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ABSTRACT 

There has been a recent paradigm shift in the study of animal communication from 

examining interactions as dyads to considering interactions as occurring in a 

communication network. The dawn chorus of songbirds, a striking acoustic phenomenon, 

provides an ideal opportunity to study network communication because multiple singers 

are within range of each other, permitting eavesdropping by both males and females. I 

used a 16-microphone Acoustic Location System (ALS) to simultaneously record and 

analyse the dawn chorus in a population of black-capped chickadees (Poecile 

atricapillus) breeding in eastern Ontario.  

  Males frequency-match neighbours 24% of the time at dawn, more often than 

expected by chance or during daytime singing interactions. The amount of matching 

between males from different over-wintering flocks is significantly greater than between 

flockmates. Males of the same winter dominance rank match significantly more than do 

males of disparate ranks. Male black-capped chickadees are interacting vocally with 

neighbours at dawn, using the dawn chorus to mediate social relationships in ways that 

suggest useful information is available to the network of male and female receivers. 

  Matching levels are not related to distance between opponents. However, males with 

non-fertile mates move over larger areas while chorusing and are further from their nest 

than males with fertile mates, suggesting dawn mate guarding. Males with non-fertile 

mates spend more of their chorus near boundaries with fertile neighbours than non-fertile 

neighbours possibly positioning themselves to facilitate eavesdropping by fertile females.  

  Male chickadees of high and low winter social rank do not differ in either the size of 

their communication network, or the way they use their songs when interacting with 
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neighbours. Males match multiple neighbours both sequentially and simultaneously. 

Simultaneous matching is most often the result of a former flockmate joining an 

interaction between two males who had been in different winter flocks. High-ranked 

males join the interactions of their lower-ranked flockmates, preferentially when those 

males are matching other high-ranked males. The dawn chorus is an interactive 

communication network in which all males participate and is characterized by 

interactions between multiple senders and receivers with males eavesdropping on 

interactions in which they are not involved. 
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Animal Communication 

Many important social behaviours of animals are mediated by communication. 

Communication is important for mate attraction, mating behaviour, defence of resources 

(e.g. territories), and regulating spacing between competitors (Searcy & Nowicki 2000). 

Much interest has focused on elaborate and conspicuous displays, of which bird song has 

proven to be an informative model system (Todt & Naguib 2000). The clearest evidence 

that individuals are in fact communicating comes from studying interactions between 

individuals. Vocal interactions in songbirds are a well studied example (Todt & Naguib 

2000). Interactions in birds are typically described as either time-specific or pattern-

specific. Time-specific interactions refer to behaviours like alternating where two males 

take turns while singing or overlapping where one individual begins his song while the 

other is still singing (e.g. Hultsch & Todt 1982). The most commonly studied pattern-

specific behaviour is song matching, where a male replies with the same song type as his 

opponent (e.g. Stoddard et al. 1992). Both matching and overlapping are associated with 

increased aggression and have been well studied in a number of species during daytime 

singing (e.g. Krebs et al. 1981; Vehrencamp 2001; Otter et al. 2002; Vehrencamp et al. 

2007), but have received little attention during the dawn chorus. 

  

Dawn Chorus  

The dawn chorus of songbirds is a striking acoustic phenomenon where song rate and 

diversity reach their peak. The dawn chorus typically begins 30-90 minutes before sunrise 

and is characterized by high song rates and simultaneous singing by all males. The dawn 

chorus is sung by most species and is a geographically widespread phenomenon 
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occurring from the poles to the tropics (Kacelnik & Krebs 1983; Berg et al. 2006). 

Despite its ubiquity, the function(s) of chorusing remain unclear. Staicer et al. (1996) 

reviewed the 12 main hypotheses to explain the dawn chorus which fall into three main 

categories: intrinsic, environmental and social.  

 Intrinsic hypotheses for chorusing include: 1) circadian cycles: the elevated peak 

in dawn singing may be a non-functional by-product of changing light levels, or daily 

fluctuations in hormone levels influenced by changing light levels; 2) self-stimulation: 

males sing at dawn to stimulate hormone production either for growth of gonads or to 

prime them for social interactions during the daytime (reviewed in Staicer et al. 1996). 

Intrinsic functions, however, are likely to be proximate mechanisms for dawn chorusing 

and do not explain why there is a selective advantage for dawn chorusing (Burt & 

Vehrencamp 2005).  

 Environmental hypotheses for dawn chorusing include: 3) low predation risk: 

dawn may be a less costly time to sing if the risk of predation is lower due to the presence 

of fewer predators at lower light levels; 4) acoustic transmission: songs may propagate 

further at dawn than later in the day due to environmental features like low wind and high 

humidity; 5) inefficient foraging: foraging may be less efficient at dawn than later in the 

day in low light levels and when prey are less mobile; 6) unpredictable conditions: males 

must sing at some time each day and they usually have excess energy reserves at dawn 

(reviewed in Staicer et al. 1996). Environmental explanations for chorusing, however, 

provide reasons why singing at dawn may be less costly than singing at other times of 

day but do not explain why only some species exhibit this pattern nor do they provide an 

explanation for the selective advantage of dawn chorusing (Burt & Vehrencamp 2005).  
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 Social hypotheses to explain dawn chorusing include: 7) mate attraction: dawn 

may be the best time to attract females; 8) mate stimulation: dawn singing may function 

to stimulate reproductive development of mates; 9) mate guarding: males may sing at 

dawn to guard their mates and reduce their risk of cuckoldry; 10) territory defence: 

advertising territory ownership may be particularly important before daybreak if there are 

territory vacancies at dawn from overnight mortality, and/or new males have arrived 

overnight; 11) social dynamics: males may need to signal and adjust their social 

relationships with neighbours; 12) handicap: singing may be more costly at dawn and 

may be a reliable signal of male quality (reviewed in Staicer et al. 1996). Mate attraction 

and stimulation, territory defence, and adjustment of social dynamics all attempt to 

provide functional explanations for chorusing (Burt & Vehrencamp 2005).  

 Staicer et al. (1996) examined the 12 hypotheses listed above to determine their 

precision in explaining timing (why does the chorus occur at dawn) and generality. Many 

of the hypotheses were weak in explaining timing. Few hypotheses met the criterion of 

generality with most having examples that both supported and failed to support the 

hypothesis. Staicer et al. (1996) examined the patterns observed for all species that had 

been studied to see if each hypothesis fit the observed pattern, contradicted the observed 

pattern, or made no clear predictions relevant to the observed pattern. Only the self-

stimulation and social dynamics hypotheses explained the observed patterns well and 

they may have complementary functions.  To test the self-stimulation hypothesis, 

hormone levels will need to be measured and manipulated throughout the day while birds 

are singing, a technology that is not yet available.  



 5 

The social dynamics hypothesis predicts that the social relationships among males 

will be reflected in their dawn chorusing interactions. Because the dawn chorus is a 

prolonged display, it is an ideal time for singers and non-singers  to assess and monitor 

the social relationships and the relative competitive abilities of singers (Staicer et al. 

1996). Mediation of social relationships at dawn could be important because it would 

allow males to determine survival, current condition, pairing status and motivation levels 

of neighbours, all of which can vary from day to day. Recent studies of individual male 

dawn chorusing behaviour have supported the social dynamics hypothesis. Males of 

several species use types of songs that are typical of intrasexual countersinging 

interactions later in the day (e.g. Staicer 1989; Molles & Vehrencamp 1999). The dawn 

chorus of many species continues after pairing and when females are no longer fertile 

(e.g. Staicer 1989; Amrhein et al. 2002). In winter wrens (Troglodytes troglodyges) the 

chorus continues into the non-breeding season (Amrhein & Erne 2006). Chipping 

sparrows (Spizella passerina) chorus on the ground facing neighbours at territorial 

boundaries (Liu & Kroodsma 2007), and cease chorusing when neighbours are removed 

(Liu 2004). Eastern kingbird (Tyrannus tyrannus) choruses start earlier and last longer 

when males have many neighbours (Sexton et al. 2007). Winter wrens increase their song 

output during the dawn chorus following a simulated intrusion on the preceding day 

(Amrhein & Erne 2006). However, only one study has investigated how males interact 

during the dawn chorus. Based on a single morning’s recording, Burt and Vehrencamp 

(2005) found evidence of vocal interactions in banded wren (Thryothorus pleurostictus) 

dawn choruses where males use both matching and overlapping. Studies relating the 

intensity of interactions to social relationships are still lacking. 



 6 

Network Communication 

In most animals, signals transmit effectively further than the average spacing between 

individuals, placing many signallers and receivers within range of each other (McGregor 

& Dabelsteen 1996). When groups of territory holders engage in signalling interactions in 

which there are many possible combinations of signaller and receiver and individuals can 

alternate between the roles of signaller and receiver or perform both roles simultaneously, 

this is termed a communication network (McGregor 1993; McGregor & Dabelsteen 

1996). While a communication network is likely the most common social environment in 

which communication occurs, these environments have been largely ignored until 

recently (McGregor 2005a). Because signals and signalling behaviour in animals 

probably evolved mainly in network environments, models based on dyads do not 

characterize communication behaviour well in most circumstances (McGregor 1993). 

Acoustic, visual, olfactory, and electric signals are all long-range signals where 

communication likely occurs in a network context (McGregor & Dabelsteen 1996). The 

dawn chorus, where all males sing simultaneously, is a likely candidate for a 

communication network and may be an ideal time in which to study network behaviour. 

Adopting a network perspective will provide insights into signal design and evolution, 

identify new behaviours and advance our understanding of animal communication. 

In some avian species, different song types having only a single function are used 

for intersexual and intrasexual functions, while in other species, song types are thought to 

have the dual functions of mate attraction and territory defence (Catchpole & Slater 

1995). The reasons why the same signal can be used for both functions is not well 

understood. Once communication networks and eavesdropping audiences are considered, 
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we may find that the reason many long-range signals, such as bird song, are used to 

transmit information to both males and females is the result of the audience effects during 

signal evolution (Searcy & Nowicki 2000; Doutrelant et al. 2001).  Most previous studies 

of bird song have focused on characteristics of individual male singing behaviour or 

singing interactions occurring between two individuals. Until recently, bird song was not 

studied in the context of network communication because dyads were easy to study and 

model, whereas monitoring multiple individuals simultaneously in the field was virtually 

impossible (McGregor and Dabelsteen 1996).   

Evidence of network communication was first documented in chorusing insects 

and amphibians (reviewed by Gerhardt & Huber 2002; Grafe 2005). In these taxa, 

chorusing individuals coordinate signal timing with several nearby neighbours and 

females assess several chorusing males simultaneously when choosing mates. Adopting a 

network perspective can reveal behaviours that cannot exist in dyads. For example, 

eavesdropping where individuals not directly involved in a signalling interaction, and 

who are not intended receivers of the signal, extract information from the interaction is a 

network specific behaviour (McGregor 1993). Territorial animals must continually gather 

information due to changing habitat quality, mate breeding status and the behaviour of 

neighbouring males (McGregor 1993). Eavesdropping on interactions allows individuals 

to acquire relative information about the quality or current condition of interacting 

individuals nearby. By eavesdropping on interactions of neighbours with intruders, males 

can increase their likelihood of detecting intruders (Eason & Stamps 1993; Naguib et al. 

2004). Males can also obtain useful information on relative fighting ability of future 

opponents by eavesdropping, as found in fish (Oliviera et al. 1998; Earley & Dugatkin 
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2002), and in birds (Naguib & Todt 1997; Peake et al. 2001, 2002; Mennill & Ratcliffe 

2004b). Males may also eavesdrop on inter-sexual communication of neighbours to 

obtain information about female fertility (Tobias & Seddon 2002; Balsby & Dabelsteen 

2003). Females have been shown to eavesdrop on interactions of males to extract 

information on relative male quality in insects (Berg & Greenfield 2005), frogs (Murphy 

& Gerhardt 2002), fish (Doutrelant & McGregor 2000), and birds (Otter et al. 1999a; 

Mennill et al. 2002). 

Another network specific property is audience effects, in which the behaviour of 

individuals involved in dyadic interactions changes depending on the audience present. 

Male Siamese fighting fish (Betta splendens) involved in aggressive interactions switch 

to conspicuous displays that are used for communication with both males and females 

and stop using highly aggressive displays when presented with a female audience, but 

show no such change when the audience is male (Doutrelant et al. 2001). Victory 

displays, which are performed by male song sparrows (Melospiza melodia) after contests, 

occur when the winner of an interaction continues to signal after the contest has ended 

(Bower 2005). Victory displays are a network behaviour and can be addressed at the 

opponent or others, such as rivals and mates. Interactions involving more than two 

individuals are also considered network communication, but have received little attention. 

Burt and Vehrencamp (2005) describe how male banded wrens interact with multiple 

neighbours. More studies of multi-way interactions are needed to determine how 

widespread they are and how these interactions differ from dyadic interactions.  

 Evidence of network communication from eavesdropping and audience effect 

experiments is convincing and documents the occurrence of multiple receivers; however, 
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network communication has not been studied in natural, non-experimental contexts, nor 

have interactions among multiple signallers been well characterized (but see initial 

analysis of Burt and Vehrencamp 2005). The interaction of more than two signallers and 

their effect on receivers awaits further study. In songbirds, all males sing simultaneously 

during the dawn chorus, and thus interactions between neighbours are predicted to be 

particularly important at this time of day for adjustment of social relationships (Staicer et 

al. 1996). As a consequence, the dawn chorus is an ideal time in which to study 

communication behaviours from both a dyadic and a network perspective.  

 Until recently, it was difficult to simultaneously record multiple individuals, 

making the study of real-time interactions between individuals difficult. Acoustic 

Location Systems (ALS) consist of arrays of simultaneously recording microphones 

which can record both the timing and content of vocalizations of  multiple individuals 

(Figure 1, McGregor & Dabelsteen 1996). Additionally, due to the slow speed of sound, 

ALS can be used to triangulate the positions of recorded individuals using arrival time 

differences at microphones (Mennill et al. 2006). Underwater ALSs (hydrophone arrays) 

have been used to study vocalizations of marine mammals (e.g. Clark & Clapham 2004), 

as well as fish movement patterns (Hasler et al. 2007). Terrestrial microphone arrays have 

been used to study elephant (Loxodonta africana) vocalizations  (Payne et al. 2003), and 

have proven a useful tool for studying patterns of communication in neighbourhoods of 

songbirds (Bower 2000; Burt & Vehrencamp 2005; Fitzsimmons et al. 2008a). 

Shackleton and Ratcliffe (1994) attempted to document network communication 

in black-capped chickadee (Poecile atricapillus) dawn choruses  but found no evidence 

that males were interacting at dawn. Neighbours did not show evidence of either 
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frequency matching or shifting frequency in coordination. However, a more extensive 

microphone array recording might be more likely to detect communication patterns, if 

they exist, than would the three simultaneous focal recordings used to record dawn 

choruses by Shackleton and Ratcliffe (1994). Recordings with only a few channels are 

not adequate to document network communication at dawn because males can interact 

with any of their neighbours (Burt & Vehrencamp 2005). The black-capped chickadee is 

an ideal species for studying communication network behaviours using an ALS. 

 

Study Species: Black-capped Chickadee 

Black-capped chickadees are small (10-12g) passerines, found across North America, 

through much of Canada and the northern two-thirds of the United States (Smith 1991). 

They breed in deciduous and mixed woodland, open parks and willow thickets. 

Chickadees form stable winter flocks of four to ten regular members with linear 

dominance hierarchies (Smith 1991; Ratcliffe et al. 2007). Within flocks, males are 

dominant to females and adults are usually dominant to juveniles. Flocks break up in 

early spring and breeding territories are established, generating frequent encounters 

between pairs during boundary disputes. Because they are year-round residents (Smith 

1991), chickadees are ideal for studies of winter dominance hierarchies and their relation 

to summer territorial breeding. The dominance ranks of chickadees, affect survival during 

the winter and the effects of rank carry-over into the breeding season (Smith 1984, 1995; 

Otter & Ratcliffe 1996; Otter et al. 1997; Otter & Ratcliffe 1999; Ratcliffe et al. 2007; 

Schubert et al. 2007). Thus status-related signalling differences are probably detectable in 

naturally occurring vocal interactions of territory holders.  
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 Black-capped chickadees are cavity nesters. Both males and females spend 

several weeks in early spring excavating the breeding cavity. Incubation of the clutch of 

four to ten eggs is performed solely by the female, while both members of the pair feed 

the young (Smith 1991). Chickadees are socially monogamous and extra-pair young 

occur in 29 - 38 % of nests with 9 – 17 % of nestlings result from extra-pair copulations 

(Otter et al. 1994; Otter et al. 1998; Mennill et al. 2004). High-ranked males have higher 

realized reproductive success (Otter et al. 1998), and extra-pair males are typically 

dominant to the within-pair males they cuckold (Otter et al. 1994; Mennill et al. 2004). 

Females build their nests closer to territory boundaries than to territory centers with low-

ranking females placing their nests near boundaries with high-ranking neighbours 

(Ramsay et al. 1999; Mennill et al. 2004). Extra-pair males are usually neighbours, but 

are not significantly more likely to be the closest neighbour (Mennill et al. 2004).  

It would be inappropriate to begin a study of network communication in a species 

in which very little is known about male singing behaviour and its functions in different 

contexts. Black-capped chickadees present an ideal system to investigate network 

communication because they have been well studied with respect to dominance, song, 

and breeding behaviours. We now know a considerable amount about individual singing 

behaviours (Horn et al. 1992; Otter & Ratcliffe 1993; Otter et al. 1997), as well as 

interactions between dyads of individuals (Hill & Lein 1987; Shackleton & Ratcliffe 

1994; Mennill & Ratcliffe 2004a).  

In order to detect interactions at dawn, knowledge of how males communicate 

during the daytime when singing is required (Burt and Vehrencamp 2005). The black-

capped chickadee song (fee-bee; Figure 2) is a learned vocalization (Shackleton & 
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Ratcliffe 1993; Kroodsma et al. 1995) consisting of two pure-toned notes in which the fee 

note is higher than the bee note in pitch (Ficken et al. 1978). The frequency ratio between 

these two notes is remarkably stable, regardless of absolute frequency (Weisman et al. 

