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Abstract 

The study of birdsong helps with conservation strategies, the neuroscience of vocal 

learning, and our understanding of communication. Many interactive singing behaviours 

have been demonstrated among songbird species. Evidence suggests that the dawn chorus 

is a time when communities of birds negotiate their social relationships, but the specific 

communication dynamics remain unclear. This study explored singing during the dawn 

chorus for the hermit thrush. Using microphone arrays, researchers were able to capture 

territorial singing and triangulate bird locations and movements. Neighbouring birds were 

found to be regularly interacting through song overlap, frequency match avoidance, 

conventional matching, and adjustments of song rate, song switch rate, and syntax 

consistency. Behaviours also varied with distance between birds, suggesting a complex 

singing and movement dynamic. This study contributes to our understanding of the 

hermit thrush, songbird communication, and territorial behaviour. 
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Naturalistic Countersinging and Movement for the Hermit Thrush 

(Catharus guttatus) 

This study focuses on one aspect of birdsong in one species, the hermit thrush. 

Specifically, it investigates whether singing interactions, called countersinging, are taking 

place between hermit thrushes as they sing on adjacent territories. Countersinging has 

been demonstrated and explored across many species, and although the precise 

mechanics, or rules of conversation, are difficult to determine, evidence suggests that 

when birds sing to each other, there are fascinating dynamics at play (Logue, 2021). 

Reasons for Studying Birdsong 

Before exploring these dynamics, it is worth considering the urgent and practical 

reasons to study birdsong besides answering the persistent, age-old question that nearly 

every human has asked for thousands of years: “What are birds singing about?” Sadly, 

bird populations are in rapid decline (Lees et al., 2022). In North America, about half of 

bird species are declining; there are about three billion fewer birds than there were only 

fifty years ago. The decline is driven largely by human behaviours, such as those that 

cause climate change, habitat loss, and chemical and noise pollution (Berlow et al., 2022; 

Lees et al., 2022; Osbrink et al., 2021; Templeton et al., 2023). Understanding how noise 

pollution can disrupt songbirds is not as straightforward as it may seem. Different species 

transmit their songs at various frequencies such that certain species’ songs are much more 

drowned out by anthropogenic noise (Francis et al., 2011). There are also sensitive times, 

such as the breeding season, when song is particularly important and noise pollution is 

therefore most disruptive. Noisy human events, such as seasonal festivals that coincide 
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with the breeding season, can disrupt songbird reproduction (Bernat-Ponce et al., 2021). 

The better we understand each species’ ways of vocalizing, surviving, and reproducing, 

the more effective our conservation strategies can be. 

Songbirds are a useful model for studying human speech because birds and 

humans are among the few animals that learn their vocalizations by listening rather than 

inheriting them genetically (Tyack, 2019). Young songbirds babble, listen to adult tutors, 

and gradually shape their vocalizations much like human babies learning to speak 

(Prather et al., 2017). Songs also vary culturally between generations and locations 

(Hyland Bruno et al., 2021; Wang et al., 2022). Most importantly, songbird brains have 

similarities to human brains in their auditory and vocal pathways and the genes that 

contribute to vocal learning (Heston & White, 2015; Zhang et al., 2023). Genes that are 

responsible for speech disorders in humans, such as FOXP2, have been discovered and 

better understood through songbird research (Cahill et al., 2021). As such, songbirds 

remain invaluable subjects in the study of the neurobiology of human speech. 

There is also our broader understanding of communication itself. The study of 

birdsong provides us with a means of getting an outsider’s perspective on complex 

communication. If we focus solely on humans, our assumptions about language and 

communication may be limited and biased considering humans represent just one small 

branch of the evolutionary family tree (Schlenker et al., 2022). Besides enriching our 

understanding of ourselves and our place amongst the other species on this planet, a more 

complete understanding of how communication evolves and what it can become may 

even be necessary before we can detect, understand, and communicate with life beyond 

Earth (Doyle et al., 2011). 
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Functions of Birdsong 

Why do birds sing? There are likely many nuanced answers to that question, 

maybe as many as there are songbird species (over four thousand), but the two most 

studied and supported purposes are for males to defend their territories and attract 

females (Beecher et al., 1997; Eriksson & Wallin, 1986; Searcy & Andersson, 1986; 

Searcy & Beecher, 2009). For territorial defence, the evidence largely come from various 

playback experiments in which researchers provoke agitation or aggressive behaviours, 

as well as changes in singing, by going onto a male bird’s territory and playing 

conspecific song on a loudspeaker (Akçay et al., 2020; Naguib et al., 2022; Searcy & 

Beecher, 2009). Though the precise mechanisms of interaction and signalling are often 

unclear (Searcy et al., 2013), some amount of agitated response or singing change is 

common across territorial species. 

Regarding female attraction, researchers have shown that females from various 

species choose mates at least partially based on a male’s singing, choosing mates who 

demonstrate a specific singing style or ability such as song difficulty, repertoire size, or 

familiar dialect (Dunning et al., 2020; Forstmeier et al., 2021; Mountjoy & Lemon, 1996; 

Verheyen et al., 1991). Females will also approach playback speakers and make 

copulation displays based on what songs are being played (Catchpole, 1987; Vallet & 

Kreutzer, 1995).  

Though much research has explored these two uses of birdsong, other purposes 

and contexts certainly exist. Although birdsong has often been explored as a male 

activity, females in most species also sing (Langmore, 2020; Riebel et al., 2019). This has 

brought about new directions and possibilities in birdsong research (Haines et al., 2020; 
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Rose et al., 2022). There is evidence that females also use song for territorial defence as 

well as other diverse and female-specific functions (Dudouit et al., 2022). 

Many other singing purposes, often species-specific, have been explored as well. 

For example, ravens offer what appears to be consoling vocalizations after witnessing a 

conflict, particularly when they have a valuable relationship with the victim of the 

conflict (Fraser & Bugnyar, 2010). Pied babblers appear to engage in vocal exchanges 

that resemble labour negotiations, vocalizing their willingness to perform sentinel duty 

while other group members respond by adjusting their intentions (Bell et al., 2010). Such 

findings remind us that birds have been vocalizing, evolving, and diversifying for over 

sixty million years (Clarke et al., 2016). Many behaviours and phenomena may be very 

subtle or complex. 

Song Interactions and Contexts 

One such category of complex singing phenomena is communication networks, 

situations where more than two birds are interacting. Understandably, most studies are 

geared towards one-on-one interactions, but the reality for many species is that they sing 

within earshot of many other vocalizing creatures and often participate in conspecific 

communication networks (McGregor & Peake, 2000). It is challenging to measure the 

boundaries and number of birds involved in these networks, as a signal’s influence can 

propagate beyond its acoustic reach through the responses of a chain of consecutive 

neighbours (Foote et al., 2010). In bird communication networks, as in any network, the 

complexity of interaction can grow exponentially with each new node added. 
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The dawn chorus, the time around dawn when birdsong tends to increase, is a 

well-studied example of such communication networks. Staicer et al. (2019) proposed the 

Social Dynamics Hypothesis which states that the dawn chorus is a time when 

communities of birds negotiate their social relationships. Among the best evidence for 

this hypothesis is the finding that simulated intrusions affect the next day’s dawn chorus 

(Amrhein & Erne, 2006; Foote et al., 2011; Xia et al., 2014), neighbour density affects 

individual birds’ song output during the dawn chorus (Liu, 2004; Stehelin & Ross Lein, 

2014), and countersinging behaviours such as pitch matching, song-type matching, and 

overlapping, have been observed at high rates during the dawn chorus (Burt & 

Vehrencamp, 2005; Foote et al., 2010). The territorial intrusions simulated in playback 

studies are relatively rare for many species. Typical countersinging often between 

neighbouring birds singing from within their territories (Staicer et al., 2019). This singing 

might contribute to territorial defense by helping to maintain long-term relationships or 

‘keep the peace’ as opposed to signalling aggressive confrontations. 

Another interesting aspect of communication networks is the potential for 

eavesdropping. Evidence suggests that avian neighbours may be just as nosy as human 

neighbours. Male nightingales, black-capped chickadees, and great tits have all been 

shown to respond differently to males they have previously overheard (Mennill & 

Ratcliffe, 2004a; Naguib & Todt, 1997; Peake et al., 2001). There is strong evidence that 

female canaries eavesdrop on potential mates and prefer males that overlap others’ songs 

(Garcia-Fernandez et al., 2010; Leboucher & Pallot, 2004). Similar behaviour has been 

witnessed with female great tits and black-capped chickadees (Mennill et al., 2003; Otter 

et al., 1999). 
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One final point on the topic of communication networks is that songbirds also 

share their acoustic space with heterospecific birds and other animals such as squirrels 

and insects. While most modern, urban humans cannot interpret heterospecific sounds, 

many other species, including birds, eavesdrop on and respond to the sounds of other 

species (Goodale & Kotagama, 2008; Magrath et al., 2015). Approximately seventy 

vertebrate species have been shown to respond to heterospecific song and alarm calls 

(Magrath et al., 2015; Møller, 1992). Some birds also mimic the songs of other species 

(Dalziell et al., 2015), while others will learn the songs of a heterospecific tutor if they do 

not have a conspecific tutor present (Woolley & Sakata, 2019). 

The need to reduce confounds, simplify our theories, and make testable 

predictions, often compels us to focus on dyadic, one-on-one, countersinging. In his 

recent review of countersinging in birds, Logue (2021) discusses various interactions 

across multiple species. He acknowledges a shortage of naturalistic studies and that 

complex communication networks, as opposed to one-on-one interactions, are the day-to-

day normal for many bird species. 

Interactive Singing Behaviours 

These countersinging behaviours have not only been studied predominantly in 

dyadic contexts, but most often under the framework of male-to-male defence and 

aggression. There is considerable debate over which signals can truly be classified as 

aggressive. Searcy and Beecher (2009) outlined three specific criteria for evaluating 

whether a signal is aggressive: (1) the signal should increase in aggressive contexts; (2) it 

should predict aggressive escalation from the signaller; and (3) it should provoke a 

response from the receiver. Many signals previously considered to be aggressive do not 
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meet these three criteria consistently, suggesting more nuanced interpretations and a need 

for further study. 

Song Timing 

Song timing involves any behaviour where the bird changes the timing of its 

singing in response to another bird. Song overlap, where a bird essentially interrupts 

another bird, is one such behaviour. Though some have argued that overlap may not be a 

signal at all (Searcy & Beecher, 2009), others disagree, citing decades of evidence that 

suggest birds from many species change their behaviour during and after overlap (Naguib 

& Mennill, 2010). Whether it is generally an aggressive signal, as was once thought, is 

less clear (Todt & Naguib, 2000). For example, Hutfluss et al. (2021) showed that great 

tits overlap more as they become less and less aggressive, suggesting that, at least in this 

species, overlap may be a signal of disengagement rather than aggression. 

Many birds will also actively and skillfully avoid being overlapped (Illes et al., 

2006; Mennill & Ratcliffe, 2004b; Todt, 1981), and this behaviour extends to avoiding 

heterospecific song overlapping (Brumm, 2006). Given the costs of having one’s signal 

masked or interfered with, it is not surprising that birds have evolved abilities to both 

overlap and avoid being overlapped, depending on the context. This can make it difficult 

to assess whether there is a more meaningful interaction taking place beyond the 

competition to optimize signal transmission. 

Another timing consideration exists on a larger scale such as time of day. 

Depending on the species, the beginning of the dawn chorus can shift based on factors 

such as moon phase (which affects ambient light), morning temperatures, precipitation, 
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and cloud cover (Bruni et al., 2014). Some species, such as ovenbirds, appear to reserve 

their countersinging times. Despite singing at night, ovenbirds do not appear to 

countersing or interact with neighbours until sunrise (Foote et al., 2018).  

Song Rate 

A behaviour closely related to timing is song rate—how frequently songs occur 

regardless of each song’s individual timing. Many birds, though not all, will increase 

their song rate when engaging in countersinging as opposed to singing on their own 

(Benedict et al., 2012; Logue & Gammon, 2004; Szymkowiak & Kuczyński, 2017). In 

some species, evidence suggests that an increase in song rate signals aggressive intent 

(Linhart et al., 2013; Szymkowiak & Kuczyński, 2017). Other factors can influence song 

rate as well, such as the time of season or the bird’s repertoire size (Deoniziak & Osiejuk, 

2016).  Interestingly, singing more songs than a neighbour increases the likelihood that at 

least some songs will be clearly transmitted without overlapping. Therefore, it may be 

that changing song rate during countersinging is sometimes not a signal on its own but a 

strategy for causing and/or avoiding interference (Yang et al., 2014). Broadcasting more 

frequently is a reliable way to get a message out while drowning out the competition 

(assuming one can afford the potential energy and social costs associated with incessant 

broadcasting). 

