more than one year, this same perch order was observed 

from year to year. Only one significant deviation from the normal singing perch pattern 

was noted. On this occasion, in mid-August 1999, Sam did not sing breeding song in his 

usual tree but near the usual nesting site for this territory. 

The perches used by one bird were never far apart. In the suburbs they were usually 

between 5 and 10 m and occasionally up to 20 m apart. In bushland settings the greatest 

distance noted between singing posts was approximately 1 OOm, but usually the distances 

were less than 50m. For example, one grey butcherbird at Lake Broadwater moved within 

an arc of a circle of 25m radius and 30m arc length during the entire dawn singing period. 

In the suburbs the singing tree was usually located near a road in a suburban yard or on 

the footpath. There was considerable observational evidence that each tree was near a 

territory boundary, conveniently marked by a road. It appeared that the open road space 

made a natural territory boundary. In bushland settings the singing tree was not near a 

clear physical boundary but there was nevertheless observational evidence that the 

perches were on a territory boundary. Evidence for this was provided by observations of 

four birds, two from Lake Broadwater and two from Toohey Forest. In each case day 



vocalizations had always been heard well away from and on the same side of a line drawn 

between perches. Additional confirmation of the territory location was gained by 

observing in which direction a bird flew at the end of the breeding song bout. 

6.3.2 Orientation while singing 

On some occasions birds were observed facing into their territory and sometimes away. 

In the suburbs it was often difficult, because of the relatively small territory size, to 

decide whether a bird was orienting towards an auditory stimulus from a particular grey 

butcherbird. However on some occasions a singing bird appeared to be listening to his 

neighbours. He would stop singing and face in the singing neighbour's direction either by 

moving the head or the whole body, but there was no indication that this was the usual 

procedure. In fact on most occasions singing birds gave the distinct impression that they 

were immersed in their own song and took very little notice of their neighbours. 

As mentioned above, the relatively small territory size in the suburbs made it difficult to 

determine which particular auditory stimulus, if any, a singing bird was orienting 

towards. However in natural areas with lower grey butcherbird densities, resulting in part 

from larger territory sizes, fewer birds were singing within auditory range, making any 

stimuli easier to localise. For example, at Lake Broadwater in September 1998, a grey 

butcherbird was singing breeding song. No others could be heard. A second grey 

butcherbird started. The first was seen to turn to face the direction from where the second 

song came. 

6.3.3 Foraging during breeding song 

Breeding bouts usually finished near the start of civil twilight (see Section 5.3.3) when it 

was light enough to forage; yet foraging during breeding song was rarely seen. Harry, 

however, was observed foraging on several occasions. On each occasion he was singing 

from his second perch and briefly interrupted singing to pounce on prey on the ground. 

Foraging was also observed once in a non-focal bird towards the end of a breeding song 

bout. There was no indication that birds attempted to forage during nautical twilight. 

Even though light was poor during this time, the three case study birds could be seen 

leaving their perches and it is unlikely that foraging on the ground or even in the foliage 

would have been missed. For Harry and Bert in particular, the sparseness of the foliage 



and nearby streetlights meant that the birds could be seen for the entire duration of each 

bout. 

6.3.4 Postures and movements during breeding song 

The only body movements detected (apart from turning to face in different directions as 

noted above) were waving of the slightly elevated wings and tail quivering. The beak was 

usually pointed upwards, but not vertically. The body movements were quite small in 

magnitude and were not detected unless a good view was had of the subject. All birds for 

which movements were noted, Sam, Bert, Harry and Willy used the same movements. 

Feather fluffing was not detected in these birds. 

6.3.5 Do breeding song singers sleep in the breeding song tree? 

In September 1998 observations were made at Harry's tree before he commenced 

breeding song. The tree was a jacaranda, sparsely foliaged on that date and, even during 

nautical twilight, silhouettes were visible against the background of the star-studded sky. 

Harry clearly was not in his tree before breeding song started. His arrival was sudden and 

the observer was alerted to his presence by the commencement of breeding song. No 

other visual observations of the arrival at the first perch were detected, fortuitously,or 

otherwise. 

6.3.6 Copulation events 

Harry was observed engaging in copulation in August 1997. He had started singing from 

his first perch during astronomical twilight and early into nautical twilight became silent. 

Then copulation was observed, accompanied by unusual noises, described at the time as 

'like a strangling starling'. The birds copulated at least four times then both flew off 

towards a neighbouring territory, which Harry had never been observed to enter 

previously. Harry did not continue singing breeding song that morning. 

Circumstantial evidence for two other copulation events in mid-September and early 

October 1999 involved Sam. These events involved unusual singing behaviour, sudden 

cessation of breeding song, in one case followed by the sound of breaking twigs (brittle, 

easily broken jacaranda twigs), and another bird flying low, swiftly and silently away 

from the singing perch and out of the territory. 



No experiments specifically designed to detect counter-singing were done. Counter- 

singing, especially song-matching, detection requires a sophistication of statistical design 

that was not appropriate in this investigative study. However, bouts suggestive of 

counter-singing were heard between Harry and a neighbour, Mike, who suddenly 

appeared but did not persist in later years. These two birds were heard singing in a 

manner consistent with counter-singing on three occasions between mid-August and Mid- 

October 1997. On these occasions the birds sang so that there was very little overlap 

between each other's strophes. On one occasion an increase its singing rate was recorded 

during an apparent counter-singing bout. There was no evidence to suggest song- 

matching. 

6.3.8 More than one bird singing breeding song in the same territory 

Only rarely was more than one bird heard singing breeding song in the same territory, but 

one such event occurred in October 1998. Two birds were singing breeding song about 30 

m apart in Pete's territory. There was no detectable conflict, nor any attempt at counter- 

singing as had been heard with Harry and Mike. When day vocalizations started, the 

typical male 'low warble' phrase was given by two individuals in reply to the initial day 

vocalization cackle. This had never been observed in any of the numerous instances when 

the switch over was observed. 

6.3.9 Giving day vocalization before start of breeding song 

On several occasions a single, uncharacteristically early, day vocalization was given 

before breeding song commenced for the day. This behaviour was definitely detected for 

Harry, Sam and Pete. The vocalization was sometimes given from the breeding song tree 

but more frequently from a nearby tree within the territory. For example on two occasions 

day vocalizations were heard from Harry's territory up to two minutes before he started 

singing breeding song. These vocalizations were not near the singing tree and, on the few 

occasions where the singing perch could be clearly seen before the start of breeding song, 

there were no birds in the singing tree. The vocalization usually given was the 'wake-up' 

cackle. On one occasion the specifically male 'low warble' vocalization was given. 



6.3.10 Courtship behaviour during the day 

On only one occasion during the whole study was a pair seen engaged in what could be 

described as courtship behaviour during the day. This occurred during late morning in 

mid-October under the eaves of a building at Griffith University, Nathan. 

Following several loud cackles, a male was seen to approach and sit close to a female. 

The male sang softly to the female and they touched beaks tip to tip, possibly clasping 

gently. The vocalization used was a variation on the 'gossip' day vocalisation main 

phrase and not the usual breeding song for that population. The birds then separated 

slightly, the female initiated a vocalization and the male joined in, overlapping the 

female. The vocalization was a loud territorial cackle but with a quite melodious tone 

followed by the 'gossip' variation melody as above. The female's posture involved 

fluffed up abdominal feathers, a raised beak and wing waving. The female then flew to a 

nearby abandoned tawny frogmouth nest, looked at it briefly, and then sat on it for about 

a minute. Both birds then flew away and gave loud cackles similar to those given earlier. 

6.3.11 Change over from breeding song to day vocalizations 

Breeding song slowed down and stopped soon after the first day vocalizations given by 

the other group members. The change over was sometimes abrupt but usually there was 

an overlap of five minutes, rarely up to 10 minutes, during which the singing male gave 

an occasional day song strophe interspersed with breeding song. No particular day 

strophe seemed to be chosen for the initial reply by the male; sometimes vocalizations 

known to be given by either sex were used, sometimes the male specific 'low warble' 

phrase was used. Breeding song then gradually decreased in volume and rate and 

eventually stopped. The male then flew off to join the other territory members and the 

group greeted the new day with vigorous bouts of day vocalizations. 



6.4 RESULTS (b): PLAYBACK EXPERIMENTS 

The responses to playback were varied and ranged from virtually ignoring the broadcast 

to aggressive dive-bombing and from single bird responses to group responses. 

In all trials where the subject was already singing breeding song when playback 

commenced, singing soon ceased. In five trials it ceased immediately but in the sixth trial 

the subject (Sam) continued for a minute before ceasing. In three trials birds resumed 

breeding song after the initial cessation. For two of these the associated singing 

behaviours were markedly different from normal but one bird (Sam) appeared to take no 

hrther notice of the broadcast tape and resumed breeding song in his usual manner. In 

contrast, two birds (Tony and Harry) resumed singing but from trees which neither of 

them had been observed to use previously (regular singing perches were generally used, 

so deviations were easy to detect). Tony seemed to sing shorter songs after resumption 

but with the same number of strophes per minute. He changed perch more frequently and 

appeared agitated. 

In two trials where the subject ceased singing and did not resume when playback 

commenced, the responses were: close approach, dive-bombing with beak snapping and 

day vocalizations. Both these trials involved playback to Pete. In one of the trials he was 

the only respondent, in the other, a female joined him in vigorous day vocalizations. 

In the two trials in the new areas, where no breeding song could be heard initially, 

playback elicited different responses, but breeding song was not elicited in either case. In 

one of these trials two birds responded immediately and approached within 5m of the 

broadcast tape from a distance of 50 to 100m. They gave loud day vocalizations for the 

duration of the broadcast. After broadcast had stopped they flew off but returned within 

10 minutes to give a similar range of vocal responses. In the other trial, an adult male 

responded after 5 minutes of tape playing. He approached within 30 cm of the tape and 

also gave loud day vocalizations. After several more minutes a juvenile from the group 

approached within 4m of the tape but gave no other response. 

Responses (Table 6.2) were subjectively ranked on a scale from 1 to 10 with 10 being the 

strongest response. Most behavioural responses were unequivocal. 



Table 6.2 Playback results showing strength of response. Response strength is on a scale of 10 
with I0 the strongest response and 1 indicating no response. S = 'Stranger' and N = 'neighbour' 
refer to whether the source tape would be likely to be recognized by the recipient. B indicates 
likely to be in breeding condition. 0 (out of season) indicates not likely to be in breeding 
condition. 

For birds known to be still singing breeding song, there was a stronger response to 

neighbours than to strangers. No females responded before mid-November (Table 6.3). 

All responding females approached to within two metres of the tape and on two of the 

three occasions they responded with loud day vocalizations. 

Playback 
stimulus 
source 

Bert 1998 

Harry 1998 

Sam 1998 

Table 6.3 Playback dates and female response. DV = day vocalizations. CA = close approach. No 
response implies that the females did not appear at all. 

Recipient, status and response rating 

Harry 
B 

7 
N? 

Pete 
B 
5 
S 

9 
N 

Sam 
B 
2 
S 

Tony 
B 

6 
N 

Si Fall 
O? 

8 
S 

S1 Fall 
O? 

9 
S 



6.5 DISCUSSION (a): GENERAL BEHAVIOUR 

Implications for Function of Breeding Song 

In Section 6.3 observed behaviours were described. In this section they are examined to 

see whether they reveal any clues as to possible functions of breeding song. 

Movements given in connection with the delivery of breeding song in grey butcherbird 

males were small in magnitude and given under circumstances such that they would be 

rarely seen by other birds. This supported the suggestion that these movements were not 

important in communication and were possibly involuntary, resulting from the forceful 

expulsion of air (Andrew 196 1). Thus the song itself appeared to be the main signal and 

there was little, if any, evidence that the song functioned in territorial defence. However 

what evidence there was will now be examined. 

On only one occasion was a singing bird observed displaying a behaviour that could be 

interpreted as having a communication function. This was when Gerhardt appeared to be 

intruding into another's territory. He was greeted with marked aggression by the apparent 

territory holder and fluffed his belly feathers markedly. This was clearly an unusual 

situation and the response was not typical of breeding song behaviour. 

On the only other occasion when more than one bird heard singing breeding song in the 

same territory (Pete, October 1998) there was no detectable conflict, nor any attempt at 

counter-singing as had been heard with Harry and Mike. Interestingly an atypical 

response to day vocalization initiation, the typical male 'low warble' phrase was given by 

two individuals in reply. Further observations, perhaps as a long-term study on a banded 

group would be necessary to assess whether there was any significance in this 

observation. 

One hypothesis concerned with territorial defence, the 'Beau Geste' hypothesis (Krebs 

1977), applies to birds living in dense habitats, with a repertoire of more than one song 

type and regular changes of song perch. Grey butcherbird breeding song fulfils these 

requirements but not the extra requirement of a different song type for each perch (Krebs 

1977). With only minor exceptions, each bird sang all its song types from all perches. 

Further, each repertoire was so characteristic of the singer that the human observer, and 



presumably other butcherbirds, could identify the singer. This is not consistent with 

giving the impression that there are two or more birds in the immediate area. 

In addition, in no case did the choice of perches for any bird cover more than a small 

portion of the territory. The one to three perches were always close together and 

delimited only a small section of the territory. There was not the slightest evidence that 

they formed a comprehensive coverage of the territory boundaries. Such a small patrol 

area would be effective only if it covered the only part of the territory boundary that was 

vulnerable. This would mean that most of the territory boundary had no adjacent grey 

butcherbird territories. Perhaps an exceptional territory had such characteristics but this 

was not generally the case. The observations of Larkins (1982) also indicated that 

breeding song was given only in one specific part of the territory. 

Other behaviours one would expect with territorial defence are counter-singing and song- 

matching. There was some slight suggestion that birds occasionally engaged in counter- 

singing when a new male started breeding song nearby. There was however no 

suggestion of song-matching. Given that each male grey butcherbird clearly had the 

ability to learn and sing a wide number of song types, and that song-matching is a 

stronger signal than counter-singing, one would expect song-matching to be utilised if 

territorial defence were a major function of the song. Further contrary evidence is that 

grey butcherbirds appeared to song-match during bouts of territorial defence during the 

day, indicating that the use of song-matching in territorial defence was part of the 

behavioural repertoire of the species. 

On the rare occasions of apparent counter-singing, the other possible explanation, that the 

birds were simply avoiding acoustic interference, was not ruled out. There did seem to be 

the suggestion that birds timed their vocalizations so that they sang in each other's 

silences. If this was a real effect, it need not be counter-singing so much as an attempt by 

each to reduce acoustic interference to facilitate reception by listening females. Keast 

(1994a) found that birds sang at more or less the same time during the dawn chorus in a 

eucalypt forest and avoided acoustic interference by using different frequencies and 

singing from different heights. Presumably Keast (1994a) would have referring to 



different species so this would not apply to grey butcherbirds that would have been using 

similar frequencies. 

Consequently the absence of song-matching during breeding song would suggest a 'lack 

of interest' rather than an ability to engage in song-matching. During a conservatively 

estimated minimum of 60 hours of close observations of grey butcherbird males singing 

breeding song, neither close approaches nor any other behaviour suggesting significant 

male-male interaction was observed. Singing males showed interest in a neighbour only 

very occasionally by turning towards a singing neighbour when an unusual event 

occurred, for example the neighbour suddenly started singing when he had previously 

been silent. But this interest never appeared more than transitory and for most of the time 

the singing male seemed immersed in his own world. Slater (1993) described similar 

behaviour in the Capricorn silvereye Zosterops lateralis chlorocephala and this lack of 

display during breeding song is typical of song sensu strict0 (Andrew 196 1, Smith 1996). 

Another function related to territorial defence is the 'high risk of territorial intrusion at 

dawn7 hypothesis. This hypothesis is unlikely to be relevant to grey butcherbird breeding 

song given the role of day vocalizations and group behaviour in territorial defence. 

Further contrary evidence for this hypothesis has been found in other birds such as hood- 

warblers and tyrannid flycatchers that maintain territories during the non-breeding season 

without dawn singing (Staicer et al. 1996). 

The other major explanation is mate attraction, but before this is assessed, one other 

explanation for the phenomenon of singing at dawn, the inefficient foraging hypothesis, 

(Kacelnik and Krebs 1982, Staicer et al. 1996) will be examined. Grey butcherbirds eat a 

wide variety of vertebrate and invertebrate prey (see Methods) and continue singing 

breeding song into civil twilight when it is light enough to forage. Further, in Brisbane 

during October and early November when breeding song was still being sung, it is often 

warm enough for insects to be quite active. Thus although foraging while singing was a 

rarely observed occurrence, there was no indication that the birds could not have foraged 

had wished to do so. 

If the song were used in mate attraction one would expect elaborate songs (Catchpole 

1982). This was certainly true in some cases and in fact there was a general tendency for 



the repertoire of a given bird to become more complex as the years progressed. This then 

raises the question of precisely what form of mate attraction we are looking at. Evidence 

from the banded birds (Sam and his group) and the literature (e.g. de S. Disney 1974, 

Carter and Carter 1996) suggests that grey butcherbirds mate for life. The mate attraction 

hypothesis is not consistent with dawn singing during the breeding season in birds that 

have year-round territory and life-long mate bonds (Staicer et al. 1996). What is not 

stated explicitly here is that the inconsistency is only with the attraction of a new social 

mate with whom a pair-bond will be formed. 

If the function were mate-stimulation, one would expect the birds to be singing near the 

mate (e.g. Mace 1987, Part 1991) but, except for an occasional transient and one 

important exception discussed below, all grey butcherbirds sang from the same perch in 

the same territory each year. Even if the singer were not near the mate, one would at least 

expect the song to be directed towards the mate. This was not so. Singing birds appeared 

to face out of the territory as frequently as into it, and when a bird was facing towards the 

territory it could also have been broadcasting across the territory. If the function were 

mate-guarding the grey butcherbird would not sing all season long when the mate is 

fertile for only a short part of that season (Hailman and Ficken 1996). Thus there is little 

evidence from the data to support either a mate-guarding or a (pair-bond) mate attraction 

function for the song. 

The evidence suggests an extra-pair copulation function for song. The observational and 

circumstantial evidence for copulation during the song bout, the fact that birds from 

outside the territory seem to visit the singing male, that each song is individually distinct 

and that the male can be reliably found on a particular tree at any time during the 

breeding song bout, all suggest that the males are trying to attract females, advertising 

their condition and their location. Further evidence consistent with a non-mate directed 

function is that the males appear to leave the night roost to take up the new perch for 

breeding song. Limited data from this study (the observation of the arrival of Harry in his 

singing tree) and the observations of Larkins (1982) suggest that this is so. This 

suggestion is consistent with increasing evidence that females control extra-pair matings 

in most birds (Gowaty 1996 in Double and Cockburn 2000) and also that EPCs take place 

at dawn. Recent studies of the superb fairy-wren have shown that females seek EPCs 



during pre-dawn forays (Double and Cockburn 2000). Male superb fairy-wrens visiting 

neighbouring territories give petal presentation displays, which seem to be almost 

exclusively for the purpose of EPC solicitation (Mulder 1997). Red-winged fairy-wren 

males have been observed displaying in territories other than their own in a similar 

manner (Russell and Rowley 2000). 

For the focal grey butcherbirds, the only exception noted to the breeding song position 

mentioned above was in mid-August in 1988 when Sam gave breeding song near the 

usual nesting tree for his group. Given the reported dates of first egg for grey 

butcherbirds (de S. Disney 1974, R.A.O.U. Nest Record Scheme) it is quite possible that 

Sam's mate was fertile at this time. There is thus the possibility that breeding song has a 

mate-guarding function when the female is fertile but an EPC function at other times of 

the breeding season. The variability in breeding song starting time (section 5.3.2) could 

be significant in this context. It was noted for all birds that although there was a tendency 

for breeding song to be longest and start earliest in the middle of the breeding season, 

there were some days on which breeding song started unusually late. It is worth asking 

whether these late starts coincided with mate-guarding episodes so that the males were 

not seeking EPCs during the early dawn on those days. Further studies closely focussed 

on particular birds and designed to investigate this possibility could yield useful results. 

The behaviour of singing males during the change-over from breeding song to day 

vocalizations was consistent with the earlier observation that males tended to be 

immersed in their own singing and not particularly interested in much that was going on 

around them. The gradual cessation of, with occasional reversion to, breeding song and 

the behaviour that could be interpreted as reluctance on the part of the male to join in day 

vocalisations attest to this. However, once the male fully joined day vocalisations, the 

group went about their day vocalisations with great vigour. Another behaviour for which 

no explanation is at present forthcoming, was the occasional rendition of a single day 

vocalization, usually the 'wake-up' cackle and on one occasion the specifically male 'low 

warble', given a minute or so before the start of breeding song. This was usually given at 

a location deeper in the territory than the breeding song tree and whenever observations 

were possible it was discerned that there was never a male in the singing tree. This is 

consistent with the suggestion that this early vocalisation was given by the breeding male. 



Larkins (1 982) was also of the opinion that this was indeed given by the breeding male. 