1990), however, at extremely high absolute frequencies this ratio may be altered (Christie 

et al. 2004a). There is very little variation in fee-bee song structure over the entire 

chickadee geographic range (Smith 1993), although geographic variation does occur in 

some isolated populations (Kroodsma et al. 1999; Gammon & Baker 2004).   

Many songbird species sing multiple song types (repertoires) and can target 

specific individuals by matching opponents’ song types (e.g. Krebs et al. 1981; Stoddard 

et al. 1992). Black-capped chickadees, however, vary the frequency at which they sing 

their single song type (Ratcliffe & Weisman 1985; Hill & Lein 1987; Horn et al. 1992). 

Frequency variation, in nature, appears to be continuous (each male can sing at all 

frequencies) within the 860 Hz range (2770 to 3630 Hz for bee note), although, on any 

given day, a male’s songs sort into a few discrete frequencies (Horn et al. 1992; Christie 

et al. 2004a). Males repeat songs at a given frequency before shifting at least 80 Hz to 

another frequency. Male chickadees can frequency match playback song (Horn et al. 

1992) and countersinging interactions where males match song frequency are more likely 

to result in aggressive escalation than those where matching does not occur (Shackleton 

& Ratcliffe 1994). Mennill and Ratcliffe (2004a) found that males who were matched by 

playback became more agitated than did males who were not matched, indicating 

matching is an aggressive signal. Because matched countersinging is used during daytime 

interactions (Shackleton & Ratcliffe 1994; Fitzsimmons et al. 2008a), it would be a good 

interaction measure to look for during the dawn chorus.  
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Males may alternate while singing or they may overlap the song of an opponent 

(reviewed by Naguib 2005). Overlapping indicates a willingness to escalate and reduces 

the chance that information in the song of the male who is overlapped will be transmitted 

to potential receivers (Dabelsteen et al. 1997). In response to overlapping playback, male 

chickadees vary the length of their song and the time between songs to avoid overlap. In 

two-speaker playbacks simulating countersinging between two neighbours, males are 

more likely to approach the overlapping individual (more salient threat) than the 

overlapped individual (Mennill & Ratcliffe 2004a). Chickadees may use matching as a 

graded signal in which threat perception increases from no matching to temporal 

matching to full matching (Otter et al. 2002; Mennill & Ratcliffe 2004a). Patterns of 

temporal matching (overlapping), therefore, may also be evidence of interaction during 

the dawn chorus.  

In order for eavesdropping to be effective in a network environment, participants 

must be able to identify individuals as well as locate them (McGregor 1993). Many 

passerines have been found to recognize individuals by song (reviewed by Dhondt & 

Lambrechts 1992) and can assess the relative distance of a singer (ranging; reviewed by 

Naguib 1996). Both male and female chickadees can probably identify individuals by 

their song (Shackleton et al. 1992; Phillmore et al. 2002; Christie et al. 2004b) as well as 

locate individual singers using song degradation cues (Fotheringham & Ratcliffe 1995; 

Phillmore et al. 1998). Laboratory experiments show that males and females do not differ 

in their ability to discriminate distance and individuality (Phillmore et al. 2003). Both 

male and female black-capped chickadees show increases in size of song control regions 

with breeding season onset (MacDougall-Shackleton et al. 2003). This increase may be 
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important for song perception as well as song production, as females do not produce 

song. Playback experiments have shown that both female and male chickadees eavesdrop 

on interactions during the daytime (Mennill et al. 2002; Mennill & Ratcliffe 2004b). 

Dawn chorus song appears to be directed toward mates because the chorus ends 

with mate arrival, and males concentrate their song in a small area of their territory near 

their mate’s nest (Otter & Ratcliffe 1993; Gammon 2004). However, target(s) may 

include both rivals and sexual partners, even if males may still remain close to their mate. 

Males can still interact with neighbours or eavesdrop on their neighbours’ interactions 

from a distance (Dabelsteen 2005), and some males may be in relatively close proximity 

if their nests are close to the same boundary because females often build nests near 

territorial boundaries (Smith 1991; Ramsay et al. 1999; Mennill et al. 2004). For this 

reason, and because eavesdropping occurs at other times of day (Mennill et al. 2002; 

Mennill & Ratcliffe 2004b), it is likely that some form of network communication is 

present in black-capped chickadee choruses. 

 

Thesis Outline 

The goals of this thesis are to determine if male chickadee dawn choruses are interactive 

communication networks by examining male choruses for evidence of both dyadic and 

multi-way interactions and by studying male movement patterns. I used a 16 microphone 

ALS (Figure 1) to simultaneously record complete dawn choruses in 15 neighbourhoods 

of black-capped chickadees. I begin in Chapter 2 by looking for evidence of dyadic 

interactions between pairs of neighbours. I test the social-dynamics hypothesis by 

attempting to relate the intensity of interactions to known social factors. In Chapter 3, I 
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explore the movement patterns and song rates of males during the dawn chorus and relate 

them to breeding stage of female mates. Chapter 3 examines whether male proximity to 

female nests is continuous throughout the breeding stage or is a form of mate guarding 

during the fertile period. Additionally, I test whether a high song rate acts as a paternity 

guard. In Chapter 4, I return to investigate interactions among males, but from a network 

rather than dyadic perspective. I look for evidence that network communication occurs at 

dawn by examining interactions involving more than two individuals and assessing 

whether these interactions suggest that males are eavesdropping. 
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Figure 1: Example of a 16-microphone Acoustic Location System setup. The cables 
connect the microphones to a central computer, which records from all 16 microphones 
simultaneously. Easting 394000 – 394300 m and Northing 4935400 – 4935800 m. 
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Figure 2: Sound spectrogram of a black-capped chickadee fee bee song. 
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CHAPTER 2 

 

MALE CHICKADEES MATCH NEIGHBOURS  

INTERACTIVELY AT DAWN: SUPPORT FOR THE  

SOCIAL DYNAMICS HYPOTHESIS 
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ABSTRACT 

Males of many songbird species participate in a distinct chorus beginning before sunrise. 

Despite its ubiquity, the function of dawn chorusing remains poorly understood. We 

tested the social dynamics hypothesis, which states that males sing at dawn to mediate 

their social relationships with neighbours through interactive communication. Using a 16 

microphone Acoustic Location System, we recorded 29 entire dawn choruses in 10 

neighbourhoods of 6-10 territorial male black-capped chickadees (Poecile atricapillus) of 

known dominance rank. We analyzed song frequency matching and overlapping between 

neighbouring males in 10 choruses and compared the intensity of these behaviours to 

social factors. Chickadees matched the frequency of their neighbour’s songs more often 

than expected by chance. The level of matching was higher between neighbours who 

belonged to different flocks during the previous winter than between neighbours who had 

been flockmates. Males of the same dominance rank matched each other more than males 

of disparate ranks. There was no relationship between matching and pairing status or 

distance between opponents. Overlapping was used less than expected by chance. No 

measures of song overlapping were related to measured social factors. Our results show 

that neighbouring male chickadees interact vocally at dawn by frequency matching. This 

is the first study to show that the intensity of songbird vocal interactions at dawn varies 

with social factors, supporting the social dynamics hypothesis.  
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INTRODUCTION 

In many breeding animals, individuals participate in a pronounced dawn chorus when all 

territorial individuals sing at a high rate in the early hours of the morning (Henwood & 

Fabrick 1979; Staicer et al. 1996; Sueur 2002). Despite its ubiquity, the functions of the 

dawn chorus are not well understood. The dawn chorus of songbirds is thought to serve 

one or more intrinsic or social functions and may also be explained by environmental 

constraints (Mace 1987a) and/or conditional constraints (Barnett & Briskie 2007). Staicer 

et al. (1996) have pointed out that several of the hypotheses for the function of the dawn 

chorus are not mutually exclusive, whereas a good functional explanation for chorusing 

should explain the phenomena in a large number of species. They proposed the social 

dynamics hypothesis to explain chorusing behaviour, arguing that male singing behaviour 

during the dawn chorus mediates social relationships with territorial neighbours through 

interactive communication.  

 In birds, male song serves the dual function of mate attraction and territory 

defence (Catchpole & Slater 1995). Both song and singing interactions (Todt & Naguib 

2000) may convey information about male quality (e.g. Otter et al. 1997), motivation 

(e.g. Vehrencamp et al. 2007),  and condition (e.g. Saino et al. 1997) to both male and 

female receivers. Evidence that males sing at dawn for intrasexual communication comes 

not from observations of interactions between individuals, but from observations of 

individual behaviours. Males use specific song types or vary the pattern of song type 

delivery in ways that are typical of intrasexual countersinging interactions later in the day 

(Morse 1989; Nelson & Croner 1991; Spector 1992; Trillo & Vehrencamp 2005; Liu & 

Kroodsma 2007). Males may perform the dawn chorus near their mate (Otter et al. 1997; 



 21 

Gorissen & Eens 2004) in many species, leading some authors to suggest that the chorus 

is directed at females, yet most male chorus songs travel across territory boundaries (e.g. 

Mennill & Otter 2007) such that their songs could impart information to neighbouring 

males as well. Males of some species sing near territorial boundaries or approach specific 

neighbours while chorusing (Willis 1960; Staicer 1989; Burt & Vehrencamp 2005; Trillo 

& Vehrencamp 2005; Liu & Kroodsma 2007). In Eastern kingbirds (Tyrannus tyrannus), 

chorus length and song rate increase with the number of territorial neighbours (Sexton et 

al. 2007). Dawn singing may also continue well into the breeding season when females 

are no longer fertile, which suggests an intrasexual function (Staicer 1989; Amrhein et al. 

2004a; Kunc et al. 2005; Liu & Kroodsma 2007), at least in single-brooded species. In 

winter wrens (Troglodytes troglodytes), males defend non-breeding season territories and 

continue to sing at dawn. Simulated intrusions in autumn result in increased dawn chorus 

activity on subsequent days, suggesting that dawn singing is important for territory 

defence (Amrhein & Erne 2006). As nightingales (Luscinia megarhynchos) sing 

throughout the night, territorial vacancies may become apparent to non-resident males 

overnight (Thomas 2002), who then prospect for territories mainly at dawn (Amrhein et 

al 2004b). These findings suggest that the breeding season dawn chorus is also an 

important time for territorial defence. Male chipping sparrows (Spizella passerina) do not 

perform a dawn chorus when their neighbours have been experimentally removed, 

suggesting interactions between males are important at dawn (Liu 2004).  

Taken together, there is accumulating evidence that the dawn chorus may serve an 

intrasexual function. To test the social dynamics hypothesis, however, naturally occurring 

interactions between territory holders must be studied. Two commonly studied ways in 
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which birds may interact during countersinging interactions involve varying the type of 

signal used (pattern-specific responses) and varying the timing of their signal (time-

specific responses, Todt & Naguib 2000). One commonly studied pattern-specific 

behaviour is song matching, where a male sings the same song type as an opponent (e.g. 

Stoddard et al. 1992). Males may vary the timing of their songs such that their songs 

overlap an opponent’s song or they may alternate songs with an opponent (e.g. Hultsch & 

Todt 1982). Both matching and overlapping are associated with increased aggression and 

have been well studied in a number of species during daytime singing (Krebs et al. 1981; 

Vehrencamp 2001; Otter et al. 2002; Vehrencamp et al. 2007). 

The study of singing interactions at dawn has been largely overlooked due to the 

technical challenge posed by the large number of singers, the amount of background 

noise, and the low light levels that make it difficult to track individuals. Until recently 

recording multiple individuals in the field was not feasible. To date, the only study of 

dawn interactions is from a single morning’s recording of neotropical banded wrens 

(Thryothorus pleurostictus; Burt & Vehrencamp 2005). Acoustic Location Systems 

(ALS) are arrays of simultaneously recording microphones that can be used to record 

multiple individuals. An ALS records information on timing and content of vocalizations 

as well as location of singers. Vocalizations are recorded by three or more microphones 

which can then be used to triangulate male positions based on differential arrival times of 

sounds (Mennill et al. 2006). The advent of this technology presents a new opportunity to 

study the dawn chorus in neighbourhoods of territorial individuals. In this investigation 

we use an ALS to examine the dawn chorus of black-capped chickadees (Poecile 
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atricapillus) to determine if males interact at this time of day and how these interactions 

may relate to social dynamics.  

Chickadees are an ideal species with which to test the social dynamics hypothesis 

because both time- and pattern-specific singing interactions have been well studied and 

the social relationships among birds in winter flocks can be ascertained prior to the 

breeding season. Black-capped chickadees are small (10 g) resident songbirds that form 

winter flocks of two to twelve individuals with stable linear dominance hierarchies 

(Ratcliffe et al. 2007). Once flocks break up in spring, pairs defend all-purpose breeding 

territories within their former flock home range against former flockmates and males 

from other winter flocks (Mennill & Otter 2007). Black-capped chickadees sing a simple 

two note fee-bee song that they shift up and down a continuous frequency range of 860 

Hz (Horn et al. 1992). During the breeding season, male chickadees sing a pronounced 

dawn chorus beginning before sunrise and lasting 40-50 minutes in duration. Honest 

information about male quality is signalled by chorus start time, chorus length, and song 

rate (Otter et al. 1997). Chickadees sing with eventual variety, repeating a song at a given 

frequency on average 41 times before switching to a different frequency during the dawn 

chorus (Horn et al. 1992). Unlike species with repertoires who match by singing the same 

song type, chickadees match relative to the frequency of an opponent’s song. Chickadees 

use both matching and overlapping behaviours in response to playback (Otter et al. 2002) 

and in naturally occurring daytime interactions (Shackleton & Ratcliffe 1994; 

Fitzsimmons et al. 2008a).  

In this study we asked whether male chickadees use frequency matching and 

overlapping to interact during the dawn chorus. To determine if interaction intensity is 
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related to social dynamics of male territorial neighbours we compared the amount of 

matching and overlapping during dawn chorus performance to social factors we predicted 

might be important in chickadee neighbourhoods. First, we examined the relationship 

between the amount of matching and overlapping and winter flock membership. Studies 

of neighbour-stranger discrimination suggest that males should behave more aggressively 

toward less familiar individuals (Stoddard et al. 1990). If mediation of social 

relationships is a function of the dawn chorus, we predicted increased interaction between 

birds who were not flockmates during the previous winter (and who are therefore less 

familiar with each other), compared to former flockmates. Second, we determined 

whether the amount of matching and overlapping related to the relative dominance ranks 

of the interacting males. Given that contest duration tends to be longer between more 

evenly-matched opponents (Enquist et al. 1990), we predicted that males of similar rank 

would match and overlap more often than males of different ranks. Third, we investigated 

how pairing status related to levels of matching and overlapping between neighbours. We 

predicted that paired males should match and overlap other paired males at a higher level 

because unpaired individuals (typically of lower quality) may pose a reduced territorial 

threat and are less likely to compete successfully for extra-pair copulations (Otter et al. 

1998). Last, we predicted that males singing close together would match and overlap each 

other more often than those further apart, if matching at dawn is a signal of aggressive 

intention to escalate a contest (Vehrencamp 2001). Additionally, we tested whether high 

levels of matching by neighbours were the result of increased bout duration, more 

matching events, or both. 
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METHODS 

Study Area, Population, and Recording Methods 

We studied a banded population of black-capped chickadees at Queen’s University 

Biology Station (44° 34' N, 76° 19' W), near Kingston, Ontario, Canada  from January to 

July, 2005 and 2006. Adult birds were captured in winter using treadle-traps baited with 

sunflower seeds and banded with a unique combination of three coloured bands and a 

numbered aluminum Canadian Wildlife Service band (N = 149 in 2005, N = 236 birds in 

2006).  We determined the dominance hierarchy in winter flocks by observing pairwise 

interactions at feeding stations (N = 2811 interactions in 2005, N = 8423 interactions in 

2006). Behaviours of dominant birds included supplanting or chasing subordinates while 

behaviours of subordinate birds included waiting to feed and displaying submissive 

postures (Ratcliffe et al. 2007). We classified males into three rank categories: 1) high-

ranking males were the top two males in flocks of four or five males and top male in 

flocks of two or three males; 2) mid-ranking males were the middle male in flocks of 

three or five males; and 3) low-ranking males were the bottom two males in flocks of 

four or five males and bottom male in flocks of two and three males (Mennill et al. 2004). 

We collected focal recordings of all males using directional microphones 

(Sennheiser MKH-70) and solid-state digital recorders (Marantz PMD660 or PMD670) 

between April 25 and May 24, 2005 and 2006. Chickadee songs differ between males in 

temporal, frequency, and relative amplitude characteristics, making male songs 

individually distinctive (Christie et al. 2004b). We used these focal recording to confirm 

male identities in the ALS recordings when identification was in doubt.  
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From April 27 to May 15, 2005 and 2006, we recorded neighbourhoods 

encompassing six to ten black-capped chickadee territories using a 16 microphone ALS. 

We recorded in ten different areas of approximately 160 000 m2, five in each of 2005 and 

2006. The ALS consisted of 16 omni-directional microphones housed in polyvinyl 

chloride (PVC) tube rain covers and mounted on 3 m long wooden poles that were 

elevated and attached to small trees using bungee cords. Microphones were connected to 

a central computer using 2200 m of cable. Input from all microphones was digitized using 

a multi-channel data acquisition card (National Instruments DAQ-6260) and recorded as 

16-channel AIFF files using Chickadee v1.9 recording software (J. Burt, Seattle WA). 

This setup was an extension of the 8-microphone system described by Mennill et al. 

(2006). We recorded from 0425 to 1130 EST on two or three consecutive days in each 

ALS configuration. During recording sessions, two or three observers transcribed the 

activities of individual birds within the recording area, including details of male singing 

locations and identities. 