Song-Type Selection 

Songbirds typically have a repertoire of song-types that they can cycle through or 

string together into singing bouts. Which song they choose or how they order these songs 

can often be a signal. Perhaps the most straightforward and most intensively studied 
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example of this is song-type matching, whereby a bird matches the most recent song-type 

of its counterpart. Like overlapping, song-type matching has been investigated as a 

possible signal of aggressive intent because it is often associated with aggressive 

interactions (Todt & Naguib, 2000). In western song sparrows, song-type matching seems 

to be a mid-level threat within a hierarchy of escalated aggression (Searcy et al., 2014). 

However, the closely related eastern song sparrows do not exhibit this behaviour. 

Tropical mockingbirds, which have large song repertoires, share more songs with their 

territorial neighbours and rapidly song match when countersinging, but it does not seem 

to indicate aggression (Yuan & Price, 2011). 

Interestingly, though timing and matching have been presented here as two 

separate categories, they likely intersect and perhaps importantly so. For example, one 

might expect that a matched song that overlaps the counterpart is interpreted differently 

than if the same matched song were sung after a ten-second delay. These are referred to 

as ‘rapid matching’ and ‘delayed matching’ respectively and researchers have proposed 

that rapid matching may be threatening whereas delayed matching could be a kind of 

greeting (Todt & Naguib, 2000). In support of this hypothesis, a study on black-capped 

chickadees suggests that the combination of matching and overlapping may have a 

synergistic effect, with birds showing greater agitation when playback was both matching 

and overlapping (Mennill & Ratcliffe, 2004b, 2004a). 

Also, matching a given song-type is by no means the only way a bird can ‘match.’ 

Researchers have found evidence for many other kinds of matching: repertoire matching, 

where a bird chooses songs that are in both birds’ repertoires (DuBois et al., 2016); 

partial matching, where a bird chooses a song-type that is structurally similar though not 
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identical to the counterpart’s song (Anderson, Searcy, & Nowicki, 2008); conventional 

matching, where a bird consistently responds to certain songs from a counterpart with 

seemingly unrelated songs from their own repertoire (Burt & Beecher, 2008); and pitch 

matching, where birds shift the pitch of their own songs to the pitch of the counterpart’s 

song (Horn et al., 1992). 

Apart from the various forms of matching, many birds demonstrate other 

behavioural changes related to song choice when countersinging. For example, birds can 

increase or decrease the song-type switch rate which can range from continuously 

repeating the same song-type to cycling through the entire repertoire before a given song-

type is repeated. Similar to other behaviours, species and context probably play a major 

role in what this behaviour communicates, with different species increasing or decreasing 

switch rates in agonistic contexts, some before attacking, others before retreating (Ali & 

Anderson, 2018; Searcy & Yasukawa, 1990; Vehrencamp et al., 2014). 

Another consideration in song-type choice is syntax, the ordering of different 

song-types into patterns and sequences. Many birds order their songs in complex, non-

random ways, sometimes with long-range dependency on previous songs (Hedley et al., 

2017; McLean & Roach, 2021; Searcy et al., 2022). Researchers have conducted 

playback studies comparing typical to atypical syntax and, though results are mixed and 

species-specific, there is evidence that syntax may be important for conspecific 

recognition, mate attraction, and territorial defence (Cardoso & Mota, 2004; Nesbitt et 

al., 2022; C. E. Taylor et al., 2017). 
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Song Structure 

Any given song-type can also be adjusted in various ways, including pitch, 

duration, amplitude, and overall performance difficulty (Logue, 2021). Like many other 

animals, many bird species seem to lower the pitch of their vocalizations during 

interactions (Benedict et al., 2012; Hall et al., 2013; Price et al., 2006). Given that body 

size is inversely correlated with song frequency in many species, lowering pitch could be 

a way to sound large and strong, as a means of intimidating rivals or attracting females 

(Cardoso, 2012; Hall et al., 2013; Linhart et al., 2012). 

Though many birds change the duration of songs and other aspects of songs while 

countersinging, no particular patterns or trends have been observed (Logue, 2021). As for 

amplitude, one might expect that birds would sing more loudly when countersinging, at 

the very least to broadcast further and more clearly than rivals. Unfortunately, song 

amplitude is a difficult variable to measure accurately in natural contexts and requires 

special equipment. Nonetheless, one study demonstrated that nightingales sing more 

loudly when countersinging (Brumm & Todt, 2004). There are also contexts and species 

where quieter singing occurs, called soft-song. Depending on the species, soft-song has 

been linked to aggression, courtship, and searching behaviour (Logue, 2021). 

Performance refers to the physiological difficulty in producing a given 

vocalization. An ability to make more difficult sounds, such as more trills per song, 

would presumably signal physical fitness and therefore could be used to intimidate rivals 

and attract mates. Evidence suggests this is the case, with studies showing that some 

birds, such as banded wrens and European serins, increase song performance when 

exhibiting aggressive behaviour (Funghi et al., 2015; Vehrencamp et al., 2013). Studies 
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that exposed birds to high-performance playback showed varied responses: some species 

responded more aggressively to high-performance playback (Moseley et al., 2013; 

Phillips & Derryberry, 2017), others responded with less aggression (Cramer & Jordan 

Price, 2007; Funghi et al., 2015), and still others responded most aggressively to mid-

level performance song (de Kort et al., 2009). These differences in response may be 

simply due to variability between species, but the above results are not as conflicting as 

they may seem: animals typically have varied responses to aggressive signals depending 

on context and the perceived threat level. 

Other Factors Relevant to Countersinging Behaviour 

Many factors can affect countersinging. Naguib (2005) proposed that 

countersinging can be categorized depending on where the countersinging bird is located 

and whether it is a known neighbour. For example, one would expect different responses 

depending on whether a bird sings on its own territory versus singing on its neighbour’s 

territory. There is some evidence to support this distinction. Nightingales respond with 

more pitch matching and songs with trills to nearby playback compared to distant 

playback (Bartsch et al., 2012; Naguib et al., 2002). Banded wrens seem to negotiate their 

territory boundaries by changing their singing behaviours as they approach another bird, 

and then again as they sing in close proximity (Vehrencamp et al., 2014). These 

behaviours are also predictive of which bird will be first to retreat. However, black-

capped chickadees, despite moving around during the dawn chorus, did not show a 

correlation between distance and their overlapping and pitch matching (Foote et al., 

2008). 
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Still, location becomes a particularly relevant variable when considering that most 

studies of countersinging are conducted using playback recordings. If location is a 

meaningful variable to the focal bird, then where the speaker is placed could drastically 

affect the results. This is especially important since naturalistic countersinging usually 

occurs at greater distances than the territorial intrusions that researchers simulate. For 

example, a study using arrays of recorders showed that chickadees naturally countersing 

at an average distance of 57.6 m, much further apart than in the typical playback study 

(Fitzsimmons et al., 2008). To put this in human terms, imagine if we tried to study 

speech by simulating someone shouting in another person’s face. While this would likely 

provoke a strong and interpretable response, other distances and contexts would be more 

representative of human communication and would likely generate complex varied 

responses that are much more difficult to measure and interpret. In songbirds, since 

territorial intrusions are so rare compared to typical daily countersinging, it may not be 

valid to apply findings from simulated intrusions to the dawn chorus. 

Regarding familiarity, naturalistic countersinging regularly involves two birds 

that are neighbours. The dear enemy hypothesis predicts that territorial animals will be 

less aggressive toward known neighbours compared to strangers (Werba et al., 2022). 

This effect has been demonstrated in many animals, including multiple songbird species 

(Moser-Purdy & Mennill, 2016). 

Other factors that can affect countersinging are breeding status and risk of 

predation. Male song sparrows respond more strongly to their neighbours’ singing when 

females are fertile compared to when they are not (Moser-Purdy et al., 2017). Playback 

experiments that broadcast predator vocalizations demonstrate that birds will adapt or 
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delay their countersinging based on the presence and risk of predators (Santema et al., 

2019). 

Hermit Thrush 

The hermit thrush is a forest-nesting migratory bird widely distributed across 

North America (Rivers & Kroodsma, 2000). It breeds throughout much of Canada and 

the western United States and spends its winters in the southern United States, Mexico, 

and Guatemala (Dellinger et al., 2020). It has twelve distinct subspecies, divided into 

three major groups based on breeding locations: eastern North America and much of 

Canada, the western lowlands of North America, and the mountain ranges of western 

North America. 

Hermit thrush song can be heard most often at dawn or dusk during the breeding 

season, and consists of a single whistled introductory note, followed by a more complex 

series of flourishes (Roach et al., 2012). Each bird’s repertoire consists of 5-15 song-

types that vary in frequency and are not shared between birds. The singer tends to cycle 

up and down the frequency scale with immediate variety: a given song-type almost never 

directly follows itself. Consecutive song-types are chained into sequences that are 

complex and non-random; the choice of song-type is influenced by the most recent songs 

(McLean & Roach, 2021). There is also variation between the different subgroups, most 

notably in the frequency distribution of the introductory note, likely shaped by a variety 

of evolutionary forces (Roach & Phillmore, 2017).  

With regards to countersinging, hermit thrushes regularly take part in the dawn 

chorus, and they often establish territories next to each other such that two or more 



15 
 

neighbours are often heard on the same recording (Dilger, 1956). They also sing regularly 

throughout the breeding season, suggesting that this singing is not solely intended toward 

attracting a mate (Rivers & Kroodsma, 2000). Along with several interactive singing 

behaviours, these features suggest that countersinging may play an important role in the 

daily social life of a hermit thrush. 

Research on hermit thrush countersinging is limited. Song matching and 

repertoire matching are highly unlikely to occur because (until this study) there has been 

no evidence that individuals share songs with neighbours. As far as we know, each hermit 

thrush song is unique (Roach et al., 2012). Partial matching and pitch matching are still 

possibilities. One recent study demonstrated that hermit thrushes exposed to simulated 

intrusions increased their song rate (DeMerchant & Roach, 2022). They also seemed to 

engage in a kind of ‘pitch match avoidance’ that is difficult to interpret. Since hermit 

thrushes predictably oscillate between high and low-pitch songs, it is unclear whether 

countersingers are avoiding matching the pitch they just heard or are ‘song advancing,’ 

anticipating and pre-emptively matching the upcoming song’s pitch. Both possibilities 

have been explored in other species (Hedley et al., 2017; Whitney, 1991). Song timing 

also seems to be important: one recent study demonstrated that hermit thrush avoid song 

overlap in various contexts (DeMerchant et al., 2024). Deeper analysis of naturalistic 

countersinging may help to elucidate these dynamics. 

Interestingly, many hermit thrushes sing relatively rare ‘hybrid songs’ where a 

given post-introductory portion is preceded by a different introductory note. It could be 

that these hybrid songs are a physiological quirk or error, but they also may serve a 

purpose. It would be fascinating if the two different parts of the song serve different 
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purposes and can be mixed and matched to modify the overall signal. Further evidence 

for this idea comes from the use of ‘abridged’ songs, where birds omit the introductory 

note during simulated intrusions (DeMerchant & Roach, 2022). Abridged or shortened 

songs have been observed in other species (Capp & Searcy, 1991; Harper et al., 2010; 

Osiejuk & Jakubowska, 2017). It may be that overlap avoidance plays a role for hermit 

thrushes: if the post-introductory portion is the contextually important part of the signal, 

removing the introductory note could be a way to prevent the post-introductory portion 

from being anticipated and masked (DeMerchant & Roach, 2022). Hermit thrush 

abridged songs have not been documented in naturalistic contexts but given the sparsity 

of naturalistic studies and the rarity of territorial intrusions, this is not surprising. 

Given the aforementioned syntactical complexity of hermit thrush song (McLean 

& Roach, 2021), it is possible that syntactical interactions are taking place. Despite the 

lack of shared song, birds could potentially learn the syntax of neighbours and respond or 

signal with syntactical adjustments of their own, like the song advancing already 

mentioned. It may also be that syntax plays a non-interactive role, such as conspecific 

recognition or advertising fitness through greater mental capacities for memory and 

complexity (Soma & Garamszegi, 2011). The only hermit thrush playback experiment 

that used syntax as a dependent variable found no significant change in response during 

playback with modified syntax (Nesbitt et al., 2022). Though this finding suggests that 

syntax is not a signal during territorial intrusions, it could still play an important role in 

less aggressive or more distant countersinging contexts. 

No studies have explored hermit thrush communication networks and only one 

study examined hermit thrush countersinging beyond simulated intrusions (DeMerchant 
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et al., 2024). As discussed above, the focus on simulated intrusions is common in 

birdsong research. However, many of the features of communication networks in other 

species also exist for the hermit thrush: their territories are often close together, they sing 

during the dawn chorus, they continue to sing daily throughout the season (after 

breeding), and they adapt their singing in response to conspecifics. The lack of song 

sharing only eliminates one type of interactive signalling (song matching) from a long 

range of possibilities. In fact, their lack of song sharing can be an asset during analysis. 