The above observations were consistent with the suggestion that males did not spend the 

night in the breeding song tree. The evidence for this was scant but consistent in the 

present study and Larkins (1 982) reported that the male did not sleep in the singing tree. 

This further suggests that the male was leaving his mate to perform a behaviour not 

directed at the mate. 

There was only one observation of courtship behaviour during the day. Interestingly this 

was accompanied by clearly recognisable day song vocalisations but sung with a differenl 

timbre so that they were softer and more melodious. This song was considered to be 

'quiet song' (Dabelsteen et al. 1998). During the quiet song episode the birds had touched 

beaks and the female displayed feather-fluffing, wing-waving and beak-raising; 

behaviours that were clearly meant to be seen and which were also given by Gerhardt 

under clearly different, quite aggressive circumstances. None of these behaviours were 

observed or heard during the early dawn copulation events previously described. This 

reinforces the suggestion that daytime courtship behaviour takes place between the mated 

pair and that the early morning events are extra-pair copulations. 

A suggested general function for quiet song is that of courtship when in close proximity 

with a mate (Andrew 1961, Marler and Peters 1982, Titus 1998) and in particular, 

communication with the mate prior to copulation with the proximate function of 

preventing eaves-dropping and possible extra-pair copulation attempts (Dabelsteen et al. 

1998). Andrew (1961) considered that courtship song given in the presence of the mate 

was not as strongly motivated as when it was elicited by the absence of a mate. However 

if quiet song is viewed in the light of EPC avoidance, then a deduction that the lower 

volume indicates lower motivation does not seem valid. 

Larkins (1982) also recorded that copulation was rarely seen but described it only for the 

mated pair accompanied by overt behaviours such as food begging and aerial chases. 

Robinson (1 994) recorded only five copulation events in pied butcherbirds after many 

hours in the field. So clearly this is not a commonly observed behaviour in either species 

of butcherbird. The situation appears to be similar within many other species. In more 

than 1000h of observations of superb fairy-wrens, Mulder (1 997) observed few 



copulations between members of a pair and one involving an extra-group male, 

presumably on the female's territory. Mulder (1 997) did observe females making forays 

into neighbouring territories and Double and Cockburn (2000) were of the opinion that 

females visited neighbouring males during the early dawn to seek EPCs. 

6.6 DISCUSSION (b): PLAYBACK EXPERIMENTS 

For any signal, lack of response could be due to absence of motivation, failure to detect 

the signal, failure to recognize it, or failure of the experimenter to evoke or recognize a 

response (Klump 1996, Stoddard 1996). Thus there are several factors to consider in 

attempting to assess the responses to playback - the sex and hormonal state of the 

respondent birds, whether the playback song was familiar to the subject (a neighbour or a 

stranger) and where playback was conducted with respect to the territory boundary. 

All males from the main study area were presumably in breeding condition as all had 

been singing breeding song. Two birds responded with atypical breeding song behaviour, 

one continued breeding song with no apparent response and the other responded with day 

vocalizations. It is difficult to draw any conclusions from these results; however, taking 

the overall strength of response into account there seems to be a stronger response to 

neighbours than to strangers. Altered hormonal levels may well have been a confounding 

factor since all playback trials were conducted close to the end of the breeding season. 

Considering the results of breeding season duration, the breeding season could well have 

been over for some birds. 

The response in the new areas, where the male was not known to be in breeding 

condition, seemed to be contrary to these results in that a strong response was elicited by 

a stranger. However, the response of these birds to a known neighbour would need to be 

known before any conclusions could be drawn. In addition, playback in these areas could 

have been well inside the territory area whereas in all other cases playback was on or neal 

a known boundary. Song from any bird well inside the territory or in any other 

unexpected place would be expected to elicit a strong response (Brindley 199 1, Stoddard 

1996). 

Female responses showed a different pattern. No females responded before 1 5th 

November and all playback trials after this date invoked some group response. Previous 



observations including copulation, incubation and feeding of nestlings suggest that 

females in this general area are fertile at least from mid-August to early October. There is 

no evidence that they are fertile after the end of October, and gradual cessation of male 

breeding song from mid to late November is consistent with this suggestion. It is possible 

that fertile females do not regard a strange male singing breeding song as a threat whereas 

infertile females regard any stranger as a threat. Male butcherbirds, whether fertile or 

infertile would regard an intruding male, fertile or not, as a threat. These speculations, in 

turn, are consistent with an extra pair copulation function for breeding song and a 

territory defence function for day vocalizations. 

In summary, this investigative playback experiment provided no definite answers, 

clarified some issues, highlighted factors to be considered in further experiments and 

raised many questions and for further research. 



CHAPTER SEVEN 

GENERAL DISCUSSION: 
REVIEW OF GREY BUTCHERBIRD 

VOCALIZATIONS 
CONCLUSIONS AND IMPLICATIONS 

FOR THE EVOLUTION OF 
SONG 

If we are ever to understand acoustic communication in birds, we must work 
outside the north temperate zone and on groups other than songbirds. 

Kroodsma 1996 p. 180 

Whereas linear processes can withstand study by isolation and separation, 
interaction among elements is at the very core of non-linear processes. 
Fundamental properties disappear if the elements are separated. 

West and King 1996 p. 38 



CHAPTER 7 

GENERAL DISCUSSION: GREY BUTCHERBIRD 

VOCALIZATIONS AND IMPLICATIONS FOR THE EVOLUTION OF 

SONG 

7.1 A REVIEW OF GREY BUTCHERBIRD VOCALIZATION CATEGORIES 

The present study attempted to investigate vocalizations in the grey butcherbird and to relate them 

to current bird song theory. The broad vocalization structure was found to be more complex than 

originally anticipated and could not be easily reconciled with the traditional song/call dichotomy 

(e.g. Thorpe 1958). In particular descriptions of songs and calls based on features such as 

complexity or length (e.g. Andrew 196 1, Marler 1969, Thorpe, 1974, Catchpole 1982, Catchpole 

and Slater 1995, Levin 1996a, Langmore 1998a) and the degree of learning associated with song 

development (e.g. Thorpe 1974) did not seem applicable. Further, a considerable body of song 

theory has been devoted to bout structure and hypotheses regarding drift (e.g. Lambrechts and 

Dhondt 1988, Weary et al. 1988, Weary et al. 1991) but this theory did not seem relevant to many 

of the vocalizations of grey butcherbirds. To describe the vocalizations adequately several 

categories had to be considered: calls, song sensu stricto, general group (day) vocalizations that 

fitted neither of the previous two categories, immature subsong, adult subsong and quiet song. 

During the course of the study it became clear that a broad overview was necessary, with each 

component considered in context, before possible functions could be suggested. 

At first it appeared that grey butcherbird vocalizations were somewhat aberrant in the broad 

context of passerine vocalizations with a complex vocalization system that could only be 

described satisfactorily by assigning vocalizations to several classes with different patterns of use. 

However further reading of the literature showed that problems regarding the arbitrariness of the 

song/call dichotomy were not confined to grey butcherbirds but had been recognized with regard 

to vocalizations in other passerines (e.g. Nottebohrn 1975, Catchpole and Slater 1995, Hailman 

and Ficken 1996, Kroodsma 1996, Levin 1996a) and further, the literature revealed that the 

existence of several song classes in passerines becoming increasingly widely recognized. For 

example Hultsch (1 991) described five categories of singing for nightingales, including nocturnal 



solo singing, dawn chorusing and daytime advertisement. Other examples have been detailed in 

sections 1.3 and 3.2.3. 

One concept that needed clarification early in the study was what was implied by the term 

'song'. It was found that although 'song' was sometimes used to refer to passerine 

vocalizations in the broad sense, in birdsong theory it essentially referred to the song 

given by male passerines in the breeding season. Some of the older definitions, useful 

when first developed, had been questioned in the later literature. The definition and 

description given by Smith (1996 pp. 377, 387) were generally adopted in this study. 

Features of Smith's definitions and descriptions that were particularly useful were that 

songs 'occur[red] primarily in sustained, quasi-rhythmic bouts' (Smith 1996 p387) and 

that 'singers [were] typically alone and not, except for singing, doing much that [was] 

obviously interactional Smith 1996 p377' while 'non-song vocalizations [did not 'occur 

primarily in sustained, quasi-rhythmic bouts'] and typically correlate[d] more with 

momentary actions such as attacking' (Smith 1996 p387). 

Adoption of these criteria allowed calls and group vocalizations to be separated from 

adult male song, adult male subsong, immature subsong and quiet song. This last group 

forms the standard components of bird song theory as developed from studies based on 

Northern Hemisphere birds. The criteria further allowed group vocalizations to be 

separated from calls. Day vocalizations, while not typical 'song', were clearly not calls 

either. The traditional features that would tend to have them put in with 'song' were the 

relative complexity, the tonality and rhythm giving a musical quality and the fact that 

there seemed to be a learned component. The traditional features that were unlike 'song ' 

were that they were given all year round (not just in the breeding season), that they were 

given by females as well as males, that they were not given in sustained bouts and that 

they were given by birds clearly communicating (rather than by non-interacting birds). 

Smith's (1 996) descriptions allow them to be removed from both song sensu strict0 and 

calls. 

Thus the scope of the study became much broader than originally envisaged. Aspects that 

needed to be investigated included whether the songs sung at dawn were the same, 

behaviourally and acoustically, as songs sung at other times of the day, which sexes and 



individuals within a family group engaged in dawn singing and at what time of the year 

they sang at dawn. It was hoped that the answers to these questions might help clarify 

some proposed functions of dawn song and usefully contribute to the debate regarding 

dawn singing and the dawn chorus. 

In the remainder of this chapter I will further review the main findings including 

proposed functions and some other points of comparison between day vocalizations and 

male breeding song. I will discuss the relevance of grey butcherbird vocalizations to 

problems concerning the dawn chorus and finally comment on the possible significance 

of these vocalizations to bird song theory and the evolution of bird song. 

7.2 REVIEW OF GREY BUTCHERBIRD VOCALIZATION STRUCTURE 

7.2.1 Day (group) vocalizations 

Most grey butcherbird territories in the study area contained a presumptive breeding pair 

and usually one or more irnmatures or adults fiom previous years. All group members 

older than juveniles joined in group vocalizations. Each discrete recognisable 

vocalization was called a vocalization unit (VU). The terms 'vocalization' and 

'vocalization unit' were used to avoid any association with the formal term 'song' yith 

its specific meanings in modem bird song theory. 

Group vocalizations were sung all year round and duetting, antiphonal or overlapping, 

was common. Duetting was used sensu Farabaugh (1 982) to include joint singing by two 

or more birds from the one group. The input of supernumeraries added complexity to the 

basic duet usually by the repetition of phrases. Day vocalizations started around civil 

twilight each day of the year regardless of the season. 

Although most VUs were sung by most group members there was some sex specificity 

with one phrase being sung by males only and certain other phrases possibly sung by 

females only (this could be worth further investigation). All components except begging 

calls by juveniles and females and a small number of harsh elements showed some 

geographic variation. This variation was generally greater with increasing distance 

though some vocalizations showed a steeper variation gradient than others. 



During the breeding season day vocalizations were preceded by male breeding song. 

During the change-over from breeding song to day song, which could take up to five 

minutes, there was generally a slowing down and gradual cessation of breeding song after 

the remainder of the group had commenced day vocalizations until the singing male 

finally joined the remainder of the group. 

7.2.2 Breeding song 

The dawn song sung by adult males during the breeding season was called 'breeding 

song' to distinguish it from 'day vocalizations'. Breeding song was in many aspects 

simpler than the normal day vocalizations. In contrast to day 'song', it was never sung as a 

duet, the timing was very regular and only a few element types were used. Further, there 

were few harsh elements. However in some ways breeding song was more complex. 

Whereas day vocalizations of neighbouring groups showed only minor differences, the 

breeding song repertoire of every male was markedly different from that of its neighbours 

and in addition changed markedly from year to year. There was more difference between 

the dawn songs of two adjacent males than between day vocalizations of groups many 

kilometres apart. Dawn song was sung during restricted times of the day and year, 

whereas day song was sung throughout the day and all year. 

Breeding song bouts were very short at the beginning of the season and generally 

increased in length reaching a peak around the spring solstice and thereafter declining in 

length until the end of the season in November. Breeding song usually finished around 

civil twilight but started earlier and earlier as the season progressed until the spring 

solstice after which it started later and later. These changes in starting time were the 

proximate cause for the changes in length through the season. 

The existence of the various vocalization categories, especially the two long-range 

categories - day vocalizations and breeding song - needs to be borne in mind in future 

studies of vocalizations of butcherbirds. The similarity to the pattern found in pied 

butcherbirds (Pers. Obs.) and the Australian magpie (Pers. Obs., Holt unpublished data) 

suggests that the phenomenon could profitably be looked at in other members of the 

Artamidae and possibly other Australian birds. 



7.2.3 Two vocalization groups in grey butcherbirds 

In Chapter 3 it was shown that grey butcherbird vocalizations could also be grouped into 

two categories - long range song and short-range song. This grouping has been suggested 

for 'song' in other passerines (Titus 1998). Long range vocalizations in grey butcherbirds 

include day vocalizations and adult male breeding song. Short-range song includes adult 

and immature subsong and quiet song. Long-range vocalizations in grey butcherbirds are 

the main topic in the remainder of this discussion, though subsong and its relevance to 

these vocalizations will also be discussed 

7.3 FUNCTION OF VOCALIZATIONS 

Traditionally the functions of bird song were divided into two broad groups - those 

concerned with territory defence and those concerned with inter-sexual functions such as 

mate attraction and stimulation (Baptista and Gaunt 1994, Albrecht and Oring 1995). It 

has been shown in this study that day vocalizations appeared to play a major role in 

territory defence, providing further contrary evidence to the now largely superseded view 

that songs for with territorial defence were relatively simple acoustically (Catchpole 

1982, Ince and Slater 1985). It was not surprising that day vocalizations were the main 

vocalizations involved with territory defence, as the territories need to be defended all 

year round. Females and immatures joined in territory defence, which was visually and 

vocally extravagant. 

In contrast, a mate attraction function was proposed for breeding song. The position of, 

and the small portion of the territory covered by the singing posts, the lack of interaction 

with other males, the observed and suspected copulation events, the circumstantial 

evidence that the participating female was not from the male's territory and the 

individuality of each male's song all suggested that the primary function of breeding song 

was to provide opportunities for and attract EPCs. The single recorded delivery near the 

nest site is consistent with a mate-guarding function but this observation needs to be 

checked for generality. 

The typical territory defence strategies of counter-singing and the stronger song- 

matching, (Falls et al. 1982, Morton 1982, Beecher et al. 2000a), were observed in day 



vocalizations but the evidence for these in breeding song was equivocal at best. Other 

hypotheses for song fbnction are discussed in sections 7.4 and 7.5 below. 

7.4 REPERTOIRE OF THE GREY BUTCHERBIRD 

7.4.1 Problems with determining repertoire size 

Problems associated with determining repertoire size were discussed in sections 1.6 and 

5.4.2.1 & 5.4.2.2. There were two types of problems - those related to the species' 

natural histories and those concerned with actually measuring the repertoire size once 

criteria for determining grouping of song types had been established. 

i) Problems associated with the species' natural history 

Problems related to the species' natural history included uncertainties regarding the 

repertoire size of continuous singers and those that change their repertoires each year, 

difficulties with deciding whether to include the contributions of females and difficulties 

with classifying songs, for example deciding whether or not two slightly different 

deliveries should be counted as different songs (e.g. Brown et al. 1988, Falls et al. 1988, 

Cooney and Cockburn 1995, Levin 1996a, Todt and Hultsch 1996, Nordby et al. 2002). 

With respect to problems associated with adequate life history knowledge, the study had 

been undertaken over a sufficient number of years to gain an idea of factors that could 

possibly affect repertoire measurements. In both day vocalizations and breeding song 

grey butcherbirds gave discrete vocalizations, that is the gap between vocalizations was 

longer than gaps between syllables, so difficulties associated with continuous singers 

were not relevant. The problem of whether or not to include females was solved by 

recognizing that the grey butcherbird essentially had two repertoires - the day 

vocalization repertoire (in which female contributions were included) and the breeding 

song repertoire. 

Deciding how to classify the numerous variations in breeding song types was more 

problematical and some decisions were somewhat arbitrary. However the scheme adopted 

seemed to give satisfactory and consistent results. Strophes that differed only by the 

addition of deletion of one or more syllables but were otherwise of similar sound and 

sonographic appearance were considered to belong to the one type. This method (with 



some slight modifications) was also adopted for day vocalizations and in each case gave a 

repertoire size that was within the typical range for most passerines. However if the 

breeding song and day vocalization repertoires were summed then the grey butcherbird 

would have a large repertoire (Keast 1993, Beecher et al. 2000b). This was not 

considered valid. 

Regarding the problems associated with birds that change their repertoires from year to 

year, the decision was made that in the case of the grey butcherbird, or any other species 

that modifies its repertoire from year to year, the repertoire consisted of all the different 

'songs' or 'themes' sung during a given time period. Otherwise repertoire size would be 

constrained only by the length of the bird's life and not species' characteristics. Even 

within species where only the male sings, the problem of different song classes must be 

taken into account when discussing repertoire size. Total size may be of little significance 

in a bird's ecology. For example if a male had two classes of song, A and B, and only 

song A was used for mate attraction, then the number of songs in category B would be 

irrelevant from a female's perspective. 

ii) Actual measurement of repertoire size 

The main problem involved in measuring repertoire size was deciding when and how to 

sample. Hiebert et al. (1 989) considered the number of song types recorded in a half-hour 

size might be an ecologically valid measure of repertoire size as perceived by a transient 

listener. It was expected that while this might be valid for Northern Hemisphere 

migratory passerines it would not be so for a sedentary permanent territory holding bird 

but results suggested that for both breeding song and day vocalizations a reliable estimate 

of the repertoire could be obtained in a half-hour of continuous recording. 

The results of repertoire analysis for breeding song suggested that, as with the chickadee 

(Hailman and Ficken 1996), dawn song repertoires were open ended. This did not appear 

to be so for day vocalizations. Additional variations on given song types were noted in 

day vocalizations but if repertoire size was restricted to song types rather than variations 

then no new song types were detected in day vocalizations. Few passerine species have 

been appropriately analysed for open-endedness (Hailman and Ficken 1996). Additional 



studies of true dawn song in other species may show that the phenomenon is not so 

unusual. 

7.5 DAWN SINGING AND THE DAWN CHORUS 

7.5.1 Problems associated with dawn singing and the dawn chorus 

Although many hypotheses have been proposed to explain dawn singing and the dawn 

chorus (e.g. Henwood and Fabrick 1979, Part 1991, Kacelnik and Krebs 1982, Mace 

1987, Hailman and Ficken 1996, Otter et al. 1997, Hutchinson 2002), there are still many 

puzzling aspects of these topics and the functions are still poorly understood (Staicer et 

al. 1996, Smith 1996). 

As was discussed in section 4.1 these problems could be due to several factors: failure to 

distinguish between singing at dawn and chorusingper se; failure to state the sex of the 

singer and failure to specify geographical location of dawn singing (and assuming that 

dawn singing only occurs in the Northern Hemisphere (e.g. Staicer et al. 1996)). An 

additional factor is suggested as a result of this study: failure to recognize the different 

song classes sung during the dawn period. These factors are discussed in further detail 

below. 

i) Dawn singing and chorusing in birds and other animals 

One cause of confusion is that researchers sometimes refer to the contribution of a single 

bird as a chorus (e.g. Mace 1987, Otter et al. 1997). A chorus refers to the contribution of 

at least two birds, not necessarily of the same species. There are many layers to the 

chorus phenomenon; hypotheses that explain singing at dawn will not necessarily explain 

chorusing at dawn. Whereas factors related to physiological or physical conditions that 

exist at dawn may provide potential explanations for dawn singing, chorusing need not be 

explained in terms of such factors. Selection pressures causing birds to sing in chorus 

need not be directly related to the factors that cause the birds to sing at dawn and 

chorusing at dawn could be incidental to the fact that many birds sing at dawn. 

Not only birds vocalise in chorus. Many animals chorus, but not only at dawn, and many 

of those that chorus at dawn also have a smaller peak at dusk (Kacelnik and Krebs 1982). 

Some components may be common to all animals and if the causation and function of 



these could be determined, then investigation into the causation and function of the dawn 

chorus in birds may be simplified. If the dawn chorus were considered from a broader 

taxonomic perspective, components that are specific to birds, to passerines and to song as 

distinct from the phenomenon of chorusing itself might give some insight into the 

problem. Features common to all birds may be related to the general dawn chorus 

phenomenon rather than to singing in passerines. The situation in tyrannids may be 

illuminating. 

Some tyrannids have distinctive song forms, which they sing mostly at dawn. They are 

also sung occasionally during the day. Most daylight cases of dawn songs occur when 

social relationships are still developing (Smith 1996). This would appear to support the 

social dynamics hypothesis of Staicer et al. (1996). However not all tyrannids have 

differentiated dawn songs. Many use the same song forms that are sung in the daytime. 