 

Sound Recording Analysis 

From the 29 dawn choruses recorded (13 in 2005, and 16 in 2006), we analyzed one 

dawn chorus from each of the 10 neighbourhoods. There was no significant difference 

between 2005 and 2006 in any of chorus length (t-test: t8 = 0.22, P = 0.83; 2005: 47.4 ± 

2.7 min; 2006: 46.6 ± 2.1 min), average song rate of males (t70 = 0.94, P = 0.35; 2005: 

11.4 ± 0.4 songs/min ;2006: 10.7 ± 0.6 songs/min), the amount of matching between 

neighbours (t66 = 1.39, P = 0.17; 2005: 21.6 ± 2.1 % of exchanges; 2006: 25.7 ± 2.2 % of 

exchanges), or the amount of overlapping between neighbours (t66 = 0.98, P = 0.33; 
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2005: 18.3 ± 0.5% of exchanges; 2006: 17.2 ± 0.7 % of exchanges). We analyzed the first 

morning of all recordings in 2006 because subsequent mornings were part of a separate 

playback study. In 2005 we analyzed the first morning of recording unless recording was 

stopped early due to technical difficulties or high levels of wind, which makes 

localization difficult. For each chorus, we annotated all songs sung by all males recorded 

(N = 72 individual choruses, N = 32,341 songs) from the start of recording until 

approximately 0630 EST using the time and frequency cursors in Syrinx PC (John Burt, 

Seattle, Washington). We used a combination of field notes, fine structural details of 

male songs, and location information to confirm male identities. Using software written 

in MATLAB (Mathworks Inc., Natick, MA) to localize male songs, as described by 

Mennill et al. (2006), we determined the location of each male for every 20th song. When 

males moved long distances (> 20 m), we located the song before and after each 

movement as well. We considered every 20th song appropriate given that chickadees do 

not move extensively during the chorus and tend to remain in one area for long periods 

(Otter & Ratcliffe 1993). We calculated the minimum, average, and maximum distance 

between neighbouring males during the chorus. For songs that were not localized, we 

assigned the location of the previous localization to those songs for determining mean 

distance of males.  

We defined the start of the dawn chorus as the time when the second male in the 

recorded area started singing. We defined the end of the dawn chorus as the time at which 

only one male remained singing for at least three minutes. Morning countersinging 

interactions typically begin as the dawn chorus diminishes (personal observations), so we 

did not count males rejoining the dawn chorus after they had been silent for three 
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minutes, providing it was 40 minutes or longer from the start of the dawn chorus, which 

is the average dawn chorus length of individual males in this population (Otter et al., 

1997; Foote, unpublished data). In three of ten dawn choruses, males started singing 

again after long pauses after 40 minutes had passed since the beginning of the chorus. 

Neighbourhood dawn choruses ranged in length from 39 - 56 minutes.  

 For each pair of neighbouring males (N = 68 pairs), we calculated the difference 

in frequency of subsequent songs in their choruses. We determined whether songs were 

frequency matched for all potential exchanges that occurred while males were separated 

by a distance of 150 m or less. We had distance data for 57 of 68 male pairs; for the 

additional 11 male pairs, where positions for one male were missing because they sang 

from the edge of the microphone array, we determined if males were within 150 m using 

the positions for one male and calculating the distance from that male’s localized position 

to the mapped position of the second male determined from our field notes and territory 

maps from that morning. 

 For frequency analyzes, we used a 1024 FFT Blackman window to measure the 

frequency of the end of the fee note (feeend) and the start of the bee note (beestart; one 

quarter of the way into the bee note, Christie et al. 2004a) which was repeatable to ± 2 

Hz. We considered songs to be matched if the fee or bee notes of two males were ≤ 50 Hz 

different. However, if the average frequency difference of two males’ feeend for a bout of 

song was >100 Hz, we considered the songs not to match, even if beestart ≤ 50Hz. We 

included this additional criterion because one male’s song had an atypical interval ratio 

(ratio between feeend and beestart notes, Weisman et al. 1990). The interval ratio is highly 

conserved across individuals and populations; however, some males may sing songs with 
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atypical interval ratios at extremes of their frequency range (Christie et al. 2004a). We 

chose to include feeend in this study because the fee note is sometimes sung alone (3.2 % 

of songs at dawn were just fees) and were used by 96 % of males in the population. Using 

both feeend and beestart to determine the amount of matching was comparable to using just 

bee start (Spearman: r2 = 0.55, N = 68, P < 0.0001). 

We considered a song to overlap if it overlapped ≥ 33 % of an opponent’s song. 

Songs overlapped by < 33 % are unlikely to be perceived as an overlap by both signaller 

and receiver at the average distance between males during the dawn chorus. This criterion 

minimized the chance of including ‘false’ or ambiguous overlaps (Naguib 2005). To 

determine overlapping we calculated the length of each male’s song and the time 

difference between the end of the first male’s song and the start of the second male’s 

song. If this number was negative, it overlapped at least a portion of the song. To 

determine if songs overlapped by at least 33% we determined if the overlap time was ≥ 

0.33 times the first male’s song length. To evaluate whether our 33 % rule for 

determining overlapping affected our results, we also calculated ≥ 50 % overlapping, ≥ 

25 % overlapping, and all overlapping (any portion of opponent’s song overlapped, > 0 % 

overlapping). For both matching and overlapping, for each pair of males, we calculated 

the proportion of subsequent songs that were either matches or overlaps (#matches or 

overlaps / total # subsequent songs). We refer to this proportion as the amount or level of 

matching/overlapping. 
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Statistical Analysis 

To determine a null distribution of chance matching/overlapping at dawn we randomly 

paired each male in each ALS recording to another male in each of the other nine ALS 

recordings from different days (N = 259 comparisons). We then determined both 

matching and overlapping for these pairs of males over the duration of the chorus in the 

same manner as we did for real pairs of neighbours (above). Data for matching were 

square root transformed to meet the assumptions of normality for parametric statistics. 

We compared matching and overlapping to chance expectation by taking a random subset 

of values from our chance comparisons that equalled our sample size for real neighbours 

(N = 68). We compared observed matching/overlapping to chance levels using t-tests.  

We compared matching and overlapping of males who were in the same flock to 

those in different flocks as well as instances where both males were paired to those where 

only one male was paired using t-tests. We assigned a rank disparity score to each 

neighbour pair, where a rank disparity of 0 represented males of the same rank, rank 

disparity of 1 represented males of 1 rank difference (high- and mid-ranking males, and 

mid- and low-ranking males), and rank disparity of 2 represented males of 2 rank 

differences (high and low ranking males). To compare matching and overlapping among 

rank disparities we used analysis of variance (ANOVA). We did not have sufficient 

winter flock membership and rank data for one or both males in three of 68 neighbour 

pairs for our flock analysis and for nine of 68 neighbour pairs for rank analysis. For 

pairing analysis, two instances where both males were unpaired were not included due to 

small sample size for this category. To compare amount of overlapping and matching to 

distance, we used Pearson correlation to determine the relationship between amount of 
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matching and the mean, minimum, and maximum distance between males during the 

chorus. We also compared the minimum distances between unpaired males and their 

paired neighbours to the distance between two paired neighbours.  

Because chickadees typically sing at one frequency for many songs in a row 

before changing to a different frequency (Horn et al. 1992), matching between 

countersinging males tended to occur in bouts where both males sang at the same 

frequency. To determine whether the amount of matching was related to bout duration we 

calculated the length of each matching bout by subtracting the time of the first match 

from the end of the song that was the last match. To determine whether the amount of 

matching was related to the number of occurrences of matching during the chorus we 

used the residuals of number of matching bouts versus number of subsequent song 

comparisons to control for combined chorus duration. We used Pearson correlation to 

determine the relationship between the amount of matching and the maximum and 

median duration of matching bouts, and residuals of number of matches. We then 

compared duration of matches between flockmates and non-flockmates using a t-test and 

among rank disparities using ANOVA. We used JMP 7.0 for all statistical analysis. All 

analyses were two-tailed with P = 0.05. All data are reported as mean ± standard error. 

 

RESULTS 

Males used frequency matching at dawn significantly more often than expected by 

chance (t-test: t134 = 3.66, P = 0.0002). Males matched each other 23.6 % ± 1.5 % of the 

time during the chorus while matching by chance would occur only 17.3 % ± 0.6 % of the 

time. Overlapping and matching were not significantly correlated (Pearson: r2 = 0.002, N 
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= 68, P = 0.70) and overlapping of matched and non-matched songs occurred with 

similar frequency (paired t-test: t67 = 1.17, P = 0.25), so overlapping was, therefore, 

analyzed separately from matching. Overlapping (17.8 ± 0.5 % of exchanges) was used 

slightly but significantly less frequently than expected by chance (19.6 ± 0.4 % of 

exchanges) during the dawn chorus (t-test: t134 = 3.13, P = 0.002). Overlapping was also 

used less frequently than expected by chance if the criterion for an overlap was changed 

to greater than 50 % overlapping (t-test: t134 = 2.66, P = 0.008), greater than 25 % 

overlapping (t-test: t134 = 3.32, P = 0.001), or greater than 0 %  overlapping (t-test: t134 = 

2.52, P = 0.013). For subsequent overlapping analyses we used only the 33 % 

overlapping level. 

The proportion of exchanges that were matches during the chorus was 

significantly greater between males who had been in different winter flocks compared to 

males who had been members of the same winter flock (Figure 1a; t-test: t63 = 2.27, P = 

0.027). However, the amount of overlapping was not related to flock membership (Figure 

1b; t-test: t63 = 0.18, P = 0.86). 

The proportion of songs matched varied with disparity in rivals’ winter 

dominance ranks as predicted (Figure 2a; ANOVA: F2,56 = 2.72, P = 0.07), although not 

significantly over the three categories. There was a 9 % difference in the amount of 

matching between males in the same rank category (rank disparity of 0) and pairs of 

males of high and low rank (rank disparity of 2); males of the same rank matched 

significantly more than males of high and low rank (t-test: t34 = 2.45, P = 0.02). Rank 

category 0 combines neighbours who are of high-high, mid-mid and low-low rank. All 

categories of males of equal rank matched songs at high levels (high-high choruses: 30.5 
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% ± 4.4 %, mid-mid choruses: 24.4 % ± 8.8 %, low-low choruses: 28.7 % ± 6.2 %; 

ANOVA: F2,11 = 0.12, P = 0.89). The amount of overlapping was not related to rank 

disparity (Figure 2b; ANOVA: F2,56 = 1.16, P = 0.32). 

Neither the amount of matching (t-test: t64 = 0.86, P = 0.40), nor the amount of 

overlapping (t-test: t64 = 0.45, P = 0.65) between neighbours were related to pairing 

status. Paired males matched each other 24.3 % ± 1.9 %, and overlapped each other 17.8 

% ± 0.6 % of the time. When one male was unpaired, neighbours matched each other 

21.3 % ± 2.4 % of the time and overlapped 17.3 % ± 0.9 % of the time. 

There was no relationship between amount of matching (Pearson: mean: r2 < 

0.0001, N = 57, P = 0.94; minimum: r2=0.04, N = 57, P = 0.11; maximum: r2 = 0.03, N 

= 57, p=0.23), or the amount of overlapping (Pearson: mean: r2 = 0.03, N = 57, P = 0.23; 

minimum: r2 < 0.0001, N = 57, P = 0.96; maximum: r2 = 0.01, N = 57, P= 0.43) and any 

measure of distance between opponents. Mean distance between males was 109.3 ± 5.3 m 

(range 25.0 m - 214.5 m), minimum distance between males was 58.7 ± 4.6 m (range 2.8 

m – 133.6 m), and maximum distance between males was 164.5 ± 7.9 m (range 63.2 m - 

338.2 m). Unpaired males tended to have lower minimum distances from opponents than 

did paired males, although this difference was not significant (t-test: t54 = 1.70, P = 0.09). 

Unpaired males sang as close as 47.5 ± 7.5 m to their paired neighbours while neighbours 

who were both paired sang at minimum distances of 64.4 ± 5.9 m. 

Both median and maximum duration of matching bouts of neighbours were 

significantly positively correlated with the total amount of matching (Pearson: median 

duration: r2 = 0.27, n = 68, P < 0.0001; max duration: r2 = 0.37 n = 68, P < 0.0001) while 

the number of matching events controlled for number of exchanges was not (Pearson: r2 = 



 34 

0.04, n = 68, P = 0.09). Non-flockmates had significantly longer matching bouts on 

average than flockmates, although their maximum bout lengths did not differ (Table 1; 

median: t-test: t63 = 2.0, P = 0.049; maximum: unequal variances t-test: t56.94 = 0.89, P = 

0.38). Males of disparate social ranks (level 2, or high versus low) had significantly 

shorter maximum matching bout lengths than males of the same social rank (level 0), 

while their average bout lengths did not differ significantly (Table 1; ANOVA: 

maximum: F2,56 = 4.54, P = 0.015, Tukey’s HSD p < 0.05; median: F2,56 = 1.1, P = 0.18). 

Males of one rank difference (level 1) did not differ significantly in bout duration from 

males of rank differences of either level 0 or level 2. 

 

DISCUSSION 

Male black-capped chickadees frequency matched their neighbours during the dawn 

chorus, indicating that the dawn chorus is a dynamic network of interacting territory 

holders. Recordings made with a 16-channel Acoustic Location System revealed that the 

amount of matching between males was related to both flock membership and rank 

disparity, supporting the social dynamics hypothesis. These differences in matching were 

the result of longer duration matching bouts and not the relative number of times males 

engage in bouts of matching. Results of two previous studies (Burt & Vehrencamp 2005; 

Liu & Kroodsma 2007) lent support to the social dynamics hypothesis, but the present 

study is the first to show that dawn interactions themselves are related to the social 

relationships between territorial neighbours. In contrast to our findings for frequency 

matching, song overlapping appears to be less important for black-capped chickadees at 
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dawn, occurs less often than expected by chance, and is unrelated to any of the measured 

social factors. 

 Frequency matching in black-capped chickadees shares similarities with song type 

matching in other species (this study and Shackleton & Ratcliffe 1994; Fitzsimmons et al. 

2008a). Song type matching is a commonly used strategy in songbirds who share at least 

some portion of their repertoire with neighbours, whereas overlapping is possible in all 

birds regardless of whether they share song types. Matching has also been described in 

the vocal interactions of frogs (Gerhardt et al. 2000) and cetaceans (Janik 2000). 

Matching and overlapping in birds have primarily been considered in the context of 

daytime singing interactions. Our results, as well as those of Burt and Vehrencamp 

(2005), suggest that these behaviours are used at dawn as well as during the daytime.  

Chickadees use matching more frequently at dawn (this study) than during 

daytime countersinging interactions in the same population, where matching does not 

differ from chance levels (Fitzsimmons et al. 2008a). In banded wrens, matching was also 

more frequent at dawn than later in the day (Burt & Vehrencamp 2005). The dawn chorus 

may be an optimal time to engage in singing interactions because all territorial males 

participate in the chorus and their attention is not divided among other tasks (e.g. 

foraging, preening, mate guarding), compared to later in the day when males may differ 

in their motivation to interact. Singing at dawn might allow males to determine survival, 

current condition, pairing status and motivation levels of neighbours and to assert their 

competitiveness level for the coming day (reviewed in Staicer et al. 1996). Consistent 

with this hypothesis, flock membership and rank disparity were not related to matching or 

overlapping in chickadee daytime singing interactions (Fitzsimmons et al. 2008a), 
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suggesting that re-negotiation of social relationships by interactive communication may 

occur mainly before sunrise. Male chickadees may avoid competitive singing interactions 

with neighbours after sunrise once females have emerged from nest sites and mate 

guarding becomes more important; although males still respond strongly to strangers after 

dawn (Otter et al. 2002; Mennill & Ratcliffe 2004a) and use matching in escalated 

encounters (Shackleton & Ratcliffe 1994).  

Male chickadees from the same winter flock spent significantly less time 

matching at dawn than males from different flocks. Although males defend autonomous, 

all-purpose territories, familiarity and individual recognition may play an important role 

in regulating the amount of interaction required each day to re-establish or maintain 

relationships. Males from different flocks have spent less time in close contact and may 

have prolonged interactions as a result. Aggressive behaviours tend to decrease with 

increasing familiarity in animals (reviewed in Marler 1976; Ward & Hart 2003). Song-

type matching in neighbouring male song sparrows (Melospiza melodia) declines 

seasonally from territory establishment, when males are less familiar, through breeding 

(Beecher et al. 2000). In chickadees, non-flockmates may settle contests only by fighting 

and, therefore, might spend more time matching at dawn in anticipation of later daytime 

contests over boundaries and nest sites.  

Males of similar rank matched for a larger portion of their chorus than males of 

disparate rank. Males of similar rank matched at a high level regardless of the absolute 

ranks of the two opponents. Males of similar rank are likely of similar quality and more 

assessment time might be necessary to resolve social relationships each morning. Contest 

duration typically increases with decreasing asymmetry of opponents (e.g. Enquist et al. 
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1990; Schmitz & Baldassarre 1992; Hack et al. 1997; Kemp 2000). We found that 

matching bouts were longer between males of similar rank as predicted by the sequential 

assessment model (Enquist et al. 1990). Male chickadees might be either aware that they 

are the same rank, or during interactions they might be detecting something about their 

relative quality through their opponent’s persistence and the quality of their interchanges.  

Contrary to our predictions, males did not match their paired neighbours more 

often than they did unpaired males. Unpaired chickadees often sing very near other males 

and sometimes move into other males’ territories and sing later in the day (J. Foote, pers. 

obs.). Therefore, unmated males may still require a territorial response similar to that of 

mated males. We found that unpaired males had minimum distances that were on average 

17 m closer to their neighbours than paired males were to each other. In rock ptarmigans 

(Lagopus mutus), fights with bachelors are even more intense than with other mated 

males (Brodsky & Montgomerie 1987). Both paired and unpaired males could be a threat 

to a territorial male’s paternity. Although unpaired male chickadees are often of low rank 

and unlikely to sire extra-pair young (Otter et al. 1998), they can quickly fill territorial 

vacancies that arise as a result of mortality early in the breeding season . 

Across animal signalling systems, matching is predicted to be a conventional 

signal of aggressive intentions, signalling the probability of approach and subsequent 

escalation (Molles & Vehrencamp 2001; Vehrencamp 2001). The amount of matching 

between males during the chorus did not relate to the distance between individuals, 

suggesting that matching at dawn might not function as a conventional signal. 