Depending on the species and location, it can be difficult to differentiate individual birds 

on recordings. Hermit thrush spectrograms can be used like fingerprints, allowing 

researchers to confidently identity each vocalization without having to depend on other 

variables such as location, amplitude, and timing. 

The Current Study 

One final consideration for this study is the recent development of technologies 

relating to birdsong analysis. Small, automated recorders with high-quality microphones 

have made the deployment of microphone arrays rapid and convenient. Depending on the 

required location accuracy, mobile phone GPS, enhanced by applications that average the 

phone’s GPS data, can conveniently provide the locations of each recorder. So, 

depending on the research questions, what once required hours of setup, bulky 

equipment, kilometres of cable, and expensive GPS equipment, can now be deployed in 

minutes with the contents of a backpack. Moment-to-moment bird locations can be 

triangulated by measuring the arrival time of a given vocalization at each recorder (Gayk 

& Mennill, 2020; Sumitani et al., 2020). 
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At the analysis stage, more affordable data storage and advanced software have 

enabled the automation of detecting and categorizing large datasets of bird vocalizations. 

This is not yet perfected or widespread in birdsong research, but it is being used to 

drastically reduce analysis workload (Perry et al., 2021; Sumitani et al., 2020). I have 

recently developed software specifically for the automated detection of hermit thrush 

song. Depending on background interference and signal clarity, it already can detect and 

categorize songs with over ninety-percent accuracy. These technologies reduce costs and 

workload while providing new research possibilities. 

In his recent review of countersinging in birds, Logue (2021) makes 

recommendations for future research. His first two recommendations urge us to explore 

naturalistic countersinging with increased attention on non-aggressive behaviours. This is 

because so much research up to this point has focused on measuring aggressive responses 

to simulated territorial intrusions. Given these recommendations, the recent technological 

advances, and the suitability of the hermit thrush to countersinging research, it was 

deemed an appropriate time for an exploratory study of naturalistic hermit thrush 

countersinging. Using automated recorders, we gathered a large dataset of multiple birds 

countersinging in pairs, sometimes within larger networks. We then analyzed the 

recordings for evidence of the singing behaviours discussed above, especially those 

behaviours that have been observed in previous playback studies. Using acoustic 

triangulation, we tracked bird locations to investigate how the distance between 

countersingers influences singing behaviours. 

Given the lack of previous naturalistic countersinging research on the hermit 

thrush, the varying results from similar studies on other species, and the diversity of 
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measures being assessed, it was difficult to generate clearly defined, evidence-based 

hypotheses for this study. Nonetheless, the Social Dynamics Hypothesis predicted we 

would find changes in singing behaviours (i.e. faster song rate, overlap avoidance, 

frequency advancing, etc.) when birds were countersinging during the dawn chorus. 

Furthermore, we expected that these behaviours would begin or change as distance 

between the two birds decreased. Since naturalistic countersinging and movement have 

not been previously studied for the hermit thrush, it was also entirely possible that other 

findings or questions would become apparent as we analyzed and visualized the data. For 

example, do countersinging dynamics depend on which bird approaches the other? In 

other words, does one of them take on an instigator role in the conversation? Do birds 

move about their territory depending on which neighbours are singing, perhaps moving 

closer to borders where a neighbour is singing? Does time, such as the beginning, middle, 

or end of the dawn chorus affect how much countersinging occurs? Are territory borders 

distinct lines that are seldom crossed or rather vague ‘neutral zones’ that neighbours 

share? With such rich data, many more questions could be asked and explored. 

Method 

Study Design and Subjects 

The study used ten automated recorders (six Wildlife Acoustics SM mini bats and 

four Wildlife Acoustics SM2s) to capture countersinging between neighbouring hermit 

thrushes. The behaviours measured were song rate, song overlap, syntax consistency, 

song-type switch rate, frequency matching, and conventional matching. With the 

exception of conventional matching, all these behaviours had been documented in other 

hermit thrush contexts, mostly in playback studies. Behaviours were also assessed based 
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on the distance between birds and whether other nearby birds were singing. This allowed 

us to investigate whether bird location and countersinging are relevant factors for daily 

hermit thrush singing. 

Birds were recorded from April to July in 2023 and 2024 near St. Andrews in 

New Brunswick, Canada. Hermit thrushes typically arrive for the breeding season in this 

area in late April. Sites were sought out and selected if two or more hermit thrushes could 

be heard singing within earshot of each other. Once a site had been chosen, a researcher 

set up the recorder array (described below) before the dawn chorus and recorded for 

approximately two hours to capture singing and bird location during the dawn chorus on 

those two territories. In one of the recordings, a recorder was placed on a third territory to 

capture potential network dynamics, with triangulation not possible on that third territory. 

In another recording, three birds were in triangulation range of the two recorder arrays. 

Acoustically Triangulating Bird Location 

Bird location is, by far, the most difficult measurement in this study to capture 

(see Rhinehart et al. (2020) for a review of acoustic localization of wildlife). In our lab, 

we have developed a system for triangulating the approximate locations of birds using 

automated recorders by spreading them out in an array on a hermit thrush territory and 

triangulating bird positions based on the lag in timing of any given vocalization. To 

triangulate positions using sound, one needs to have three key measurements: 

synchronized clocks between recorders, accurate locations of each recorder, and accurate 

timestamps of each vocalization on each recorder. 
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Synchronized Clocks 

We addressed the first problem, synchronized clocks, by adjusting for the clock 

drift in each of our recorders. A researcher first synced the clocks in the recorders by 

playing a low tone (400 Hz) while all the recorders were positioned together on the 

ground. The 400 Hz tone was chosen because its onset shows up clearly on a wave file 

but the tone is unlikely to disturb the focal birds (400 Hz is well below the fundamental 

frequency of hermit thrush vocalizations and outside of the optimal hearing range of 

songbirds (Beason, 2004; Roach et al., 2012)). Later in the data collection process, the 

tone was played in a parked car whenever possible to minimize background noise, 

increase clarity, and further reduce any possible disturbance to birds. The onset of the 

tone was used to provide a ‘time zero’ for each of the recorders, a moment known to have 

occurred at the same time (within approximately a millisecond) on each recorder. 

The researcher then deployed the ten recorders in an array, around the singing 

birds, typically in a loose five-point ‘X’ shape beneath each bird. After a recording 

session (~ two hours), the researcher collected all the recorders and played the tone again 

to measure how much each clock drifted since time zero. Since the clock drift in each 

recorder had been measured to be relatively consistent and linear, the timing of any 

moment between the two tones could be recalculated based on each recorder’s individual 

drift. Additionally, each of our six mini bat recorders has a predictable time jump of a 

few milliseconds every hour when transitioning from one waveform file to the next. The 

duration of this jump is specific to each recorder, but consistent enough that it can be 

factored into the calculation to keep the clocks within approximately five milliseconds of 

each other. Considering that sound travels approximately 1.7 meters (338m/s * 0.005s) in 
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five milliseconds in our study environment, this error is acceptable for the current study 

(error is more thoroughly discussed in its own section below). 

Recorder Locations 

The second problem, accurate recorder locations, is partly solved by the research 

question and bird species. In this study, we focused on large-scale movements such as a 

bird traveling from the middle of its territory to a border to understand broader spatial 

patterns. The sizes of hermit thrush territories vary, but a reported average is eighty-five 

metres across (Dellinger et al., 2020). So, location and movement at the precision of ten 

metres is sufficient to know how a bird is moving in relation to its borders. Based on our 

tests, knowing the location of each recorder within five metres was sufficient to provide 

bird location estimates within five metres. This is partly because random error in recorder 

locations, tested by deliberately adjusting recording locations in random directions, tends 

to cancel out when searching for the position that best matches the lag data. As recorder 

locations increase in error, the lag profile of the true bird location changes, but so do the 

lag profiles for all other locations in space, such that the true location (or close to it) still 

tends to provide the best fit to the data. 

To measure recorder location, we averaged at least one hundred GPS 

measurements from a mobile phone (iPhone 11) at each recorder location and then paced 

out the distance between recorders. The pacing was done after the recording had occurred 

to minimize disruption while the birds were being recorded. Since, even with averaging, 

mobile phone GPS can be inaccurate in the forest by more than five metres in the 2D 

surface plane, we programmatically adjusted the GPS points to match the paced-out 

distances (within two metres). Relative altitude of recorders was estimated and recorded 
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by the researcher. All territories were on relatively flat ground, so the ground distance 

between recorders was much more significant than any altitude changes. The algorithm 

adjusts GPS points by the minimum amount necessary to ensure that all paced-out 

distances are within a threshold of two metres. This serves both as a validation of the 

GPS data and as a correction for any wildly inaccurate positions. Our experience was that 

GPS in the forest was generally reliable, but one or two points in the array (out of 10) 

would often be wildly incorrect by as much as twenty-five metres. The pacing between 

recorders, along with the adjustment algorithm, effectively corrected these incorrect 

points in a systematic and unbiased manner. Finally, in most areas, satellite images (such 

as Google Maps) served as a check of recorder locations if a recorder’s position was 

known relative to landmarks that are visible in such images. 

Onset Detection of Songs 

To measure accurate timestamps of vocalizations, spectrograms were generated 

from the recordings and each hermit thrush song was selected using our lab’s custom 

software, HethFinder, which automatically detects and categorizes hermit thrush songs. A 

researcher then manually checked and adjusted any errors by using the acoustic software, 

Raven Pro 1.6 (K. Lisa Yang Center, 2024). Custom software then aligned the 

spectrograms of each song, iteratively shifting them in time until the spectrograms were 

most similar to each other. The amount of shifting required to obtain a match provided an 

estimation of the relative time it took for each song to arrive at each recorder. The 

relative times provided a ‘lag profile’ for each vocalization. This lag profile was 

iteratively compared to the expected lag profiles of each point in 3D space (in fifty-
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centimeter increments) throughout the territory. The point that best matched the lag 

profile was the estimated location of the bird. 

This measure of song onset was the precision bottleneck in our analysis, with a 

typical error for distant, faint recordings being between zero and fifty milliseconds. 

However, each calculation was assigned a reliability score based on signal clarity and 

how closely the lag data aligned with the theoretical lags for that position. This reliability 

score allows us to sensibly filter out inaccurate locations when they were drastically 

different from reliable songs that came before and after. A string of consecutive 

unreliable signals and location calculations would sometimes occur, usually due to birds 

being outside the recorder array. These location estimates were discarded and not used in 

the analyses that depended on location (e.g. distance between birds). Since the hermit 

thrush typically stays in one place for multiple vocalizations, when consecutive 

triangulated locations were clustered in a circle smaller than a radius of 10m, a rolling 

average location across three consecutive vocalizations was used for a more precise 

location. This means that small changes in location were smoothed together, providing 

better estimates of stationary perches but potentially decreasing or erasing bird 

movements less than ten metres. This decision, to obtain a more accurate aggregate 

location at the cost of masking small movements, is consistent with the purpose of the 

study. 

One more post-processing correction was made when the bird was outside the 

recorder array. This is because, outside the array, small error creates large changes along 

the axis that runs from the bird to the center of the array. The further away the bird is, the 

greater that issue becomes. Mathematically, this is because when a bird is outside the 
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array, relative distances to each recorder change less as a bird travels along this axis 

compared to if they travel perpendicular to this axis. Consider that an isosceles triangle 

(or an A-frame house) can get taller or shorter by moving the peak up and down and the 

two sides remain equal. If, instead, one moves the peak laterally, the sides instantly 

become unequal. The same geometry is at play when a bird is outside the recorder array. 

To correct for this, in the minority of cases when birds were outside of the array but 

still clearly audible on multiple recorders, the triangulated locations were algorithmically 

adjusted to be closer to, but not inside, the array. The algorithm behaves like an elastic 

band, pulling harder on points the further they are placed from the array along that axis. It 

does this by drawing a line between the estimated point outside the array and the center 

of the array (including only those recorders that had a usable signal for that vocalization). 

It then finds the point along that line which is at the border of the array. Finally, it 

shortens the distance between the point and the border by moving the outer point to the 

square root of that distance. This correction was tested with various recordings and 

produced more stable, plausible, and reliable results. Simply put, if a bird is clearly and 

consistently detected by multiple microphones, it must be relatively close to the array. 

Given that we know mathematically a bird’s position is inaccurately recorded further 

from the array along that axis, it is logical to systemically correct this error. 

Altitude 

Birds exist in a three-dimensional space, typically singing from anywhere 

between the ground and the tops of trees. Furthermore, bird territories have been shown 

to be better represented using three-dimensional boundaries (Cooper et al., 2014). 

Triangulation techniques can be used to determine the 3D location (x, y, z) of objects by 
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solving a set of equations that represent the spherical distance from each recorder to the 

object. If you have three or more recorders in different locations, you can theoretically 

solve for the object’s position in three dimensions. Although, in theory, triangulation 

techniques can be used to calculate altitude using an array of recorders positioned on the 

ground, in practice, this requires much better precision than we have. As a bird moves up 

and down, perpendicular to the layout of the array, the relative distances to the recorders 

do not change very much and are therefore more affected by error in the data. This is for 

the exact same reason as that described above with an isosceles triangle. 