Since tyrannids are suboscines, this may represent an earlier stage in the evolution of 

song and will be considered later during discussion of the evolution of bird song. 

ii) Sex of dawn singers 

In many discussions about dawn singing and chorusing the sex of the singer is not 

mentioned or it is assumed that the male only sings (e.g. Kacelnik and Krebs 1982, Mace 

1987, Part 199 1, Keast 1994b, Albrecht and Oring 1995, Hailman and Ficken 1996, Otter 

et al. 1997). However, as has been shown in this study, female grey butcherbirds engage 

in vigorous dawn singing, as do female pied butcherbirds (Pers. Obs.) and female 

magpie-larks (Tingay 1974). Further studies could well show that in species that defend a 

territory all year round and where females are engaged in territorial defence, then these 

females contribute to the dawn chorus. 

iii) Geographical location of dawn singing 

It is sometimes assumed that dawn singing occurs only in temperate regions of the 

Northern Hemisphere (e.g. Staicer et al. 1 996) and in some studies the geographical 

location is not mentioned. However as was shown in section 4.1 the dawn chorus is heard 

in a wide range of habitats and latitudes including the Southern Hemisphere (e.g. 

Robinson 1956, Henwood and Fabrick 1979, Larkins 1982, Glass 1992, Keast 1994'0, 

Crouch 2001). Differences in geographical variation in dawn song have been shown for 



species with different life histories. Song sharing in migratory populations tends to cover 

larger geographical areas (tens to hundreds of kilometres) than in sedentary populations 

(a few kilometres) (Baptista and Gaunt 1994). This should be kept in mind when 

discussing geographical variation. There would be little point in otherwise comparing 

geographical variation between species with different life histories. 

iv) Different song classes during the dawn period 

One factor that has possibly caused most confusion is the failure to recognize the 

different song classes sung during the dawn period. As was shown in this study (sections 

1.3 and 1.6.4) there is an increasing awareness of the existence of different song classes 

with different functions and ontogeny. Grey butcherbirds were shown to have several 

vocalization categories including two that were given at dawn (sections 3.4.2 and 7.2). 

Thus there are two different components contributing to the dawn chorus in the grey 

butcherbird - the peak output of day vocalizations and the song given by the male during 

the breeding season, often started at first light. As an example of the potential confusion 

caused by this phenomenon, Keast (1994b) found that the grey butcherbird contributed to 

the dawn chorus in April, late September, November, December and January. However, 

as was shown in this study and by Larkins (1982) the grey butcherbird contributes*to the 

breeding season dawn chorus from late July or early August until some time in 

November. It would seem that Keast (1994b) was referring to day vocalizations at least 

for the months of April, December and January. This example illustrates how relatively 

little is known about the life histories of even common birds. 

7.5.2 Hypotheses concerning functions and explanations of dawn singing 

Various hypotheses regarding cause and function of dawn singing have already been 

discussed (sections 5.4.4 & 6.5). Certain hypotheses, including some previously 

discussed, will now be reviewed in the broader context of both day vocalizations and 

breeding song in the grey butcherbird. 

i) The spare energy at dawn hypothesis and two starts to the dawn chorus 

Staicer et a1 (1996) considered that there was contradictory evidence for the 'spare energy 

reserves at dawn' hypothesis and that it would not serve as a general explanation for 



dawn singing. Hutchinson (2002) however showed that theoretically this hypothesis 

could explain singing at dawn and also the common but frequently overlooked lull in 

dawn singing followed by a resumption. In Hutchinson's (2002) model passerines 

resumed singing after a period of foraging. Anecdotal evidence of actual cases of a lull 

and resumption in several passerines (Hutchinson 2002) provided some validation of the 

model. 

Evidence from the present study suggests that such cases should be examined carefully. 

The grey and pied butcherbirds and the Australian magpie were shown to have two starts 

to the dawn chorus in the breeding season, but each was the start of a different class of 

vocalizations - the 'day' vocalization dawn chorus started when the breeding season 

dawn chorus had ceased or when it was drawing to a close. At the beginning of the 

present study the dawn chorus was presumed to commence with the first day (group) 

vocalization but subsequently it was realised that another chorus, the breeding song 

chorus, had started and finished before the 'normal' dawn chorus started. 

This is not suggesting that Hutchinson's (2002) model has no validity. Under appropriate 

environmental conditions some passerines may well have a lull and resumption within the 

same song type. Rather there is the suggestion that no single hypothesis will explaii? 

double starts just as no single hypothesis will explain the function of the dawn chorus 

(Staicer et al. 1996) or of bird song generally. 

ii) Circadian cycles 

An explanation in terms of circadian cycles under the control of testosterone could apply 

to the male grey butcherbird singing breeding song although the link to testosterone may 

be less close than has previously been considered (Staicer et a1 1996). However it has 

also been shown that where song functions in year round territorial defence, testosterone 

does not play a major role in controlling bird song (Staicer et a1 1996). Thus while 

testosterone or other hormone levels may explain the proximate cause of breeding song it 

provides no explanation for the year round dawn chorus. 



iii) Territory defence hypothesis for day song 

Evidence for the hypothesis that territory defence is a function of male dawn song during 

the breeding season is generally equivocal (Staicer et a1 1996) and there was little 

indication that territorial defence was a function of grey butcherbird breeding song. 

However for grey butcherbird day vocalizations it is possible that the peak in-group 

vocalizations, given around the start of civil twilight and apparently initiated by the 

female, was territorial in function. 

iv) The social dynamics hypothesis 

Staicer et a1 (1 996) suggested that dawn singing might play an important role in adjusting 

social relationships among territorial neighbours and therefore this social dynamics 

hypothesis would provide an explanation for both chorusing and singing at dawn. This 

hypothesis assumes that these social benefits in chorusing are greatest at dawn. The 

characteristics that a dawn chorus should possess in order to meet the social dynamics 

hypothesis were: it should be a prolonged simultaneous display with lengthy and complex 

counter-singing to provide information beyond singer identity (which can be achieved 

with just a few songs); it should be socially contagious; and it should usually be directed 

at particular neighbours. The social dynamics hypothesis also predicts that populations in 

which social relationships are relatively unstable would be expected to show a niore 

lengthy or intense dawn chorus (Staicer et a1 1996). 

a) The social dynamics hypothesis - day group vocalizations 

Day vocalizations in the grey butcherbird displayed all of the above characteristics 

particularly the early morning bouts. However the characteristics were also applicable to 

most other bouts given during the day. Thus the social dynamics hypothesis would appear 

to be an explanation for chorusing, but not necessarily at dawn although there may be 

added benefits in chorusing at dawn for example maximum transmission due to optimal 

acoustic properties (Henwood and Fabrick 1979). Further, there may be social benefits in 

'setting things straight' at the beginning of the day as could be inferred from Staicer et al. 

(1996). 



The prediction that the intensity of the dawn chorus changes with stability of social 

relationships is unlikely to be relevant to day vocalizations given the stability of adjacent 

territories over the years. Neither is the suggestion that social relationships may influence 

a male's chances of obtaining EPCs and guarding his mate from them (Staicer et a1 1996) 

relevant to day group vocalizations. 

b) The social dynamics hypothesis - breeding song 

The dawn breeding song chorus was consistent with only some of the above criteria. The 

display was given in lengthy bouts but there was little evidence of counter-singing. 

Whether or not the display was socially contagious could not be answered. Certainly all 

groups commenced at about the same time but this could be due to other factors. There 

was no solid evidence that the display was directed at particular neighbours although 

occasionally a bird seemed to pay attention when a nearby bird commenced singing. 

There were changes in the intensity of the breeding song chorus during the breeding 

season but again these were probably due to synchronisation of effort due to other 

changes such as hormonal and day 1ength.changes. 

Staicer et al. (1 996) considered that the social dynamics hypothesis suggested an 

explanation for chorusing as well as for singing at dawn. Although it may provide an 

explanation for why birds chorus, it is not at first obvious that it provides an explanation 

for why they sing at dawn. The following corollary of the social dynamics hypothesis 

however does suggest why chorusing might be done at dawn. This corollary suggests that 

dawn singing may influence a male's chances of obtaining EPCs and guarding his mate 

from them. Thus, assuming that females pay attention to the dawn singing of neighbours, 

the social dynamics hypothesis predicts that singing at dawn may attract females who are 

paired and that males should sing at dawn when they would have a reasonable chance of 

mating with paired females (Staicer et a1 1996). The underlying assumption here is that 

EPCs occur mostly at dawn. There is increasing evidence that not only do females initiate 

EPCs but that many make early dawn forays for this purpose (Mulder 1997, Double and 

Cockburn 2000) 



7.5.3 Why do male grey butcherbirds sing breeding song so early? 

The various hypotheses already reviewed (e.g. Henwood and Fabrick 1979, Kacelnik and 

Krebs 1982, Mace 1987) that seek to explain dawn singing may or may not be applicable 

to breeding song at dawn but they do not provide and explanation for why the song is 

sung so early - during the middle of the breeding season it starts virtually in the dark. 

These exceedingly early starts suggest that some additional selection pressure is forcing 

the start of breeding song further and further into the early dawn. 

Mate avoidance - a proposed new corollary to the extra-pair copulation function 

As previously discussed, duetting for territory defence forms an important component of 

grey butcherbird vocalizations and duets are performed during the group (day) 

vocalization dawn chorus all year round. Whether the duets are co-operative or directed 

against same-sex rivals (Langmore 1998a), each bird in a pair would be very much aware 

of the other's whereabouts. Grey butcherbird males need to avoid mate-guarding by the 

mate and to give a solo song performance to maximise the opportunities for gaining 

EPCs. A parallel argument could apply to'females. It could be advantageous for them not 

to attempt to engage in duets at this time, but to quietly seek EPCs, thus exerting inter- 

sexual selection pressures in favour of early dawn breeding song. this is consistent with 

the observations in superb fairy-wrens ((Mulder 1997, Double and Cockburn 2000). 

7.5.4 Suggestions regarding studies of dawn singing and the dawn chorus 

Given the imprecision outlined above it is not surprising that there has been much 

discussion and little resolution of questions concerning the function of dawn singing and 

the dawn chorus. A confounding problem is that most authors do not detail the nature and 

functions, where known, of singing by males during the rest of the day, making 

comparative analysis difficult. A further issue to consider is whether to separate 

proximate and ultimate functions. For example Kacelnik and Krebs (1 982) considered 

that physical factors such as light, temperature and wind influencing foraging efficiency 

were some of the ultimate factors favouring the dawn chorus in the great tit, and that the 

proximate function was the deterrence of intruders. Confusion between proximate and 

ultimate functions can give the impression that there is a conflict when in fact there is 

none. Most importantly it is suggested that when discussing function, dawn singing, day 



singing and the dawn chorus phenomenon should be considered separately. This could be 

an important step towards clarifying the problems. 

7.6 IMPLICATIONS FOR THE EVOLUTION OF SONG 

Passerine song is generally thought to be so highly evolved that no primitive conditions 

exist to provide clues to its origin (Hailman and Ficken 1996). However it will be 

proposed here that the situation in the grey butcherbird does contain such clues. As has 

been documented, it was not possible to reconcile grey butcherbird vocalizations with the 

prevailing paradigms of bird song theory. Hailman and Ficken (1 996) experienced similar 

difficulty in fitting vocalizations of chickadees into the commonly accepted concepts of 

passerine song and suggested abandoning the concept of unitary song for these birds. 

There are many parallels between lifestyles and vocalizations of non-migratory 

chickadees and grey butcherbirds and these will now be briefly explored. 

Poecile tits are commonly known as 'chickadees' in North America. Both grey 

butcherbirds and chickadees mate for life. Although chickadees do not hold territory all 

year round there are nevertheless certain similarities in territory tenure; chickadees 

abandon their territories to form winter flocks but re-establish them each year in familiar 

localities where they already know both the habitat and the likely neighbours. 

Like the grey butcherbird, the chickadee uses a variety of vocalizations, which between 

them appear to serve the different functions served by a single song in a typical migratory 

Northern Hemisphere passerine and there is some sex specificity in vocalizations. There 

are three vocalization types: 'gargles' (given mainly by males), 'chick-a-dee' calls (given 

by both sexes) and the 'fee-bee' group of vocalizations (often called the 'song' of the 

chickadee and given primarily by males). Black-capped chickadee females give a 

begging call distinct from that of the chicks (in the grey butcherbird the adult female call 

and the chick calls are virtually indistinguishable). There are other vocalizations given by 

mated females only. In yet another similarity to the grey butcherbird, a predawn serenade 

comprising various elements of these vocalizations is given by males of several 

chickadee species. This dawn singing is more elaborate than singing at other times but 

unlike the grey butcherbird dawn song is given quite near, and seems to be directed 

towards, the mate. 



Hailman and Ficken (1996) suggested several scenarios for the evolution of this song in 

the chickadees with the current situation being the primitive condition and the converse 

where it represents a secondarily derived simplification. However the scenario they most 

favoured envisioned the ancestral male using many of the various elements in the vocal 

repertoire for both mate attraction and territorial defence. Hailman and Ficken (1996) 

then contrasted the life history of tits with that of typical migratory north-temperate 

passerines and suggested that the short breeding season, in which a male has to establish 

a territory and attract a mate, may have led to the development of a single song that 

served many functions. 

The scenario here proposed for the grey butcherbird, that communal singing including 

duetting was the primitive condition, is similar though not identical to that of Hailman 

and Ficken (1 996). This suggestion for a duetting bird is not without precedent. Even 

though it is implied in the literature that solo male song was the initial condition and that 

female song arose secondarily (Farabaugh 1982, Langmore 1998a), it has been suggested 

that duetting might be the primitive condition and solo male song the derived state 

(Farabaugh 1982, Baptista and Gaunt 1994, Morton 1996). I propose that grey 

butcherbird group vocalizations represent the ancestral condition and that male song 

evolved from elements within this group singing. I further propose that grey butcherbird 

vocalizations retain traces of an earlier stage in song evolution and may give insight into 

the evolution of bird song generally. 

First I will examine day vocalizations in an effort to identify hard-wired components 

using evidence from individual and geographic variation. Next I will look at evidence 

that suggests that breeding song developed from day vocalizations by looking at common 

themes. This, together with evidence from subsong, will be used to contrast the probable 

amount of learning involved in each. Finally I will consider the implications of 

cooperative breeding as an ancestral condition in the context of bird song evolution with 

the possibility that the passerines and song evolved in Australia. 



7.6.1 Geographic variation and the degree of learning in and day 

vocalizations 

Evidence for a hard-wired component to day vocalizations was provided by certain 

phrases that were similar across widely separated groups but were used differently in 

those groups. In one group they might be incorporated into a larger vocalization unit but 

in another they might be given singly or incorporated into a different vocalization unit. 

This suggests that there is a core of inherited components common to all butcherbird 

populations, at least within the broad study area. 

Examples from day vocalizations are given here. There were some phrases such as 

'blink-o' and the various pulses that showed little geographic variation. These seemed to 

be given by most groups from all locations. There were other phrases that showed little 

variation but were not common to all groups. For example the phrase 'It's Myrtle! ' was 

frequently given with little variation at both Indooroopilly and Griffith University but 

was rare at Bardon. In the final example, that there was evidence (see section 3.5.5.2) that 

the sequence of phrases sung by one bird within a duet seemed to be fixed even if the 

phrases were given in a different context and in a different geographical location. 

Characteristic constant frequency intervals were also observed and were partly ' 

responsible for similarity of 'tunes' detected across various vocalization classes ,and 

groups. 

These examples suggest that although there is some hard-wiring of frequency intervals, 

elements, phrases and syntax in day vocalizations, there is also some learning by 

imitation as suggested by the degree of geographic variation. Imitation as the mode of 

acquisition for the learned component is consistent with current opinion regarding song 

development in a sedentary species (Kroodsma 1996, Beecher et al. 2000b). 

7.6.2 Themes Common to Day Vocalizations and Breeding Song 

The initial impression on listening to breeding song and day vocalizations was that there 

was very little similarity. However with increasing familiarity the human ear could detect 

themes and motifs common to both. There seemed to be a common pool of day 

vocalizations within the focal and incidental study sites from which males could select 

the building blocks for their repertoires. Several examples are given below. 



In the focal group the harsh, relatively invariant type I pulse frequently used in the first 

group VU of the day and a sweet-sounding phrase found in type B songs from Sam's 

1988 repertoire, though strikingly different in timbre, had the same tune. Also of 

significance in the vocalizations of the focal group was the quite marked similarity 

between elements in the musical phrases in VU3 and male breeding song. It was 

suspected that these musical elements were sung by males. In another example, in 2001 at 

a location about 10 km from the main study site, a typical day vocalization was heard 

sung to the tune of the class B breeding season songs used by Harry at Rainworth in 

1996. The final example is the 'blink-o' phrase found in both day vocalizations and 

breeding song (sections 3.5.3.1 and 5.4.2.3). This apparently significant and characteristic 

sound, common in day vocalizations, was frequently used in breeding song in the main 

study group. For example it was used to introduce all but one of Sam's strophes in 1999. 

This pattern, where a breeding song tune was related to a day vocalization not only from 

the local group but also from groups separated in time and place, was frequently 

observed. It reinforces the suggestion that there is a common pool of sounds from which 

the various day vocalization repertoires have developed and further suggests that 

breeding song evolved from day vocalizations. The similarity (albeit of varying degrees) 

between day vocalizations from different groups, contrasted with the individuality of 

each male's breeding song repertoire, reinforces the suggestion that breeding sofig 

evolved from day vocalizations and not vice versa. Moreover the individuality of each 

male's repertoire, both between males in the one year and within the same male between 

years, suggests improvisation as the major mode of acquisition of breeding song. This is 

considered unusual for a sedentary species (Kroodsma 1996) and reinforces the 

suggestion that there is great inter-sexual pressure on males to develop individually 

distinctive songs. 

If grey butcherbird vocalizations are taken as a whole, then the males at least would 

appear to learn by both improvisation and imitation. In this they are not unique and the 

situation may be more widespread than commonly believed. Nightingales, for example, 

appear to learn by both improvisation and imitation (Hughes et al. 2002). 



7.6.3 Subsong in grey butcherbirds - relevance to day vocalizations and 

breeding song 

The traditional view of subsong is that it is given by immature males learning their 

species song. Rarely is adult subsong referred to. Although the function of subsong in 

adults is uncertain (Marler and Peters 1982, Dabelsteen et al. 1998) it has been suggested 

that it plays a role in repertoire development in species in which there is a significant 

change in repertoire from year to year (Marler and Peters 1982). If this were correct then 

adult subsong might not be common. However another reason for the infrequency with 

which it had been studied is that it could be well given in migratory birds in their over- 

wintering sites which may not necessarily be readily accessible to researchers. 

In the documented cases of immature subsong in this study birds in their first year 

included mimicry and day vocalizations in their subsong but no adult male breeding song 

vocalizations. Breeding song was definitely heard in subsong only in fully adult males 

though there were some indications that it also occurred in late immatures. This, 

combined with the observation that only one male was ever heard giving subsong at any 

one time in the one territory, suggests that it is the prerogative of the breeding male. 

Further careful observations need to be done to clarifjr the circumstances under which late 

immatures sing subsong containing breeding song. 

A further important question relates to the role of subsong in developing vocalizations. 

The suggestion that subsong in adults is heard only in species in which there is a 

significant change in repertoire from year to year (Marler and Peters 1982) is consistent 

with the above observations. Only an established male changes repertoire from year to 

year. Group vocalizations do not change significantly from year to year and so need to be 

practised only by birds in their first year who will later join in group vocalizations. One 

significant question then is whether juvenile and immature females sing subsong. A 

banded population with sex determined from chromosomal studies would be needed to 

answer this question as immature males and females are not differentiable in the field. 

The fact that young birds do sing subsong incorporating day vocalizations and give it in 

company, in sharp contrast to the traditional situation, does suggest that day vocalizations 



have a learned component and that singing in a group is part of the essential performance 

of a group-living bird. 

7.6.4 Cooperative breeding as an ancestral conditions 

Although social organization can been changed by manipulating resources (Davies 1992, 

Cockburn 1996) this does not account for the non-random distribution of cooperative 

breeding among taxa (Russell 1989, Edwards and Naeem 1993, Cockburn 1996). The 

high level of cooperative breeding in Australian passerines has long been recognized (e.g. 

Rowley 1976, Dow 1980) and a case can be made for cooperative breeding as a primitive 

condition with a degree of phylogenetic inertia in Australian passerines (Russell 1989). 

Many of the Australian passerines belong to a belong to a single clade, the Corvida 

(Sibley and Ahlquist 1985), within which extensive radiations which have taken in place 

in Africa, Eurasia and the Americas and there is a good case for an early origin of 

cooperative breeding within the Corvida (Cockburn 1996). The possibility that 

cooperative breeding could have evolved before the split of the Passerida and the Corvida 

is now explored. 