Additionally, matching and overlapping may function as graded signals of aggression 

(Otter et al. 2002). We found that matched songs were no more likely to be overlapped 
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than un-matched songs as would be predicted if they were graded signals of aggression at 

dawn. At dawn, chickadees move infrequently (Otter & Ratcliffe 1993), therefore, levels 

of matching may instead predict interactions with close approach or fights once the 

chorus is over. Males typically sing continuously through the chorus (Otter et al. 1997) 

and singing does not escalate to fights at dawn as it does later in the day, although males 

may be in close proximity. Absolute qualities of male chorusing behaviour are honest 

indicators of quality which may be important for female choice (Otter et al. 1997; Poesel 

et al. 2006) and may signal competitiveness later in the day (Poesel et al. 2004) to non-

territorial males prospecting for territories (Amrhein et al. 2004b). These factors might 

make it risky for a male to take a break from singing in order to fight at dawn. Males with 

fertile mates remain close to their nest cavity while singing (Otter & Ratcliffe 1993), so 

movements of males at dawn may be constrained and neighbours far apart may still have 

an interest in prolonged matching.  

While matching may not signal immediate aggression at dawn, it may function to 

signal that a male is directing his song at a particular opponent (Brémond 1968). Males 

may also engage in prolonged matching to probe and reveal relative status (Nielsen & 

Vehrencamp 1995). We found higher overall levels of matching at dawn were associated 

with increased bout length, with males from different flocks and of similar ranks 

engaging in longer bouts. Matching interactions of males may contain information that 

could be used by eavesdroppers such as floaters and females to evaluate relative quality 

of males (Otter & Ratcliffe 2005). Both male and female chickadees use information 

obtained from eavesdropping on countersinging interactions (Mennill et al. 2002; Mennill 

& Ratcliffe 2004b). Matching may also serve as a signal to other conspecific males. 
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Males who take turns matching each other may signal a strong dyad to potential usurpers 

(Todt & Naguib 2000). If non-territorial chickadees prospect territories at dawn like 

nightingales do (Amrhein et al. 2004b), signalling a strong dyad of experienced 

neighbours may be beneficial to both of the countersinging territorial males.   

Males overlapped less than expected by chance, suggesting that avoidance of 

overlapping occurs at dawn. Signallers have been shown to avoid overlap by timing their 

songs to fall in periods of silence of other species or playback stimuli, in both birds 

(Ficken et al. 1974; Brumm 2006), and frogs (Zelick & Narins 1985). Avoiding overlap 

prevents masking of the signal to receivers but also permits mutual listening for 

assessment (Todt & Naguib 2000). In response to overlapping playback, males may alter 

the timing of song delivery or song length to avoid overlap (Hultsch & Todt 1982; 

Dabelsteen et al. 1996; Mennill & Ratcliffe 2004a; Hall et al. 2006; Osiejuk et al. 2007). 

Avoidance of overlap was small between each pair of neighbours but is likely significant 

because each male has several neighbours and interspecific signallers to consider when 

timing song delivery. Avoiding overlap at dawn may be part of the signalling strategy and 

signal attention during the chorus, potentially allowing individuals to assess subtle 

variations of an opponent’s song characteristics (Todt & Naguib 2000). Because of the 

difficulty of timing songs relative to multiple neighbouring singers, overlapping may not 

carry the same agonistic function at dawn as it does in dyadic countersinging interactions 

occurring later in the day when background noise levels are lower. Some overlapping at 

dawn may be communicative; however, it is difficult to tease apart from chance in this 

study. We found no relationship between overlapping and any of the measured social 

factors, and overlapping was not associated with matching. Although Burt and 
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Vehrencamp (2005) found a correlation between matching and overlapping, banded wren 

songs are three times as long as chickadee songs so the relationship may be clearer in 

species where errors in perceived overlap are likely smaller. Overlapping during daytime 

singing interactions in chickadees is more common than during the dawn chorus, 

although it does not differ significantly from chance (Fitzsimmons et al. 2008a). 

 

 



 41 

Table 1. Average of median and maximum duration (±SE) of matching bouts of 
neighbouring males of the same and different winter flocks and of different rank 
disparities 
 
 Median Duration (s) Maximum Duration (s) 

Flockmates  18.2 ± 4.0   71.6 ± 6.8 

Non-flockmates  39.0 ± 8.5   98.6 ± 11.4 

Rank disparity 0  35.8 ± 12.2 125.5 ± 21.3 

Rank disparity 1  43.3 ± 13.8  99.4  ± 14.8 

Rank disparity 2  18.0 ± 3.3   65.6 ± 8.1 
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Figure 1. The average proportion of opponent’s songs that were a) frequency matched, 
and b) overlapped during dawn chorus countersinging exchanges between former 
flockmates and between males who had been in different winter flocks. Males from 
different winter flocks matched each other significantly more often than did former 
flockmates. Asterisk shows significant difference between groups at P < 0.05. Error bars 
show standard errors. 
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Figure 2. The average proportion of opponent’s songs that were a) frequency matched, 
and b) overlapped between males of different rank disparities (0 = opponents of same 
rank category, 1 = opponents of one rank category difference, 2 = opponents of two rank 
differences). Error bars show standard errors.
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CHAPTER 3 

 

TIED TO THE NEST: MALE BLACK-CAPPED  

CHICKADEES DECREASE DAWN CHORUS MOVEMENT 

BEHAVIOUR WHEN THEIR MATE IS FERTILE 
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ABSTRACT 

Male songbirds typically mate-guard by closely following the female during her fertile 

period. At dawn, males may sing near the nest or roost to direct their chorus at mates. 

Recent evidence suggests males may also be involved in singing interactions with 

neighbours during the dawn chorus. We used a 16-channel Acoustic Location System 

(ALS) to examine movement behaviour of 37 male black-capped chickadees (Poecile 

atricapillus) during the dawn chorus to determine if male proximity to the nest is a 

function of breeding stage. Males with fertile females covered a significantly smaller area 

within their territory, made fewer long-distance movements, and sang at a lower song rate 

compared to males with non-fertile females. Males with fertile mates remained 

significantly closer to their nest cavity than males with incubating mates. Males with non-

fertile mates spent more time near their neighbours with fertile mates than near their 

neighbours with non-fertile mates. Neither social rank nor age had a significant effect on 

movement behaviour or song rate. Our results clearly demonstrate that female fertility 

influences dawn chorusing behaviour in male black-capped chickadees. Males may 

remain near their nest to minimize the risk of cuckoldry, but when their partner is not 

fertile males may increase movement behaviour either to interact with neighbours and/or 

advertise to potential extra-pair mates. 
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INTRODUCTION 

The dawn chorus of songbirds begins before sunrise and is characterised by high song 

rates and simultaneous singing by all males (Staicer et al. 1996). Due to the high volume 

of song and the difficulty of following individual males at dawn, the functions of dawn 

chorusing for intra- or inter-sexual communication are not well understood (Staicer et al. 

1996). For example, in black capped chickadees (Poecile atricapillus) three lines of 

evidence suggest that males direct their dawn chorus performance at females. First, males 

perform the chorus near their nests, often singing close to or even directly into the nest 

cavity where females typically roost (Otter & Ratcliffe 1993). Second, males usually stop 

chorusing when their female emerges (Otter & Ratcliffe 1993; Gammon 2004). Third, 

dawn chorus start time, length average song rate, and maximum song rate honestly 

indicate male quality (Otter et al. 1997). However, male chickadees also engage in 

interactive communication with neighbours during the dawn chorus (Foote et al. 2008a). 

Staicer et al. (1996) proposed that chorusing may function to mediate social relationships 

among territorial males and recent evidence supports this hypothesis (Liu 2004; Burt & 

Vehrencamp 2005; Foote et al. 2008a).  

Singing behaviour of males often varies with their mate’s breeding stage, and this 

variation may provide useful clues about dawn chorus function. Møller (1991) predicted 

that once paired, males would sing at a high rate during their mate’s fertile period to 

announce their female’s fertility and thereby guard their paternity. However, recent 

research shows daytime song rate typically declines following pairing and may 

subsequently increase once females begin incubating (e.g. Hanski & Laurila 1993a; 

Nemeth 1996; Gil et al. 1999). In contrast, dawn chorus song rates typically remain high 
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after males have paired and decline only once young have hatched (Pärt 1991; Staicer et 

al. 1996; Amrhein et al. 2004a). During the female’s fertile period, males may instead 

guard their paternity by physical mate-guarding (Birkhead & Møller 1992). If females are 

stationary at dawn, males may be able to sing at a high rate during the fertile period by 

remaining near their nest, without the added task of physically following their mate to 

mate-guard (Slagsvold et al. 1994). The relative importance of male location and singing 

rate as paternity guards during the dawn chorus can be assessed by simultaneous 

measurement of male movements and vocal output. If male location acts as a paternity 

guard, and is related to female fertility, then males with fertile mates should sing their 

dawn chorus closer to their nest and move through a smaller area of their territory than 

males with non-fertile mates. If song acts as a paternity guard, males with fertile mates 

should sing at a higher rate than males with non-fertile mates. 

Radio-tracking is a useful technique for studying daily and/or seasonal movement 

patterns of birds such as home range size (e.g. Elchuk & Wiebe 2003), dispersal (e.g. 

Anders et al. 1998), migration (e.g. Fuller et al. 1998), and extraterritorial behaviour (e.g. 

Stutchbury 1998; Naguib et al. 2001). Radio-tracking has been used at dawn to examine 

movement behaviour of non-territorial males (e.g. Amrhein et al. 2004b) and females 

(e.g. Double & Cockburn 2000). However, movement patterns of singing territory 

holders during the dawn chorus have received little attention. Otter & Ratcliffe (1993) 

found that male black-capped chickadees increase their movement behaviour when 

females were experimentally removed. Hansen et al. (2005) followed male chickadees 

during the dawn chorus and found that males in disturbed and undisturbed habitat 

covered similar areas within their territory. Whether breeding stage affects male 



 48 

movement during the dawn chorus has not been investigated, despite the fact that daytime 

mate-guarding has been well studied (e.g. Johnsen & Lifjeld 1995; Chuang-Dobbs et al. 

2001). Movement at dawn has not been studied in detail because of the lack of suitable 

technology; both radio-tracking and physically following males are difficult in the low 

light levels at dawn. An Acoustic Location System (ALS) consists of an array of 

simultaneously recording microphones that record the content and timing of vocalizations 

as well as information on position of singers that can be used to study movement patterns. 

An ALS triangulates the positions of singers using arrival time differences of sounds at 

multiple microphones (Mennill et al. 2006). We used an ALS to study the movement and 

singing behaviour of male black-capped chickadees during the dawn chorus. 

To determine whether male position during the fertile period may function in 

mate-guarding, we compared the dawn activity space and number of long-distance 

movements made by males whose mates were fertile with those whose mates were not 

fertile. We also determined whether males with fertile mates remained closer to their nest 

cavity than males whose mates had already begun incubation. We predicted that males 

with fertile mates would move less and sing closer to their nest cavity than males whose 

mates were not fertile. We also compared song rates of males with fertile and non-fertile 

mates to determine if males with fertile mates sing at a higher rate as predicted by Møller 

(1991). 
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METHODS 

Study Area, Population, and Recording methods 

We studied a banded population of black-capped chickadees at Queen’s University 

Biology Station (44° 34' N, 76° 19' W), near Kingston, Ontario, Canada from January to 

July 2005-2007. Adult birds (N = 149 birds in 2005, N = 236 in 2006, N = 61 in 2007) 

were captured in winter using treadle-traps baited with sunflower seeds and banded with 

a unique combination of three coloured bands and a numbered aluminum Canadian 

Wildlife Service band. We determined the dominance status of males in winter flocks by 

observing pairwise interactions at feeding stations (N = 2811 interactions in 2005, N = 

8423 in 2006, N = 1100 in 2007). Behaviours of dominant birds included supplanting or 

chasing subordinates while behaviours of subordinate birds included waiting to feed and 

displaying submissive postures (details provided in Ratcliffe et al. 2007). Following 

Mennill et al. (2004), we classified males into three rank categories: 1) high-ranking 

males were the top two males in flocks of four or five males and the top male in flocks of 

two or three males; 2) mid-ranking males were the middle male in flocks of three or five 

males; and 3) low-ranking males were the bottom two males in flocks of four or five 

males and the bottom male in flocks of two and three males. 

From April 27 to May 15, 2005-2007, we recorded neighbourhoods encompassing 

6-10 (average 7.2 ± 0.3 males, N = 15) black-capped chickadee territories using a 16-

microphone Acoustic Location System. A neighbourhood consisted of a cluster of 

breeding territories with males who were familiar with each other from their winter flocks 

and males from nearby flocks. Average territory size of males was 18,393 ± 990 m2 

(4637 – 28,957 m2, N = 37 males). We recorded in 15 different neighbourhoods of up to 
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160 000 m2, five neighbourhoods in each of 2005, 2006 and 2007. The ALS consisted of 

16 omni-directional microphones housed in PVC tube rain covers and mounted on 3m 

long wooden poles that were elevated and attached to small trees using bungee cords. In 

each array, the average between microphone distance was 206.8 ± 2.2m (calculated 

pairwise for all microphones in each array, N = 1800), minimum distance was 75.3 ± 

1.2m (N = 240), and maximum distance was 350.2 ± 4.1m (N = 240). Microphones were 

placed as evenly as possible throughout the neighbourhood, to the extent permitted by 

vegetation and topography. Microphones were connected to a central computer using 

2200 m of cable. Input from all microphones was digitized using a multi-channel data 

acquisition card (National Instruments DAQ-6260) and recorded as 16-channel AIFF 

files using Chickadee v1.9 recording software (J. Burt, Seattle WA). This setup was an 

extension of the 8-microphone system described by Mennill et al. (2006). We recorded 

from 0425 to 1130 EST on two to four consecutive days in each neighbourhood. During 

recording sessions, three to four observers transcribed the activities of individual birds 

within the recording area, including details of male singing locations and identities. 

As winter flocks began to break up and breeding pairs began to defend territories 

(late March to early April), we visited each pair every 1-3 days. We recorded movements 

and territorial interactions of each pair on a detailed map using both landscape features 

and grid flags as landmarks to map breeding territories using the method of Bibby et al. 

(1992). We also recorded all pair locations during the array recordings when we 

intensively followed the 6-10 pairs in the neighbourhood over a period of two to four 

days. The pair’s territory was defined as the maximum extent of space exclusively 

occupied by the pair following the period of winter flock break-up but before the 
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female’s fertile period (Mennill et al. 2004). We calculated the area of the territory by 

plotting the boundaries from our field maps on the GPS map of the detailed landscape 

features using software (J. Burt, Seattle WA) written in MATLAB (Mathworks Inc., 

Natick MA). 

 

Sound Recording Analysis 

From the 49 mornings recorded with the ALS, we chose 14 for analysis (one dawn chorus 

from each of 14 of the 15 neighbourhoods; one neighbourhood in 2005 was not included 

because high winds and less than optimal microphone placement prevented made analysis 

difficult). We analyzed the first morning of recording for 10 neighbourhoods. For the 

remaining four, the second morning was analyzed, because weather or technical 

difficulties with the ALS on the first morning reduced the quality of those recordings.  

For the fourteen dawn chorus recordings, we annotated all songs sung by all 

males recorded (N = 92 males, N = 41,071 songs) from the start of recording until 

approximately 0630 EST using the time and frequency cursors in Syrinx PC sound 

analysis software (J. Burt, Seattle WA). We used a combination of field notes, fine 

structural details of male songs, and location information to confirm male identities. We 

used software (J. Burt, Seattle WA) written in MATLAB to localize male songs as 

described by Mennill et al. (2006). We determined the location of each male for every 

20th consecutive song that he sang. When males moved long distances (> 10m), we 

located the first song before and after each movement as well. We considered every 20th 

song appropriate given that chickadees sing from one perch for an extended period 

between movements (Otter & Ratcliffe 1993). Average song rate for the first 30 minutes 
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of the chorus was 11.58 ± 0.62 songs/minute such that songs were located on average 

every 1.73 minutes. For songs that were not localized, we assigned the location of the 

previous localization to those songs.  

 

Statistical Analysis  

To examine male movement behaviour while females were still roosting, we analyzed the 

first 30 minutes of each male’s dawn chorus. Dawn chorus length in this study was 38.8 ± 

1.6 minutes (N = 45). The end of the chorus was defined as the point where a male 

stopped singing for at least three minutes after the first 30 minutes of the chorus. In 

keeping with previous studies (Otter & Ratcliffe 1993; Gammon 2004), our observations 

showed that during the first 30 minutes of the chorus, males were unaccompanied by their 

mate who was either roosting in her nest cavity or outside the cavity in a tree. After 30 

minutes, females often emerged and males continued to chorus for several minutes before 

stopping. We chose a 30 minute time period so that most females would still be roosting 

and, therefore, not influence male movements. Where females were observed to emerge 

and accompany males before 30 minutes had elapsed (N = 2 pairs), we examined male 

behaviour up to and including the time of emergence.  

Of the 92 males recorded, 37 were excluded from the analysis either because we 

had difficulty triangulating their positions (e.g. male was at the periphery of the ALS or 

high winds precluded triangulation), or because they were unpaired (N = 6), or because 

their mate’s breeding stage could not be accurately determined. For individual males 

recorded in subsequent years, only the first year of recording was included (N = 18 

males), and the second year was excluded from the analysis, giving a total sample size of 
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37 individuals. We distinguished three breeding stages: (1) pre-fertile (N = 11): males 

who were paired but were still excavating a nest cavity; (2) fertile (N = 20): determined 

by female ‘broken-dee’ vocalizations, or nest lining by females and pair copulations, or 

both (Smith 1991); (3) incubation (N = 6). We located nests for 18 fertile females and 6 

incubating females. We confirmed nesting stage based on behavioural observations by 

back-dating nests from the date of hatch for these pairs. 

 To analyze movement behaviour we calculated the area of the minimum convex 

polygon formed by each male’s positions, which we call ‘dawn activity space’. To 

control for variation in territory size, we used the residuals of the regression of dawn 

activity space on territory size (‘residual dawn activity space’). For each male, we 

determined the number of movements of greater than 10m (Otter & Ratcliffe 1993). 