So, if the recorders are spread out on the ground, the altitude of the bird is 

difficult to estimate. However, our research questions are primarily focused on how the 

bird moves in relation to its borders and there is much more distance and movement from 

birds along the surface than there is in altitude. For example, birds have been found to 

defend their territories up to 11.6 metres vertically whereas their territories can extend up 

to 180m horizontally (Dellinger et al., 2020). Thus, for the current study, the altitude 

component of the location estimate was excluded, and locations and distances were 

measured along the two-dimensional plane (i.e. surface). Future studies that wish to 

include altitude estimates could do so by placing recorders in trees or using equipment 

that further reduces error, such as survey-grade GPS devices or satellite clock-synced 

recorders. 

Validation of the Location System 

This location system was first tested using a speaker to broadcast hermit thrush 

song in the forest from a known location. For this test, five recorders were arranged in an 

array, with an approximate ‘X’ shape, spanning about forty metres, to capture sound 
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across a typical hermit thrush territory. A speaker was placed within that array, both on 

the ground and six metres up a tree. Calculated locations were measured to be within five 

metres of actual speaker locations. 

In another test, only four recorders were spread out on an actual bird’s territory. 

Bird locations were assessed by comparing triangulated locations to the notes of a 

researcher who listened and observed the bird while it was singing for about an hour. 

General location and bird movements agreed between researcher notes and calculations. 

Finally, by measuring the distributions of each source of error, (i.e. clock drift, 

GPS, and song onset detection) separately, we used these empirical error distributions to 

simulate data with typical amounts of combined error. We ran nine thousand simulated 

lag profiles through the whole analysis pipeline at twenty-five different locations across a 

recorder array to measure how far the estimated locations typically are from a 

predetermined exact location. Accuracy within the recorder array was relatively stable, 

with ninety-seven percent of estimated locations within ten metres of the actual location. 

Seventy-five percent were within five metres (Figure 1). 
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Figure 1 

Histogram of counts of simulated location error within the boundaries of the recorder 

array 

 

Note. Counts of simulated error distance (metres) from 2,250 location estimates across 

twenty-five locations in a single recorder array. Simulated data was based on empirical 

error distributions of clock syncing, recorder location, and onset detection of songs. Note 

that three outliers (65m, 75m, 83m) were excluded to zoom in on the distribution between 

zero and forty metres. 

Based on the validation tests, I am confident that the location system is appropriate 

for this study. It is also important to consider that birds being biological creatures do not 

exhibit sudden, non-continuous movements. Consequently, the consistency of 
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independent location calculations can be used as a common-sense verification, since most 

potential problems with the triangulation system would manifest as birds moving about 

erratically in bizarre or impossible ways. This did not happen for any of the recordings 

and birds in this study. 

Acoustic and Statistical Analysis 

As mentioned, each vocalization was visualized and categorized in the acoustic 

analysis software, Raven Pro 1.6 (K. Lisa Yang Center, 2024). Song-types for each 

hermit thrush were sorted and categorized through visual inspection of spectrograms and 

based on song frequency and shape of the post-introductory flourish (Roach et al., 2012). 

Six other basic variables were associated with each song: bird ID, time, duration, 

frequency, location, and countersinging (a Boolean variable that indicates whether a 

neighbouring hermit thrush has sung within the past 10 seconds). 

Non-Interactive Measures 

Song rate for each bird was calculated from the onset of each song to the next. 

Intervals larger than ten seconds were discarded, as this threshold has been justifiably 

used to delineate singing bouts for hermit thrush due to syntactical changes for transitions 

that exceed this threshold (McLean & Roach, 2021). 

For syntax, we know that the hermit thrush orders its songs with some measure of 

consistency and dependency on its own recent songs. One simple measure that has been 

used in previous research is consistency: since every song-type has a subsequent song-

type that most often follows it, we can measure how often these common transitions 

happen relative to other transitions (Roach et al., 2012). We designated each song as 
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being the latter half of a common or uncommon transition. For example, if a bird most 

often sings song F after song C, then an F sung after C is the latter half of a common 

transition. Song A sung after C would be an uncommon transition. Any subset of songs, 

split by countersinging versus solo singing or by near versus far apart, was assigned a 

consistency score, measured as the proportion of common transitions in that subset. A 

score of 1 indicates that the bird has been completely consistent and predictable in its 

song-type transitions. A score near zero means that it selected songs almost at random. 

Though other syntactical measures, such as linearity (Roach et al., 2012), are biased by 

sample size, a consistency score from a smaller sample should only be less precise (like 

all smaller samples). This feature allowed us to measure consistency with singing bouts 

that had been segmented at multiple time points. 

We also measured the song switch rate for each bird as another crude, but perhaps 

meaningful, measure of syntax. This is the rate at which a bird switches between high and 

low songs. Hermit thrush repertoires typically have songs where introductory note 

frequencies are clustered below 3000 Hz or above 4000 Hz (DeMerchant & Roach, 

2022). The threshold for dividing high and low songs in this study was 3840 Hz. This is a 

higher division threshold than what has been used in past research, which has categorized 

songs as being low if they are below 3000 Hz and high if they are above 3500 Hz. Birds 

with song-types between these values have sometimes been discarded from analysis 

(Roach et al., 2024). Birds in this study often had intro note frequencies that were within 

this exclusion range despite still having a large frequency gap between high and low 

song-types. Because of this, we visualized all song frequencies and visually drew a line 
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that would pass through the largest frequency gap for each bird’s repertoire (Figure 2). 

This line was at 3840 Hz. 

Figure 2 

Scatter plot of all intro-note frequencies, organized by bird name and recording number. 

 

Note. Plot shows that birds had the typical frequency gap in their repertoires, but it was 

somewhat higher than the previously documented 3000-3500 Hz. Note the ambiguous 

‘middle’ song-types of peter1 and frye1. 

Song switch rate was calculated by designating each song that follows a low song 

as being either a switch (if it is a high song) or a match (if it is a low song). The rate is 

then calculated by dividing the total number of potential switches by the switches. This is 

mathematically equivalent to what Roach et al. (2024) used for song switch rate, but 

allows for the calculation to be applied to subsets of singing bouts when singing bouts 

have been segmented by another variable such as distance to a neighbour or whether the 

bird is countersinging. 
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Interactive Measures 

Since all the interactive countersinging measures depend on song timing, the 

frame of reference can affect results. This is because the speed of sound will delay any 

neighbour’s song by the distance divided by the speed of sound. This was typically 

approximately 0.3s, a significant portion of the typical song length of 1 to 2 seconds. For 

all these measures, we used the frame of reference of the focal bird. This meant that the 

other birds’ vocalizations were delayed by the median distance between the birds for that 

singing bout. Median, rather than moment-to-moment, distance was used because not all 

songs had an accurate location for both birds. Since the range from minimum distance to 

maximum distance between birds was typically much smaller than the median distance, it 

was considered a suitable estimate. The time shift was calculated as the distance divided 

by the speed of sound on a typical Spring morning in this area, 338 m/s (Velasco et al., 

2004). This meant that a response to a given song was only considered as a response if it 

occurred after the arrival of the beginning of the neighbour’s previous song. Similarly, 

song overlap occurred if the focal bird’s song overlapped with the neighbour’s song in 

the focal bird’s frame of reference, regardless of whether they overlapped in the 

neighbour’s frame of reference or whether they overlapped in ‘actual’ time. Follow-up 

analysis with this data or future studies could potentially get better results by using 

moment-to-moment lag timings and by robustly comparing frames of reference in a 

logical, theory-based way. 

Temporal overlap was measured by comparing actual song overlap to the amount 

of overlap in null models generated using the R software package, SONG (Song Overlap 

Null model Generator) (Masco et al., 2016). This package generates random playback 
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sequences based on the duration of songs and time intervals between songs. The amount 

of overlap in the recording can then be statistically compared to the amount of overlap in 

a thousand simulated sequences to calculate the likelihood that overlap or overlap 

avoidance has occurred. 

For frequency matching, each response song from the focal bird was categorized 

as matching or not matching its counterpart’s most recent song category (high or low 

frequency). Expected matching rates were calculated based on the proportion of high or 

low songs for each bird. For example, if a bird sang high songs 30% of the time, then the 

probability that it would match a high song from its counterpart was 0.3 and the 

probability that it would match a low song was 0.7. Observed rates were then compared 

to expected rates with a T-test for individuals and a Wilcoxon signed-rank test across 

individuals. 

Conventional matching occurs when a bird regularly responds to a neighbour’s 

specific song-type with its own specific song-type, regardless of any shared or unshared 

characteristics between the songs, such as pitch, duration, or shape (Logue, 2021). For 

example, English-speaking humans often reply to the sound, “how do you do,” with the 

sound, “good,” even though the two phrases are not acoustically related; they are, instead, 

related through meaning. Conventional matching was measured by preparing a 

contingency table of all neighbour-to-focal-bird song transitions (see Figure 5 in Results). 

Each table was then iteratively ‘whittled down’ by removing the rows or columns with 

the least counts until the table met the minimum requirements of a chi-square test: the 

remaining table only included the most common song-types and transitions, such that at 

least eighty percent of the cells in the table had expected counts at or above five, and no 
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cells with expected counts less than one (Ruxton & Neuhäuser, 2010). We also added the 

restriction that the resultant tables needed to be at least 4x4 in size to be included, such 

that we were measuring the interactions of at least the four most-common song-types 

from each bird. Given that four is half the size of the smallest repertoire, this was chosen 

as a minimum number of songs that is still somewhat representative of a bird’s repertoire. 

When removing rows or columns with low counts from a contingency table, 

results need to be interpreted accordingly because p-values can differ significantly from 

those obtained from the original table (Ruxton & Neuhäuser, 2010). Thus, conventional 

matching, in this study, must be interpreted with the knowledge that only the most-

frequent song-type transitions have been assessed. That said, the direction of bias is 

typically away from significance since heterogenous rows and columns (containing low 

cell counts) are being preferentially removed such that a more homogeneous table 

remains. To test whether such bias occurred, p-values and table sizes were tested for 

correlation. Across the measures, smaller tables tended to have higher p-values, r(23) = -

0.45, p = .026, suggesting that the removal of rows and columns to qualify for the chi-

square tests was a conservative adjustment, biasing the results away from significance. 

Furthermore, two pairs of birds were recorded on consecutive days and their singing 

bouts were pooled together such that their full repertoires could be included in the 

contingency tables and still qualify for a chi-square test. These four tests lower p-values 

with large samples and full repertoires than when days were measured separately with 

reduced contingency tables (Table A3 in Appendix A). 

To address the question of whether this conventional matching was merely a 

statistical byproduct of the previously established frequency match avoidance, we ran the 
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tests again using only low matches (since low songs are much more abundant), testing for 

whether there are differences in which low song is chosen as a response to each low song 

from the neighbour. The same ‘whittling’ and exclusion criteria were used for these 

contingency tables. 

Countersinging as an Effect 

To assess whether song rate and syntax consistency were affected by 

countersinging, each measure was compared for solo singing versus countersinging. To 

meet the normality assumption for a T-test, birds were excluded if they did not have at 

least thirty songs each of solo singing and countersinging on a recording. Some birds did 

not have enough solo singing, usually because of abundant singing from neighbours. It 

should be noted that solo singing, as defined here, does not strictly indicate that no other 

hermit thrushes were singing at the time, only that the other focal birds on the recording 

were not singing at that time. For some of these locations, there were singing neighbours 

that were not close enough to the microphone array for consistent identification. So, 

while solo singing, in this study, still represents a potentially meaningful change in 

context, it does not always represent a time when the bird was singing on its own. More 

recorders spread over larger areas would be required to confirm that a hermit thrush is 

truly solo singing. 

Distance as an Effect 

To assess whether any of the above behaviours were affected by distance between 

birds, each measure was compared between when birds were near versus far apart, split at 

the median distance. Only the birds that had ongoing, reliable triangulation data were 
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included for this comparison (n = 22). Although some kind of real-time correlation 

measure, such as regression, has the potential to elucidate relationships in such data, there 

are also many problems or hurdles to overcome when comparing two time series. In 

particular, the inevitable prevalence of autocorrelations causes problems. Ongoing 

distance measures between birds are very dependent on the previous measure (since birds 

do not teleport). Some of the other measures, such as syntax consistency and frequency 

match rates, are also not independent measures and depend on some measurement 

window or subset of data. Adjustments can be made to make the data stationary, such as 

differencing, but these can provide misleading results, especially for pooled or averaged 

measures when the relevant time interval for pooling is unknown (Mills, 2011). To obtain 

dependable and interpretable results, we chose to make a simple binary comparison 

between near and far subsets. Deeper statistical analysis, possibly involving Granger 

causality (Shojaie & Fox, 2022) or dynamic time warping (Cleasby et al., 2019; Gamba 

et al., 2015), beyond the scope of this thesis, may provide more nuanced measures of the 

time series and movement components of hermit thrush countersinging. 