First is the observation by Olson (unpubl. MS in Feduccia 1996) that the essential , 

passerine combined suite of characters (the passerine bauplan) has never been selected 

against. It is postulated that if cooperative breeding were a member of this suite of 

characters then it would persist for a long time - the 'phylogenetic inertia' of Russell 

(1989) and Dow (1980). Given the possible early origin (see section 7.6.5 and Appendix 

Eight) of the passerines in Australia there is the possibility that characteristics seen now 

in cooperative breeders in Australia were exported to the rest of the world during the 

radiation of the passerines into the Northern Hemisphere. However, even though 

cooperative breeding may not have been selected against, if it were no longer being 

actively selected for, then genetic drift could occur and it could become less common and 

patchily distributed within the Passerida with no trace remaining of a phylogenetic 

component. 

These proposals regarding cooperative breeding are argued more fully in Appendix Nine. 

At the very least there is some evidence for cooperative breeding as the primitive state in 

the Artamidae. Evidence for three genera is presented below. 



a) Cracticus 

Edwards and Naeem (1993) were of the opinion that the lower frequency of helping in 

butcherbirds (Cracticus; two of four species) weakened the idea that cooperative breeding 

arose primitively for these genera. However a case can still be put for primitiveness in 

this family as this proportion would seem to be an underestimate. If New Guinea species 

are included, then cooperative and/or communal breeding and/or delayed dispersal have 

been documented in four of seven species: the grey butcherbird (Thomson 1922, 

Hindwood 1955, Rowley 1976, R.A.O.U. Nest Record Scheme), the pied butcherbird 

(Robinson 1994, Clarke 1995), C. quoyi (Storr 1953) and C. cassicus (Cockburn 1996). 

The case for cooperative breeding in the grey butcherbird was examined in more detail in 

section 2.1.7. 

Five species of woodswallow have been reported to breed cooperatively; the white- 

breasted Artamus leucorynchus, black-faced A. cinereus, little A. minor and dusky A. 

cyanopterus woodswallows in Australia and the Papuan wood-swallow A. maximus in 

New Guinea (Skutch 1987). Most of this evidence for woodswallows had been drawn 

from brief reports in the literature but quantitative confirmation of co-operative brekding 

in black-faced woodswallows has recently been demonstrated (Rowley 1999). 

c) Gymnorhinu 

Cooperative breeding is well documented for the white-backed form of the Australian 

magpie (Brown et al. 1988). 

The significance of the long history of co-operative breeding in Australia is explored in 

the discussion of the possible evolution of song (section 7.6.6) after evidence for an 

Australian origin of the passerines is presented. 

7.6.5 Possible origin of the passerines in Australia 

Any all-encompassing hypothesis for the origin of song must assume a monophyletic 

origin. This is turn implies a monophyletic origin of the taxon in which it is hypothesised 

to have originated. These assumptions and implications will now be investigated. 



There seems little doubt that the Passeriformes form a truly monophyletic group (Ames 

197 1, Sibley and Ahlquist 1995, Feduccia 1996, Boles 1997). The evidence is a little 

more equivocal for the suboscines. However, more recent studies indicate that they also 

form a narrow monophyletic group (Feduccia 1996, Sibley et a1 1988) though less 

narrowly monophyletic than the passerines. Evidence for these assertions is examined in 

more detail in Appendix Eight. 

Not only do the passerines seem to be a monophyletic group but Olson (unpubl. MS in 

Feduccia 1996) considered that there was no known instance where the Passeriformes 

have given rise to a subsidiary group in which the passerine suite of features has been 

lost. Although Olson (unpubl. MS in Feduccia 1996) was referring to morphology, well- 

known passerine traits such as vocal and song plasticity with their concomitant relatively 

large brain size and learning ability are as much a part of the passerine character as 

morphological features (Feduccia 1996). If, therefore, song sensu strict0 is a basic 

component of 'passerineness' it is likely to have had a single origin, as did other essential 

passerine features. 

Thus there is good evidence that the passerines are monophyletic and if it is reasonable to 

postulate that song arose early in the passerine lineage, then the place of the origin c)f 

song should be the place of the origin of the passerines. There is evidence that the 

passerines arose in Australia. 

Proposed Southern Hemisphere origin of passerines in the middle Cretaceous 

Until the discovery of passerine remains from the Early Eocene in southeastern 

Queensland, Australia (Boles 1995), the'earliest known undoubted passerines were from 

Late Oligocene deposits in France (Boles 1995, Feduccia 1996). The early Eocene 

passerines from Australia are the earliest known representatives of the order and extend 

the known age of the group by almost 25 Myr. There is evidence that the origin can be 

pushed back even further. It has been estimated that the initial divergences within 

placental mammals and birds were in the middle Cretaceous (Hedges et al. 1996, Cooper 

and Penny 1998, Cooper and Fortey 1998). In particular, Cooper and Penny (1997) have 

argued for an early Cretaceous divergence for modern avian orders. It can also be argued 



that the work of Sibley and Ahlquist (1990) accords well with this estimated time of 

divergence (see Appendix Eight). Finally, Cooper and Fortey (1998 p 154) predicted: 

'. . ... it is only a matter of time before a modern bird or placental mammal is discovered in 
the mid to early Cretaceous [in the Southern hemisphere].' 

A Southern Hemisphere origin for the passerines with a spread into the Northern 

Hemisphere during the mid-Tertiary was hypothesised by Feduccia and Olson (1 982 in 

Feduccia 1996). The DNA-DNA hybridisation findings of Sibley and Ahlquist (1985), 

Sibley et al. (1988) and Sibley and Monroe (1990), corroborated by evidence from other 

molecular studies as outlined in Boles (1 997), further challenged the idea that the 

Australo-Papuan avifauna had a Northern Hemisphere origin. In particular, Sibley and 

Monroe (1 990) proposed that after the suborders Passeri (oscines) and Tyranni 

(suboscines) diverged from the ancestral passerines, the Passeri then split into the 

parvorders Corvida and Passerida. The Corvida apparently evolved in Australia and New 

Guinea and the Passerida in Africa, Eurasia and North America. A major radiation from 

the ancestral types within the Corvida subsequently led to many of the Australo-Papuan 

endemic forms. 

7.6.6 Scenarios for the evolution of song in Australia 

In the light of the previous discussion, it is now proposed that the passerines evolved in 

Australia and several suggestions are made regarding the evolution of song within the 

passerines. The first suggestion is that song evolved before the split into the Tyranni and 

the Passeri. This suggestion does not necessarily contain any implications for the 

subsequent evolution of the Passeri and Tyranni. It proposes only that song was present in 

the common ancestor. The second suggestion is that song evolved in the Passeri after the 

split with the Tyranni but before the split into the Passerida and the Corvida. This implies 

that song in the Tyranni is not song sensu stricto. A hypothesis that song arose after the 

split into the Passerida and the Corvida is not tenable assuming the similarities in song in 

the two groups reflect homology and not convergence. 

The suggestion that cooperative breeding has had a long history in Australia is essential 

to the next part of the story. An essential feature of the suggested scenario is that song 

arose in a species that defended territory all year and that females as well as males were 



involved in vocal territory defence. Whether or not the pair lived within a 

cooperatively breeding group is not important. What is important is that male and 

female lived together defending the territory all day every day with little chance to 

evade each other. If evolutionary forces had resulted in the seeking of EPCs as a 

reproductive strategy then the best chance each bird would have to avoid mate 

guarding would be to seek EPCs in the early morning well before the normal day 

vocalizations had started, possibly under cover of the near darkness of early dawn. 

The importance of the long history of cooperative breeding in Australia in this 

scenario is that it suggests that early passerines lived in defended territories all year 

round. Without this prerequisite the delayed dispersal necessary for the evolution of 

cooperative breeding (Dow 1980, Clarke 1995, Ligon 1999) would not have been 

possible. The Northern Hemisphere bias is evident here again. It is usually assumed 

that complex behaviours such as co-operative breeding evolved from pair-dwelling 

systems, however there is increasing evidence that the reverse may well be the case 

(Cockbum 1998). 

A further question worth investigating is whether duetting (in the traditional sense) 

arose from communal singing or vice versa. Communal singing where individuals in 

addition to the breeding pair contribute phrases to the 'duet' has been observed in 

Australian magpies (Robinson 1956, Farabaugh et al. 1988) and in the co-operatively 

breeding high Andean rufous wren Cinnycerthia unirufa (Kroodsma et al. 1 996) in 

addition to the grey butcherbird. 

7.6.7 Comparisons with Other Passerines 

Comparisons with other species have been made during this discussion and in 

discussions associated with earlier chapters but it is relevant now to make more 

detailed comparisons with both Australian passerines and passerines from other 

regions. These comparisons will be referred to in section 7.6.8 where broad 

comparisons are drawn with passerines world wide, both Corvida and Passerida, to 

strengthen the argument that the broad structure of grey butcherbird vocalizations may 

contain remnants of an early stage in the evolution of song. These comparisons 

revealed many common characteristics including number of song classes, singing of 

some classes by females, proposed functions and structural similarities. These are 

discussed in more detail below. 



7.6.7.1 Comparisons with Other Australian Passerines 

Detailed studies of Australian passerine vocalizations have been undertaken on only a 

small number of species. Among these are the Australian magpie Gymnorhina tibicen 

(Robinson 1956, Brown et a1 1988, Farabaugh et a1 1988, Sanderson and Crouch 

1993), magpie-lark (Tingay 1974), splendid wren (Payne et al. 1988), Capricorn 

silvereye Zosterops lateralis chlorocephala (Slater 1993), superb fairy-wren (Cooney 

and Cockburn 1995), chowchilla Orthonyx spaldingii (McGuire 1996) and Albert's 

lyrebird Menura alberti (Robinson and Curtis 1996). 

References to different vocalizations during the breeding season, however, are scant 

and scattered through the literature. Among the Artamidae, a breeding season song has 

been described for the grey butcherbird (Larkins 1982), the pied butcherbird 

(Robinson 1956, Glass 1992) and the Australian magpie (Robinson 1956). Among 

non-Artamid passerines, reference has been made to a different early morning song or 

a breeding season song in several honeyeaters (Meliphagidae) including the little 

wattlebird Anthochaera chrysoptera (Jurisevic and Sanderson 1994), singing 

honeyeater Lichenostomus virescens (Robinson 1956), noisy miner (Hall 19 16, 

Jurisevic and Sanderson 1994), white-plumed honeyeater Lichenostomus penicillatus 

(Jurisevic and Sanderson 1994, Crouch 200 I), yellow-faced honeyeater 

Lichenostomus chrysops, yellow-throated honeyeater Lichenostomusflavicollis, spiny- 

cheeked honeyeater Acanthogenys rufogularis (Buckingham pers.com. 1997) and the 

little friarbird Philemon citveoplaris (Johnson unpubl. data). Breeding song in other 

non-Artamid passerines has been reported in the eastern whip-bird Psophodes 

olivaceus (Watson 1969) and the hooded robin Melanodryas cucullata (Buckingham 

pers. corn.). Slater (1993) documented a breeding season song for the Capricorn 

silvereye but contrasted this with daytime calls rather than 'song7. 

In the following section vocalizations of these species will be compared, where detail 

permits, with vocalizations in the grey butcherbird. In the subsequent section 

comparisons will be made with a small selection of passerines from other regions. 

Unequivocal calls and subsong in immature males are common to most passerines and 

will not be further discussed. Particular attention will be paid to song in female birds 

including group singing, quiet song and repertoires with two song classes including 

special breeding songs at dawn or other times of the day. 



Duetting and other group vocalizations given by both sexes 

Duetting and other group vocalizations given by both sexes have been recorded in the 

Australian magpie (Robinson 1956, Farabaugh et al. 1988, Sanderson and Crouch 

1993) and pied butcherbird (Johnson unpubl. data). Group singing for territorial 

defence occurs in the chowchilla (McGuire 1996) but it is not clear whether this 

involves females. In addition solo female song has been documented in the splendid 

wren Payne et al. 1988) and the superb fairy-wren (Cooney and Cockburn 1995). 

These birds maintain year-round territories. In the fairy-wrens territory defence has 

been demonstrated for female song (Payne et al. 1988, Cooney and Cockburn 1995), 

has been suggested for the Australian magpie (Farabaugh et al. 1988) and was 

considered a significant function for female grey butcherbird song in the present study. 

Breeding season song 

In all documented cases where a special song is sung during the breeding season, 

usually at dawn, this song has been given by males only (noisy miner, Hall 19 16; 

Australian Magpie, Robinson 1956, Brown et al. 1988, Farabaugh et al. 1988, 

Sanderson and Crouch 1993; eastern whip-bird, Watson 1969; grey butcherbird, 

Larkins 1982; pied butcherbird, Glass 1992, Johnson unpubl. data; Capricorn 

silvereye, Slater 1993; Albert's Lyrebird, Robinson and Curtis 1996). This is so even 

in species where female song is otherwise prolific (Australian Magpie Robinson, 

1956, Farabaugh et al. 1988, Sanderson and Crouch 1993; grey butcherbird, Larkins 

1982; pied butcherbird, Glass 1992). 

Documented behaviours during breeding song rendition are scant but the Australian 

magpie was reported to sing from a sheltered position and breeding song was usually 

interrupted by a chorus from other members of the group, effectively terminating the 

breeding song bout (Robinson 1956, Sanderson and Crouch 1993). A similar 

interruption of breeding song with daytime vocalizations from the mate or other group 

members was noted in the grey butcherbird in this study and in the pied butcherbird 

(Johnson unpubl. data). In contrast, the pied currawong sang from an exposed perch 

such as telegraph pole and occasionally sang while flying. As with the Australian 

magpie and the grey butcherbird the Capricorn silvereye sang under cover of the 

canopy, changing song perch between bouts (Slater 1993). Postural behaviours are 



rarely documented, but seem to be absent, perhaps because the song is given under 

cover of dark or foliage (e.g. Slater 1993). 

Daily and seasonal duration of breeding song 

In all documented cases breeding season song tends to be sung in a conventional bout, 

as is song by northern hemisphere passerines. This is particularly noticeable in those 

Australian species where all group members give daytime vocalizations, which do not 

typically have the same clear bout structure. 

For the Australian magpie, daily duration varied through the season becoming longer 

as the season progressed, and presumably declining in length towards the end of the 

season. However it always started before dark (Robinson 1956). The Capricorn 

silvereye also gave breeding song during nautical twilight (Slater 1993). The pied 

butcherbird and pied currawong usually started before or during nautical twilight 

although occasional later starts were recorded (Johnson unpubl. data). Both the grey 

and pied butcherbirds usually finished at or near the start of civil twilight (this study, 

Johnson unpubl. data). The singing honeyeater Lichenostomus virescens on the other 

hand sang between dawn and sunrise (Robinson 1956). 

As the name implies breeding song was usually sung during the breeding season. The 

Australian magpie sang from late July or early August to October (Robinson i956, 

Sanderson and Crouch 1993) as did the pied butcherbird and pied currawong (Johnson 

unpubl. data) and the grey butcherbird (this study) and the noisy miner sing from May 

through January (Jurisevic and Sanderson 1994). The singing honeyeater does not as a 

rule commence before September (Robinson 1956). 

Acoustic details of breeding song 

In many cases, for example in the white-plumed honeyeater, grey butcherbird, pied 

butcherbird and pied currawong, breeding song is sufficiently different from daytime 

vocalizations that even experienced ornithologists, both amateur and professional, can 

have difficulty recognizing the singing species (Crouch 1997, Buckingham pers com., 

Johnson unpubl. data). 

For the Australian magpie, bout length at maximum duration included 400-500 strophe 

repetitions with typical delivery rates from 4-5lmin to 6-SOImin (Sanderson and 

Crouch 1993). This is not dissimilar to the situation in grey butcherbirds although the 

maximum number recorded was slightly less in grey butcherbirds. In both the 



Australian magpie (Sanderson and Crouch 1993) and the grey butcherbird the 

fundamental frequencies present in the dawn song and territorial song were similar 

with the territorial vocalizations normally having more prominent harmonics present. 

In the noisy miner the song lasted about 20 minutes each morning, was considerably 

more melodious than daytime vocalizations and contained very few of the day notes 

Hall (1 9 16). Again this bears strong similarities to the situation in grey butcherbirds. 

Comparisons with songs of the eastern whipbird and Albert's lyrebird show that even 

these quite different songs have a significant feature common with that of the grey 

butcherbird. The breeding season vocalization in the eastern whip-bird consisted of up 

to three introductory notes from the usual whipbird song (Watson 1969) whereas the 

'atypical' breeding season song given by the Albert's Lyrebird consisted of a wide 

variety of songs that appear related to, but are clearly different from, the territorial 

songs (Robinson and Curtis 1996, Curtis 2001 pers. comm.). Thus in these two species 

as in the grey butcherbird there is the presence of a 'different' song early in the 

morning during the breeding season. , 

Function of breeding song 

Few studies of breeding song in Australian birds have dealt with function but an 

explicit copulation soliciting function seems evident for the white-plumed hoheyeater. 

Crouch (1997) replayed, around midday, a song the white-plumed honeyeater recorded 

at dawn that day. The replay elicited, within seconds, close approach and subsequent 

copulation by two white-plumed honeyeaters. Likewise Slater (1993) considered that 

the complexity of the song was consistent with a female attraction function as in 

Catchpole's (1982) hypothesis, but whether this was a copulation soliciting function 

was not evident from the study. 

These observations suggest that a special breeding season song, as described for the 

grey butcherbird, may be a common feature of Australian passerine vocalizations, in 

addition to the usual daytime, year-round vocalizations. 

Variation in daytime and dawn vocalizations within and between groups and 

individuals 

Few studies have been published on variation in vocalizations within and between 

groups and individuals, which is not surprising given that detailed vocalization studies 



are relatively few. No clear patterns emerged in a review of variation in vocalizations 

documented in the studies mentioned so far. 

Geographical variation was found in territorial vocalizations of the pied butcherbird 

(Johnson unpubl. data) and the grey butcherbird (this study) but there was little 

information on such variation in other species. However geographical variation in 

dawn song was found in the little wattlebird and the white-plumed honeyeater 

(Jurisevic and Sanderson 1994) and the Australian magpie (Sanderson and Crouch 

1993). 

Johnson (unpubl. data) noted a detectable difference between breeding songs of two 

Australian magpies in adjacent territories on the same date. This is in contrast to the 

report by Sanderson and Crouch (1993) who found little individual variation 

Australian magpies. However this could be because the latter study involved the 

white-backed form of the Australian magpie. This bird has a different social structure 

to the black-backed f o m  and further investigations into this possible difference 

between males could be worth investigating. On the other hand Sanderson and Crouch 

(1993) did find individual variation in territorial carols in Australian magpies. 

For breeding song in the pied butcherbird (Glass 1992, Johnson unpubl. data) and the 

grey butcherbird (this study) there was so much variation between individuals' and 

within individuals from year to year that it was difficult to allow for the effect of 

geographic variation alone and this effect should be accounted for in discussing 

variation in dawn song. 

No individual differences were noted in breeding song in the pied currawong either 

between individuals or within individuals over years (Johnson unpubl. data) or 

Albert's lyrebird (Curtis pers. com. 2001). 

7.6.7.2 Comparisons with Passerines from Other Regions 

As has previously been discussed there were at first appearance major differences 

between the broad structure of grey butcherbird vocalizations and those of temperate 

northern hemisphere passerines. Further investigation showed that solo male song, the 

major vocalization category of temperate northern hemisphere bird song, was in fact 

found in grey butcherbirds and if the breeding season alone is considered (which has 

often been the case in temperate northern hemisphere bird song studies) then the 

differences become less marked. Moreover the contribution of females, one of the 



striking features of grey butcherbird vocalization structure, has been shown to be more 

common than previously recognized. This has been discussed in detail in sections 

3.2.5 and 3.2.6 and will not be repeated here. Instead particular attention will be paid 

to repertoires with two song classes especially with special breeding songs at dawn. 

Repertoires with two song classes 

An initially unexpected but significant finding was the possession of two song classes 

in the repertoire of the grey butcherbird. The existence of two such classes does not 

seem to be restricted to any particular taxonomic group within passerines, being found 

across a wide range of taxa including Australian Magpies, pied butcherbirds and a 

variety of Australian honeyeaters, among the Corvida (Robinson 1956, Farabaugh et 

al. 1988, Glass 1992, Sanderson and Crouch 1993, Johnson unpubl.) and Capricorn 

silvereyes, Adelaide's warbler, chestnut-sided warblers, blue-winged warblers and 

dark-eyed juncos among the Passerida (Kroodsma 1987, Byers and Kroodsma 1992, 

Slater 1993, Staicer 1996, Titus 1998). 

Adelaide's warbler Dendroica adelaidae maintains territory and monogamous pair- 

bonds all year round and has two song classes A and B (Staicer 1996). Type B songs 

are given during the dawn chorus and only in the breeding season. Type A songs' are 

apparently important in mate attraction and not narrowly tied to the breeding season. 