Dawn activity space and territory size were square-root transformed to meet the 

assumptions of normality necessary for parametric statistical analyses. Average song rate 

was calculated as the total number of songs sung divided by 30 minutes. After 

establishing that dawn activity space, and song rate of males with incubating and pre-

fertile females did not significantly differ (dawn activity space: t15 = 0.57, P = 0.58; song 

rate: t15 = 0.15, P = 0.88), we combined these two groups into the ‘non-fertile’ category.   

We used backward stepwise regression (P-enter = 0.25; P-leave = 0.10) to 

determine if males with fertile mates had smaller residual dawn activity spaces and higher 

song rates than males with non-fertile mates. We examined the effects of date (expressed 

as day since April 28, the earliest recording date), year, male dominance rank in winter 

(high, mid, and low), and male age (second year or after-second year). For nest distance 

we compared males with fertile mates to those with incubating mates because there is no 
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expectation that pre-fertile birds roost near their excavations, and birds often have 

multiple excavations (Ramsay et al. 1999; Mennill & Ratcliffe 2004c). We categorized 

the positions of males with non-fertile females who had at least one fertile neighbour (N 

= 15 males) as near boundaries with neighbours (closer to the boundary with a neighbour 

than to the center of the territory), in the center of the territory (closer to the center of the 

territory than to a territory boundary), and near excavations or nests (within 25m). We 

calculated the time spent at each location (determined by subtracting the end time of the 

last song sung at this location from the start time of the first song sung at this location). 

For males who had both fertile and non-fertile neighbours (N = 12), we also compared the 

time spent near fertile and non-fertile neighbours. We used JMP 7 (SAS, Cary NC) for all 

statistical analysis at α = 0.05. Results are presented as mean ± standard error. Effect 

sizes (E.S.) were calculated using Cohen’s d (Cohen 1988). 

 

RESULTS 

Breeding stage was the only factor significantly related to residual dawn activity space 

(backward stepwise regression: F1, 35 = 10.04, P = 0.003, r2 = 0.22, E.S. = 1.03). Males 

with non-fertile mates had significantly larger residual dawn activity spaces than males 

with fertile mates (Figs. 1, 2). Date, year, male rank, and male age did not show a 

significant relationship with dawn activity space. When we excluded males with 

incubating mates and compared just the males with pre-fertile mates, residual dawn 

activity space was still significantly related to breeding stage (backward stepwise 

regression: F1,29 = 8.94, P = 0.006, r2 = 0.24, E.S. = 1.03). We conducted a pair-wise 

comparison of males who were recorded in one year with a fertile mate and in another 
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year with a non-fertile mate. Residual dawn activity space was significantly larger for 

males recorded when their mate was non-fertile (Wilcoxon matched-pairs signed-rank 

test: W7 = 13.0, P = 0.04, E.S. = 0.58). Males with fertile females made significantly 

fewer movements of greater than 10m during the first 30 minutes of the chorus than 

males with non-fertile mates (t-test: t34 = 2.26, P = 0.03, E.S. = 0.75). Males with fertile 

mates made 4.4 ± 0.7 movements greater than 10m, while males with non-fertile mates 

made 7.5 ± 1.2 movements greater than 10m.  

 Males with fertile females stayed significantly closer to their nest cavity than 

males with incubating females for mean (t-test: t22 = 3.83, P < 0.001, E.S. = 1.58), 

maximum (t-test: t22 = 2.98, P = 0.007, E.S. = 1.41), and minimum (t-test: t22 = 2.72, P = 

0.01, E.S. = 1.01) distance from the nest (Table 1). Males with non-fertile mates who had 

at least one fertile neighbour did not spend significantly more time near fertile neighbours 

than they did elsewhere in their territory (paired t-test: t14 = 1.40, P = 0.18, E.S. = 0.70). 

These males spent 59.8 % of their time near their boundaries (closer to boundary than to 

center of territory) with neighbours who had fertile females and 40.2 % of their time 

elsewhere in their territory (near non-fertile neighbours, central or near their 

excavation/nest). Comparing just the time spent near neighbours, however, males spent 

significantly more time near their neighbours who had fertile mates compared to their 

neighbours who had non-fertile mates (paired t-test: t11 = 2.31, P = 0.04, E.S. = 1.17). 

Males with neighbours in both fertile and non-fertile stages spent 60.8 ± 10.3 % of their 

chorus near their fertile neighbours and 21.6 ± 8.5 % of their time near neighbours with 

non-fertile females. 
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 Song rate was significantly related to breeding stage and year (backward stepwise 

regression: F2,34 = 7.22, P = 0.002, r2 = 0.30, E.S. = 0.88). Males with fertile females had 

lower song rates than males with non-fertile females (Fig. 3). Song rates were slightly 

higher in 2005 than in 2006 and 2007, although when comparing them directly, there was 

no significant difference between the years (ANOVA: F2,34 = 3.16, P = 0.06, r2 = 0.16). 

Date, male social rank and male age did not relate to dawn song rates in the first 30 

minutes of the chorus. For males recorded over multiple years, chorus song rate was 

significantly lower for individuals recorded when their mate was fertile compared to the 

year that their mate was not fertile (Wilcoxon matched-pairs signed-rank test: W7 = 15.0, 

P = 0.04, E.S. = 0.56); seven of the eight males had lower song rates when their mate was 

fertile. 

 

DISCUSSION 

Our spatial analysis of dawn chorus singing behaviour revealed that male black-capped 

chickadees with fertile mates had significantly smaller dawn activity spaces, made fewer 

long-distance movements, and sang at lower song rates than males with mates who were 

not fertile. Males with fertile mates also remained closer to their nest cavity than males 

with incubating (non-fertile) mates. Movement behaviour was not influenced by either 

the social rank or age of males. Males with non-fertile mates spent more time singing 

near neighbours with fertile females than they did near neighbours without fertile 

females. We show that male chickadees remain close to the nest during their female’s 

fertile period, suggesting male location at dawn may function as a form of mate-guarding. 

Moreover, our results, combined with those of others (Otter et al. 1997; Foote et al. 
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2008a) suggest that males have multiple audiences at dawn, including their mate as well 

as neighbouring males and females. 

Males with fertile mates may minimize movement and remain close to their nests 

in order to minimize the risk of being cuckolded. Males may be particularly at risk of 

losing paternity at dawn. In some species, including chickadees, females may leave their 

territory at dawn to seek extra-pair copulations (Smith 1988; Double & Cockburn 2000; 

Mennill et al. 2004). Female black-capped chickadees engage in extra-pair copulations 

near territorial boundaries with extra-pair sires or in the territories of extra-pair sires, 

usually within an hour of dawn (Smith 1988; Mennill et al. 2004). Males may choose to 

stay near their nest at dawn when their mate is fertile to guard their paternity, and they 

may advertise themselves to neighbouring females when their mate is not fertile to gain 

extra-pair paternity. Neither age nor rank significantly influenced movement behaviour 

during the dawn chorus. High-ranking chickadees are rarely cuckolded (Mennill et al. 

2002) and sire young in the nests of lower ranked neighbours (Otter et al. 1998; Mennill 

et al. 2004), yet still remain near their nest at dawn. Less attractive males (Johnsen & 

Lifjeld 1995; Kempenaers et al. 1995) or younger males (Welling et al. 1995a; Johnsen et 

al. 2003) physically mate-guard more than attractive or older males in some species, 

suggesting mate-guarding in part may be a ‘best-of–a-bad-job’ strategy. Our results 

suggest that dawn chorus mate-guarding is not a ‘best-of–a-bad-job’ strategy since high-, 

mid- and low-ranked birds moved less and remained near their nest cavity when their 

mate was fertile. Evidence from other species suggests that mate-guarding may be a 

successful strategy for males in general, reducing intrusion and preventing extra-pair 

copulations (Komdeur et al. 1999; Chuang-Dobbs et al. 2001; Brylawski & Whittingham 



 58 

2004). Similar patterns of lower levels of movement when females are fertile occur in 

other species. Male great tits (Parus major) spend less time near their nest cavity when 

their mate is incubating than when she is fertile (Slagsvold et al. 1994), and male 

chaffinches (Fringilla coelebs) decrease their territory size when their mate is fertile 

(Hanski & Laurila 1993b).  

Males whose mates are not fertile may shift the focus of their communication and 

displays from their own mate to neighbouring females by expanding the area from which 

they sing at dawn. Male chickadees with non-fertile mates approached their territory 

boundaries with neighbours, and preferentially approached those that contained fertile 

females. Males may approach boundaries to advertise to neighbouring fertile females or 

to place themselves in a position that females making extra-territorial forays can easily 

locate them. Female chickadees often place their nests near territory boundaries (Ramsay 

et al. 1999; Mennill et al. 2004) and those that follow a mixed reproductive strategy 

preferentially orient their cavity toward the territory of their extra-pair sire (Mennill & 

Ratcliffe 2004c). By moving closer to boundaries, males with non-fertile mates may be 

improving the transmission of their song to roosting female neighbours.  

Male chickadees also approach boundaries with neighbours whose mates are non-

fertile, supporting the hypothesis that one of the functions of the chorus is to adjust social 

dynamics among territorial neighbours (Staicer et al. 1996). Male chickadees interact 

with neighbours at dawn by matching the frequency of their song (Foote et al. 2008a). 

The amount of matching at dawn does not relate to the distance between neighbours 

(Foote et al. 2008a), which might be explained by the fact that some males remain close 

to their nest and do not move closer to individuals with whom they might be involved in 
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intense interactions, while others approach rivals. Remaining close to fertile females may 

make it difficult for males to simultaneously interact with neighbours at close range, visit 

potential extra-pair mates, and defend the entirety of their territories.  

Male chickadees with fertile mates had lower song rates during the first 30 

minutes of the dawn chorus than males with non-fertile mates. Consequently, our results 

do not support the hypothesis that males sing at a high rate to guard their paternity as 

predicted by Møller (1991). In some species, daytime post-chorus song rate is lower 

when females are fertile, and increases when females begin incubation (e.g. Hanski & 

Laurila 1993a; Nemeth 1996; Gil et al. 1999). Like black-capped chickadees, the dawn 

song rates of Eastern kingbirds (Tyrannus tyrannus) are also highest when their mates are 

not fertile (Sexton et al. 2007). However, male willow tits (Parus montanus) are less 

likely to perform in the dawn chorus when their mate is not fertile (Welling et al. 1995b), 

and male great tits have higher dawn song rates during the peak period of female fertility 

(Mace 1987b). In contrast, male collared flycatchers (Ficedula albicollis) have similar 

dawn song rates in the fertile and non-fertile periods (Pärt 1991). Male chickadees may 

look into their nest cavities during the chorus or sing directly into them (Otter & Ratcliffe 

1993). Lower song rates may result from males’ checking to ensure the female has not 

left the cavity. Male chickadees with fertile mates often appeared agitated and 

interspersed their singing with gargle and ‘chick-a-dee’ vocalizations (J. Foote, personal 

observations), which may also help to explain the lower song rates. Mixing calls with 

song during the chorus has been described for black-capped chickadees and related Parid 

species (reviewed in Hailman & Ficken 1996). Female great tits interact vocally with 

their mate from inside the nest cavity after their mate approaches the cavity (Gorissen & 
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Eens 2004). If female chickadees also produce vocalizations, males with fertile mates 

may sing at a lower song rate because they must listen for signals from their mate as well 

as from other males. Males may produce ‘chick-a-dee calls’, which appear to have 

smaller transmission distances, to communicate with their mate without communicating 

information to rival male.  

In summary, male black-capped chickadees with fertile females had smaller dawn 

activity spaces and remained closer to their nest than males with non-fertile females. This 

study is the first to examine movement patterns during the dawn chorus in detail and 

provides evidence that males may position themselves to minimize the risk of cuckoldry. 

We show that mate-guarding at dawn may also be important in addition to mate-guarding 

during the daytime. Our results do not support the fertility announcement hypothesis that 

males sing at a high rate when their mate is fertile to advertise their fertility (Møller 

1991). When females are not fertile, males cover a larger area of their territory and 

approach neighbours. The dawn chorus may function both intra-sexually whereby males 

are involved in interactive communication with neighbours to mediate their social 

relationships, and inter-sexually whereby males are honestly advertising their quality to 

their mate and perhaps also to potential extra-pair females.
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Table 1: Males with fertile females remain closer to the nest. Mean, maximum and 

minimum distance (m) from nest cavities of males with fertile mates (N = 18) and males 

with incubating mates (N = 6). Values are mean ± SE. Average territory size for males 

with fertile mates was 19,670 ± 1338 m2 and for males with incubating mates was 17,906 

± 1851 m2. 

 
 Mean  Maximum Minimum 

Fertile 29.7± 5.3 56.3 ± 8.1 15.0 ± 3.9 

Incubating 77.2 ± 14.7 104.3 ± 13.8 45.6 ± 16.2 
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Figure 1. Examples of dawn activity spaces of a male with a) a fertile mate, and b) a non-
fertile mate. The grey area represents dawn activity space, black dashed line represents 
territory boundary and black circle represents nest location. Dawn activity space was 
calculated as the residual of the regression of the area of the minimum convex polygon of 
dawn song posts versus territory size. Males with non-fertile mates moved over a larger 
area of their territory than males with fertile females. Each solid-grey grid square 
represents 50m x 50m.  
 



 63 

 
 

Figure 2. Residual dawn activity space (residuals of regression of the area of a minimum 
convex polygon around dawn chorus song posts versus territory size) was smaller for 
males with mates who were fertile compared to males whose mates were not fertile. Error 
bars show standard error. 
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Figure 3. Average song rate of males in the first 30 minutes of the dawn chorus was 
lower for males with fertile females than for males with non-fertile females. Error bars 
show standard error. 
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CHAPTER 4 

 

BLACK-CAPPED CHICKADEE DAWN CHORUSES  

ARE INTERACTIVE COMMUNICATION NETWORKS 
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ABSTRACT 

There has been a recent paradigm shift from examining interactions solely as dyads to 

considering interactions as occurring in a communication network. The dawn chorus of 

songbirds provides an ideal opportunity to study network communication because 

multiple singers are within range of each other, permitting eavesdropping by both males 

and females. We examined the dawn chorus singing behaviour of male black-capped 

chickadees (Poecile atricapillus) to determine if males form an interactive 

communication network. We recorded complete dawn choruses of 6-10 male chickadees 

in each of 15 neighbourhoods from 2005-2007 using a 16-microphone Acoustic Location 

System (ALS). We examined the singing and movement behaviour of 19 focal males 

during their dawn chorus with respect to all of their neighbours. On average males had 

3.1 contiguous neighbours and had 1.64 neighbours singing at any one time. Males of 

high and low dominance status had similar sized communication networks. Males 

matched 40% of their songs and the amount of matching was correlated with the average 

number of neighbours singing. Male who switched frequencies at a high rate and sang at 

many different frequencies matched neighbours less often than males who switched less 

frequently and sang at only a few frequencies. All males were involved in multi-way 

matching at dawn. The most males observed in one matching event was a focal male and 

three of his neighbours. Three-way interactions between two non-flockmates joined by a 

flockmate of one male were significantly more common than interactions between 

flockmates joined by a non-flockmate. In these interactions, the third male to join was 

likely to be a higher-ranked flockmate than a lower-ranked flockmate, and did so 

particularly when the flockmate was matching a male of higher-rank. We show that male 
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black-capped chickadee dawn choruses are interactive communication networks where 

males are involved in high levels of matching, match multiple individuals both 

simultaneously and sequentially, and eavesdrop on the interactions of others. 
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INTRODUCTION 

Animal communication mediates many important social behaviours, though attention has 

only recently shifted to the broader social environment in which communication occurs 

(McGregor 2005a) Traditionally, communication has been studied using dyadic models 

in which there is a single signaller and receiver. However, the signals of many territorial 

animals transmit over relatively long distances placing many signallers and receivers 

within range of each other (McGregor & Dabelsteen 1996). Where groups of animals 

within signalling and receiving range of each other occur, in which there are many 

combinations of signallers and receivers, there is potential for communication networks 

to exist (McGregor 2005b).  

 The first to realize the importance of using a network perspective were those that 

studied insect and anuran choruses where individuals adjust the timing of their signals 

relative to several other individuals (reviewed by Otte 1974; Grafe 2005). Network 

communication in birds was not studied until recently due to the logistical constraints of 

recording multiple individuals on large territories. Eavesdropping, a network specific 

behaviour, by which an individual uses the relative information available in singing 

interactions, has been demonstrated using multi-speaker and interactive playback 

experiments in both male (Naguib & Todt 1997; Peake et al. 2001; Mennill & Ratcliffe 

2004b; Peake et al. 2005) and female songbirds (Otter et al. 1999a; Mennill et al. 2002; 

Leboucher & Pallot 2004).  

It remained difficult to record naturally occurring interactions of songbirds until 

recently, with the development of Acoustic Location Systems (ALS). ALSs can record 

from multiple microphones simultaneously and can triangulate the positions of multiple 
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individuals based on differences in the time of sound arrival at microphones (McGregor 

et al. 1997). An ALS allows us to record multiple individuals to look for evidence of 

network level communication and analyze behaviours that may be specific to networks 

such as eavesdropping (e.g. Mennill et al. 2002), audience effects (e.g. Matos & 

McGregor 2002), victory displays (e.g. Bower 2005), and multi-way interactions (e.g. 

Burt & Vehrencamp 2005). ALSs have been used to monitor naturally occurring dyadic 

interactions of males (Burt & Vehrencamp 2005; Fitzsimmons et al. 2008a; Foote et al. 

2008a) and male-female pairs in duetting birds (Mennill & Vehrencamp 2005, 2008), and 

to measure the response of multiple individuals during playback experiments 

(Fitzsimmons et al. 2008b). 

Vocal interactions in birds are commonly studied in terms of  pattern- and time-

specific behaviours (Todt & Naguib 2000). One commonly studied pattern-specific 

behaviour is song matching, where a male sings the same song type as an opponent (e.g. 