Since the above measure of song overlap depends on null models generated by 

full singing bouts, and the division of near versus far yields arbitrarily segmented singing 

bouts, a simpler measure of song overlap was used for comparing near versus far 

distances. Each song was assigned a binary value based on whether it overlapped with a 

neighbour’s song or not (after adjusting for the speed of sound). This allowed us to 

compare song overlap when birds were near versus far without having the confounds and 

confusion created by comparing segmented singing bouts of various amounts and 
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durations. Results should be interpreted accordingly, with the knowledge that only the 

proportion of songs that overlapped was assessed in this context. 

Multiple Comparisons 

Finally, to measure significance when making multiple comparisons for a 

behaviour, such as independently measuring the behaviour for each bird in the dataset, a 

Holm-Bonferroni correction was used, with unadjusted alpha set to .05. A Wilcoxon 

signed-rank test or paired T-test was typically used to measure for an overall trend or 

direction of effect across birds. Fisher’s combined probability test was also used to assess 

the overall significance across multiple comparisons for each behaviour because it 

ignores the individual directions of the effect: for some behaviours in this study, different 

birds had different directions of significant effects, presumably due to individual 

differences and context. In such cases, a paired T-test fails to find significance because 

directional effects cancel each other out, whereas a Fisher’s combined probability test 

only considers the significance, and not direction, of each comparison. 

Results 

Eleven recordings were selected for analysis because they contained extended 

periods of countersinging and both birds were close enough to the microphone arrays that 

their locations could be consistently calculated (Table 1). Two recordings contained a 

third bird whose songs could be consistently identified but whose location was too far 

from the microphone array to be reliably triangulated. 
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Table 1 

Recordings and birds analyzed in the study. 

Date Bird Names # Songs by Each Bird 

07-07-2023 peter1; peter2; 289; 666; 

06-11-2023 cham1; cham2 1086; 468 

06-22-2023 BBF8; GB1 1312; 479; 

06-23-2023 BBF7; BBF8; BBF9 430; 1290; 689; 

06-09-2023 chick2; chick3 1024; 671; 

04-22-2024 BBF2; BBF3 804; 774; 

 
04-26-2024 frye1; frye3 975; 634; 

04-27-2024 frye1; frye3; frye4 795; 607; 547; 

04-30-2024 power1; power2 881; 1409; 

05-06-2024 frye31; frye32 871; 434; 

05-07-2024 frye31; frye32 772; 336; 

 

The different behavioural measures in this study allowed for different numbers of 

birds to be included, depending on whether the measure required location data and 

whether there were at least thirty songs in each relevant category. 

Since only two birds were consistently triangulated on each recording, whenever 

distance was considered, twenty-two birds were included. Four of these birds (frye3, 

BBF8, frye31, and frye32) appeared twice in the dataset because they were recorded and 

triangulated on different days. 

For the measures that compared solo singing to countersinging, only birds that had 

at least thirty songs of each category were included. Sparsity of solo singing meant that 

only thirteen birds were included. Each of the eleven recordings had at least one bird that 

qualified. The one exception was song switch rate, which only measures songs that 

follow low songs. This additional restriction meant that one of the birds no longer had 
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thirty solo songs to compare, leaving twelve birds (from ten recordings) for the 

comparison. 

For measures that only required countersinging—song overlap, frequency 

matching, and conventional matching—every bird could be measured based on whose 

singing it was paired with. There were nine recordings that had two birds (nine pairings), 

and two recordings that had three birds (six pairings) for a total of fifteen pairings. Since 

each measure focuses on one bird’s behaviour in relation to the other, fifteen pairings 

allowed for thirty measures. 

These criteria or sample sizes are summarized in Table 2. A more comprehensive 

review of each behavioural measure, with recording dates, birds, and number of songs 

measured, can be found in the appendices. 

Table 2 

Sample sizes of each measure and the restriction that excluded certain birds. 

Category N (Birds) Recordings Restriction 

Countersinging Only 30 11 All pairings qualified 

Distance 22 11 Triangulation required 

Solo vs Countersinging 13 11 30 songs of each category 

Song Switch Rate 12 10 30 songs of each category 

Note. Song switch rate refers to the case when comparing song switch rate between  

countersinging and solo singing (as opposed to when relating it to distance, where all 

measures included 22 birds from 11 recordings). 
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Solo singing versus Countersinging 

On each recording, there was an abundance of countersinging, but much less solo 

singing. The smallest qualifying category had 35 solo songs and the largest had 834 

countersinging songs (Table A1 in Appendix A). 

Song rate 

Across the thirteen comparisons, a paired T-test showed that birds sang faster while 

countersinging (Figure 3; Table A1 in Appendix A), t(12) = 2.28, p = .041. A Fisher’s 

combined probability test showed that across the thirteen comparisons there was a 

significant effect, regardless of direction, χ2(26, N = 13) = 251.9, p < .001. Also, after 

correcting for multiple comparisons, six of the birds individually showed a statistically 

significant difference in song rate while countersinging (α = .05 before adjustment), with 

five showing an increase in song rate when countersinging and one showing a decrease. 
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Figure 3 

Mean time between songs for each bird when solo singing and countersinging. 

  

Note. Birds generally sang faster (less time between songs) while countersinging. Error 

bars show standard error. Asterisks indicate the six comparisons that were significant at 

an alpha of .05 after applying a Holm-Bonferroni correction. 

Syntax Consistency 

Syntax consistency, the proportion of most-common song transitions in a singing 

bout, was not significantly different between countersinging and solo singing, t(12) = 

0.61, p = .551 (Table A6 in Appendix A). 

Song Switch Rate 

Across birds, there was not a significant directional effect of countersinging on 

song switch rate, t(11) = 1.76, p = .105 (Table A7 in Appendix A). A Fisher’s combined 

probability test similarly did not find a significant effect across comparisons, χ2(24, N = 
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12) = 27.69, p = .273. One of the birds showed increase in song switching (low to high) 

when countersinging versus solo singing, after adjusting for multiple comparisons, OR = 

0.53, p < .001. 

Interactive Behaviours 

Frequency Matching 

Frequency matching, defined as a bird responding with the same category of song 

(high or low) as its neighbour, occurred significantly less than chance levels for the 

group, W = 194.0, p < .001 (Figure 4; Table A2 in Appendix A). A Fisher’s combined 

probability test showed that, across the sixty comparisons (thirty each for high and low 

frequency matching), there were significant differences between observed frequency 

matching and expected rates, χ2(120, N = 60) = 104.96, p < .001. One comparison had 

significantly less overlap than chance levels after correcting for multiple comparisons, 

χ2(1, N = 687) = 11.03, p < .001. 
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Figure 4 

Percentage of frequency matches relative to expected rates. 

 

Note. Expected proportions are set to zero for visual comparison of observed versus 

expected rates between birds. 

Since the high-matching bars (dark grey) in Figure 4 are notably larger than the 

low-matching bars, an unplanned Wilcoxon signed-rank test was conducted on the 

absolute difference between matching rates and expected rates for high matching versus 

low matching. High matching had larger overall differences from expected rates, W = 

99.0, p = .005. 

Conventional Matching 

In the fifteen pairings of birds, twenty-five individuals qualified as having large 

enough (at least 4x4) pivot tables of bird-to-bird song-type transitions after whittling 

them down until they passed the criteria for a chi-square test (Table A3 in Appendix A). 
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One of the tests was significant after correcting for multiple comparisons, χ2(27, N = 301) 

= 60.57, p < .001 (Figure 5). 

Figure 5 

Heat map of a focal bird (BBF3)’s responses to a neighbour (BBF2)’s preceding song-

types. 

 

Note. Heat map shows how the focal bird (BBF3) chooses from its most-common song-

types based on the neighbour’s (BBF2) most recent song-type. Darker cells have higher 

counts. For example, when the neighbour sang song-type D (fourth row), the focal bird 

disproportionately responded with song-types A and L. Conversely, responses to song C 

are much more evenly distributed. 
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Across the twenty-five conventional matching tests, p-values were 

disproportionately clustered toward significance (Figure 6): Fisher’s combined 

probability test showed a significant effect, χ2(48, N = 24) = 126.63, p < .001. 

Figure 6 

Histogram of p-value distribution for conventional matching chi-square tests. 

 

Note. p-values from the chi-square tests were clustered toward zero with eleven of the 

twenty-five tests being at or below .05. 

When conventional matching was analyzed with only low songs, results were 

similar, suggesting that conventional matching was not a statistical result of the 

previously established frequency match avoidance (Table A4 in Appendix A). Eighteen 

birds remained in the analysis, still with eleven p-values below .05 and two comparisons 

significant after adjusting for multiple comparisons, χ2(20, N = 228) = 50.91, p < .001, 

χ2(25, N = 292) = 51.42, p = .001. The Fisher’s combined probability test still showed a 
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significant effect, χ2(36, N = 18) = 110.55, p < .001. Overall, conventional matching 

measures were statistically significant, but not for every bird. 

Song Overlapping 

Fifteen out of the thirty tests for song overlap showed differences from null models 

at p < .05 (Table A5 in Appendix A). Ten of these overlapped more than expected by 

chance and five overlapped less. After adjusting for multiple comparisons, nine birds still 

showed significantly more song overlap than null models and four showed significantly 

less (Figure 7).  
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Figure 7 

Histogram of each bird’s amount of song overlap with a neighbour relative to chance. 

Note. Scores represent the proportion of random simulations (constructed based on song 

and silence lengths in the bird’s performance) that had less overlapping than what was 

observed. Values clustered on the left represent birds where nearly all simulated null 

models had more overlap than observed; values clustered on the right represent birds 

where nearly all simulated null models had less overlap than observed. 

There were eight scores of 1, where all the thousand simulations overlapped less 

than the actual performance. Conversely, three birds had scores of 0, where all thousand 

simulations overlapped more than the performance. Thus, overlap was often significantly 

different from expected rates but direction (whether more or less than chance) depended 

on context. Seven of the ten scores that had significant increased overlap were from the 

same neighbourhood of five birds recorded on two consecutive days, June 22 and 23 of 

2023. All but one of the possible eight comparisons made between these birds had p < 

.001 for increased overlap. Conversely, the other multibird neighbourhood, recorded on 
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April 26 and 27 of 2024, had a triangle of birds where there was more overlap avoidance 

and it differed depending on the pairings (Figure 8). 

Figure 8 

Diagram of three birds and their song overlap relative to chance levels. 

 

Note. Diagram shows mean bird positions and their song overlap relative to chance 

levels. Single values represent April 27, 2024. When two values are given (e.g. = =), they 

represent April 26 and 27, respectively. Overall, there is less overlapping than chance 

levels, but frye1 has increased overlap with frye3 on both days. 

Finally, one of the bird pairings, BBF2 and BBF3 on April 22, 2024, had the case 

where BBF2 overlapped far more than chance while its neighbour, BBF3, simultaneously 

overlapped far less than chance (both p < .001). Overall, hermit thrushes in the study 

showed diverse overlapping behaviour, with some avoiding overlap, some intentionally 

overlapping, and still some overlapping at chance levels. 
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Bird Movement 

Hermit thrush songs (n = 16,403) were identified and selected during the time when 

the full microphone arrays were set up. Of these songs, 95.3% met the criteria for 

calculating or estimating a location. The remaining 4.7% of songs were discarded from 

the location and distance analyses, being too faint or too noisy for accurate triangulation. 

For the location data, there were two focal birds on each of the eleven recordings that 

were consistently triangulated (N = 22). As expected, and consistent with on-site 

observation, hermit thrushes typically stayed at one perch or tree for multiple songs, 

sometimes for many minutes, before flying to another perch and continuing singing 

(Figure 9). 
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Figure 9 

Coloured scatterplot of bird singing locations over time 

 

Note. Dots (left) and diamonds (right) show locations of each bird, frye31 and frye32, 

with colour based on timing. The coloured lines at the bottom show each bird’s entire 

singing bout, with gaps indicating silence and grey regions indicating when song 

locations were unreliable due to faint signal or background noise. 

In this dataset, there was large variation in quantity of bird movement. Birds made 

from 1 to 13 large (>10m) movements in a single recording. The sum distance of all large 

movements in a recording ranged from 11m to 383m. The distance between a bird’s two 

most-distant perches in a recording ranged from 11m to 95m apart. If this distance is used 

as the diameter of a bird’s active singing territory on a given morning, this suggests a 

large variation in active singing area from 95m2 to 7,088m2. 

Distance between neighbours varied within recordings from a range of 39m on the 

least mobile recording to 74m on the most mobile recording (Figure 10). Median 



51 
 

distances between birds also varied across recordings from 51m to 173m, due to the 

differences in size and relative location of neighbouring territories. 