Staicer (1996) considered that type B songs seemed relatively unimportant in mate 

attraction, but the question could be asked whether they were not for attraction of the 

social mate but for soliciting EPCs, which may have gone undetected. 

The dark-eyed junco Junco hyemalis is another socially monogamous, territorial 

passerine with two song classes (Titus 1998). As with the grey butcherbirds the two 

song classes differ in frequency, syntax and repertoire size. Like grey butcherbirds the 

female junco sings the territorial song (long-range song, LRS) but not the short-range 

songs (SRS) used by the male in courtship displays. In a further similarity some 

syllables found in LRS were also found in SRS even though the two types were 

otherwise very different. Titus (1 998) concluded that SRS communications were more 

'secretive' than LRS and could be designed to conceal from conspecifics that a 

potentially fertile individual was being courted. In this case the frequency 

characteristics of the song did not suggest advertisement for EPCs. 



Two song classes are not confined to territory holding birds. The migratory blue- 

winged warbler Vermivora pinus (Kroodsma 1987) also possesses two song types. 

Type I, the species typical song given during the day, contains compolients that are 

more stereotyped than others, as was found in the grey butcherbird. Type I1 seems 

comparable with grey butcherbird breeding season dawn song. It is sung at dawn 

under low light conditions. As with grey butcherbird breeding song bouts are short at 

the beginning of the season and increase as the season progresses. The greatest 

duration occurs during egg-laying and early incubation when up to 30-50 minutes of 

intense type I1 singing, at a median rate of 15 songslmin typically precedes the first 

type I song (Kroodsma 1987). Again this bears considerable similarities to the 

situation in grey butcherbirds both in intensity of breeding song and in the separation 

of type I and type I1 songs in time. Kroodsma (1987) suggested that the intense singing 

before incubation egg-laying and early incubation could be related to cuckoldry 

prevention, which by implication suggests that EPC opportunities for females could be 

related to type I1 songs. 

Greater variation and a larger learned component in breeding song compared with day 

song was a feature of grey butcherbird vocalization structure. A similar situation,is 

found in male chestnut-sided warblers Dendroica pensylvanica where type I songs 

appear to have a larger learned component than Type I1 songs and type I songs show 

considerable individual variation (Byers and Kroodsma 1992). 

Comparison with the nightingale 

The grey butcherbird would seem to have little in common with the legendary 

nightingale with its roughly 200 discrete and readily distinguishable song types (Todt 

and Hultsch 1996). However there are some similarities. This great variety of song 

types in the nightingale can be grouped into clusters of two to 12 types and likewise 

the various types in a grey butcherbird repertoire could be reduced to a smaller number 

of classes. With so many song types it is easy for the nightingale to sing with 

immediate variety, whereas the grey butcherbird often repeats a type once or more 

before changing to another type. However average strophe lengths, roughly three 

seconds in the nightingale, compare well and there are behavioural similarities. Some 

nightingales sing without paying any detectable attention to the timing or quality of 

song from neighbours or playbacks. Todt and Hultsch (1996) referred to this as 

'autonomous singing' and considered it was characteristic of individuals with well- 



established territories. This well describes dawn song in grey butcherbirds except that 

grey butcherbirds did sometimes respond to playback. 

7.6.8 Features of Vocalizations in Other Passerines also Found in Grey 

Butcherbird Vocalizations 

In this thesis the majority of broad features found in grey butcherbird vocalizations 

have also been documented in one or another passerine group. If the converse were 

true, that there is no broad feature found in other passerine vocalizations that is not 

also found in grey butcherbirds then this would strengthen the argument that the 

situation in grey butcherbirds might contain many 'primitive7 features. Comparisons 

with other passerines were made in section 7.6.7 and, drawing on this information and 

other information throughout the thesis, a preliminary list of common features has 

been attempted. 

Some features broadly found in other passerines are: songs for mate attraction (many 

authors e.g. Thorpe 1954, Catchpole and Slater 1995), separate vocalizations for mate 

attraction and territory defence (Hailman and Ficken 1996), duetting by a mated pair 

(e.g. Thorpe 1973, Farabaugh 1982, Levin 1996a,b), contributions of individuals other 

than the breeding pair to duets (in the broad sense) (Robinson 1956, Farabaugh dt al. 

1988, Kroodsma et al. 1996), subsong by juveniles (e.g. Thorpe 1954), subsohg by 

adults (many authors e.g. Marler and Peters 1982, Dabelsteen et al. 1998), open ended 

repertoires (Eens et al. 1992, Hailman and Ficken 1996), quiet song (Dabelsteen et al. 

1998, Titus 1998), solo female song (many authors e.g. Lack 1970, Davies 1992, 

Cooney and Cockbum 1995, Eens and Pinxten 1998, Langmore 1998), a different 

early dawn song by males in the breeding season (Robinson 1956, Spector 1992, 

Staicer et al. 1996, Crouch 1997, Crouch 2001). This list is not exhaustive and further 

and, most importantly, all features listed are found in some of the Passerida as well as 

in the Corvida. 

7.7 SUGGESTIONS FOR FURTHER STUDY 

As a result of this study a number of topics are suggested for future investigation. 

Many of these future studies would consist in gathering additional evidence for trends 

observed during the present study. However since they would be done with specific 

aims in mind it would be possible to formulate specific hypotheses and design the 



studies so that the most appropriate statistical tests could be applied. This was not 

feasible in the current study given its essentially exploratory nature. 

7.7.1 Future field studies suitable for postgraduate work 

The first group of suggestions relate to investigations that would involve mostly 

fieldwork. For some of these a banded, sexed population would be essential and for 

the others it would be beneficial. Although the use of plumage characteristics to sex 

birds (Carter and Carter 1996) proved useful in the present study, and gave results that 

were always consistent with information obtained by other means, there are 

circumstances, for example in poor light or with early immature birds, where the 

method is not applicable. Samples necessary for sex determination could be obtained 

while the birds were being banded and this would provide useful confirmatory 

evidence of the plumage characteristics method. Assuming that the above conditions 

are met, the following investigations are suggested: 

Day vocalization studies 

i) For day (group) vocalizations additional observations are needed to assign sex-of- 

singer to specific vocalizations. One aim would be to confirm the preliminary 

indications that females initiate most duets, especially the first of the morning. If 

confirmed, this would add to the number of species in which it is known that 'the 

female initiates duets (e.g. Levin 1996b). 

ii) A minor dusk chorus has been reported for some birds and other animals (e.g. 

Catchpole 1982, Kacelnik and Krebs 1982). Some vocalizing at dusk was noticed in 

the present study. A small project documenting these vocalizations in the grey 

butcherbird would involve noting whether they occurred all year, whether the 

vocalizations were given in chorus or given solo, which individuals took part and the 

specific vocalizations given. This should be combined with a study of the morning 

chorus in the same group. This information would be relevant when investigating the 

function of chorusing as distinct from singing at dawn, and hence the nature of the 

'dawn chorus'. 

iii) During the study occasional typical daytime vocalizations were given as a solo 

rather than in duet. The nature of these solo vocalizations, including whether they were 

sex-specific, could be investigated. If they were given only by the male this could have 

implications for the evolution of song. If they were given by both male and female this 



would not have significant implications for evolution but would be useful information 

for investigating the function of daytime vocalizations. 

Breeding song studies 

i) Because of the nature of the study, an overview rather than an individual view of 

bout duration and seasonal duration of breeding song was given. It would be 

interesting to repeat these investigations with a focus on specific individuals rather 

than all males in the area. Such an investigation would require several field assistants 

and, with funding, would provide useful work for postgraduate or undergraduate 

research assistants. 

ii) Rules for sequential order of song type have been developed for very few birds. A 

number of models have been proposed for chaffinches and thrushes (Kroodsma 1996). 

Todt and Hultsch (1996) used nightingales to study the rules of solo singing. Very 

little else has been done in this regard and probably nothing for Australian birds. It 

would be a relatively easy to gather data for this study but advice from a competent 

statistician should be obtained prior to data gathering. The information would be 

useful when examining parallels between bird song in the Southern Hemisphere and in 

the Northern Temperate Zone. 

iii) This study showed some unusual features of subsong in grey butcherbirds, 

particularly in young birds. Further profitable investigations would be whether females 

as well as males practised group vocalizations. This information could throw light on 

the role and origin of subsong and learning in birds. Related and equally significant 

studies would be investigation of the sex of first and second year immatures singing 

subsong and the age at which day vocalization subsong cut out and male breeding 

song subsong began. 

7.7.2 Investigations suitable for field naturalists 

Some of the questions raised need additional observations before profitable 

discussions can be continued. These investigations would not yield large amounts of 

data and would be descriptive and observational rather than investigative. Nevertheless 

the information is vital for fwther discussions. The particular topics in mind are 

copulations and quiet song (Dabelsteen et a1 1998). These were observed fortuitously 

and seem to occur infrequently and furtively. They would therefore need many hours 

in the field with careful field notes taken. Such work would be ideal for the capable 



amateur. Recording quiet song would be difficult. A useful group to undertake such a 

project might be the Australian Wildlife Sound Recording Group. 

7.7.3 Investigations involving removal, intervention or laboratory studies 

i) It was suggested during the study that young birds practised and joined in group 

vocalizations so that if and when they obtained a place in a new territory they would 

be able to contribute to territory defence. To test the hypothesis that immatures 

contribute to territory defence, they could be removed from a territory. The prediction 

would be that this reduced the group territory defence capabilities so that remaining 

birds had to work harder to defend territories. Possible measurements could be an 

increase in number of vocalizations or more involvement in actual physical defence at 

the territory boundaries. 

ii) Some studies of song structure (e.g. Albrecht and Oring 1995) have provided 

contradictory evidence to Catchpole's (1982) prediction that more elaborate songs 

were likely to be for mate attraction. However Catchpole (1 982) had cautioned that 

comparisons might be best made between closely related species, populations or even 

individuals. The grey butcherbird, with marked differences shown between males, 

would be a most suitable species to test this hypothesis. This however would 

necessitate either many hours in the field observing copulations, or DNA analysis to 

determine relatedness among offspring and hence percentage of EPCs within a clutch. 

This would be a large study suitable for a research higher degree. 

iii) Future research into breeding song function should involve playback at different 

times of the breeding season and also at other times of the year. It should also involve 

day vocalizations as well as breeding song. Breeding song should be from the current 

year, given that breeding song changes significantly from year to year. Study design 

would need to be such that responses to the individual (neighbour versus stranger), to 

the singing position (normal position versus unexpected position) and song class (day 

vocalizations versus breeding song) were differentiated. The response to breeding song 

from previous years may be worth investigating. 

7.8 CONCLUSIONS 

Passerine vocalizations in the Northern Hemisphere typically consist of calls, adult 

male song sung in the breeding season, subsong and the less frequently documented 

quiet song and adult subsong. Grey butcherbirds gave all these vocalizations and in 



addition gave group vocalizations (duets sensu Farabaugh (1982)) considered to be 

more common in the tropics. It is rarely stated directly in the literature that any 

passerines use all these vocalization modes. One of the few studies to document all 

such modes in an Australian passerine (the Australian magpie) was that of Robinson 

(1956). Preliminary studies (Johnson unpublished data) suggest that it would be worth 

investigating the pied butcherbird, the pied currawong and the noisy miner in this 

context and that if more Australian species were studied in more detail this pattern 

may be found to be not so unusual. 

There were some distinctive features of adult male song, subsong and group 

vocalizations in the grey butcherbird. Each adult male had a repertoire distinctly 

different not only from that of all other males studied but also different within the one 

male from year to year. Another unusual feature of adult male song was that it was 

usually given in the early dawn, before most other grey butcherbirds were active and 

certainly before the usual day vocalizations started. 

There were two categories of subsong - that given by adult males between seasons and 

that given by young birds in their first year. Subsong in adult males has been 

previously documented and is thought to be given when males change repertoire6from 

year to year, as was the case here. The type of subsong given by young birds however 

does not seem to have been previously documented. These young birds practise day 

vocalizations, which are not song sensu strict0 and moreover give it in company of 

other young birds, a behaviour not considered typical. 

The typical functions of song, territory defence and mate attraction, seemed to be 

divided among the two long-range 'song' categories. The favoured interpretation here 

was that territory defence was undertaken by group vocalizations while mate attraction 

was the function of adult male song. In particular the characteristics of dawn song 

(behavioural and acoustic) were most consistent with an EPC function. 

Another apparently unusual feature of the vocalizations overall was that group 

vocalizations seemed to consist of two subsets - vocalizations that had a hard-wired 

component and had much in common with calls and vocalizations that seemed to have 

a larger learned component and were more closely allied to true song. The most likely 

mode of acquisition of these vocalizations seemed to be imitation, which is to be 

expected in a sedentary bird that defends territory year-round. 



The most likely mode of acquisition of adult male song on the other hand seemed to be 

improvisation, which is not usual for a sedentary species. It was suggested that the 

driving force for this mode of acquisition was inter-sexual selection where females are 

choosing males for early morning EPCs and assessing them on their song 

characteristics and ability to produce a protracted song bout starting in the early dawn. 

Mate avoidance, on the part of both males and females, was postulated as a 

concomitant selection pressure. 

These findings, in the context of the possible origin of the passerines in Australia, 

were considered to have implications for the nature of the dawn chorus and the 

evolution of bird song. It was suggested that some of the current problems in trying to 

assign functions to and find explanations for the dawn chorus might be more tractable 

if the complex nature of the dawn chorus were realised. It became clear in this study 

that some detailed knowledge of a species life history was necessary to adequately 

interpret the variety of vocalization types found. The existence of two distinct dawn 

choruses in the grey butcherbird, each related to a different class of vocalizations, 

highlighted the need to consider homologous vocalization categories when attempting 

to compare functions between species. 

Finally it was suggested that vocalizations in the grey butcherbird contained remnants 

of the ancestral condition and that it might contain clues to the evolution of song. 

These suggestions in turn depended on the assumptions that the long history of 

cooperative breeding in Australia, with the implication of delayed dispersal, suggested 

that in the ancestral passerine condition territory was defended all year round and that 

male and female contributed to vocal defence of the territory. This condition was a 

necessary factor driving the evolution of a special male breeding song. This special 

male song was driven by female choice of males for extra-pair copulations. Further, if 

male and female defended the territory all day and all year together, early dawn might 

be the best time for each to seek EPCs. 

Dispersal of passerines to the Northern Hemisphere and the later onset of the ice ages 

forcing seasonal migration would have resulted in the abolition of year-round 

territories and hence the abolition of female song. All that was left was calls, adult 

male song, subsong and possibly quiet song. 



The ideas for further study noted previously (section 7.7) might help determine the 

correctness of some of these proposals. Whether they do or not, at the very least these 

proposals may provide a useful framework within which further relevant studies of 

Australian passerines could be set. 
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Bird Song in Poetry: Setting a Cultural Precedent for the Use of 'Song' 

for Passerine Vocalisations 

To say that birds and many other animals from insects to whales 'sing' is a 
metaphor 

Smith 1996, p377 

In the simple statement above, Smith pinpoints one of the problems associated with 

the use of the term 'song'. A cultural precedent has been set for the use of this term 

for melodious passerine vocalizations and its use has caused much confusion in this 

area of study. The cultural precedent becomes clear with even a brief and cursory 

examination of English poetry. Some examples are given below. 

The references are divided into two groups. The first group contains references to 

passerines or birds in general. In each case 'song' or a related part of speech is used to 

refer to passerine vocalizations. The second group contains references to non- 

passerines. In this group terms such as 'cry' or 'shout' are used. There is some 

overlap however; the cuckoo is said to "sing'. 

No firm conclusions can be drawn from this brief survey but there is some suggestion 

of the forces at play that have moulded our use of 'song' for passerine vocalizations. 

Group 1: Passerines in poetry 

While the chaffinch sings on the orchard bough 
In England - now! 

That's the wise thrush; he sings each song twice over, 
Lest you should think he never could recapture 
The first fine careless rapture! 

Robert Browning 
Home Thoughts From Abroad 

'her eyes in heaven 
Would through the airy region stream so bright 
That birds would sing and think it were not night' 

William Shakespeare, Romeo and Juliet. Act I1 

Perhaps the self-same song that found a path 
Through the sad heart of Ruth, when sick for home, 
She stood in tears amid the alien corn; 

John Keats, Ode to a Nightingale. 



And singing still dost soar, and soaring ever singest. 

Percy Bysse Shelley, To a Skylark 

The lark now leaves his wat'ry nest, 
And climbing shakes his dewy wings. 
He takes this window for the east, 
And to implore your light he sings: 
Awake, awake! The morn will never rise 
Till she can dress her beauty at your eyes. 

Sir William D'Avenant (1 606-1 668) 

Group 2: Non-passerines in poetry 

The cry of the wild goose 

Traditional expression 

The flowers appear on the earth; the time of singing has come, and the voice of 
the turtle-dove is heard in our land 

Song of Solomon 2: 12 

Sumer is icumen in- 
Lhude sing, cuckoo! 

Anonymous. Thirteenth century 

While I am lying on the grass 
Thy twofold shout I hear; 
From hill to hill it seems to pass 
At once far ofi  and near. 

.................. that cry 
Which made me look a thousand ways 
in bush, and tree and sky. 

William Wordsworth. To the Cuckoo 





Definitions and Explanations of Bird Song Theory Terms 

This is not simply list of definitions used, or recommended,.in the thesis. It lists 

definitions and descriptions of terms given by various authors in order to give an idea 

of the range of meanings attached to some terms. Thus in some cases there is more 

than one entry for a particular term. Many of these terms are discussed in the text. 

Some definitions have been adapted especially for this thesis. 

Antiphonal Singing 

A specialized form of duetting in which male and female use different notes and 

sing alternately, often with marked precision in timing (Hooker and Hooker 1969). 

Bout 

A bout is a group of vocalisations that are separated in time from each other by 

intervals that are significantly longer than the intervals between behaviours within 

bouts. (Adapted from Farabaugh 1982). 

Cackle 

A sequence of loud raucous notes of a wide frequency range (Adapted from 

Jurisevic and Sanderson 1994). 

Call 

i) A call is short and simple, produced by both sexes throughout the year 

(Catchpole 1979). 

ii) In calls the acoustical unit is short (Marler 1969). 

iii) Call notes are usually simple in structure, consisting of one or a few bursts of 

sound, in contrast to the longer and more complicated sequences of song. Call 

notes in the main convey information which may warn of danger, help to control 

the movement of a flock, indicate the whereabouts of food, and so forth (Thorpe 

1974). 

iv) The simpler vocalizations of many species are designated 'calls' (Smith 1996). 

v) Calls tend to be shorter and of simpler structure than song (Levin 1996a). 

vi) Some calls are seasonal and sex typical, while others are heard round the year or 

are produced by both sexes (Andrew 196 1, Levin 1996a). 



vii) All birds both male and female produce simple calls. These tend to be short 

vocalizations produced throughout the year (Langmore 1998). 

Crystallized song 

Crystallized song types are operationally defined as those in which the form and 

order of elements does not vary from rendition to rendition (Byers and Kroodsma 

1992). 

Dawn chorus 

The dawn chorus is the simultaneous calling of many bird species around sunrise. It 

is the early morning period of maximum communal song (Keast 1994). 

Degradation 

Change in the quality of bird song during transmission. It is caused by reflections, 

reverberations and differential attenuation of a song's component frequencies 

(Richards and Wiley 1980 in Morton 1996). 

Dialect 

(Avian) The songs and other vocalizations sung by a local group which are 

discernibly similar, though not necessarily identical, within the group and are' 

distinct from songs and other vocalizations sung outside the group (After Morton 

1996). 

(Avian) A song dialect is a variant song tradition shared by members of a local 

population of birds, with a dialect boundary delineating it from other variant song 

traditions. (Mundinger 1 982) 

Note that Mundinger's (1982) definition does not require the sharing of entire song 

pattern, but only requires that traditionally learned song components 

characteristically appear in the songs of a local population. 

(Human language) A local speech variant. A variant of a given spoken language 

characterizing a regionally restricted speech community. Dialect boundaries are 

delineated through the analysis of lexical, morphological, and phonological 

isoglosses. (Mundinger 1982) 



Directional asymmetry 

In most birds the lefi testis is larger than the right. The extent to which the right 

testis develops may depend on whether it has to compensate for any reduced 

function in the left (Bkuead et al 1997). 

Drift 

Drift describes the tendency for cadence to become slower towards the end of a 

song (Lambrechts and Dhondt 1988) 

Dominant frequency 

The portion of a vocalisation which contains the greatest concentration of acoustic 

energy (Jurisevic 1998). 

Element (Figure or Syllable in Shiovitz (1 975)) 

i) A sound which produces a single, complete, and distinct impression, 

unintempted 'by silences greater &an two cen~seconds. 

ii) A c o n ~ u o u s  trace on a son (Ince and Slater 1984) 

Frequency 

The number of cycles per second. This is an absolute measure unlike pitch which is 

subjective. 