Stoddard et al. 1992). Additionally, males vary the rate at which males switch between 

song types during interactions (e.g. Molles 2006). Males may vary the timing of their 

songs such that their songs overlap an opponent’s song or they may alternate songs with 

an opponent (e.g. Hultsch & Todt 1982). Matching, overlapping, and high switching rates 

are associated with increased aggression and have been well studied in a number of 

species during daytime singing (Krebs et al. 1981; Kramer et al. 1985; Vehrencamp 2001; 

Otter et al. 2002; Vehrencamp et al. 2007). 

In many species, all territorial males participate in a distinct dawn chorus 

beginning 30-60 minutes before sunrise and characterized by high song rates and 

diversity (Staicer et al. 1996). Because all individuals are singing, it is an ideal time of 
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day to examine possible network communication behaviours. Additionally, one proposed 

function of dawn chorusing may be to mediate social relationships between neighbours 

(Staicer et al. 1996). Burt and Vehrencamp (2005) used an ALS to study the interactions 

of a network of banded-wrens (Thryothorus pleurostictus) during the dawn chorus and 

identified multi-way interactions among neighbours, a network specific behaviour that 

would be missed by studying dyadic interactions. Interactions were more intensely 

focused on one individual who had expanded his territory to incorporate a new nest 

location, suggesting that interactions may in fact relate to changes in neighbourhood 

dynamics at dawn. Adopting a network perspective will lead to major advances in the 

study of communication, for example, understanding the evolution of signal design, 

perceiver characteristics, and attentional mechanisms (McGregor 1993).  

We know very little about what happens in naturally occurring interactions 

between established neighbours, and things we learn from studying these interactions can 

inform future experiments. For example, nightingales (Luscinia megarhynchos) were 

found to have three temporal performance roles when singing dyadically (Hultsch & Todt 

1982), which helped design later playback experiments that tested the function of each 

role (e.g. Naguib 1999). Both song frequency matching (analogous to song type matching 

in species with repertoires) and overlapping in black-capped chickadees (Poecile 

atricapillus) are used at lower levels in naturally occurring interactions between 

established neighbours (Fitzsimmons et al. 2008a) than are typically used in playback 

studies (Otter et al. 2002; Mennill & Ratcliffe 2004a), a factor that could be incorporated 

to create more realistic playback studies in the future. Studying naturally occurring 

interactions in communication networks can identify and characterize behaviours that can 
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be used to design new experiments and allow us to ask new question about network 

properties. 

Black-capped chickadees are an ideal species in which to study network 

communication. Chickadee song has been studied from both an individual and a dyadic 

perspective. Black-capped chickadees sing a pronounced dawn chorus in which chorus 

characteristics relate to male quality and are thus honest indicators (Otter et al. 1997). At 

dawn, males repeat songs at a single frequency on average 30 times before shifting 

(analogous to switching in species with repertoires) to another frequency (Christie et al. 

2004a). Chickadees use song frequency matching when interacting with other males both 

during the daytime (Otter et al. 2002; Mennill & Ratcliffe 2004a; Fitzsimmons et al. 

2008a) and during the dawn chorus (Foote et al. 2008a). Song overlapping is used 

primarily as signal during daytime interactions (Otter et al. 2002; Mennill & Ratcliffe 

2004a; Fitzsimmons et al. 2008a), and appears to be less important as a signal during the 

dawn chorus (Foote et al. 2008a). Additionally, eavesdropping on simulated daytime 

interactions has been demonstrated in both males (Mennill & Ratcliffe 2004b) and 

females (Mennill et al. 2002).  

We used an ALS to study communication behaviours of 19 male black-capped 

chickadees from a network perspective. We examined each male with respect to all of his 

contiguous neighbours and examined patterns of song frequency matching and song 

shifting to determine if communication during the dawn chorus extends beyond the dyad. 

A previous study demonstrated that frequency matching occurs more commonly than 

song overlapping during the dawn chorus (Foote et al. 2008a), and consequently we 

focused on frequency matching in this analysis. We describe how male chickadees 
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communicate with multiple neighbours at dawn, and how this behaviour relates to 

dominance relationships between individuals. If breeding neighbourhoods constitute 

communication networks, we expected to observe both sequential and simultaneous 

matching of neighbours, as well as evidence of eavesdropping on interactions. If, 

however, birds interact with each other primarily as dyads, we expected to observe only 

sequential matching of neighbours and to find no evidence of eavesdropping. 

 

METHODS 

Study Area, Population, and Recording Methods 

We studied a banded population of black-capped chickadees at Queen’s University 

Biology Station (44° 34' N, 76° 19' W), near Kingston, Ontario, Canada from January to 

July, 2005-2007. Adult birds were captured in winter using treadle-traps baited with 

sunflower seeds and banded with a unique combination of three coloured bands and a 

numbered aluminum Canadian Wildlife Service band (N = 149 in 2005, N = 236 birds in 

2006).  We determined the dominance hierarchy in winter flocks by observing pairwise 

interactions at feeding stations (N = 2811 interactions in 2005, N = 8423 interactions in 

2006). Behaviours of dominant birds included supplanting or chasing subordinates while 

behaviours of subordinate birds included waiting to feed and displaying submissive 

postures (Ratcliffe et al. 2007). We classified males into three rank categories: 1) high-

ranking males were the top two males in flocks of four or five males and top male in 

flocks of two or three males; 2) mid-ranking males were the middle male in flocks of 

three or five males; and 3) low-ranking males were the bottom two males in flocks of 

four or five males and bottom male in flocks of two and three males (Mennill et al. 2004). 
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We collected focal recordings of all males using directional microphones 

(Sennheiser MKH-70) and solid-state digital recorders (Marantz PMD660 or PMD670) 

between April 25 and May 24, 2005 and 2006. Chickadee songs differ between males in 

temporal, frequency, and relative amplitude characteristics, making male songs 

individually distinctive (Christie et al. 2004b). We used these focal recording to confirm 

male identities in the ALS recordings when identification was in doubt.  

From April 27 to May 15, 2005-2007, we recorded neighbourhoods encompassing 

6-10 (average 7.2 ± 0.3 males, N = 15) black-capped chickadee territories using a 16-

microphone Acoustic Location System. A neighbourhood consisted of a cluster of 

breeding territories with males who were familiar with each other from their winter flocks 

and males from nearby flocks. We recorded in 15 different neighbourhoods of up to 160 

000 m2, five in each of 2005, 2006 and 2007. The ALS consisted of 16 omni-directional 

microphones housed in polyvinyl chloride (PVC) tube rain covers and mounted on 3 m 

long wooden poles that were elevated and attached to small trees using bungee cords. 

Microphones were connected to a central computer using 2200 m of cable. Input from all 

microphones was digitized using a multi-channel data acquisition card (National 

Instruments DAQ-6260) and recorded as 16-channel AIFF files using Chickadee v1.9 

recording software (J. Burt, Seattle WA). This setup was an extension of the 8-

microphone system described by (Mennill et al. 2006). We recorded from 0425 to 1130 

EST on two to four consecutive days in each ALS configuration. During recording 

sessions, three or four observers transcribed the activities of individual birds within the 

recording area, including details of male singing locations and identities. 

 



 74 

Sound Analysis 

From the 46 mornings recorded with the ALS, we chose one from each of the 15 

neighbourhoods for analysis. We analyzed the first morning of recording for 10 

neighbourhoods. For the remaining five, the second morning was analyzed because 

weather or technical difficulties with the ALS on the first morning reduced the quality of 

those recordings. There was no significant difference among years in any of the variables 

extracted: chorus length (ANOVA: F2,12 = 0.35, P = 0.71; 2005: 47.4 ± 2.7 min; 2006: 

46.6 ± 2.1 min; 2007 44.1 ± 3.6 min), average song rate of males (F2,97 = 0.62, P = 0.54; 

2005: 11.4 ± 0.4 songs/min; 2006: 10.7 ± 0.6 songs/min; 2007: 10.6 ± 0.6 songs/min), or 

the amount of matching between neighbours (F2,97 = 0.84, P = 0.44; 2005: 21.6 ± 2.1 % 

of exchanges; 2006: 25.7 ± 2.2 % of exchanges; 2007: 24.0 ± 2.5 % of exchanges).  For 

the 15 dawn chorus recordings analyzed, we annotated all songs sung by all males 

recorded (N = 92 males, N = 41,071 songs) from the start of recording until 

approximately 0630 EST using the time and frequency cursors in Syrinx PC sound 

analysis software (J. Burt, Seattle WA). We used a combination of field notes, fine 

structural details of male songs, and location information to confirm male identities. 

Using software written in MATLAB (Mathworks Inc., Natick, MA) to localize male 

songs, as described by Mennill et al. (2006), we determined the location of each male for 

every 20th song. When males moved long distances (> 10 m), we located the song before 

and after each movement as well. We considered every 20th song appropriate given that 

chickadees do not move extensively during the chorus and tend to remain in one area for 

long periods (Otter & Ratcliffe 1993). For songs that were not localized, we assigned the 
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location of the previous localization to those songs for determining mean distance of 

males.  

We defined the start of the dawn chorus as the time when the second male in the 

recorded area started singing. We defined the end of the dawn chorus as the time at which 

only one male remained singing for at least three minutes. Morning countersinging 

interactions typically begin as the dawn chorus diminishes (personal observations), so we 

did not count males rejoining the dawn chorus after they had been silent for three 

minutes, providing it was 40 minutes or longer from the start of the dawn chorus, which 

is the average dawn chorus length of individual males in this population (Otter et al., 

1997).  

 For frequency analysis, we used a 1024 FFT Blackman window to measure the 

frequency of the end of the fee note (feeend) and the start of the bee note (beestart; one 

quarter of the way into the bee note; Christie et al. 2004a) which was repeatable to ± 2 

Hz. We considered songs to be matched if the fee or bee notes of two males were ≤ 50 Hz 

different. However, if the average frequency difference of two males’ feeend for a bout of 

song was >100 Hz, we considered the songs not to match, even if beestart ≤ 50Hz. We 

included this additional criterion because one male’s song had an atypical interval ratio 

(ratio between feeend and beestart notes; Weisman et al. 1990). The interval ratio is highly 

conserved across individuals and populations; however, some males may sing songs with 

atypical interval ratios at extremes of their frequency range (Christie et al. 2004a). We 

chose to include feeend in this study because the fee note is sometimes sung alone (3.2 % 

of songs at dawn were just fees) and were used by 96 % of males in the population. Using 
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both feeend and beestart to determine the amount of matching was significantly correlated 

with using just bee start (Spearman: r2 = 0.55, N = 68, P < 0.0001). 

 For each pair of neighbouring males (N = 100 pairs), we calculated the difference 

in frequency of subsequent songs in their choruses. Neighbours were defined as 

individuals who shared a territory boundary. We determined whether songs of neighbours 

were frequency matched for all potential exchanges that occurred while males were 

separated by a distance of 150 m or less. We had distance data for 86 of 100 male pairs. 

For the additional 14 male pairs, where positions for one male were missing because they 

sang from the edge of the microphone array, we determined if males were within 150 m 

using the positions for one male and calculating the distance from that male’s localized 

position to the mapped position of the second male determined from our field notes and 

territory maps from that morning. 

 From our sample we selected all males who were near the center of the array 

recordings and, therefore, had all of their neighbours recorded that morning, without 

repeating males who had been present in more than one year near an array centre. For 

these 19 males, from their dyadic matching comparisons calculated above, we looked at 

each of their songs sung during the chorus and determined whether it was matched by one 

or more neighbours. We defined communication network size as the number of 

contiguous neighbours who sang within 150 m for at least a portion of the chorus and as 

an additional measurement, we considered the average number of males singing within 

10 s of each song males sang during the chorus.  

 For the 19 focal males we calculated the difference in frequency between each 

male’s subsequent songs to identify changes in frequency, referred to as frequency shifts. 
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When the difference in frequency from the preceding song was ≥ 80 Hz, we considered 

the male to have changed frequency (Horn et al. 1992). We compared the average 

frequency of each bout between shifts (referred to as song frequency bouts) to all other 

bouts to determine how many frequencies males used during the chorus. As for matching 

between individuals, if the average frequency of the feeend or beestart of two bouts was ≤ 

50 Hz then these bouts were considered to be at the same frequency. We calculated the 

average number of songs males sang before shifting to a new frequency (referred to as 

shifting rate). We used JMP 7 (SAS, Cary NC) for all statistical analysis at α = 0.05. All 

tests were two-tailed and results are presented as mean ± standard error. 

 

RESULTS 

Communication Network Size 

Males had 3.1 ± 0.19 (range 2 to 5, N = 19 males) contiguous neighbours and 1.64 ± 0.09 

(range 0.91-2.41, N = 19 males) neighbours singing within 10 seconds of any given song 

in the chorus. High-ranking males did not have significantly more neighbours than low-

ranking males (t-test: t16 = 0.76, P = 0.46; high-ranking: 3.18 ± 0.27, low-ranking: 2.86 ± 

0.33). Additionally, high-ranking males did not have more or fewer neighbours singing 

within 10 seconds of any song time than low-ranking males (t-test: t16 = 0.70, P = 0.50; 

high-ranking: 1.70 ± 0.12, low-ranking: 1.57 ± 0.15). Males of high- and low-rank had 

similar sized communication networks. 
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Influences on Neighbourhood Frequency 

To determine if social cues might prime the frequency of a neighbourhood chorus, we 

examined whether the starting frequency of the first male to start chorusing, or the 

frequency of the first match of the morning influenced the peak frequency of the chorus 

(most commonly sung frequency by all males recorded) using regression. To calculate the 

peak frequency of the neighbourhood we plotted the distribution of all songs sung during 

the chorus in 50 Hz bins. The peak of that chorus was identified as the bin with the 

highest frequency of occurrence and assigned the middle value for the bin (e.g. 3900-

3950 Hz peak would be 3925 Hz). There was no relationship between the first song sung 

by the earliest starting male and the peak frequency of the neighbourhood during the 

dawn chorus (r2 = 0.004, F1,13 = 0.06, P = 0.82; Figure 1a).  Similarly, there was no 

relationship between the frequency of the first match in a neighbourhood and the peak 

frequency of the neighbourhood during the dawn chorus (r2 = 0.004, F1,13 = 0.05, P = 

0.83; Figure 1b). 

 

Matching 

The focal males were involved in a matching exchange for 39.7 ± 0.02 % of their songs 

sung during the dawn chorus (includes solo singing when matching was not possible). 

For the part of the chorus where at least one neighbour was singing, 43.2 ± 0.02 % of 

songs were matches to at least one neighbour. The proportion of songs that matched at 

least one neighbour increased with the average number of neighbours singing, but not the 

number of neighbours (Table 1). Both high- and low-ranked males were involved in 

matching for a similar proportion of their choruses (t-test: t16 = 0.64, P =0. 53; high-
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ranking: 0.40 ± 0.03, low-ranking: 0.37 ± 0.04). Males who matched at a high rate sang 

more songs before switching to a new frequency than males who matched at a lower rate. 

Additionally, males who sang at fewer different frequencies matched at a higher rate than 

males who sang many frequencies (Table 1).  

 

Shifting 

Neither the number of different frequencies males used at dawn nor shifting rate were 

related to either the number of neighbours or the average number of neighbours singing 

(Table 1). However, males who sang at a large number of different frequencies also 

shifted at a high rate (Table 1). Neither the number of different frequencies used during 

the chorus nor shifting rate were a function of song rate (Pearson: #frequencies: r2
18 = 

0.08, F1,17  = 1.56, P = 0.23; shifting rate: r2
18 = 0.09, F1,17 = 1.67, P = 0.21). Neither 

shifting rate nor the number of frequencies used was related to social rank (t-test: 

shifting: t16 = 0.03, P =0.98; number of frequencies: t16 = 0.40, P = 0.70). High-ranking 

males shifted frequency every 24.8 ± 3.1 songs and sang at 4.7 ± 0.4 different frequencies 

during the dawn chorus while low-ranking males shifted frequency every 24.9 ± 3.9 

songs and sang at 5.0 ± 0.5 different frequencies. Males were equally likely to shift to 

match another male as they were to shift to a non-matching frequency (paired t-test: t18 = 

0.40, P = 0.62). Frequency shifts resulted in matching 38.4 ± 2.5 % of the time and non-

matching 40.5 ± 2.6 % of the time. In the remaining 21.0 ± 2.7 % of the time, no 

neighbours were singing during a shift or when shifting from a match, only the matched 

neighbour was singing. Following a match with one neighbour, males were no more 

likely to shift to match another neighbour than to a non-matching frequency (when 
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another neighbour was singing) (paired t-test: t18 = 1.37, P = 0.19). Matches followed 

another match 13.7 ± 2.0% of the time and non-matches followed matches 10.2 ± 1.9 % 

of the time (23.8 ± 2.9 % of shifts were from a match to another frequency). When 

neighbours were singing 66.0 ± 0.03 % of song frequency bouts during the chorus were 

matches to a neighbour, or were matched by a neighbour. The remaining 34% of song 

frequency bouts were not matches to any neighbour. 

 

Characteristics of Multi-way Matches 

For each male we counted the number of matches that were dyadic and the number that 

were multi-way (three- or four-way). Dyadic matching was significantly more common 

than matches between three or more males (Wilcoxon matched-pairs: W18 = 72.5, P < 

0.0001; Figure 2a). However, controlling for the number of songs in which dyadic (one or 

more neighbours singing) and multi-way matches (two or more neighbours singing) were 

possible, there was no significant difference in the occurrence of dyadic and multi-way 

matches (paired t-test: t18 = 1.58, P = 0.13; Figure 2b), although dyadic matches were still 

more numerous (9.9 ± 1.3 dyadic matches/males/dawn chorus). All of the 19 males were 

involved in at least one match involving two or more neighbours. Matches involving 

three males were the most common type of multi-way interaction (N = 19 males, average 

3.8 ± 0.7 three-way matches/male/dawn chorus) Five of 12 males who had three or more 

neighbours singing at one time were involved in matching involving three neighbours. 