Figure 10 

Boxplots of distances between neighbouring birds. 

 

Note. Distance variation within each recording is due to birds moving around their 

territories while singing. Variation between recordings is likely due to variance in 

territory location and size. 

Singing and Distance Between Birds 

Song Rate 

When songs were divided between near and far, split at the median distance 

between neighbouring birds, song rates did not increase or decrease when birds were 

measured as a group, t(21) = 0.78, p = .443. However, a Fisher’s combined probability 

test showed that, across the twenty-two comparisons, there was a significant difference 
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between near and far song rates, χ2(44, N = 22) = 318.20, p < .001. Nine of the twenty-

two individual comparisons between near and far song rates differed significantly after 

adjusting for multiple comparisons, (α = .05 before adjustment) (Figure 11). Three of 

these showed an increase in song rate when birds were nearer and six showed a decrease 

when birds were nearer. Nonetheless, in each of these nine significant comparisons, every 

one of the song rates changed in the same direction as their neighbour.  

Figure 11 

Song rate differences between when birds are near and far apart. 

 

Note. Some birds sang slower while others sang faster when closer to their neighbour. 

Lines on bars represent standard error. Asterisks indicate the nine comparisons that were 

significant at an alpha of .05 after applying a Holm-Bonferroni correction. 
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Consistency 

Birds’ syntax consistency was less when birds were near to neighbours compared to 

when they were far away, t(21) = -2.53, p = .019 (Figure 12). However, each individual 

effect tended to be quite small, such that a Fisher’s combined probability test showed 

that, across the twenty-two comparisons, there was no significant difference between near 

and far consistency, χ2(44, N = 22) = 33.91, p = .864. Individually, no bird’s syntax 

consistency significantly varied with distance after values were adjusted for multiple 

comparisons (Table B4 in Appendix B). 

Figure 12 

Syntax consistency when birds were near to their neighbours relative to far. 

 

Note. Syntax consistency when a bird was far away was set to 0, and bars show how 

consistency when birds were near differed from that baseline. 
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Frequency Matching 

Frequency matching, already significantly below chance levels across the full 

singing bouts, was not significantly different when birds were near compared to far, t(21) 

=  0.98, p = .337. When compared individually, using Fisher’s exact tests, none of the 

birds had significantly different frequency matching rates after adjusting for multiple 

comparisons (Table B2 in Appendix B). 

Song Switch Rate 

For the group, there was no difference between song switch rates when near versus 

far, t(21) = -0.79, p = .440 (Table A7 in Appendix A). A Fisher’s combined probability 

test similarly did not find a significant effect across comparisons, χ2(44, N = 22) = 35.86, 

p = .804. Individually, none of the birds showed changes in song switch rates when near 

versus far, after adjusting for multiple comparisons (Table B5 in Appendix B). One bird, 

frye3, showed a much larger difference than all other birds on both days it was recorded, 

and in both cases increased its switch rate when near, OR = 2.02, p = .008, and OR = 

3.08, p = .014. If its two days are pooled together, it reaches significance, OR = 2.25, p < 

.001. 

Song Overlap 

Song overlapping rates (overlapped songs / total songs) were compared with 

Fisher’s exact tests between near and far song groups: odds ratios were significantly 

different for ten of the twenty-two comparisons (Table B1 in Appendix B). One was 

significant after correcting for multiple comparisons, OR = 0.51, p < .001. Out of the ten 

birds that had p-values below .05, three overlapped more when near and seven 
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overlapped less. A Fisher’s combined probability test showed that, across the twenty-two 

comparisons, there was a significant difference between near and far overlap rates, χ2(44, 

N = 22) = 114.47, p < .001. 

To summarize the findings from the near versus far analysis, it is useful to divide 

these behaviours into timing and syntax categories (or ‘when’ and ‘what’). For timing, 

both song rate and song overlap were significant as countersinging measures and changed 

with distance between birds. Furthermore, the direction of effect was context dependent: 

both measures increased and decreased significantly in various situations. Conversely, the 

syntactical behaviours—consistency, frequency matching, conventional matching, and 

song switch rate—while often significant as countersinging measures, were much less 

affected by distance: frequency matching rates did not change with distance, song switch 

rate did not change with distance for the group, and though syntax consistency decreased 

when birds were closer together, the effect sizes were so small that they only reached 

significance as a group. 

Novel Phenomena 

Exploring a large naturalistic countersinging dataset (with minimal human 

presence) revealed two hermit thrush behaviours or phenomena that were not anticipated, 

have not been previously documented, and warrant further study: (1) song sharing 

between two hermit thrush individuals; (2) soft, short, bursts of song referred to here as 

‘song flurries.’ 
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Song sharing 

Two of the neighbours in the dataset had the same size of repertoire and several 

strikingly and unusually similar song-types. They were so similar that they could 

arguably be categorized as the same song-type. There is no previous evidence of such 

song-type sharing between hermit thrushes. Sample spectrograms are shown below 

(Figure 13). 

Figure 13 

Spectrograms of two of the similar song-types shared by neighbours BBF7 and GB1. 

Note. Each row is a similar song-type from BBF7 (left) and GB1 (right). Though not 

quite identical, the variation is akin to that sometimes seen within a bird’s own renditions 

of the same song-type. 
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Song Flurries 

Five instances of soft, short bursts of song, notably different from typical hermit 

thrush song (which is louder, and has longer, spaced-out songs), were observed on three 

of the recordings and on three different territories (Figure 14). All flurries were quieter 

and had many more songs per second than typical singing. Also, typical hermit thrush 

song has a loud, clear introductory note (best seen at 25 seconds in the bottom image of 

Figure 14), whereas many of the flurry songs were ‘abridged,’ missing the intro note. 

Many flurry songs also appear vertically stretched or blurred, the pitch being less distinct 

or crisp than typical song. Four of these flurries were observed on a pair of neighbouring 

territories on consecutive days, while the fifth was observed in the previous year and ten 

kilometres away from the others. 
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Figure 14 

Spectrograms of two song flurries, one with preceding normal singing. 

 

Note. The two plots show different flurries from different birds at different time scales. 

The top is more zoomed in on an amplified song flurry to show its shape and features. 

The bottom image shows how the flurry (right) differs from the typical hermit thrush 

singing leading up to it. 

Discussion 

This study set out to investigate whether singing interactions are regularly taking 

place between neighbouring hermit thrushes. It also sought to discover whether bird 

movements might be affecting such interactions. All measures showed significance in at 

least one of the contexts measured, whether it was a countersinging behaviour that 

occurred above chance levels, a singing behvaiour that differed between solo singing and 

countersinging, or a beahviour that differed based on the two birds’ proximity to each 
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other. For simplicity’s sake, these interactions will be discussed one at a time, starting 

with song output, then moving through the temporal behaviours, and ending with the 

syntactical behaviours. 

Countersinging Interactions 

Song Output 

Quantity of song output was lopsided in almost every recording, with one bird often 

singing about twice as much as their neighbour(s) (Table 1). Furthermore, these eleven 

recordings were chosen because they had abundant singing from at least two birds. There 

are ten other recordings, not analyzed, that either had very little singing or only one of the 

neighbours singing abundantly. Thus, the selection criteria skew the dataset toward 

output parity, decreasing the effect being discussed here. Nonetheless, if one randomly 

pairs the birds in this dataset 100,000 times, the random mean difference in output 

between pairs is greater than the observed mean difference only 12.5% of the time. In 

simple terms, even when biased toward parity, the birds that sang lots were 

disproportionately paired with the birds that sang little. Further analysis of all the 

recordings (beyond the scope of this thesis) might bring that 12.5% down to a statistically 

significant 5%. 

If this song output disparity is a repeatable and widespread finding, it suggests 

some kind of relationship between neighbours that involves roles or hierarchy. Even if 

the disparity is originally driven by a variance in song output across all birds, neighbours 

disproportionately took on a ‘lead singer’ and ‘back-up singer’ role on any given 

morning. It would be interesting to see if these roles can switch from day to day. In the 
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repeat recordings in this dataset, the same birds were prolific on different days, 

suggesting a persistent role. 

Interestingly, the recording with the most song output balance was the same one 

that had song overlap imbalance (discussed above) and had one of the strongest effects of 

conventional matching. It was also the earliest recording in either season (April 22). 

Since recent research has identified seasonal changes in syntax (Roach et al., 2024), it 

could be that roles are negotiated or decided through countersinging dynamics early in 

the season. A study with repeated measures throughout the season could address this 

question. Furthermore, it has been my anecdotal experience that hermit thrush in this 

region sing more reliably and abundantly later in the breeding season (June and July). A 

repeated measures study could not only verify whether this is the case, but also 

potentially elucidate which singing behaviours might be driving such an increase in song 

at a time when many birds would have already reproduced. 

Song Rate 

As expected, song rate increased while birds were countersinging versus solo 

singing. It is worth noting that the overall effect may have been underestimated since the 

two birds that each appear twice in this dataset, BBF8 and frye31, happened to have less 

of a difference for song rate. The results are not surprising, as many bird species sing at 

elevated rates when interacting with a natural or simulated partner (Benedict et al., 2012; 

Szymkowiak & Kuczyński, 2017). Increased song rate has been linked to aggression in 

some species (Baker et al., 2012; Szymkowiak & Kuczyński, 2017), but not in hermit 

thrush playback studies (DeMerchant & Roach, 2022; Nesbitt et al., 2022). Birds in this 

study did not seem to have any overtly aggressive encounters in that the distance between 
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birds was never measured to be less than thirty metres (though see section on Song 

Flurries below). However, distance between birds still affected song rate, suggesting 

some kind of interactive dynamic. When closer to their neighbour, some birds increased, 

whereas others decreased their song rates. If these changes in song rate are related to 

aggression or defense, they seem to be part of an ongoing, lengthy interaction. This 

variance in direction of effect is also consistent with the findings for the other temporal 

measure, song overlap. 

Song Overlap 

Some birds in this study overlapped songs with their neighbour more than would be 

expected by chance, whereas others overlapped less than expected by chance. These 

findings are substantially different from those reported by DeMerchant et al. (2024). 

They found evidence of overlap avoidance in various hermit thrush contexts, including 

naturalistic countersinging, but did not find any instances where overlap was significantly 

above chance levels. However, they note that song overlap can be highly variable, both 

between species (Ficken et al., 1974) and within species (Hultsch & Todt, 1982). 

Considering that much of the intentional overlap in this study occurred within one 

neighbourhood of birds, it could be that for hermit thrushes, intentional overlap occurs in 

specific contexts whereas overlap avoidance is a more general behaviour. There is also a 

notable difference in methodologies between these studies: DeMerchant et al. did not 

measure the positions of birds relative to each other or relative to the microphone. At 

typical hermit thrush distances, overlap rates will likely be affected by sound lag between 

birds and the microphone(s). 
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While many studies measure singing at such close distances that sound lag is 

unlikely to affect results, at least one other study that measured song overlap over large 

distances corrected for this (Wilson et al., 2016). They assumed the focal bird’s frame of 

reference to be the most relevant and adjusted song timings accordingly. In this study, 

overlap was tested in all three frames of reference for all these pairings: the two birds’ 

frames of reference and the ‘actual’ clock timing that only someone standing halfway 

between the two birds would perceive. Like Wilson et al., we assumed that a bird’s own 

frame of reference would be most relevant and that is the frame that had the most 

significant comparisons. However, it is worth noting that the results were still significant 

and different in the various reference frames. If overlap is a signal intended for the 

neighbouring bird or a potential third party (such as a discerning female), other reference 

frames could be more relevant to the focal bird. A study that dives deeper into these 

overlap dynamics could potentially provide better evidence on which frame of reference 

is relevant to the birds, for example by rigorously assessing the dynamics at play between 

networks of birds at varying distances from each other. 

Even if such considerations seem overly complicated to a species that evolved in 

close contact with its conversation partners (humans), such calculations and 

considerations could be very important for a species that has evolved with 

communicating individuals being approximately 100m apart. Again, this would depend 

on the purposes of song overlap and the specific selection pressures that shaped the 

behaviour. 

Though the purpose of song overlap remains unclear (Naguib & Mennill, 2010), it 

is fascinating to wonder about how communication networks affect such dynamics. There 
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is only so much acoustic space available and if birds are within earshot of four different 

neighbours, they could be forced to make decisions about whose songs to overlap and 

whose to avoid. This was seen in the network dynamic between frye1, frye3, and frye4 

(Figure 8). Conversely, if all birds in a network want to overlap, this is much more 

possible, as seen in the BBF neighbourhood where nearly every pairing showed overlap 

above chance levels. It may be worth noting that the particularly dense song flurry in 

Figure 14 (bottom right) occurred at the end of the recording which had the most overlap 

between birds. However, the other song flurries in the dataset did not occur on recordings 

with significant overlap or avoidance, so though it is a tantalizing idea, there may be no 

relationship between overlap and flurries. 