Frequency Modulation 

The imposing of one fiequency (the subject) on another (the carrier) so that the 

carrier wave is changed the same number of times per second as is the frequency of 

the subject wave. Frequency modulation should not be used to mean simply a 

change in frequency throughout the duration of a sound (P. Fullagar pers. corn.). 

There,is an inconsistency between the use of this term and the use commonly 

adopted in ornithological papers and texts. For example: 'Frequency modulation is 

easily visualised as changes along the vertical axis of a sonagram' (Gaunt and 

Gaunt 1985). 

Fundamental 

The mode of vibration (or component of a sound) with the lowest frequency 

(Rossing 1989 p 61). See also harmonic. 



Harmonic 

Modes of vibration whose frequencies whole number multiples of the fundamental 

mode. See also fundamental (Rossing 1989 p 3 1). 

Note that harmonics are labelled: fundamental or first harmonic, 2"* harmonic etc. 

See also overtone, partial. 

Long-range signals 

Long-range signals are conspicuous, broadcast signals that often function as 

advertisements of territorial and reproductive status (Titus 1998) 

Musical raoles and harsh dements 

The allocation of energy between different frequencies of the total energy expended 

in producing a given note determines whether a note sounds musical or harsh. If the 

energy is not concentrated systematically at any particularly related points, but is 

spread more at less at random over the frequency length, then the sound is likely to 

be harsh and discordant. A rich flute-like sound, on the other hand, will show as a 

strong fundamental and a series of six or more quite discreet harmonics at related 

intervals above it - the harmonics 3,5 and 7 (the fundamental being 1) being 

stronger, and even numbered ones somewhat weaker (Thorpe and Lade 196 1). 

ModulaGon 

Modulation is the superposition, on a phrase of constant amplitude and frequency, 

of a modifying process which changes amplitude or frequency or both.. This is 

distinct from spurious modulations that are due to purely acoustic phenomena 

within the vocal tract such as wave interaction. (Greenewalt 1968). 

Noise 

Noise is sound energy with 'no specific energy, but a random mixture of all audio 

frequencies' (from White & White. 1980 p332) 

Overtone 

A mode of vibration (or component of a sound) with a fiequency greater than the 

fundamental frequency (Rossing 1989 p 62). 



Partial 

A mode of vibration (or component of a sound). Includes the fundamental plus the 

overtones (Rossing 1989 p 62). Note thatpartial includes the fundamental, all other 

harmonics and all overtones. 

Passerines, or perching birds are divided into oscines, and sub-oscines. Sub-oscines 

(largely Neotropical) are generally considered more 'primitive' than oscines. 

Oscines are, in general, distinguished from the sub-oscines by the number and 

arrangement of the extrinsic syringeal muscles. Song learning has not been found to 

occur in sub-oscines. Although song learning and complexity reach their highest 

degree in the oscines, there are some oscines in which song le does not occur 

and some in which song sensu strict0 is very simple. Typical passerines are crows, 

magpies, starlings and canaries. (Based on various authors e.g. Feduccia 1996, 

Pizzey md M&t 1997). 

Phrase 

A distinct series of units (usually, but not necessarily, syllables) that occur together 

in a particular pattern (based on Catchpole and Slater 1995). 

Pitch 

The sensation of pitch is largely determined by frequency but is not identical with 

it. Our sensation of pitch depends to some extent on intensity; for low tones pitch 

increases with intensity, but for high tones the situation is reversed. 

Pulses 

The individual components or elements of a vocalisation (Jurisevic 1998). Used in 

this thesis particularly for short, wide-band elements with a raucous sound. 

Ranging 

The ability to use auditory cues to estimate the distance of a singing conspecific 

(Naguib 1995 (based on Morton 1982)). 

Wegiolect 

Song variation over large areas; often referred to as macrographic variation. In 

contrast with the small-scale dialect that does not interfere with communication, the 

regiolect forms an ethological-acoustic barrier (Martens 1996). 



rz .  Stock of pieces that [a] company or performer knows or is prepared to give; 

totality of regularly performed pieces, regularly used techniques etc. (Sykes J.B. 

1976. Ed. The Concise Oxford Dictionary of Current English Usage. Clarendon 

press, Oxford.) 

[A] male chaffinch [e-g.] is said to have a repertoire of song types (Catchpole and 

Slater 1995). 

Segment 

A recognisable part of an element (based on Shiovitz 1975). 

Shorl-range signals 

Short-range signals are often inconspicuous and characteristically are directed at 

specific individuals within close proximity to the signaller. (McGregor and 

Dabelsteen 1996) 

Short-range songs 

Short-range songs can be defined as those that are effectively transmitted over short 

distances relative to LRS. They may be structurally distinct from LRS or ma!y be 

ordinary song produced at lower amplitude. (Titus 1998). 

Song 

i) Songs are a type of vocalisation appropriate to, and often confined to, the 

breeding season; it given primarily by the male under the general physiological 

control of the sex hormones and....often capable of a high degree of modification by 

imitative learning (Thorpe 1974). 

ii) Songs are vocalizations that occur primarily in sustained, quasi-rhythmic 

performances. Many species have two or more structural classes of such 

vocalizations and members of only one class are commonly called songs (Smith 

1996). 

iii) Songs are vocalisations given persistently by a bird in breeding condition (and 

at no other time) before it acquires a mate (or when it loses contact with its mate) 

(Andrew 196 1). 



Song Bout 

This is rarely defined. The implication fiom the literature is that it is a clearly 

defined period of delivery of song by one bird. 

Song Nuclei 

Nuclei (clusters of neurones) in the brain of oscine passerines. These nuclei are 

interconnected to form a discrete network which is organised into two main 

pathways. One pathway, the main descending motor pathway, regulates the 

production of song. The second main pathway in the anterior forebrain, is believed 

to be essential for song learning and recognition (after Brenowitz and Kroodsma, 

1996). 

Song Type 

A version of a species song. A bird is said to have a repertoire of song types 

(Catchpole and Slater 1995). A sequence of elements occurring in the same order 

each time they are repeated. 

Strophe 

i) A short burst of song containing a number of phrases and separated by periods of 

silence (adapted from Lambrechts and Dhondt 1988). 

ii) A discrete vocalization composed of a limited number of elements. The word has 

been taken from the German where it refers to the particular delivery of a song 

(Catchpole and Slater 1995). 

iii) Equivalent to a song; of about two to three seconds duration (Todt and Hultsch 

1996). 

Sound Figure 

Sound figures are sounds separated by pauses greater than 50 mS (Dabelsteen and 

Pedersen 1993). 

Syllable 

Sounds of continuous duration in which the frequency may remain the same or vary 

through time. In musical notation, syllables would be expressed either as single 

notes or as a series of notes as in a glissando. Syllable is preferable to note, since a 

single note defines both a specific temporal period and a specific frequency. 

(Wildenthal 1965). 



Syntax 

Orderly arrangement. The part of grammar that treats the expression of word relations 

according to established usage in the language under stxdy. (Mundinger 1982). 





~efinitions' and ~escriptions* of Meteorological Terms used in the Text 

These definitions are not listed in alphabetical order but rather in the chronological 

order in which they occur during a day. 

The interval of time preceding Sunrise and following Sunset during which the sky 

is partially illuminated. 

The period when the angular depression of the centre of the sun's disc is greater 

than 12" but not greater than 18" below the true horizon. 

The period when the angular depression of the centre of the sun's disc is greater 

than 6" but not greater than 12" below the true horizon. 

The period between sunrise (or sunset) and when h e  angular depression of the 

centre of the sun's disc is not greater than 6" below the true horizon. 

Sunrise 

The time at the beginning of the day when the upper limb (edge) of the sun is on 

the clear or true horizon. 

The time at the end of the day when the upper limb (edge) of the sun is on the clear 

or true horizon. 

From Crowe 197 1 
From Qld Dept of Lands Tables of Sunrise, Sunset and Twilight for Brisbane. Latitude: - 27" 28' 28"; 
Longitude: 153" 1 '  30". Obtained 1996. 



These descriptions are not as precise as the official definitions but are nevertheless 

useful to keep in mind. Using these as a guide, the official twilight period can usually 

be gauged in the field without reference to tables or a timepiece. 

Astronomical Tf lgh l :  may be taken as synonymous with darkness. 

NauGeal T a g h t  marks the time when light will have deteriorated badly; general 

outlines will still be visible, although horizon probably will not be distinguished; all 

detailed operations are impossible, and all the brighter stars can be seen. 

Civil TwMght marks the time when ordinary outdoor operations are difficult without 

artificial light, although there will still be ample light to make possible large scale 

operations, requiring outlines only; the brightest stars will be visible to the naked eye. 

A 3.3 VS7eb Sites for Galeulatjing T f i g h t  and Sumrise Times 

Since the data for yarious localities around the world was first extracted for this thesis 

the US Navy site has been shut down (post September 1 1 2001). No other adequate 

site has been located but extensive searches have yet been done as such was not a top 

priority during the later stages of the thesis. 

However the following is an excellent easy to use site for locations in Austra'lia: 





Descriptions of Juvenile Subsong Bouts 

A4.1 Description of subsong bout by juveniles at GriMth Universiw 

On one occasion three juvenile grey butcherbirds at Griffith University were observed 

engaging in what appeared to be 'practice' chorusing. The 'song9 was not as 

structured as the song of adults nor was the timing of duetting as precise. For much of 

the time the birds seemed to be singing along together but without regard for what the 

others were singing. Occasionally however, one bird did seem to pay attention to the 

vocalizations of the other and sing in response. This was inferred from the alertness of 

the second bird while the first one was singing, the appropriate timing and volume of 

the response and the body posture at the time of response vocalization. 

The vocalizations were composed of a selection of typical day vocalizations and could 

be related to their counterparts in the focal group repertoire at Rainworth. Occasional 

mimicry was included. Using the criteria of Carter and Carter (1996) and observations 

made during the course of this study these birds appear to have been five to six 

months old. 

A4.2 Description of subsong bout by juveniles at Bardon 

During mid-April 1999 at 1300 hrs, two juveniles Erom the Bardon group were heard 

singing subsong. Using plumage characteristics and anecdotal nesting records the 

birds were estimated to be approximately eight months old. They sang from several 

perches in moderately heavy foliage at approximately three metres above the ground. 

All singing was quite soft and continuous and consisted of a medley of phrases and 

vocalization units from the day song typical of the Bardon group. There was no 

mimicry. The two birds were sitting a few metres apart, certainly within earshot. One 

bird sang noticeably more than the other and the whole bout lasted for about 20 

minutes. 





Starting and Finishing Dates and Minimum Duration of Male Breeding 

Season Song for Individual Birds 

Table A5.1 Dates are given for eight birds. Where the known first breeding song for the 
season was not recorded, the earliest date recorded is listed (if appropriately early). Likewise, 
where the known last breeding song for the season was not recorded, the latest date recorded is 
listed (if appropriately late). Firm dates were weighted more heavily than others when 
calculating the generalised average. NR = no appropriate date recorded. 



Table A 5.2 First and last dates for four birds across all years. Dates are known 
first or last occurrence of breeding song recorded for that bird across all years from 
1993 to 1999, or a date considered likely to be close to first or last date. No birds were 
closely monitored for all seven years. Breeding song had been noted as an unusual 
vocalization in 1993 and 1994 but its significance and nature had not been 
appreciated. Re-examination of old tapes confirmed its name. 

A good working length for breeding song would be just over 3 and a half months. 

GeneraGsed 
average 

Method of w e i g h ~ g  darles 
Dates were assigned qualitative probabilities and a weighhg was given to each 
probability as follows: 

3 months 20 days 

Criterion PsobabMQ Weigb~ng 
Known to be fust (or last) W 4 
Thought to be close to first (or last) W 3 
Considered to be to be rather late (or early) L 2 
Considered to be much too late (or early) VL 1 



Table A 5.3 Day (group) vocalization start times and male breeding season song start and finish times for some dates in 1993, 
1994 and 1995. Starting times and finishing times are given as absolute time (E.S.T). Weather: NR = Not recorded; F = fine; C = clear; Cd 
= Cold; CI = Cool; M = mild; W = warm; S = still; LB = light breeze; 0 = overcast; OH = heavily overcast; R = raining; LR = light rain; x/8 = 
cloud cover in octets. Source refers to raw data record location. 

Date 

9/6/93 
1/7/93 
4/7/93 
6/7/93 
7/7/93 

9/7/93 

3 1/7/93 

12/8/93 

20/10/93 

2611 1/93 

911 2/93 
16/12/93 
22/5/94 
21/3/95 
27/3/95 
28/3/95 
4/4/95 

5/4/95 

12/4/95 

3/5/95 

Bird 

R Gully 
R Gully 
R Gully 
R Gully 
R Gully 

R Gully 

R Gully 

R Gully 

R. Gully 

R. Gully 

R Gully 
R Gully 
R Gully 
R Gully 
R Gully 
R Gully 
R Gully 

R Gully 

R Gully 

R Gully 

Civil 
twilight 

CT 

0608 
0613 
0613 
0613 
0613 

0613 

0605 

0557 

0443 

0419 

0419 
042 1 
0600 
0529 
0532 
0532 
0536 

0536 

0540 

0550 

Breeding 
song 

start BSS 

Not 

Yet 
started 

for 
season 

0600 app 

<0601 

0415or 
earlier 

Day 
vocals 
start 
DVS 
0610 
0620 
0605 
0610 
0610 

0610 

0610 

0603 app 

0450 app 

0415 

0415 
0420 
0557 
0520 
0520 
0520 
0525 

530 

0530 

0546 

Breeding 
song 
finish 
BSF 

< 0610 

NR 

NR 

Day vocal 
type 

StP  
St P 
St P 
S tP  
S tP  

S tP  

StP  

StP  

Blinko 

StP  
St P 
St P 
S tP  
StP  
S tP  
S tP  

St P with 
warble r e ~ l v  

S tP  

S tP  

Weather 

F, C 
818 

Heavy fog 

F, C, M 

818 

NR 

F, 018, Cd 

F, 018, S 

F 

818 
818 
NR 

F, W 

F 

F, 418 

F, C, Cool 
Lightly 
overcast 

Comment 

Repeated. Very few yah yah 
Low light intensity 

Many 'yah yah' 
Many 'yah yah' 

No yah yahs. Had been raining 
earlier 

LW reply. First dawn song of season 
given today 

No yah yah or LW 

Missed KS start. KS probably fairly 
short. Possibly last for year 

With 'yah yah' 
Introduced by 'yark' 

With 'yah yah' 
With 'yah yah'. Time +/- 30 sec 

With LW reply 

With 'yah yah' 

Source 

Aural Note Book 
Aural Note Book 

Aural N Bk 
Aural N Bk 
Aural N Bk 

Aural N Bk 

Aural Bk 

Tape 5 

Tape 6 

Tape 8 

Aural N Bk 
Aural N Bk 
Aural N Bk 
Aural N Bk 
Aural N Bk 
Aural N Bk 
Aural N Bk 

Aural N Bk 

Aural N Bk 

Aural N Bk 



Date 

8/5/95 

9/5/95 

10/5/95 

15/5/95 

25/5/95 

20/6/95 
4/9/95 
14/9/95 
2019195 

10/10/95 

1511 0195 

24110195 

911 1/95 

1211 1/95 
2211 1/95 
2311 1/95 

Bird 

R Gully 

R Gully 

R Gully 

R Gully 

R Gully 

R Gully 
R Gully 
RGully 

Breeding 
song 

start BSS 

0508 (est) 
NR 

Civil 
twilight 

CT 

0553 

0553 

0554 

0556 

060 1 

0612 
0535 
0524 

Day vocal 
type 

St P 

S tP  

S tP  

S tP  

StP  
S tP  

Cackle T2 

Breeding 
song 
finish 
BSF 

0536 (est) 
>=0536 

Day 
vocals 
start 
DVS 
0600 

0550 

0552 +/- 2s 

0555 

0558 

0610 
0525 

0530 est 

Weather 

F, 818 
F, lightly 
overcast 
F, 218, M 

F, 418  

NR 
NR 

Cackle T2 
B l i n k  la de 

dah de dit 
St P T1 

S tP  

St P. With 'yah 
yah'. 
S tP  
S t P  

St P. Solo. 

R Gully 

R Gully 

R Gully 

RSSchool 

R Gully 

R Gully 
R Gully 
R Gully 

0530 

0445 

0420 

043 5 
0426.5 

Comment 

With 'yah' first & last. Dull sky 

Solo 

Odd vocal, ? Whisper song at 0556 
Odd vocals before and after. Whisper 

song? 
LW reply. Odd vocals before and 

after. Whisper song? 
Solo. No reply 

- 

0515 

0503 

0450 

0437 

0420 

0430 
043 1 
0425 

NR 

F, C, cool 

F, M 

F, C, C1 

NR 

NR 
NR 
F, C 

Source 

Aural N Bk 

Aural N Bk 

Aural N Bk 

Aural Bk 

Aural Bk 

Aural N Bk 
Tape 2 1 
Tape 21 

0517 

0454 

0449 

043 9 

0427 

0425 
0420 
0420 

< 0500 

0445 app 

0435 app 

<043 5 

0410 

0405 
0427 
0426 

Solo 

?Blink0 first DS 

With 'yah yah'. Some cloud 
First cackles in distance. Not sure if 

this group. 
Short overlap (app 2 strophes) KS 

and DS 
With Yah Yah 

Solo 
DS preceded KS. Probably last KS 

Aural N Bk 

Aural N Bk 

Aural N Bk 

Tape 27 

Aural Bk 

Aural N Bk 
Aural N Bk 
Aural N Bk 
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Table A5.5 Day (group) vocalization start times and male breeding season song start and finish times for some dates in 1997. 
Starting times and finishing times are given as absolute time (E.S.T). Weather: NR = Not recorded; F = fine; C = clear; Cd = Cold; CI = 
Cool; M = mild; W = warm; S = still; LB = light breeze; 0 = overcast; OH = heavily overcast; R = raining; LR = light rain; x/8 = cloud 
cover in octets. Source refers to raw data record location. 

Breeding Breeding Duration 
Nautical Civil 

Date Bird song start song finish BSS-CT breeding Comments Weather Source Day song 
twilight NT twilight CT 

BSS BSF 
(DS) start 

28/7/97 

29/7/97 

1/8/97 

1/8/97 

3/8/97 

6/8/97 

2018197 

21/8/97 

21/8/97 

21/8/97 

18/9/97 

29/9/97 

3019197 

1/10/97 

Gully 

Gully 

Sixth Cnr 
Haining. ? 
Tonv 

Harry 

Gully 

HH 

Stokes 

Stokes 

Main Mike 

HH 

Sam 

Gerhardt 

Gully 

B.Bert 

0539 

0538 

0537 

0537 

0535 

0534 

0523 

0522 

0522 

0522 

0452 

0439 

0438 

0437 

0607 

0606 

0605 

0605 

0603 

0601 

0542 

0549 

0549 

0549 

0519 

0506 

0505 

0504 

0555 

0555 

NR 

0552 

0540 

0552 

0522 

<0530 

<0535 

<0535 

0502 

0458 

0450 

NR 

NR 

0605 

0602 

0604 

NR 

>0612 

0608 

NR 

NR 

NR 

NR 

NR 

NR 

0517 

-12 

-11 

-13 

-23 

-20 

-17 

song 

10 

10 

46 

-15 

0601 

0604 app 

0600 

CHECK 

None heard 

0556 

NR 

0507 

Had started KS 
approx same 
time as next 

dav 
Day song 

overlappped 
with BS for 5 

mlns 
A 

sweet blinko 
blinko 

A sweet 

:lauds low in ea  
Fading full 

moon low in 
West 

Copulation 
observed 

Day song start 
avoroximate 

NR 

F,C,S 

F, 518 broken 
clouds 

F, 5/8 broken 
clouds 

NR 

F, 518, Co, S 

F7 

F 

F 

F 

NR 

Comment on 
Tape 36.1A 

Tape 36.1A 

Tape 36.1A 

Tape 36.1A 

GB-Notes-Own 

Tape 36.1A 

Tape 36.1B or 
36.2 (copy) 

GB-Notes-Own 

GB-Notes-Own 

GB-Notes-Own 

GB-Notes-Own 

NR 

NR 

NR 

GBNotes-Own 

GB-Notes-Own 

GB-Notes-Own 



Breeding Breeding Duration 
Nautical Civil 

Bird 
Day song Date song start song finish BSS-CT breeding 

twilight NT twilight CT 
Comments Weather Source 

BSS BSF song, 
(DS) start 

15110197 

16110197 

16110197 

1 611 0197 

17/10/97 

17/10/97 

Gully 

Main Mike 

HH 

Stokes 

Hoop-Jack 

Pilgrim Pete 

042 1 

0419 

0419 

0419 

0418 

0418 

0449 

0447 

0447 

0447 

0446 

0446 

<0440 

0427 

0427 

NR 

0424 

0423 

> -9 

-20 

-20 

-22 

Mi 

NR 

NR 

0507 

0452 

NR 

NR 

0448 

28 

GBNotes-Own 

GB-Notes-Own 

GB-Notes-Own 

GB-Notes-Own 

GB-Notes-Own 

GB-Notes-Own 

Dawn song 
start 

auwroximate 

Dawn song 
start 

auuroximate 

NR 

NR 

NR 

NR 

NR 

NR 



Table A5.6 Day (group) vocalization start times and male breeding season song start and finish times for some dates in 199'8. 
Starting times and finishing times are given as absolute time (E.S.T). Weather: NR = Not recorded; F = fine; C = clear; Cd = Cold; CI = 
Cool; M = mild; W = warm; S = still; LB = light breeze; 0 = overcast; OH = heavily overcast; R = raining; LR = light rain; x/8 = cloud cover 
in octets. Source refers to raw data record location. 