No matches involving more than four males were observed. Of the five males who had 

four or more neighbours, only two had four neighbours singing at one time, one for only 

7 of his songs and the other for 10. The opportunity for matches involving more than four 
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males was small. Additionally, 7 of 19 males matched two neighbours by switching back 

and forth between two different frequencies. Two of the males did this on two separate 

occasions. Four of 9 occurrences were the result of the male matching one neighbour at a 

given frequency and switching to match the other neighbour, before switching back. In 

the remaining 5 instances, the male switched back and forth between the two neighbours 

more than once. 

We also calculated how long focal males were involved in dyadic and triadic 

matching interactions. During triadic matches, the time that three males were involved in 

matching was significantly shorter than the time when two males were involved in 

matching in dyadic matches (Wilcoxon matched-pairs: W32 = 81.0, P < 0.001; Figure 3). 

However, the total duration of matching for triadic matches, from the time the focal male 

engaged in matching with the first opponent until matching between the focal male and 

the remaining neighbour terminated was significantly longer than during dyadic matches 

(Wilcoxon matched-pairs: W32 = 87.0, P < 0.001; Figure 3). By engaging in triadic 

matching, a male was likely to be involved in matching for longer. Additionally we 

examined who terminated three-way matches, the male who initiated the preceding 

dyadic match, the male who was matched in the dyadic match, or the third male to join. 

We compared the length of the three-way match under each of these termination 

sequences. In 37.1% of three-way matches, the third male to join also ended the match. In 

40.0% of three-way matches, the male who had been originally matched dyadically was 

the first to end the three-way match and in 22.9% of three-way matches, the male who 

initiated the dyadic match was the first to end the three-way match. All three participants 

were equally likely to end the match (χ2
2 = 3.54, P = 0.17; N = 26, 18, 16). There was no 
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significant difference in the length of the triadic match depending on which male 

terminated the match (ANOVA: F2,67 = 0.12, P = 0.89). There is no evidence that triadic 

matches are shorter because the third male is probing the interaction by matching and 

terminating. 

For three-way matches, we determined whether the first two individuals had been 

in the same winter flock or not and what the flock membership of the third male to join 

the match was to the two original males. Interactions between two flockmates and one 

non-flockmate were the most common type of interaction. Triadic matches were 

significantly more likely to be the result of two non-flockmates matching and a flockmate 

of one male joining the match than the result of a non-flockmate joining an interaction 

between flockmates (χ2
1 = 10.67, P = 0.001; Figure 4a). Similarly, all 6 four-way matches 

began between non-flockmates. We also investigated if a flockmate joined an interaction 

whether it was more likely to be a flockmate of the male who initiated the dyadic match 

or was matched and whether the joining flockmate was of higher or lower rank. The third 

male to join was equally likely to be the flockmate of the male who was matched as the 

male who initiated the match (χ2
1 = 0.10, P = 0.75, N = 19, 18). When the third male to 

join was a flockmate, however, it tended to be a higher-ranked flockmate rather than a 

lower-ranked flockmate (χ2
1 = 3.10, P = 0.08; Figure 4b), although the relationship was 

not significant. When males of higher rank joined interactions of flockmates we 

examined whether their flockmate was matching a male of higher or equal/lower relative 

rank. When high-ranking flockmates joined interactions of their lower-ranked flockmates, 

the flockmate was significantly more likely to be involved in a match with a male of 

higher-rank than a male of equal or lower-rank (χ2
1 = 13.5, P = 0.0002; Figure 4c).  
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DISCUSSION 

Males had an average of 3.1 neighbours with an average of 1.64 neighbours singing at 

any one time during the chorus. Males spent 40% of their chorus on average matching 

neighbours and matched neighbours during 66% of song frequency bouts. The amount of 

time a male spent matching increased with the average number of neighbours singing. 

Dyadic matching was more common than multi-way matching; however, all males were 

involved in multi-way matches. Three-way matches were significantly more likely to 

follow the sequence of a dyadic match between non-flockmates joined by a flockmate 

than vice versa. The joining male was also significantly more likely to be a higher-ranked 

than lower-ranked flockmate but equally likely to be the flockmate of the male who 

initiated the dyadic match as the male who was matched. Interactions joined by higher-

ranked flockmates were more likely to occur when low-ranked birds were matching non-

flockmates of higher rank. Given that we have shown that chickadees interact with 

several neighbours simultaneously and eavesdrop on interactions of others, and given that 

we did not find that matching only occurred sequentially, we conclude that chickadee 

dawn choruses can be understood as communication networks. 

 

Network Behaviour and Dominance Rank 

Both high- and low-ranked male chickadees had similar sized communication networks, 

when both the total number of neighbours and the average number of neighbours singing 

were considered. Additionally, both high- and low-ranked males had similar frequency 

shifting rates and sang at a similar number of frequencies during the chorus. Christie et al. 

(2004a) also found that high- and low-ranked males shifted at similar rates and made 
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pitch shifts of similar size. Males of high- and low-rank were also involved in matching 

at similar levels. Despite disparities in reproductive success (Otter et al. 1998; Otter et al. 

1999b; Mennill et al. 2004) and singing quality (Otter et al. 1997; Christie et al. 2004a) 

between high- and low-ranked males, both high- and low-ranked males compete in 

similarly sized network settings during the chorus and use their ability to match and shift 

frequency in similar ways. Logue and Forstmeier (2008) predicted that low quality 

singers should avoid matching because matching increases an eavesdropper’s ability to 

compare the two males’ singing performance. At present, our data do not support this 

prediction. Both high- and low-ranked chickadees are engaged in similar levels of 

matching when considered both dyadically (Foote et al. 2008a) and in a network fashion 

(present study), despite the fact that low-ranked males may have lower quality songs 

(Christie et al. 2004a). Additional studies examining whether low-ranked birds avoid 

matching at the extremes of the frequency range, where the ratio between the fee and bee 

notes becomes unstable (Christie et al. 2004a) may better address this question. Our 

results support the theory that the dawn chorus functions to mediate social relationships 

among males (Staicer et al. 1996), in that all territory holders likely need to renegotiate 

their relationships with neighbours each morning, regardless of social rank.  

 

Influences on Neighbourhood Frequency 

There was no relationship between either the first song sung in the chorus or the first 

match of the morning and the peak frequency of the network. There was, however, 

variation in peak frequency between mornings suggesting that the common frequency of 

the morning is not just a by-product of all males singing at a most common frequency 
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(e.g. in the middle of the frequency range) but is determined each day by some 

undetected properties in the network. Possible undetected factors driving frequency could 

include: the first match between two males whose interactions are particularly intense, or 

the first song sung by a male who was involved in frequent and aggressive daytime 

interactions the day before. Alternatively, if matching and overlapping follow a graded 

system of aggression (Otter et al. 2002), it may be the frequency of songs that are used in 

overlaps that dictates the frequency currency of the network. At dawn, we found no 

evidence of a graded system, with matching songs no more likely to be overlapped than 

non-matching songs (Foote et al. 2008a). However, during daytime countersinging 

interactions, matching and overlapping do follow a graded system (Fitzsimmons et al. 

2008a). Social characteristics determining peak frequency could also differ over time and 

between neighbourhoods.   

 

Matching 

Males were involved in matching on average for 40% of their chorus or 43% of the time 

when neighbours are singing. For the remaining time, when males were singing at a non-

matching frequency, they might not have been interacting with neighbours or they could 

have been interacting in another way. Males may use non-matching time to eavesdrop on 

the interactions of others or to listen to neighbours to determine whom to match next. 

Males match their neighbours both sequentially and simultaneously. When matching, 

38% of the time males switch to match another neighbour while 41% of the time they 

switch to a non-matching frequency. The proportion of songs that match at least one 

neighbour increases with the average number of neighbours singing such that males with 
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more neighbours singing have a more complex perceptual task during the dawn chorus. 

These findings support the theory that the dawn chorus is an interactive communication 

network. High levels of matching at dawn implies that the delivery of songs is influenced 

by other birds and that males are interacting (Burt & Vehrencamp 2005).  

While dyadic matching is significantly more common than multi-way matching, it 

is also more likely to occur because there are times when only one neighbour is singing. 

When the possibility of matching dyadically and multi-way is controlled for, the 

relationship is no longer significant. Multi-way matching was a commonly observed 

phenomenon in black-capped chickadee communication networks. Banded wrens 

matched neighbours sequentially to a higher degree than chickadees during the dawn 

chorus, however, they have more flexibility to do so, in that they switch song types more 

often than chickadees do (Burt & Vehrencamp 2005). Banded wrens also match multiple 

neighbours during the dawn chorus by alternating between song types and matching each 

neighbour separately, rather than matching both neighbours with the same song type. 

Because chickadees share the same frequency range with all neighbours, all males should 

be able to match a given song frequency. Additionally, males repeat songs at a given 

frequency 24 times (this study) on average before switching, which may explain why 

triadic matching at the same frequency is relatively common in this species, compared to 

banded wrens where males share 82% of their repertoire with a given neighbour and 

switch rapidly between song types. Frequency matching in black-capped chickadees 

makes it relatively easy to have multi-way matches. The need to match in a network 

fashion may select for song type diversity (Kroodsma 2004). Alternatively, Logue and 

Forstmeier (2008) argue that song type diversity may evolve to avoid matching in a 
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network to counter eavesdropping. We did observe chickadees switching back and forth 

between neighbours as described for banded wrens, but the behaviour was observed in 

only 37% of males, while multi-way matching at the same frequency was observed in all 

males. We demonstrate evidence of multi-way competitive interactions in black-capped 

chickadee communication networks, supporting the prediction that the dawn chorus is an 

interactive network, as was also found in banded wrens (Burt & Vehrencamp 2005). 

 

Shifting 

Males who shifted at a high rate and males who sang at many frequencies matched at a 

lower rate than males who shifted at a lower rate or sang at fewer frequencies. High song 

type switching rates (which may be analogous to shifting in chickadees) during daytime 

singing are associated with higher levels of aggression (e.g. Kramer et al. 1985). Some 

males may switch at a high rate at dawn as an alternate form of interaction with 

neighbours. However, shifting may not be as useful as a directional signal during the 

dawn chorus as frequency matching is because the high levels of singing at dawn may 

create ambiguity in the intended recipient (Burt & Vehrencamp 2005). Alternatively, 

shifting at a high rate and/or singing at many frequencies may represent different 

signalling strategies, either to avoid matching or the singing style may make matching at 

a high level difficult. Although these males match at a lower level, they are still involved 

in matching (lowest level of matching was 22% of songs). Interestingly neither switching 

rate nor the number of frequencies sung was related to network size. Males are not 

altering their singing style based on the number of other males with whom they must 

interact. Examining the behaviour of males that switch at a high rate over the course of 
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the breeding season and across seasons could identify whether this style is used 

consistently or whether it varies with chorus characteristics. 

 

Characteristics of Multi-way Interactions 

Triadic matches of the focal males were significantly shorter than their dyadic 

interactions. Triadic interactions were terminated either because the third male to join 

switched frequency again or one of the original two participants switched frequency. In 

the first scenario, males may be probing interactions and may not have been successful in 

shifting the attention of the interactants. In the second scenario, one of the original 

participants may not have had a reason to interact with the joining male and may have 

been finished interacting with the original male. The total time focal males were involved 

in matching during three-way interactions, from the time they were first matched until the 

end of matching with the remaining participant, was significantly longer than dyadic 

matching. Matching by multiple males may be a potent signal that primes the following 

dyadic match to last for an extended period of time.  

Triadic matches were significantly more likely to be the result of two non-

flockmates matching dyadically, joined by a flockmate of one of the males compared to 

two flockmates matching dyadically, joined by a non-flockmate. The third male to join 

was likely to be a flockmate of higher rank than the original participant, although this 

relationship was not significant. Higher-ranked flockmates were most likely to join 

interactions when their lower-ranked flockmate was interacting with a male from another 

flock who was of higher rank. Females mated to low-ranking males are more likely to 

seek extra-pair copulations than females mated to high-ranking males and extra-pair 
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mates are typically higher-ranking males (Otter et al. 1998; Mennill et al. 2004). High-

ranking males may join into interactions of their low-ranking flockmates to display their 

continued current high level of quality to eavesdropping females. Female black-capped 

chickadees typically place their nests near territory boundaries (Ramsay et al. 1999; 

Mennill et al. 2004), and extra-pair copulations often occur during or just after the dawn 

chorus (Smith 1988; Mennill et al. 2004). Additionally, males whose mates are non-

fertile preferentially sing near territory boundaries of neighbours with fertile females and 

may be well placed to facilitate eavesdropping (Foote et al. 2008b). Alternatively, males 

of high-rank may join interactions of low-ranking flockmates to ensure that the high-

ranking male neighbour does not re-adjust his territory boundary, and therefore, move 

closer. Males of similar quality are likely to be a greater threat to high ranking males both 

in terms of territory and paternity and may be best kept at a distance.  

In addition, male black-capped chickadees defend all-purpose breeding territories 

that fall within their former flock home range. High ranked flockmates may have an 

interest in joining together in territorial interactions against non-flockmates to defend any 

portion of their future winter home range from being usurped. If low-ranking males are 

less successful in interactions with males of higher rank, then high-ranked males may 

have an interest in joining matches to defend their winter flock home range. In winter, 

dominant males are responsible for the majority of flock home-range defence against 

males of other flocks (Smith 1991), and may continue this role in part during the breeding 

season. Alliances in which individuals support each other in contests are common in 

primates (Harcourt 1989), although most examples are of alliances between kin in 

interactions with other group members. It can be advantageous for territorial residents to 
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form defensive coalitions to fight off potential usurpers (Getty 1987). Established 

neighbouring rock pipits (Anthus petrosus) coordinate defence against intruders both at 

boundaries and within the territory boundary of one of the males (Elfström 1997). Male 

long-tailed manakins (Chiroxiphia linearis) form alliances and co-ordinate displays to 

attract females (McDonald 1989). While non-flockmates are established territory holders, 

in chickadees they clearly have a different relationship to their neighbours than do 

flockmates. Neighbouring non-flockmates are involved in more matching interactions at 

dawn than are flockmates (Foote et al. 2008a) and flockmates join in each other’s 

interactions with non-flockmates (present study). Experiments investigating how males 

respond to intruders, in the territories of flockmates and non-flockmates, could be used to 

further investigate the relationships of flockmates during the breeding season. 

That males preferentially joined multi-way matches that involved flockmates 

suggests that males are listening to the singing interactions of others, or eavesdropping, 

while singing the dawn chorus and further supports the theory that the dawn chorus is an 

interactive communication network. Eavesdropping has been demonstrated in 

experimental studies of birds that have used interactive playback to interact with territory 

holders and monitored the behaviour of other females (Otter et al. 1999a; Mennill et al. 

2002) or males (McGregor 1997) or simulated interactions between two unknown 

individuals and monitored the response of territory holders (Naguib & Todt 1997; Naguib 

et al. 1999; Peake et al. 2001; Mennill & Ratcliffe 2004b; Peake et al. 2005). 

Eavesdropping on interactions among territory holders outside of experimental contexts 

has not been demonstrated. Additionally, that high-ranking males joined interactions in 

which their lower-ranked flockmates were matching higher-ranked non-flockmates 
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demonstrates not only eavesdropping to detect these interactions, but that males are aware 

of the relative rank of other individuals in their network.  

High-ranking males may be aware that their flockmates are involved in 

interactions with other high-ranking males by attending to cues that are available in the 

signalling interactions themselves; however, we have found no evidence that behaviour 

of  high- and low-ranking males differ when interacting (Foote et al. 2008a). Males may 

also compare the relative quality of others using cues related to song quality; males of 

high- and low-rank vary in individual chorusing quality (Otter et al. 1997) and fine 

structural details of songs (Christie et al. 2004a). To determine whether males attend to 

these variables will require further experimentation. Alternatively, males may be using 

past experiences with both males to determine relative rank of flockmates and their 

neighbours. When pairs are establishing breeding territories in the spring, there are 

frequent interactions between neighbours that often extend beyond the dyad and involve 

additional flock members (personal observation), and males may use information 

obtained in these encounters to determine the relative ranks of others. Awareness of the 

relative relationships of other individuals in their network suggests that male chickadees 

may be capable of transitive inference, an ability that has been documented in African 

grey parrots (Psittacus erithacus;  Pepperberg 2005), and pinyon jays (Gymnorhinus 

cyanocephalus; Bond et al. 2003). Because black-capped chickadees live in winter flocks 

with stable dominance hierarchies (Ratcliffe et al. 2007), they may show a level of social 

complexity that makes them amenable to further transitive inference experiments.  

Using an ALS we studied the patterns of naturally occurring interactions of black-

capped chickadees and found that males match multiple neighbours at dawn both 
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sequentially and simultaneously. Our results provide support for the social dynamics 

hypothesis that males sing at dawn to adjust their relationships with neighbours (Staicer 

et al. 1996), and that the dawn chorus is an interactive communication network (Burt & 

Vehrencamp 2005). Additionally, we show that neighbours eavesdrop on the interactions 

of other males in their communication network and preferentially join in interactions of 

their flockmates, particularly those of lower-rank who are matching males of higher-rank.  

 



 93 

Table 1. Pearson correlation coefficients (above diagonal line) and P-values (below 
diagonal line) among matching, number of neighbours (#Ns), average number of 
neighbours singing (# Ns singing), switching rate, and number of frequencies used during 
the dawn chorus of 19 males. 
.  