There was an interesting relationship between two birds, where BBF2 had 

significant overlap increase while BBF3 simultaneously had significant overlap 

avoidance. The imbalance of overlap between these neighbours suggests some kind of 

dominance or role-taking behaviour, similar to the differences in overall song output. It 

must be noted that BBF3 was singing much more rapidly than BBF2 (average time 

between songs was 3.62s versus 4.79s, respectively). This affects the null models 

generated and the expected overlap amounts. Second, the frame of reference has a 

potentially important affect on overlap due to the speed of sound. Both songs are shifted 

in time, forward or backward ~0.3 seconds depending on the frame of reference. This 

amounts to a ~0.6s shift in relative song timing between the two frames of reference. 

Since songs are typically between 1 and 2 seconds, this makes an enormous difference 

for whether a song overlaps or not. For example, if BBF2 was consistently placing its 
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songs at the tail end of BBF3s songs, say in the last 0.5 seconds, then from BBF3’s 

perspective those songs would not be overlapped.   

As with other species, such as blue tits, song overlap interacted with movements 

(Poesel & Dabelsteen, 2005). Interestingly, the two temporal measures, overlap and song 

rate were the two measures that varied most with distance between birds, and both 

measures increased or decreased, depending on the bird. Considering that birds are 

variably engaged in both intentional overlap and overlap avoidance, it is perhaps not 

surprising that distance to the neighbour affects this activity in similarly diverse ways. 

However, there did not seem to even be a trend such that the significant direction 

increased or decreased with proximity. Some birds that were engaged in intentional 

overlap overall decreased their overlap at a closer distance, whereas others increased their 

overlap at a closer distance. Such findings provide further evidence that song overlap and 

song timing, in general, is a complex dynamic for the hermit thrush. 

One recent study uses more precise measures than overlap to explore other 

potential timing dynamics between countersinging birds (C. J. Taylor et al., 2019). The 

current study suggests that such precision could be fruitful for hermit thrush research, 

especially if sound lag, bird movement, and song timing are all considered together. 

Finally, if the other measures, such as syntactical interactions, are a part of this 

overlapping dynamic, they may also help explain the diversity in direction and 

significance. 
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Syntax Consistency 

Syntax consistency did not differ between countersinging and solo singing. This, at 

first glance, seems to suggest syntax, at least at the crude level of consistency, plays little 

role in countersinging. The effects of syntax have been varied in other species, with some 

showing the relevance of syntax to both male and female listeners (Balaban, 1988; C. E. 

Taylor et al., 2017), others finding singing responses but no physical responses to 

syntactical changes in playback stimuli (Hedley et al., 2017), and still others finding no 

effect of syntax (Emlen, 1972). The only published hermit thrush experiment that altered 

syntax found no change in territorial response when playback syntax was altered (Nesbitt 

et al., 2022). One important consideration when interpreting any of these studies is 

context, such as distance or familiarity between birds, discussed below under ‘Summary 

of Countersinging Behaviours.’ 

In the current study, consistency decreased when birds were countersinging near to 

each other compared to far away. This suggests that they are singing less predictably, or 

more interestingly, when they are close to neighbours. It also suggests that they are 

singing more predicably when they are far from neighbours. Given that there was no 

difference between solo singing and countersinging, we can deduce that solo singing 

syntax settled on some kind of average or in-between baseline and then increased or 

decreased from that baseline when birds were countersinging, depending on distance 

apart. One could imagine that birds ‘practice’ or default to their various syntactical tricks, 

both consistent and not, while solo singing and then choose those patterns more 

intentionally when another bird engages with them. It is worth noting that the direction of 

effect that distance has is what one would expect if a syntactical interaction were taking 
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place, with lower consistency (less predictability) when nearer being indicative of novel 

or interesting song choices in response to the neighbour. Like how song rate increased 

when birds were countersinging, syntax became more complex when birds were closer 

together. Both these findings suggest that countersinging is an activity birds are engaging 

in rather than avoiding or ignoring. 

Song Switch Rate 

Another measure of syntax, song switch rate (between high and low songs) was not 

different, for the group, between solo singing and countersinging. However, it 

significantly increased for some individuals when they were countersinging, suggesting 

that song switch rate only changes in certain contexts or for certain individuals. Further to 

this point, for one bird, frye3, switch rate similarly increased when the bird was closer to 

its neighbours, significant after adjustment for multiple comparisons when its two singing 

bouts on consecutive days were pooled together (p < .001). 

Switch rate has been shown to play varying roles among songbird species. Some 

have demonstrated greater territorial responses when song switch rate is increased in 

playback stimuli (Molles, 2006). Other studies have shown that birds responded with 

higher switch rates during simulated intrusions (Ali & Anderson, 2018). Red-winged 

blackbirds increased their switch rates when presented with a female taxidermic mount 

and decreased their switch rates when presented with a male, suggesting that switch rate 

plays varying roles in both mate attraction and intrasexual dynamics (Searcy & 

Yasukawa, 1990). A naturalistic study, recording neighbouring banded-wrens 

demonstrated that higher switch-rates were predictive of a bird retreating from a 

boundary dispute (Vehrencamp et al., 2014). 
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The results from this study suggest that the role switch rate plays in typical hermit 

thrush interactions is very context specific, with significance only being found during 

some of the recordings, and the role of distance only being a significant factor for one of 

the birds. Interestingly, the switch rate that varied with distance (from frye3), was 

measured against different neighbours on different days, but had the same direction of 

effect on both days, even though the neighbours are in different directions and were 

singing on both days. It is difficult to explain this finding with only one example (Figure 

8), but it underscores the need for a deeper analysis of potential network dynamics. 

Frequency Matching 

Consistent with DeMerchant and Roach’s (2022) findings, birds tended to avoid 

matching the frequency of the most recent song from a neighbour. As DeMerchant and 

Roach discuss, this could be an effort to broadcast at an available frequency while 

countersinging or it could be interpreted as ‘song advancing:’ since birds tend to oscillate 

between high and low songs, avoiding the frequency of the most recent song is an 

effective way to pre-emptively sing the frequency of the neighbour’s next song. Song-

type advancing has been demonstrated in other birds, including the wood thrush 

(Whitney, 1985). 

Also, high frequency matching rates differed more from expected rates than low 

matching rates did. Although this measure, by using an absolute difference, incorporates 

the few instances where matching rates were above expected rates, if one repeats the 

Wilcoxon signed-rank test with only the twenty-one pairings that showed a decrease in 

both high matching and low matching, high matching avoidance is still significantly 

greater, W = 29.0, p = .002 (preferential avoidance of high matching is also seen in 
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Figure 15, in the next section, titled ‘conventional matching’). This potentially supports 

the song advancing interpretation since avoidance of matching high songs is especially 

true in solo singing, in that hermit thrushes very rarely follow their own high songs with 

high songs even though they regularly follow their own low songs with low songs (Roach 

et al., 2012). So, if the intention is to guess the pitch of the neighbour’s next song, 

avoiding frequency matching of high songs is very effective in that the neighbour will 

almost certainly be singing a low song next. 

That still does not rule out the role of acoustic interference because interference at 

high frequencies may very well be more disruptive: high frequency songs sung from a 

perch in the forest attenuate more rapidly and travel less far (Marten & Marler, 1977). 

Heterospecific vocalizations and habitat could also play a role in which frequencies are 

most important for avoiding interference (Brumm, 2006; Roach & Phillmore, 2017). So, 

though the purpose remains unclear, it seems that hermit thrushes preferentially avoid 

singing high songs after high songs, whether they, or a neighbour, sang the most recent 

song. 

Another relevant piece of evidence is that frequency match avoidance did not differ 

significantly when birds were near versus far away from each other. Since it appears to be 

unchanged by bird movements in relation to their neighbour—unlike many of the other 

measures—this lends some weight to the acoustic interference hypothesis in that an 

unchanging behaviour is less likely to be part of an interactive dynamic. That said, 

perhaps the most intriguing frequency matching question from the present study is how 

frequency match avoidance might relate to conventional matching.   
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Conventional Matching 

The finding that most suggests ‘true conversation’ between neighbours is the 

statistical prevalence of conventional matching (Burt & Beecher, 2008). The term 

‘conventional’ comes from the idea that songs are being matched purely by arbitrary 

convention rather than because of similarities in song structure. This is particularly 

interesting since hermit thrushes do not typically share songs and cannot therefore song 

match or repertoire match in the dynamic and fascinating way that some species, such as 

song sparrows, do (Anderson, Searcy, & Nowicki, 2008; Searcy et al., 2014; Todt & 

Naguib, 2000; Yuan & Price, 2011). Though only the most abundant song-types met the 

criteria for statistical analysis, the birds chose from these song-types differently 

depending on what song-type was just sung by their neighbour. 

There was no obvious pattern, rule, or shared characteristic between these matched 

song-types, such as similar frequencies or similar spectral shape, but a deeper analysis of 

these matches and their characteristics, such as pitch, timing, shape, and amplitude, might 

reveal some rules or indicators for which song-types tend to be matched. Still, a few 

general observations were made. First, whatever rules or factors are guiding conventional 

matching, they seem to accommodate the already established hermit thrush solo singing 

behaviours such as immediate variety—a bird almost never consecutively repeats a song-

type. This affects conventional matching because it means that matching is 

unidirectional: bird1 might typically respond with song ‘A’ to bird2’s song ‘C’, but that 

does not suggest that bird2 typically responds with song ‘C’ to bird1’s song ‘A’. Since 

they almost always sing with immediate variety, such cyclical patterns of conventional 

matching are unlikely and were rare or non-existent in the dataset. 



70 
 

Similarly, as discussed under frequency matching, there tends to be a particular 

reluctance to respond to high songs with high songs. The lighter region in the bottom 

right of Figure 15 (below) shows how the focal bird only rarely responded to high songs 

with its own high songs (letters later in the alphabet correspond to higher pitches). This 

was not so true of low song-types: though the focal bird generally matched low songs 

below chance levels, it still had a particular preference for following its neighbour’s song 

‘B’ (which is low) with its own song ‘D’ (also low). 

Figure 15 

Heat map of focal bird’s responses (columns) to a neighbour’s song-types (rows). 

 

Note. Rows represent the neighbour’s song-types and columns represent the focal bird’s 

next song within ten seconds, after adjusting for sound lag. 
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The statistical significance of conventional matching tells us some interesting 

things about hermit thrushes. First, it demonstrates an exquisite (even if unsurprising) 

ability to rapidly discern and categorize hermit thrush song. It also suggests that birds are 

paying attention to each other at the fine-grained level of song-type shape rather than 

only coarse features like timing, amplitude, and general frequency. That the conventional 

matching was statistically significant even when exploring only low frequency songs was 

particularly exciting because it strongly suggests attentiveness to individual song-types 

and not just the coarse categorization of high versus low song. As mentioned before, a 

bird that avoids frequency matching might merely be trying to broadcast at a vacant 

bandwidth, but a bird that is preferentially responding with certain song-types even when 

all the frequencies are similar, is likely doing something much more complex and 

interactive. Indeed, it could even be that frequency match avoidance is one part of an 

overall conventional matching dynamic: frequency could be one of several factors 

considered when a bird chooses its typical responses to any of a neighbour’s song-types. 

That frequency match avoidance has been observed during simulated intrusions using 

songs unknown to the focal bird complicates this possibility, but it could still be that 

frequency match avoidance is a basic or ‘small talk’ version of an eventually more 

complex and intimate conventional matching dynamic. 

Conventional matching also suggests that we have been categorizing song-types in 

a way that is perceptible and relevant to the birds. A solitary bird’s non-random, partially 

ordered syntax already provides some evidence and justification for our classification 

system, but this research adds to that evidence because it suggests that birds are listening 

to, and distinguishing between, each other’s song-types. 



72 
 

As mentioned, recent research has demonstrated that hermit thrush consistency 

diminishes during the season (Roach et al., 2024). The main explanation provided is that 

consistent, predictable, syntax could be an important signal during the beginning of the 

season when birds are establishing their territories and attracting a mate. However, the 

researchers also point out the possible confounding influence of social context, not 

measured in the study. The current findings, and especially that of conventional 

matching, suggests that social context could very well be affecting this drop in 

consistency through the season. If birds are gradually establishing communicative 

relationships with neighbours, and these relationships depend on learning neighbours’ 

repertoires and interactive syntactical adjustments, then consistency would decrease as 

these relationships are established and syntactical interactions increase. An individual’s 

syntax may not be the signal, per se, but rather a baseline from which to start forming 

syntactical patterns and relationships with neighbours. Of course, the two explanations 

are not mutually exclusive: consistency could be important during the establishment of 

territories, and then interaction and syntactical adjustment could be increasingly 

important as the season progresses. 

A word of caution is in order: the several syntactical behaviours that have reached 

statistical significance in hermit thrush studies could be, in theory, influencing each other. 