Date 

7/8/98 

9/8/98 

1 1/8/98 

13/8/98 

14/8/98 
21/8/98 

25/8/98 

5/9/98 

9/9/98 

1 019198 
1019198 

12/9/98 

23/9/98 
23/9/98 

25/9/98 

Bird 

Tony 

West of Stuart 

Tony 

Tony 

Tony 
Sam 

Sam 

H a m  

Sam 

Sam 
Sep/Stokes 

Sam 

Tony 
Gully 

Sam 

Civil 
twilight CT 

0601 

0600 

0559 

0557 

0556 
0550 

0546 

0535 

053 1 

0529 
0529 

0527 

0515 
0515 

05 12 

Breeding 
song start 

BSS 
0555 

NR 

0549 

054 1 

0545 
0535 

0541 

>0445 <0505 

0507 

0526 
0525 

0540 

0452 
NR 

0512 

BSS - CT 

-6 

-10 

-16 

-1 1 
-15 

-5 

-24 

-3 
-4 

13 

-23 
NR 

0 

Breeding 
song finish 

BSF 
0605 

NR 

0558 

0614 

>0600 
NR 

0603 

0535 app 

0545 

NR 
NR 

NR 

NR 
NR 

0520 

Weather 

F 

F, C, Cool, LB 

NR 

F 518, Cool, 

F, C, C, S 
NR 

F, 118, S 

F, some cloud, 
M 

F, 618, M, LB 

LR, 818, LB 
LR, 818, LB 

F, 818, MICool 

F, 218, M, S 
F, 218, M, S 

F, 818, M, S, 
Occ fine 
drizzle 

Breeding 
song 

duration 
10 

9 

3 5 

24 

3 8 

8 

Comments 

i 

Some uncertainty (2 
mins or so) re start of 
KS & DS 

Possible EPC 

Some fog, had been 
raining, bright stars 
visible at start 

No cloud in east 

Heavily overcast 

Some possibility he 
gave a desultory KS at 
0453. Gave KSS Cackle 

Day vocals 
start 

0556 

0555 

0550 

0547 

0550 
0549 

0600 

0534 app 

0527 

0537 

0530 

0513 

0523 



Date 

26/9/98 

26/9/98 

27/9/98 

27/9/98 

29/9/98 

8110198 

8110198 

15/10/98 
15/10/98 
1611 0198 

17/10/98 

18/10/98 
21110198 
2211 0198 
2911 0198 

511 1/98 

1711 1/98 

1911 1/98 

2211 1/98 

Breeding 
song start 

BSS 
0508 

NR 

0455 

0511 

0502 

0500 

<045 1 

NR 
0447 
043 5 

0434 

0412 
0432 
0437 
0428 

0423 

0415 

0417 

0415 

Bird 

Stuart 

Colorado 

Stuart 

Sam 

Sam 

Sam 

Tony 

Tony 
Sam 
Sam 

Tony 

Pilgrim 
Sam 
Sam 
Sam 

Gully 

Pilgrim 

R.Gully 

Tony 

BSS - CT 

-3 

-15 

1 

-6 

NR 
-3 
-14 

-13 

-34 
-1 1 
-5 
-2 

-7 

-8 

-5 

-6 

Civil 
twilight CT 

051 1 

0511 

0510 

0510 

0508 

0457 

0457 

0455 
0450 
0449 

0447 

0446 
0443 
0442 
0430 

043 0 

0423 

0422 

042 1 

Breeding 
song finish 

BSF 
NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 
NR 

0457 

NR 
NR 
NR 
NR 

0440 

NR 

NR 

- NR 

Weather 

LR, 818, M, S 

LR, 818, M, S 

F, 818, M, LB 

F, 818, M, LB 

F, 118, M. S 
F, 818, W, 

windv 
F, 818, W, 

windv 
F, 818, S 
F, M, S 

F,4/8, M, S 
F, 011, Cool, 

LB 
F, 218, S, M 
F, C, S, W 

NR 
F, C, M, S 

F, C, M, LB 

F, C, M, LB 

F, C, M, S 

NR 

Breeding 
song 

duration 

23 

17 

Comments 

Clear bright sky 

Light cloud, 213 moon 
Light fog 
Heavy cloud in east 

Fine 

Light cloud 

Male gave KS Cackle 
0422 

Very desultory & brief 
KS; 1 strophe and 2 
notes 

Possibly gave a couple 
of strophes earlier 

Day vocals 
start 

0523 

0512 

0505 

0500 

0455 

0455 
0450 
0440 

044 1 

0425 
0432 
043 8 
043 1 

0440 

0409 

0415 

0413 



Table A5.7 Day (group) vocalization start times and male breeding season song start and finish times for 
some dates in 1999. Starting times and finishing times are given as absolute time (E.S.T). Weather: NR = Not 
recorded; F = fine; C = clear; Cd = Cold; CI = Cool; M = mild; W = warm; S = still; LB = light breeze; 0 = overcast; 
OH = heavily overcast; R = raining; LR = light rain; x/8 = cloud cover in octets. Source refers to raw data record 
location. 
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Comments 

Possible copulation event. 
BSF and DVS approximate, 

+I- 1 min 

City lights reflected from 
cloud 

Possibly no Breeding song 
from Sam, Stokes or Tony 

Possibly some DS at 0419 
NO BREEDING SONG 

NONE 

NO BREEDING SONG by 0410 

NO BREEDING SONG at 0415 

NO BREEDING SONG 

phrase 
Only 1 strophe and a single 

No reply 

Day vocal 
Type 

NR 

NR 

Cackle 
Cackle 
Cackle 
Cackle 

Source 

GBN-Own 

GBNotes and 
Tape 44.1 

GBN-Own 

GBN-Own 

GBN-Own 
GBN-Own 
GBN-Own 

GBN-Own 

GBN-Own 
GBN-Own 
GBN-Own 

GBN-Own 
GBN-Own 
GBN-Own 
GBN-Own 

GBN-Own and 
Tape 58 

GBN-Own 
GBN-Own 
GBN-Own 
GBN-Own 

Weather 

Light rain, S, M 

F, 618, M, S 

F, C, M, S 

F, 818, M 

F, C, M, S 
F, C, M, S 
F, C, M, S 

F, C, M, S 

F, 718, M, S 
F, 718, M, S 
F, 718, M, S 

818,Oc Drizz, M, LB 
818, Oc Drizz, M, LB 
818, Oc Drizz, M, LB 

F, C, M, S 

F, 418, M, S 

F, 518, M, S 

F, C, M, S 
F, C, M, S 

NR 

Breeding 
song 

start BSS 

0505 

0427 

0443 

0427 

0423 
0435 
0429 
None 

detected 
0410 

0413 +/- 3 

N/A 

N/A 

N/A 

N/A 

<04 17 
N/A 

0418 

N/A 

N/A 

N/A 

Civil 
Twilight 

CT 

0505 

0502 

0457 

0456 

0442 
0442 
044 1 

0425 

0425 
0425 
0422 
0442 
0442 
0442 
0442 
042 1 

0419 

0419 
0419 
0419 
0422 

Date 

3019199 

3/10/99 

7110199 

8110199 

21110199 
21/10/99 
221 10199 

1111 1199 

1211 1/99 
1211 1/99 
1711 1/99 
18/11/99 
1811 1/99 
1811 1/99 
1811 1/99 
1911 1/99 

2611 1/99 

511 2/99 
611 2/99 
6/12/99 
20112199 

Bird 

Stokes 

Sam 

Sam 

Sam 

Sam 
Stokes 
Sam 

Sam, Stokes, 
Tony 

Possibly B Bert 
H H  
Tony 
H H  
Sam 
Tony 

B. Bert 
Sam 

B. Bert 

Colorado 
Colorado 
Millwood 
Colorado 

Breeding 
song 
finish 
BSF 

>0510 

0448 

NR 

NR 

0447 
app 0445 

NR 

0431 

043 0 

0420 

Day 
vocal 
start 
DVS 

0500 

NR 

NR 

0447 

NR 

0422 

043 1 
NR 
NR 
NR 
NR 
NR 
NR 

0416 

0405 
0413 
0355 
0415 





I Note: I 
Songs from Harry Bert and Willy can be heard on the accompanying CD. The CD contains 

near complete repertoires for Bert and Harry for each of 1996, 1997 and 1998. The CD also 

contains segments of continuous recordings from Bert, Harry and Willy so that songs are head 

in context. 

3.0 

2.0 2.0 
1.0 1 .o 

kHz 
mS 0 500 

kHz 
mS 0 500 1000 

Strophe type A1 Strophe type A7 

kHz \ .  I kHz 
mS 0 500 r n ~  0 500 1000. 

Strophe type A8 
Strophe type A3 

kHz I I 1 I I I 
500 1000 

kHz 
mS 0 mS 0 500 1000 1500 

Strophe m e  A5 
Strophe type A10 

Figure A 6.1. Sonagrams of six of the 10 different strophes types sung by WilIy at Lake 
Broadwater on 30th September 1998. All strophes sung during the whoIe morning bout were 
assigned to the one class by ear as there seemed to be more uniformity than in a daily 
repertoire by the case study birds. Sonagrams show that there are many elements in common, 



I 
kHz I c 

S 1 .o 2.0 

kHz I I s 0.0 11 .0 2.13 

Strophe type A2 

kHz 'I I s . 0.0 
I 

1 .o 2.0 

Strophe type A4 

I * I 

kHz I I I 

mS 0 500 1000 1500 

Figure A 6.2. Strophe types Al ,  A2, A3 and A4 from Sam, one of the case study birds in 
Brisbane. Sam's complete repertoire for that day (except for one rare type) is shown in 
Figures A6.2, A 6.3, A 6.4 and A 6.5. The strophes were allocated by ear and sonagram 
analysis to five different classes. All other song bouts examined that season, either by ear or 
electronic recording, appeared to contain the same strophe types. , 



Strophe type A5 

kHz , 
mS 0 500 

1 i" x & Strophe type A6 -w: $ 2 "  

kHz I 
mS 1000 

kHz B I 
S 0.0 1 .Q 2.0 

kHz \ I 
mS 0 1000 

kHz 
S 1.0 2.0 

Strophe type A8 

Strophe type A9 

Figure A 6.3 Strophe types A5, A6, A7, A8 and A9 from a bout by Sam on 3110199 at 
Bardon. 

378 



B w 

k% 5 
Strophe type B 1 

kHz 
S 1 .o 2.0 

4 
! Strophe type B2 

kHz 'I I I 
S 0.0 I .o 2.0 

kHz I I 
$ 0.0 1 .o 2.0 

Figure A 6.4 Strophe types B 1, B2 and B3 from a bout by Sam on 311 0199 at Bardon. 



kHz I I I 

mS 0 500 1000 1500 

kHz I I 
mS 0 500 1000 

Strophe type C1 

Strophe type C2 

Strophe type C3 

kHz I I I 
500 1000 1500 

Strophe type D l  

kHz I 

r n ~  0 500 1000 

I 

kHz I I 

mS 0 500 1000 

Figure A 6.5 Strophe types C1, C2, C3, Dl and D2 from a bout by Sam on 3110199 at 
Bardon. 





Problems with Ascertaining Starting Time of Dawn Singing at Different 

Latitudes 

As outlined briefly in Section 5.1, it is often difficult to determine from the literature 

the precise starting times of dawn singing and associated light levels. This problem is 

discussed here in more detail. 

The least helpful information about singing times in the early morning is simply a 

statement that a bird sang 'at dawn'. Giving the time before sunrise is more helpful, 

but even when this information is given there is still some uncertainty about the light 

levels. This uncertainty arises because the difference between the start of nautical 

twilight and sunrise increases with increasing latitude. For example, in mid-winter the 

difference between start of nautical twilight and sunrise is 49 minutes at 10°N but at 

50°N it is 83 minutes (Tables A8.1, A8.2 and A8.3). In addition, the range of 

differences between the seasons at a given latitude is greater at higher latitudes than at 

lower latitudes. For example at 1 OON the difference ranges from 46 minutes in mid- 

spring to 5 1 minutes in mid-summer but at 50°N the difference ranges from 71 

minutes in mid-spring to 1 1 1 minutes in mid-summer. 

Further, in late spring and summer at higher latitudes, there may be no twilight 

because the sun is permanently above the twilight limit, or, even if the sun does set, 

there may be no start to nautical twilight because the sun never drops below the lower 

twilight limit. 

Some particular examples from the literature illustrate the extra information implicit 

in quoting both the time before sunrise (or other official twilight period) and the 

latitude. 

Example 1 

Part (1991) found that dawn singing in paired collared flycatcher males Ficedula 

albicollis started 1.5 hr before sunrise and lasted for less than an hour. Studies were 

done on Gotland Is, 57" 10' N 18" 20'E in the Baltic between 15 May and 14 June. 

Thus on all days during the study, the birds would have been singing during nautical 

twilight (Table A8.4). Part did state that the birds sang vigorously only when the light 

conditions were poor. Knowing that singing was during nautical twilight clarifies this 

qualitative description. 



Example 2 

Keast (1994b) found that the dawn chorus in an Australian eucalypt bird community 

characteristically extended from 35-30 to 10-5 minutes before sunrise. His study area 

was Ebenezer, NSW 33" 30's 150" 55'E. The dates were July 23, 1986 through to Jan 

26, 1987. Thus, in this study, birds were starting on average towards the end of 

nautical twilight and finishing in civil twilight (Table A8.5) Because Keast (1994b), 

provided both latitude and time before sunrise (as did Part (1991), it was possible to 

work out which twilight period the birds were singing in, and hence the fundamental 

light levels. 

Table A 8.1 Nautical Twilight and sunrise for selected latitudes in Mid-Winter. Times 
are given for 21 December. === indicates that the sun is always below the nautical twilight 
limit. ---- indicates that the sun is always below the horizon. 

Table A 8.2 Nautical Twilight and sunrise for selected latitudes in Spring. Times are 
given for March 21. I/// indicates that the sun is always above the nautical twilight limit. 

Latitude & 
Location 

1 OON 

30°N 

40°N 

50°N 

60°N 

80°N 

Sunrise 

0612 

0652 

0718 

0803 

0902 

---- 

Date 

21 Dec 

21 Dec 

21 Dec 

21 Dec 

21 Dec 

21Dec 

NT start as time 
before sunrise 

49 

57 

64 

83 

115 

N/A 

Latitude & 
Location 

10°N 

30°N 

40°N 

50°N 

60°N 

80°N 

Start of NT 

0523 

0555 

0614 

0640 

0707 

' = 

Sunrise 

0604 

0603 

0602 

060 1 

0559 

0542 

Date 

21 Mar 

21 Mar 

21 Mar 

21 Mar 

21 Mar 

21 Mar 

NT start as time 
before sunrise 

46 

52 

59 

7 1 

92 

N/A 

Start of NT 

0518 

051 1 

0503 

0450 

0427 

//I/ 



Table A8.3 Nautical Twilight & sunrise for selected latitudes in Mid-Summer. I/// 
indicates that the sun is always above the nautical twilight limit. **** indicates that the sun is 
always above the horizon. 

Table AS.4 Twilight times at Gotland Island. Start of nautical twilight, NT, civil twilight, 
CT and sunrise for Gotland Is. 57" 10' N 18" 20'E in the Baltic for the start and end of the 
recording period mentioned in Part (1 99 1). Also included are the last day on which the sun 
reached the nautical twilight limit (24 May) and the first date on which the sun never dipped 
below that limit (25 May). //// indicates that the sun is always above the twilight limit. 

Latitude & 
Location 

1 OON 

30°N 

40°N 

50°N 

60°N 

80°N 

Table A8.5 Twilight times at Ebenzer. Start of nautical twilight, civil twilight and sunrise 
for Ebenezer, NSW 33" 30' S 150" 55'E for the start and end of the recording period 
mentioned in Keast (1 994b). Times are EST. 

Date 

21 Jun 

21 Jun 

21 Jun 

21 Jun 

21 Jun 

21 Jun 

Date 

15 May 

24 May 

25 May 

14 June 

Start of NT 

0450 

0359 

03 17 

0200 

I!!! 

1/11 

Start of NT 

01 12 

0002 

/I// 

///I 

Date 

23 July 

26 Jan 

Sunrise 

054 1 

0459 

043 1 

035 1 

0236 

**** 

Start of CT 

0235 

0213 

021 1 

0142 

Start of NT 

0558 

0412 

NT start as time 
before sunrise 

5 1 

60 

74 

11 1 
pp 

N/A 

N/ A 

Sunrise 

0327 

0311 

0310 

025 1 

Start of CT 

0628 

0446 

NT start as time 
before sunrise 

(mins) 

140 

189 

NIA 

NIA 

Sunrise 

0655 

0513 

CT start as time 
before sunrise 

(mins) 

52 

58 

59 

69 

NT start as time 
before sunrise 

(mins) 

57 

6 1 

CT start as time 
before sunrise 

(mins) 

27 

27 





Some Ideas on the Evolution of the Passerines with Implications for the 

Evolution of Passerine Song 

A 8.1 Classification of the Passerines 

Several avian orders, for example Galliformes and Columbiiformes, use elaborate 

vocalizations that are in many respects the functional equivalent of passerine song. 

However, in these orders, the vocal patterns are innate. In contrast, song is learned in 

Psittaciformes, Apodiformes and Passeriformes, and song learning appears to have 

evolved independently in these orders (Marler and Peters 1982). In the following 

section song evolution is discussed with regard to passerines only. 

The Order has traditionally been divided into the oscines, suborder Passeres, and the 

sub-oscines. The vast majority of the suboscines had previously been assigned to the 

suborder Tyranni with the classification of the remaining suboscines uncertain 

(Feduccia 1996). 

Are the passerines monophyletic in origin? 

There seems little doubt that the Passeriformes form a truly monophyletic group 

(Feduccia 1996, Sibley and et al. 1998). All species display an overall uniformitjr in 

skeletal morphology, which a1lovi"s passerine bones to be differentiated from those of 

small non-passerine birds and readily assigned to Order (Boles 1997). Olson (unpubl. 

MS in Feduccia 1996, p346) similarly attested to the uniformity of passerine 

morphology reinforcing this suggestion of a monophyletic group 

'That this morphology has contributed to the success of the Passeriformes can hardly 

be doubted, as the basic passerine bauplan has apparently never been selected 

against.. . . . . . In no known instance have the Passeriformes given rise to a subsidiary 

group in which the passerine bauplan has been lost or significantly obscured." 

Are the oscines and suboscines monophyletic in origin? 

Many lines of evidence suggest that the oscines form a monophyletic group. They are 

extremely uniform in their morphology (Feduccia 1996). The detailed study by Ames 

(1971) of the passerine syrinx, suggested a narrow monophyletic group and DNA- 

DNA hybridisation studies (Sibley et al. 1988) provide further corroborating evidence 

of their monophyletic nature. 



The evidence is a little more equivocal for the suboscines. They are somewhat more 

variable in morphology and were, until recently, divided into the suborder Tyranni and 

several other groups whose classification was uncertain (Feduccia 1996). Ames (197 1) 

found that the syrinx was highly variable within the sub-oscines and that taxonomic 

decisions should not be based on syringeal morphology in this group. However, more 

recent studies of the stapes (middle ear osdicle) indicate that they also form a narrow 

monophyletic group (Feduccia 1996). DNA-DNA hybridisation studies (Sibley et a1 

1988) place all the suboscines within one suborder, the Tyranni, albeit still reflecting 

their less narrowly monophyletic character. 

Is song monophyletic in origin? 

Although Olson, (unpubl. MS in Feduccia 1996, p346), was referring to morphology, 

well-known passerine traits such as vocal and song plasticity with their concomitant 

relatively large brain size and learning ability are as much a part of the passerine 

bauplan as morphological features (Feduccia 1996). If, therefore, song is a basic 

component of 'passerineness' it is likely to have had a single origin, as did other 

essential passerine features. 

The location in time and place of the origin of the passerines is an essential part bf the 

argument which will be put forward for the origin of song. Therefore a brief review of 

recent work which challenges the classical views of the evolution of true birds in 

general and passerines in particular is presented below. 

A 8.2 Evolution of the first true birds 

Are birds theropods3? 

The still widely accepted view is that birds evolved from theropod dinosaurs (Padian 

and Chiappe 1998, Thomas and Garner 1998). This view has recently been questioned 

on both anatomical and chronological grounds (Thomas and Garner 1998). 