 Matching # Ns # Ns 

singing 

Switching rate # frequencies 

Matching - r2 = 0.03 r2 = 0.31 r2 = 0.21 r2 = -0.25 

# Ns P = 0.50 - r2 = 0.35 r2 = 0.01  r2 < 0.001 

# Ns singing P = 0.01 P = 0.008 - r2 = 0.14 r2 = 0.10 

Switching rate P = 0.046 P = 0.88 P = 0.11 - r2 = 0.23 

# frequencies P = 0.03 P = 0.98 P = 0.19 P = 0.04 - 
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Figure 1. Relationship between the peak neighbourhood frequency of the dawn chorus (N 
= 15 neighbourhoods) and a) the frequency of the fee of the first song of the morning 
(regression equation: fee peak = 3948 - 0.04 * first fee), and b) the frequency of the fees 
of the first match of the morning (regression equation: fee peak = 3638 - 0.05 * fee first 
match). There was no relationship between peak frequency and either of the first song or 
the first match of the morning. 
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Figure 2. a) Comparison of the average number of dyadic and multi-way matches for 19 
males, and b) the same comparison when controlling for the number of songs in which 
dyadic and multi-way matches are possible (#matches/number of songs where match was 
possible). Error bars show standard error; asterix indicates significant differences at P < 
0.05. 
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Figure 3. Comparison of the average length of dyadic and triadic matches and the total 
time spent matching surrounding a triadic match for 19 males. Dyadic matches are 
significantly longer than triadic matches but the total time spent matching in triadic 
matches including dyadic matching before and after the three-way match is significantly 
longer than the length of dyadic matches. Error bars show standard error; asterix indicates 
significant differences at P < 0.05. 
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Figure 4. Comparison of the number of three-way matches that were: a) initiated in the 
sequence of two flockmates matching joined by a non-flockmate (F-NF) or two non-
flockmates matching joined by a flockmate of one male (NF-F); b) NF-F and joined by a 
lower-ranked or higher-ranked flockmate; c) dyadic matches between lower-ranked 
flockmates and non-flockmate neighbours who were of higher, or equal or lower rank and 
were joined by a higher-ranked flockmate; asterix indicates significant differences at P < 
0.05.
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INTRODUCTION 

Although the dawn chorus of songbirds is one of the most striking acoustic phenomena in 

nature, the behaviour has received relatively little attention. Perhaps this is not surprising 

- chorusing occurs early in the morning when light levels are very low, and there are so 

many individuals of multiple species singing at the same time. The ubiquity of dawn 

chorusing, however, suggests it may serve important biological functions in the lives of 

these territorial animals. Staicer et al. (1996) conducted an exhaustive review of dawn 

chorus behaviour and based on the available evidence,  predicted that the most likely 

function of the dawn chorus is interactive communication and adjustment of social 

relationships by territorial males.  

Recent interest in animal communication has also focused on communication 

networks. Communication networks occur in groups of animals where signals transmit 

further than the average spacing of individuals, creating the potential for multiple 

combinations of signaller and receiver (McGregor 2005a).  The dawn chorus is predicted 

to be characterized by interactive communication between males and an ideal time for 

both singers and nonsingers to assess the relative competitive ability and social 

relationships of territorial individuals (Staicer et al. 1996). This definition of the dawn 

chorus suggests that it is an ideal opportunity to study communication networks.  

The review by Staicer et al.(1996) sparked a renewed interest in the dawn chorus 

and the social dynamics hypothesis in particular. Liu (2004) removed neighbours of male 

chipping sparrows (Spizella passerina) and found that males ceased chorusing. 

Additionally Liu and Kroodsma (2007) found that chipping sparrows sang their chorus 

facing their neighbours on the ground at territorial boundaries. Male chipping sparrows 
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did not sing a chorus when their mate was fertile. When male nightingales (Luscinia 

megarhynchos) were experimentally removed and released in a new area, they prospected 

for new territories mainly at dawn (Amrhein et al. 2004b). The earliest and longest dawn 

chorus bouts of eastern kingbirds (Tyrannus tyrannus) occured when males had many 

neighbours and population level fertility was highest (Sexton et al. 2007). Winter wrens 

(Troglodytes troglodytes ) increased their dawn song output the day after facing a 

simulated territorial challenge (Amrhein & Erne 2006). Based on a single morning’s 

recording, banded wrens (Thryothorus pleurostictus) communicated with multiple 

individuals during the dawn chorus by both song matching and overlapping (Burt & 

Vehrencamp 2005). These recent studies point to the chorus having an intrasexual 

function as predicted by Staicer et al. (1996). However, with the exception of Burt and 

Vehrencamp (2005), none have attempted to study the interactions themselves which are 

central to the hypothesis.  

Most studies of network communication have been experimental and have tested 

whether males (Naguib & Todt 1997; Peake et al. 2001; Mennill & Ratcliffe 2004b; 

Peake et al. 2005) or females (Otter et al. 1999a; Mennill et al. 2002; Leboucher & Pallot 

2004) eavesdrop on singing interactions. Neither multi-way interactions (but see Burt & 

Vehrencamp 2005), nor eavesdropping in natural settings have been investigated. 

 The recent development of Acoustic Location Systems (ALS) has made the study 

of dawn chorus communication networks feasible. In this dissertation, I used an ALS to 

study naturally occurring singing interactions of black-capped chickadees (Poecile 

atricapillus) during the dawn chorus. In Chapter 2, I found that male chickadees were 

involved in interactions at dawn using song frequency matching. The amount of time 
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males spent matching was related to both flock membership and rank disparity, two 

social factors. These results are the first conclusive support for the social dynamics 

hypothesis, that males are involved in interactive communication and that communication 

patterns reflect social relationships.  

In chapter 3, I found that male chickadees with fertile mates moved over a smaller 

area of their territory and made fewer movements than males without fertile females. 

Males with fertile females remained closer to their nest cavity than males with incubating 

females who were no longer fertile. Non-fertile males positioned themselves near 

territory boundaries, significantly more often near those that contained fertile females. 

Additionally, there was no evidence that song itself act as a paternity guard as predicted 

by Møller (1991). Contrary to the predictions of the fertility announcement hypothesis, 

song rates of males were lower when females were fertile than when females were non-

fertile. My results show that males may be mate-guarding by remaining near their nest 

while chorusing and that the chorus is not necessarily directed at females alone. 

Additionally, males without fertile females may be positioning themselves optimally for 

potential extra-pair copulations.  

In chapter 4, I showed that males were involved in interactive communication 

with multiple neighbours during the chorus and that interactions involving three or more 

males occurred at dawn. I also found that males were eavesdropping on the interactions 

of others, with high-ranking males joining interactions of their low-ranking flockmates 

when they were involved in interactions with other high-ranking males. In addition, I 

found that both high and low-ranking male chickadees had similar sized communication 

networks and use their songs in similar ways during the chorus. These results are further 
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support for the social dynamics hypothesis in that all males participate and do so in a 

similar fashion and that males interact with multiple neighbours. Taken together, my 

results show that black-capped chickadee dawn choruses are interactive communication 

networks where there are multiple combinations of signaller and receiver, with males 

eavesdropping on interactions in which they are not involved and positioning themselves 

optimally for detection by eavesdropping females.  

 

IMPLICATIONS 

Implications for Dawn Chorus Function 

For my dissertation research I used an ALS to study singing interactions during the dawn 

chorus. I have shown that this technology is both feasible and fruitful for work at dawn. 

Stationary recording microphones make following animals during the low light levels of 

the dawn chorus much easier and allow for simultaneous monitoring of multiple 

individuals. One problem of studying behaviour during the chorus, even at an individual 

level, is that it there is only one chance per day to record and/or experiment. This 

sampling problem leads to considerably lower sample sizes per season than can be 

achieved studying daytime singing behaviour, where several individuals can be visited 

each day. Hopefully, in light of my research, there will be an even greater interest in 

studying the dawn chorus and using ALSs to facilitate increased sampling. 

 I found that black-capped chickadee dawn choruses support the social dynamics 

hypothesis for the function of chorusing (Chapters 2-4). While other recent research has 

found that the chorus likely does have an intrasexual function (e.g. Liu 2004), only one 

other (Burt & Vehrencamp 2005) so far has looked for evidence of interaction, and no 
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others have related these interactions to potential social factors. My research is the 

strongest evidence thus far that the dawn chorus is used for interactive communication, 

with the intensity of this behaviour relating to the social relationships among males. In 

addition, other recent work on chickadees (Fitzsimmons et al. 2008a) has found that 

frequency matching is used less often during the daytime than at dawn further suggesting 

that the dawn chorus in particular is an important time of day for communication among 

neighbours.  

 

Implications for Communication Networks 

ALSs have also proven useful in the chickadee system to study communication networks 

both at dawn (Chapter 4) and during the daytime (Fitzsimmons et al. 2008b). Male 

chickadees interact with multiple neighbours during the dawn chorus (Chapter 4). 

Communication networks are defined as having many signallers and receivers with many 

combinations of signaller and receiver (McGregor 2005a). My research supports this 

definition for black-capped chickadee dawn choruses. Males signal to multiple 

neighbours, and receive signals from multiple neighbours. Additionally, males eavesdrop 

on the signalling interactions of other males and join in interactions of flockmates to form 

multi-way matches, further fitting the definition of a communication network (Chapter 4). 

Additional receivers may include females. Males with fertile mates sing close to their 

nests and males without fertile mates position themselves near territory boundaries of 

neighbouring fertile pairs (Chapter 3). My dissertation (and Fitzsimmons et al. 2008a) 

represents the first study of interactions in a naturally occurring communication network. 
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Studying naturally occurring interactions is important to understanding the natural 

history of animals. Early communication research focused mainly on describing signals 

and the contexts in which they were used. These studies formed the basis for extensive 

experimentation in which the functions of these signals were tested. Now that 

technological developments, like ALS, permit more in-depth analyses of the natural 

history of interactions it is important to take a step back and explore how animals use 

their signals in interactions with neighbours. How signals are used in natural interactions 

has proven difficult to test experimentally when natural levels of behaviours like 

matching and overlapping are not well understood and may be over- or under-estimated  

in simulation experiments. By focusing now on studying how signals are used in 

communication networks and exploring the kinds of patterns that occur in nature, we can 

learn valuable lessons to apply to future experimental design. 

 

FUTURE DIRECTIONS 

1. Generalisability of the social dynamics hypothesis - While both tropical banded wrens 

(Burt & Vehrencamp 2005) and temperate black-capped chickadees (Chapter 2, 4) show 

evidence of interactive communication during the dawn chorus, we need more studies to 

determine whether this pattern is generalisable. A good functional explanation for 

chorusing should be generalisable across a large number of species (Staicer et al. 1996). 

Evidence from other species would suggest that the social dynamics hypothesis likely is 

applicable to a wide range of species. For example, males of many species use song types 

at dawn typical of intra-sexual (but not inter-sexual) interactions later in the day (e.g 

Morse 1989; Byers 1996; Trillo & Vehrencamp 2005; Liu & Kroodsma 2007) and males 
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may chorus close together at boundaries, away from their nests (e.g. Kroodsma 2005; Liu 

& Kroodsma 2007). More studies examining the way males use time- and pattern-specific 

singing behaviours to interact with neighbours at dawn are needed to confirm the 

generalisability of the social dynamics hypothesis. In particular, more in -depth studies 

looking at how these interactions vary with potential social factors specific to each 

species are an important next step. For example, how do the interactions of resident 

species differ from those of migratory species? Studies comparing closely related species 

that differ in migratory tendencies (e.g. migratory brown thrasher, Toxostoma rufum, and  

non-migratory California thrasher, Toxostoma redivivum), or studies within a species 

with differential migration of populations (e.g. migratory yellow warblers, Dendroica 

petechia, and sedentary mangrove warblers, subspecies byranti) could address this 

question. Additionally, how does density impact the level of interaction observed among 

males? Studies within species with different population densities could address this 

question. 

2. Seasonal variation in social dynamics – How the interactions of males during the dawn 

chorus vary over the breeding season is another important question. The amount of time 

male black-capped chickadees spend matching related to both flock membership and rank 

disparity (Chapter 2). These are relatively fixed measures of social relationships that were 

measured during the non-breeding season. Both song rate and movement patterns of 

black-capped chickadees vary with breeding stage during the dawn chorus (Chapter 3). 

How do other short-term changes in potential social cues influence interactions? Using an 

ALS to monitor neighbourhoods over the breeding season would be informative both in 

resident species beginning at the start of the season as individual territoriality begins and 
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in migratory species where new males are arriving daily and territorial boundaries are still 

fluid. This approach would allow comparison of interactions between neighbours at 

different stages in the breeding season and would catch events such as nest loss, which 

can influence territory boundaries. Burt and Vehrencamp (2005) found that most 

matching in the neighbourhood of banded wrens they studied was directed at one 

individual who had recently lost a nest and expanded a territory boundary to incorporate a 

new nest location. Additionally, experiments looking at how mortality (simulated by 

temporary male removals) influences interactions between remaining territory holders 

and how interactions occur when potential floaters attempt to fill vacancies could help 

unlock further the functions of the dawn chorus.  

3. What cues influence the start of the dawn chorus – The dawn chorus begins with a 

single male each morning and over the next several minutes each male joins in. High-

ranking male chickadees start chorusing before low-ranking male chickadees (Otter et al. 

1997). Is it light level alone or social cues from the singing male that make the other 

males start singing? The order in which species enter the chorus is typically dependant on 

eye size, suggesting light is an important key to start time (Berg et al. 2006). Do high-

ranked males who are not larger than low-ranked males (when age is controlled for, 

Schubert et al. 2007), have relatively larger eyes than low-ranked males? In blue tits 

(Cyanistes caeruleus),  Foerster et al. (2002) found that testosterone levels tend to be 

correlated with dawn chorus output. Does testosterone level also influence chorus start 

time in black-capped chickadees?  

Can the dawn chorus begin earlier than it does when extra social cues are present? 

Experiments testing chorus start times using an ALS could simulate an early starting male 
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to determine if males in the array recording area begin singing earlier relative to sunrise 

than they did on the preceding day. Using both a solo singing male and a pair of 

simulated interacting males could explore whether interactions are more effective at 

getting other males to join in than solo singing. Additionally, in resident species the 

chorus begins seasonally with just a few males singing and builds up slowly. Could the 

chorus be stimulated to start earlier in the spring by simulating singing using playback? 

Both experiments would explore whether chorus start times are fixed and set only by 

environmental cues or are also subject to social priming. Additionally, how might 

changes in spring temperature caused by climate change influence chorus start times? 

Studying populations over decades in areas where temperature is changing could provide 

insight into the relative importance of light levels and temperature on chorus start times. 

4. How do males respond to intruders at dawn – While males of many songbirds have 

been found to respond aggressively to simulated intrusions during the daytime (e.g. 

Stoddard et al. 1990; Otter et al. 2002), we know very little about how they respond to 

these intrusions at dawn. Experiments could simulate intrusions during the dawn chorus 

and compare both focal male and neighbour behaviours to recordings from the preceding 

day as well as monitor responses to the playback. Male black-capped chickadees do not 

respond to playback of songs near their territory boundary with matching during the dawn 

chorus (Shackleton & Ratcliffe 1994), yet they match established neighbours at a high 

level (Chapters 2, 4). Further research is necessary to determine how males respond to 

strangers at dawn and whether they avoid interaction completely, or respond in another 

way. Additionally, when using an ALS the response of the entire neighbourhood to the 

manipulation can be monitored (Fitzsimmons et al. 2008b) to determine how the intruder 
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affects the interactions between neighbours, as well as their movement and singing 

behaviour (e.g. song length, length of chorus). 

5. Alliances in black-capped chickadees – Male chickadees join former flockmates in 

interactions with males who were in different flocks (Chapter 4). High-ranking males join 

interactions in which their lower-ranked flockmates are matching other males of high 

rank. How do these alliances manifest themselves in interactions with intruders? By 

simulating playback to both lower-ranked flockmate, and non-flockmate neighbours of 

high-ranking males, we can examine these alliances further. Do male chickadees respond 

to intruders in neighbours’ territories and if so do they help evict any intruder, as research 

on rock pipits (Anthus petrosus)  would suggest (Elfström 1997), or do they preferentially 

come to the aid of their flockmates? Additionally, is there evidence of alliances in 

daytime countersinging interactions?  

6. How important is eavesdropping during the dawn chorus – Both male and female 

chickadees eavesdrop on simulated interactions during the daytime (Mennill et al. 2002; 

Mennill & Ratcliffe 2004b). Male chickadees eavesdrop on the interactions of neighbours 

during the chorus (Chapter 4), but how prevalent is eavesdropping during the dawn 

chorus? Male chickadees discriminate between the more and less aggressive opponent in 

daytime simulations and respond more aggressively to the more aggressive opponent 

during the daytime (Mennill & Ratcliffe 2004a). In great tits (Parus major), males who 

have heard an interaction outside their territory respond more to the aggressive male 

when faced with the playback in their own territory (Peake et al. 2001). Similar 

simulations, with chickadees and other species where males are exposed to interactions at 

dawn containing only relative information as in the above experiments followed by 
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simulated intrusions by the interactants later in the morning would show further evidence 

that eavesdropping also occurs during the dawn chorus. Additionally, do female 

chickadees eavesdrop on interactions occurring during the dawn chorus? The dawn 

chorus of males contains honest information about male quality (Otter et al. 1997) and 

males remain near their nest cavity while chorusing (Otter & Ratcliffe 1993; Gammon 

2004), at least when females are fertile (Chapter 3). Females can also likely hear 

chorusing males from inside their nest cavities (Mennill & Ratcliffe 2004c). These 

studies suggest that the chorus is partially directed at females but do females extract 

information from the chorus? Experiments simulating interactions and monitoring 

paternity of nests following manipulations, as done by Mennill et al. (2002) could be used 

to answer the question of whether females listen to interactions at dawn. Additionally, 

removing males for the dawn chorus and manipulating their performance in interactions 

with neighbours could be used to further investigate both male and female eavesdropping. 

 

CONCLUSIONS 

Fifteen years ago, when McGregor (1993) first proposed that eavesdropping may occur in 

territorial systems, communication was considered only dyadically and communication 

networks were non-existent in the literature. Today, network behaviours such as 

eavesdropping (e.g. Mennill et al. 2002), audience effects (e.g. Lippold et al. 2008), and 

chorusing (Chapters 2-4) are receiving considerably more attention and are advancing 

network communication theory. New technologies such as interactive playback (e.g. 

Mennill et al. 2002), multi-speaker playback (e.g. Fitzsimmons et al. 2008b), and 

microphone arrays (e.g. this dissertation, Fitzsimmons et al. 2008a,b) have made these 
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recent advances possible. By studying complex patterns of interactive communication in 

natural systems we can gain insight into the behaviour and functions of signals and 

signalling behaviours that were not possible under a dyadic framework.  
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