One line of evidence concerns the digits of the forelimb. The forelimbs of theropods 

and of birds have three digits. Theropods retained digits I, I1 and I11 and it had been 

assumed that birds did also (Thomas and Garner 1998). However, birds may have 

achieved digit reduction by the loss of I and V, leaving them with 11, I11 and IV, the 

normal condition for most amniotes (Thomas and Gamer 1998). On the other hand, 

Since this essay was written further evidence favouring a Theropod ancestry has come to light. 



skeletal evidence, that is the actual forms, proportions and connections to the 

wristbones, strongly favours the view that birds retained the same digits as theropods 

(Padian and Chiappe 1998). Cladistic analysis also supports a theropod ancestor for 

birds (Thomas and Garner 1998). 

A more serious objection to the theropod origin of birds concerns the first appearance 

of the most bird-like theropods in the fossil record. These did not appear until the late 

Cretaceous - seventy million years after Archaeopteryx, and, according to the best 

recent molecular estimates, 50 million years after the divergence of the modem bird 

orders (Thomas and Garner 1998). 

It seems that the debate over the phylogenetic position of birds is far from over and it 

may well be, as Thomas and Garner (1998) suggest, near-impossible to distinguish 

between inheritance and convergence for many of the highly derived avian 

characteristics. 

When did true birds evolve? 

Cooper and Fortey (1998) suggest that 'true' birds were in existence at least in the 

early to mid-Cretaceous. They note that explosive evolutionary radiations have been 

extensively studied but the earlier histories that preceded them have not received quite 
I 

the same attention. They suggest that, in addition, there has been an assumpti& that 

the first appearance of familiar groups in the fossil record closely approximates their 

time of origin. This belief has been one of the factors relegating 'true' birds to a 

largely a post-Cretaceous radiation. The authors cite the example of the diplopods: 

The diplopod fossil record commences 100 million years after other arthropod 

groups yet they are often placed at the base of the arthropod evolutionary tree. If the 

record of these groups is so deficient, why should we assume that the record is 

adequate for other kinds of animals particularly the small and rare ancestral birds and 

mammals? 

Cooper and Fortey 1998, p. 152 

Cooper and Fortey (1998) offer convincing arguments for the existence of an 

extended period of inconspicuous innovation preceding most conspicuous explosive 

radiations. As they so aptly suggest, each evolutionary explosion may have had a long 

phylogenetic fuse. They claim that molecular analyses and other methods of 



estimating key divergence dates are encouragingly similar. Molecular dates have not, 

however, been devoid of criticism. 

Bromham et al. (1999) questioned whether molecular dates were accurate and 

whether they could be reconciled with the fossil record. They argued that averaging 

published estimates would not necessarily give a more accurate estimate because 

some sources of error produce consistently biased results and are therefore not 

normally distributed about the mean. One source of error they discussed was the 

difficulty in establishing an accurate substitution rate. The accuracy of the substitution 

rate depends in turn on an appropriate calibration date. A major difficulty here is 

obtaining a reliable fossil date. Bromham et al. (1999) suggested two strategies for 

minimizing the error resulting from fossil calibration dates. One method they 

suggested was to accept one date deemed to be especially reliable. Hedges et al. 

(1996) used this method as discussed in the next section, Evolution of the passerines. 

Another concern raised by Bromham et al. (1999) was the difficulty in using a single 

substitution rate to date all mamma1ian.divergences. There does seem to be lineage- 

specific rate variation in mammals. For example, rodents may well have a faster 

evolution rate than primates (Bromham et al. 1996). But are these concerns 

necessarily so serious for birds as for mammals? Would the greater uniformity in bird 

size imply less variation in evolutionary rates? 

There is the further question of whether molecular dates can be reconciled with the 

fossil record. Evidence for the fossil history of modem mammals before the 

CretaceousITertiary (WT) boundary is rare but it is often complicated by the difficulty 

of recognizing ancestral members of a lineage. However, mammal fossils from stages 

just before the K-T boundary are primarily from fossil beds from the western interior 

of North America and the central latitudes of Asia, so if early mammal evolution 

occurred in an area with an impoverished late Cretaceous fossil record, such as in 

Africa, then the absence of fossil evidence to support the molecular dates might be 

explained (Bromham et al. 1999). 

A 8.3 Evolution of the Passerines 

The classic hypothesis for the diversification of avian (and mammal) lineages 

proposes that rapid diversification occurred after the K-T extinctions 65 mya (Cooper 

and Penny 1997, Hedges et al. 1996, Collias 1997). In particular, since 



paleontological evidence of passerines is absent from the Palaeogene, they are 

assumed to have radiated after the Palaeogene when they underwent a rapid an 

extensive adaptive radiation (Feduccia 1996). 

These views may, however, be the result of bias resulting from first, the belief that 

Laurasia was the centre of terrestrial vertebrate evolution and second, the location of 

most researchers and centres of study in the Northern Hemisphere (Cooper and Penny 

1997, Hedges et al. 1996). Fossil-based estimates of divergence times are known to be 

conservative because of sampling biases. New evidence is challenging the classical 

view. The evidence is along two lines. First, recent geological studies suggest that 

Gondwana presented fewer fossilization opportunities during the early Tertiary 

(Cooper and Penny 1997). Second, new estimates of divergence times of avian and 

mammalian lineages suggest much earlier dates than those predicted by the classic 

hypothesis. 

Hedges et al. (1996) derived molecular estimates of the divergence times of avian and 

mammalian orders. Having a number of gene sequences for birds and mammals 

available, they were able to derive a single average estimate of divergence time from 

many independent estimates, thus reducing potential biases that may exist with single 

genes. Additional robustness was~added by the use of an external calibration point 

(the fossil divergence time between the ancestors of birds (diapsid reptiles) and 

mammals (synapsid reptiles)) rather than an internal calibration point. An internal 

calibration based on the fossil record of the modem orders themselves would have led 

to considerable bias because of the long time span between the first earliest fossils 

(150 Myr for birds and 220 Myr for mammals) and the first appearances of the 

modern orders (mostly 55-65 Myr). Hedges and his co-workers reported divergence 

times 50-90% earlier than those predicted by the classic hypothesis, all considerably 

older than divergence times suggested by fossil evidence. 

Cooper and Penny (1997) also questioned the long accepted phenomenon of mass 

extinctions at the K-T boundary. They used paleontological and molecular data to 

estimate the times of divergence of modern avian orders and to estimate the number 

of extant avian lineages that crossed the K-T boundary. They used early Tertiary 

fossil records of seven avian orders and DNA sequences from mitochondria1 and 

nuclear genes from a wide variety of avian taxa. 



Of the 42 lineages for which Cooper and Penny (1997) had gene sequences, they 

estimated that 22 had Cretaceous origins. They had no data, or insufficient data, for 

many orders of birds, so the number estimated to have had Cretaceous origins was 

considered to be an under-estimate. However, some of these orders, such as the 

passerines, for which data was insufficient did contain pre-Tertiary lineages. In 

addition, Cooper and Penny (1997) argued that a mass extinction of birds at the K-T 

boundary and subsequent evolution of most modern bird orders would imply 

unrealistically rapid evolution, requiring rates orders of magnitude faster than the 

most rapid radiations observed in the Late Tertiary. They further suggest that if an 

early Cretaceous divergence for modem avian orders were accepted, then standard 

microevolutionary mechanisms would be sufficient to account for the 

macroevolutionary trends observed. The next question to be considered is 'where did 

the passerines evolve?' 

Proposed Southern Hemisphere origin of passerines 

A Southern Hemisphere origin for the passerines was hypothesised as long ago as 

1982 by Feduccia and Olson who proposed a spread into the Northern Hemisphere 

during the mid-Tertiary (Feduccia 1996). The DNA-DNA hybridisation findings of 

Sibley and Ahlquist (1985), Siblay et al. (1988) and Sibley and Monroe (1990), 

corroborated by evidence from other molecular studies as outlined in Boles (1'997), 

further challenged the idea that the Australo-Papuan avifauna had a Northern 

Hemisphere origin. In particular, Sibley and Monroe (1990) proposed that after the 

suborders Passeri (oscines) and Tyranni diverged from the ancestral passerines, the 

Passeri then split into the parvorders Corvida and Passerida. The Corvida apparently 

evolved in Australia and New Guinea and the Passerida in Africa, Eurasia and North 

America. A major radiation from the ancestral types within the Corvida subsequently 

led to many of the Australo-Papuan endemic forms. 

Sibley and Monroe (1990) did not suggest where the ancestral passerines might have 

evolved, but did give a relative time of 19 delta T50H units for the split into the Passeri 

and the Tyranni. Originally they assigned an equivalence of 1 delta T unit = 4.5 

million years but subsequently realised that this calibration factor was not applicable 

to all birds, only those with ages at first breeding of ca 2-4 years. However, many 

extant passerines (for example grey butcherbirdspers obs) commence breeding 

between 2 and 4 years of age, and have a small body size. Many extinct passerines 



had a small body size (Boles 1997, Collias 1997). Therefore this calibration factor 

may be appropriate for early passerines. This then gives a time of 19 x 4.5 or ca 85 

mya for the origin of the passerines. This accords well with the middle Cretaceous 

(Hedges et al. 1996, Cooper and Penny 1997, Cooper and Fortey 1998) as the 

estimated time for the initial divergences within placental mammals and birds. How 

do these ideas fit with the fossil record? 

Fossil records of passerines 

Until the discovery of passerine remains from the Early Eocene in southeastern 

Queensland, Australia (Boles 1995), the earliest known undoubted passerines were 

from Late Oligocene deposits in France (Boles 1995, Feduccia 1996). The early 

Eocene passerines from Australia are the earliest known representatives of the order 

and extend the known age of the group by almost 25 Myr. Further finds with a similar 

extension of known age would bring the origin of the passerines well into the middle 

Cretaceous as suggested by recent molecular studies. It seems appropriate to conclude 

this section with a quote from Cooper and Fortey (1998 p 154): 

. . .palaeographic data suggest that the poorly known Cretaceous environment of the 

Southern hemisphere may have been an important centre for terrestrial vertebrate 

radiation ... one would have to predict that it is only a matter of time before a modern 

bird or placental mammal is discovered in the mid to early Cretaceous. 





Cooperative Breeding and the Evolution of Passerine Song 

The early intensive studies of birds such as those of the song-sparrow (Nice 1964) 

and the robin (Lack 1953). took place in temperate parts of the northern hemisphere, 

and portrayed simple pairs breeding in territories. 

Rowley 1976 p 657 

The aim in this section is to explore the phylogenetic component of cooperative 

breeding and possible implications for the evolution of song in Australian birds. It is 

not intended to review in detail questions regarding the nature of cooperative breeding 

or explanations of its funGtion in terns of current ecological constraints. 

A perusal of the literature on cooperative breeding soon reveals that the phenomenon 

is difficult to define precisely. Even as recently as 1999, within the carefully analytical 

chapter on cooperative breeding by Ligon (1999), there is an implicit multiplicity of 

definitions. Ligon (1999)states that cooperative breeding covers a diversity of 

reproductive and social systems: monogamous (genetic andfor social), cooperative 

polyandrous and polygynandrous mating systems. However his definition of 

cooperative breeding is at variance with this statement. 

Cooperative breeding is defined by the presence in a stable social unit of non-breeding 

'helpers', which assist in the care of young birds, in addition to breeding individuals 

(from a pair to several or even most group members). It is these non-breeding helpers 

that distinguish cooperative breeding from both cooperative polyandry and 

polygynandry, and from true 'communal' breeding systems, where two or more females 

may contribute eggs to a single nest. 

Ligon 1999 p34 1. 

Edwards and Naeem (1993) used the definition of co-operative breeding given by 

Brown (1987) in their investigation of the evidence for a phylogenetic component of 

cooperative breeding in birds. 

A system of breeding that is characterised by the normal presence of helpers at all or 

some nests [where a helper is] an individual that performs parent-like behaviour towards 

young that are not genetically its own offspring. 

Brown 1987 in Edwards and Naeem 1993 p 756 



The definition given by Ligon (1999), though not the previous description, is 

essentially the same as Brown's (1987) definition. 

Cockburn (1996 p 457) defines co-operative breeding as 

'...any case where more than two birds contribute to one of the following: nest building, 

incubation, or feeding of nestlings or fledglings' 

This concise defmition, though not as precise as that of Brown (1987) or Ligon (1999), 

is essentially equivalent to these since, if more than two birds contribute, there must be 

at least one young which is not the genetic offspring of at least one of the birds. In 

addition, it is not unreasonable to consider nest building and incubation as 'care of the 

young' or 'perform[ing] parent-like behaviour'. 

Delayed aspersal as a pre-requisiilte for eooperal-jive breedhg 

Regardless of the proxiTnate causes, cooperative breeding cannot take place without 

(sometimes indefinitely) delayed d-ispersal of birds from the natal territory (Dow 1980, 

Clarke 1995, Ligon 1999). Two hypotheses to account for delayed dispersal are the 

'constraints to dispersal' hypothesis and the 'benefits-of-philopatry' hypothesis. In 

their review of ecological consiaints proposed to account for delayed dispersal 

Koenig et al. (1992, p112 in Ligon 1999) came to the conclusion that '. . .. no one 

factor by itself causes delayed dispersal and cooperative breeding'. Stacey and Ligon 

(1 987 in Ligon 1999) argued that the question of delayed dispersal might be best 

answered, not by considering ecological constraints, but by a benefits-of-philopatry 

model. 

Emlen (1994) considered that the ecological constraints model and the benefits-of- 

philopatry model were but two sides of the same coin. However Ligon (1999) argued 

that, in their original form, the two models make very different predictions and thus 

must be somewhat different. Further, two models address different steps in the 

evolution and maintenance of cooperative breeding and are complementary rather than 

opposing explanations of the same issues (Ligon 1999). 

In an analysis of cooperative breeding within the Corvida, both within and outside 

Australia, Cockburn (1996) proposed a third model which emphasised the benefits to 

parents, rather than to young, of retaining of a small group of offspring in the natal 



territory. This retention leads to a conflict of interests and diverse evolutionary 

outcomes. Cockburn argued that the model explicitly links all the features of Corvida 

life history. 

The phylogene~tiic eompolaent of eo-operaave breedhg 

Social organization in birds and mammals does seem to vary in response to proximate 

environmental constraints (Cockburn 1996) and in several elegant experiments (for 

example Davies 1992) social organization has been changed by manipulating 

resources. However attempts to explain cooperative breeding solely in terns of 

present day constraints have not been successful (Cockburn 1996, Ligon 1999). These 

attempts do not account for the non-random distribution of cooperative breeding 

among taxa (Russell 1989, Edwards and Naeem 1993, Cockburn 1996) and in recent 

years there has been a renewed interest in the phylogenetic component of cooperative 

breeding. 

The suggestion that co-operative breeding in birds might be conrelated with phylogeny 

was made over half a century ago (Davis 1942, in Edwards and Naeem 1993) and the 

high level of co-operative breeding in Australian passerines has long been recognised 

(Rowley 1976, Dow 1980). However phylogenetic correlations were masked because 

so many species were misclassified in Afio-Eurasian families (Russell 1989, 

Cockburn 1996). Consequently, Brown (1 987), following the classification of Peters 

as interpreted by Morony et a1 (1975) concluded that phylogenetic considerations were 

of no value in explaining the high level of level of co-operative breeding in Australian 

passerines. There have however been several challenges to this view, partly as a result 

of the radical change in our view of avian phylogeny following the work of Sibley and 

Ahlquist (1985). 

The taxa most radically affected by Sibley and Ahlquist's (1985) revision are the 

Australian passerines. Sibley and Ahlquist (1985) showed that many of the Australian 

passerines belong to a single clade, the Corvida, which has proved in turn to be the 

cradle of radiations which have taken in place in Africa, Eurasia and the Americas 

(Cockburn 1996). 

Russell (1989) was the first to highlight the importance of this reinterpretation of 

phylogeny for cooperative breeding in Australian passerines. She pointed out that 



some of the Australian families with a high level of cooperative breeding were some 

of the oldest established passerine families and concluded: 

It would seem that co-operative breeding is yet another aspect of life history that 

developed early and has persisted during the evolutionary history of the passerines in 

Australia 

Russell 1989, p. 62 

Others workers to highlight this were Edwards and Naeem (1993). They applied 

statistical, simulation and phylogenetic analyses to the distribution of cooperative 

breeding among avian taxa. Their methods were statistically rigorous and their 

assumptions consewative. Their study confirmed the suspicion that cooperative 

breeding was non-randomly distributed among genera. It also strengthened the 

suggestion of Russell (1989) that cooperative breeding may be ancient in some 

lineages. Edwards and Naeem (1993) suggested that the persistence of cooperative 

breeding in some genera, after substantial change in the environments presumed 

responsible for its origin, could be explained by phylogenetic inertia as implied by 

Dow (1 980). Dow had suggested that [cooperative] behaviour, involving complex 

social interactions, could have become locked into the behavioural repertoire of a 

species. 

When did co-operaave breedhg evolve? 

The studies mentioned so far indicate that there is a good case for an early origin of 

co-operative breeding within the Corvida. Could GO-operative breeding have evolved 

before the split of the Passerida and the Corvida? 

Although there are some genera within the Passerida in which co-operative breeding 

seems to be the primitive state, and other groups in which it is non-randomly 

distributed, there has been no serious suggestion to date of an early origin for 

cooperative breeding in the Passerida. But it is interesting to ask whether this is 

feasible. 

The following is put forward as a possible scenario for an origin of cooperative 

breeding before the split between the Passerida and the Corvida. If the passerines 

evolved in Australia and the Passerida evolved after a major radiation from Australia 

to the rest of the world, then the ancestors of the Passerida may well have been 

cooperative breeders. There are two points of relevance here. 



First is the observation by Olson (unpubl. MS in Feduccia 1996) that the essential 

passerine combined suite of characters that contribute towards essential 

'passerineness' has never been selected against. If cooperative breeding were a 

member of this suite of characters then it would persist for a long time - the 

'Phylogenetic Inertia' of Russell (1989) and Dow (1980). However if it were no longer 

being actively selected for, then genetic drift could occur and the phenomenon could 

become less common and patchily distributed. 

Second, which may explain the lack of drift within some groups, is that the 

disappearance of cooperative breeding may be related to changes in climatic 

conditions leading to decreased climatic stability, as for example in the Aphelocoma 

jays (Ligon 1999,361). Then if cooperative breeding was present in the ancestors of 

the passerida it might have been lost when changed climatic conditions made it 

impossible to maintaitl year-round territories. 

Could mopergave breedkg have an evela earHer o ~ @ n ?  

As was the case in the passerines, there groups within the non-passerine Neoaves in 

which cooperative breeding is non-randomly distributed. At least two parvclasses, the 

Picae and the Coraciae (Sibley and Ahlquist 1985) are represented and a postulated 

early monophyletic would put the origin within the earliest birds or even avian 

theropod ancestors4. 

The last idea to be considered here is whether there is any evidence for co-operative 

breeding as the primitive state in the Artamidae. 

Co-operative breeding in the Artaddae 

Edwards and Naeem (1993) were of the opinion that the lower frequency of helping in 

butcherbirds (Cracticus; two of four species) weakened the idea that co-operative 

breeding arose primitively for these genera. However a case can still be put for 

primitiveness in this family as this proportion would seem to be an underestimate. If 

New Guinea species are included co-operative andlor communal breeding and/or 

delayed dispersal have been documented in four of seven species: the grey butcherbird 

(Thomson 1922, Hindwood 1955, Rowley 1976, R.A.O.U. Nest Record Scheme), the 



pied butcherbird (Robinson 1994, Clarke 1999, C. quoyi (Storr 1953) and C. cassicus 

(Cockburn 1996). The case for co-operative breeding in the grey butcherbird is 

examined in more detail in section 2.1.7. 

Five species of woodswallow have been reported to breed cooperatively; the white- 

breasted, black-faced, little and dusky woodswallows in Australia and the Papuan 

wood-swallow Artamus maximus in New Guinea (Skutch 1987). 

Co-operative breeding is well documented for the white-backed form of the Australian 

magpie (Brown et al. 1988). 

In conclusion, these ideas are put forward as Clarke (1995, p. 87) outlined some of the 

problems associated with studies of cooperative breeding: 

Large-scale comparative studies can only ever be as good as the data upon which they 

are based: unfortunately at present the quality of the data available for most species is 

very limited [and three points need to be considered]. First, in a region where much of 

the avifauna has not been studied in detail, such classifications tend to be a reflection of 

how intensely the species has been studied than its tendency to breed cooperatively. 

Second, life history data that has been collected from one range of habitats tend to be 

analysed alongside data that may have been collected in another completely different 

range. Third, treating what is most probably a continuous variable as a categorical 

variable is likely to greatly reduce the power of any comparative analysis. 

Since this essay was written evidence suggesting some form of communal breeding in therapod 
dinosaurs has been discvered. 
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