For example, the crude, or general, measures such as syntax consistency could be 

changing between contexts because of the finer, momentary behaviours such as 

frequency match avoidance or conventional matching. The opposite is also possible: two 

birds with highly consistent individual syntax, if trading songs back and forth, would 

inevitably be conventional matching. Mathematically, two Markov chains with 
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sufficiently strong state dependence, when interlaced with each other, can produce a third 

Markov chain that retains dependence. The question is whether there is enough variation 

in song timing and individual consistency to suggest that these conventional matching 

results are statistically valid. It seems probable, given the variance observed in song rate, 

consistency, and overlap, all of which would decrease this ‘interlacing’ effect. An 

analysis that generates null countersinging models based on each bird’s individual 

Markov dependence could help address this question. 

Assuming it is a real and relevant behaviour, what might be communicated when a 

hermit thrush conventionally matches? Two possible functions are familiarity and 

attention: responding differentially to a neighbour’s unique and specific songs is an 

unmistakable and unfalsifiable way for a bird to say, ‘I know you and I hear you.’ If birds 

are forming coalitions or hierarchical relationships throughout neighbourhoods, such 

information could be crucial. These dynamics could also be relevant to a listening female 

who is considering potential mates for a second seasonal brood. Future research will 

hopefully elucidate whether other, more complex, information might be embedded in 

these syntactical exchanges. 

Summary of Countersinging Behaviours 

All the countersinging behaviours measured in this study showed significance in at 

least one of the contexts they were measured in (Table 3). Furthermore, several of these 

behaviours were statistically different when birds flew to perches that were closer to each 

other versus farther away. Therefore, this study provides strong evidence across multiple 

measures that neighbouring hermit thrushes are interacting through both singing and 

movement on typical mornings throughout the breeding season.  
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Table 3 

Summary of significant effects for singing behaviours. 

Behaviour Individuals  Group  Direction 

General Countersinging    
Freq. Matching ✓ ✓ Less than chance 

Song Overlapping ✓ ✓ Both 

Conv. Matching ✓ ✓ N/A 

Solo vs Countersinging    
Song Rate ✓ ✓ Both 

Syntax Consistency    
Song Switch Rate ✓  more when countersinging 

Near vs Far    
Song Rate ✓ ✓ Both 

Syntax Consistency  ✓ Lower when near 

Song Switch Rate ✓?  More when near 

Frequency Matching    
Song Overlapping ✓ ✓ Both 

Note. Check marks indicate findings that were significant either as a group or 

individually after correcting for multiple comparisons. The question mark indicates the 

one outlier bird (frye3) that only reached multiple comparison significance (p < .001) 

when both its recordings were pooled. 

As discussed above, some of the findings, such as syntactical interactions and 

increased song overlap, were different from what has been found during simulated hermit 

thrush intrusions (DeMerchant et al., 2024; Nesbitt et al., 2022). It seems that this study 

took place in a categorically different context than that which is measured during 

simulated intrusions. Such playback studies typically provoke a response in which the 

hermit thrush swoops at, and actively moves around, the playback speaker. However, all 

the 16,403 songs recorded and triangulated in this study occurred without any overlap in 

territorial boundaries and birds were never estimated to be closer than thirty metres apart. 
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Such differences suggest a need for caution when applying findings from one context to 

the other. While the countersinging in this study could still be relevant to territorial 

defence, it would be in a way that is consistent with the Social Dynamics Hypothesis—

important for ongoing relationships but not necessarily for territorial intrusions. 

Also, with all these countersinging behaviours, it is important to remember that just 

because we define and measure a behaviour does not mean it is the behaviour that the 

bird cares about: the more complex the interaction, the more likely we are to be 

measuring a statistical artefact or proxy of an underlying or adjacent behaviour that has 

not been considered, defined, or measured. For example, one distant cousin of the hermit 

thrush, homo sapiens, uses communication rife with statistically significant measures that 

a speaking individual does not consciously think or care about (Cong & Liu, 2014; Knill 

& Young, 1997). That human sentences demonstrate Markovian dependence does not 

suggest that humans are particularly concerned with statistical features of speech: the 

statistical features are rather a byproduct of the rules of human language. Theory-based 

experiments in relevant contexts, such as well-designed playback studies, are essential for 

demonstrating whether we are measuring phenomena that is specifically relevant to the 

bird. 

Novel Phenomena 

Song-type Sharing 

Until this study, there has been no evidence of song-type sharing in hermit thrushes 

across many studies and many more recordings. However, the process of juvenile birds 

learning their songs from adult birds almost inevitably makes birdsong subject to cultural 
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evolution, which would involve song similarities whether they be specific song-types or 

dialects. Indeed, past research has described regional differences in hermit thrush song 

(Roach & Phillmore, 2017). 

Two neighbours in this study had the same size of repertoire and several songs that 

had an uncanny resemblance to each other. Such similarities in repertoires could provide 

a context in which to explore vocal learning, song divergence, and cultural evolution. 

Given that hermit thrushes often return to the same territories every year (Dellinger et al., 

2020), it is possible, maybe even probable, that the song sharers in this study are 

genetically and socially related such that one of them learned songs from the other or 

both learned songs from a mutual parent or neighbour. It would be fascinating to conduct 

a longitudinal study that explores song learning and divergence in hermit thrushes and 

whether shared repertoires like the two in this study are a fluke or perhaps one stage in a 

divergent learning process (Freeman et al., 2017). 

For those unfamiliar to hermit thrush song-type categorization, a deeper 

explanation may be necessary. Researchers sort song images (spectrograms) into 

categories based on their similarity to each other. After minimal training and practice, a 

researcher’s selected and sorted categories will be nearly identical to another researcher’s 

categories (Roach et al., 2012). Sometimes there is a difficult decision to make, such as 

whether to split a given category into two or collapse two categories into one, but 

generally the decisions are clear and straightforward. Most importantly, the differences 

between two birds’ repertoires are typically large enough that if a researcher has the 

birds’ repertoires as a reference, then any individual song at a sufficient amplitude can be 

quickly and accurately assigned to the correct bird without any other cues such as timing 
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or location. Indeed, the current study, in part, depends on this uniqueness to conveniently 

assign songs to individuals (amplitude on recorders, song timing, and triangulated 

location all serve as independent verifications). 

What is striking about the two birds in this study, GB1 and BBF7, is that several of 

their song-types were so similar as to be mistakable or almost mistakable if they had been 

singing on the same recorder at the same time. Indeed, they were mistaken as the same 

bird until their full repertoires were catalogued and compared. Further confirmation came 

when the two birds were found to be singing at different locations at the same time. 

Song Flurries 

There were five instances of rapid, soft song that, on a spectrogram, looked notably 

different from regular hermit thrush singing (Figure 14). Though they are distinct from 

regular song, there are several good reasons to believe that these song flurries are, in fact, 

hermit thrush vocalizations: (1) they all occurred on hermit thrush territories near where 

hermit thrushes had just been singing; (2) they are very similar in frequency and shape to 

hermit thrush song; (3) they never coincided with regular singing; (4) they consistently 

interrupted, or stopped, hermit thrushes’ singing. Leading up to the flurries, singing 

looked typical on the spectrograms, but all flurries were followed by a long, silent period. 

Indeed, two of the flurries coincided with the end of the entire session for a bird that had 

been previously singing regularly and did not sing again for the rest of the recording 

session. For example, on May 7, 2024, a song flurry on frye32’s territory coincided with 

frye32 stopping singing for the remaining forty minutes. During that time there were two 

more flurries on its neighbour, frye31’s territory, both of which coincided with long 

pauses in frye31’s singing. 
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One possibility is that these flurries are part of a territorial intrusion or conflict 

between two birds. Faster, more complex, singing has been associated with aggressive 

conflict in other species (Hill et al., 2018; Linhart et al., 2013). Similarly, soft song, a 

type of singing that is low-amplitude and sometimes consists of novel song-types, has 

been associated with aggression in other species (Anderson, Searcy, Peters, et al., 2008; 

Reichard & Welklin, 2015). If these flurries are an aggressive signal, then it is surprising 

that these particular vocalizations have not been reported in the hermit thrush playback 

studies that involve simulated intrusions (DeMerchant & Roach, 2022; Nesbitt et al., 

2022). That said, abridged songs have been observed during intrusions (DeMerchant & 

Roach, 2022). These are songs that look typical on a spectrogram except that they are 

missing the characteristic introductory note. They were also reported to be low-amplitude 

and sometimes not part of the bird’s typical repertoire. The flurries reported here 

similarly contain soft, novel song-types that sometimes have an abridged structure. The 

difference seems to be that the flurries were dense bursts of consecutive song, whereas 

the abridged songs from the playback study were reported as more singular and distinct. 

If the singing behaviours from these two studies are related, then a better 

understanding of these flurries could help elucidate which aspects of a simulated 

intrusion are, or are not, externally valid. For example, none of these flurries were 

preceded by another individual approaching the recorder array while singing. If these 

flurries are fights due to territorial intrusions, then they seem to be silent stealth attacks as 

opposed to heralded or trumpeted invasions. If hermit thrush intrusions are typically 

silent until bursting into these flurries, that would be a very important finding for the 

design of future playback studies and the interpretation of past playback studies. 



79 
 

Another possibility is that these flurries are a mating interaction. In other species, 

soft song is not only used in aggressive contexts, but also during courtship (Reichard & 

Welklin, 2015). This would be consistent with no other bird being heard approaching 

during the lead up. Hermit thrush territories often have two nesting adults, a male and 

female (Dellinger et al., 2020). Only one, assumed to be male, is typically singing. So, if 

the flurries are an interaction between birds, one might consider the mating pair to be the 

most likely candidates. If it is a mating interaction, it reinforces the theory that their 

typical singing is purposed, in part, toward mating, since they pause for a long time after 

these flurries. A third option, related to this, is the possibility of extra-pair mating, where 

females or males could be ‘sneaking’ onto another territory to copulate with a neighbour. 

Extrapair copulation has been extensively documented and researched in other territorial 

songbirds (Akçay et al., 2012; Dalziell & Cockburn, 2008; Poesel et al., 2011). 

Unfortunately, we cannot even confirm whether any of these flurries are sung by 

one or more birds. Hermit thrush song often simultaneously broadcasts on multiple 

frequencies such that it appears quite possible that one bird could produce this level of 

acoustic complexity (Roach et al., 2012). The flurries were also too soft to be triangulated 

accurately, but the general location can be assumed based on the few recorders that 

picked up each flurry and the relative amplitude on those recorders. In one case, the 

flurry was so close to a recorder that the bird could be clearly heard quickly passing the 

recorder from the left to right microphone, such that we can assume that the bird was in 

flight while singing the flurry. That at least one of the five flurries coincided with rapid 

movement further suggests some kind of activity, urgency, or multibird interaction as 

opposed to the solitary, perched, passive singing that we typically observe. 
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Limitations 

All the birds in this study were recorded in southwestern New Brunswick, Canada. 

As mentioned above, geographical variations in hermit thrush singing have been 

documented (Roach et al., 2024; Roach & Phillmore, 2017), so the findings in this study 

should be applied cautiously to other geographic areas. For example, the frequency gap 

that delineates high and low songs, relevant to the measures of song switch rate and 

frequency matching, have been found to be different for hermit thrushes in other areas. 

Such differences are measurable in birds as close as Maine and Nova Scotia, both of 

which border on New Brunswick, but hermit thrushes sing and breed across North 

America. Such differences could change how the measures in this study would be defined 

and could change how birds make use of these singing behaviours. 

Also, breeding status was not measured in this study and is known to affect singing 

across songbird species (Upham-Mills et al., 2020). Consequently, some of the variation 

in singing behaviours, including bidirectional effects, across the sample could be due to 

changes in breeding status. It could be worth exploring whether song overlap rates, which 

varied so greatly across individuals and contexts, are varying due to changes in breeding 

status. 

Also, the measures in this study were all dyadic, such that the impact of 

communication networks, though hinted at with diagrams and comparisons, was not 

strictly measured or defined. For example, solo singing was defined as any time a bird 

was singing when its focal neighbour was not singing. Other neighbours may have been 

present and may have been singing at that time. Some of these birds had other known 

neighbours noted by the field researcher whereas others did not. Therefore, the 
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comparisons between countersinging and solo singing should be interpreted accordingly, 

as a potentially relevant change in context, but not necessarily the change that the labels 

imply. Similarly, the distance measures between birds were only for the two focal birds, 

but at times, there were other neighbours singing. Therefore, when a bird was farther 

from its neighbour, it may have been closer to its other neighbour(s). This could affect 

the results by effectively erasing relevant changes in song. For example, a bird may have 

increased its song rate while on either of its borders and decreased its song rate when in 

the middle of its territory. Such a phenomena would likely be averaged out and remain 

undetected in the current study. 

Another limitation is the precision of triangulated locations. With the equipment 

and the methods used, we were able to have confidence in general bird locations, within 

approximately ten metres, but smaller movements would be undetected. Related to that, 

the crude division of a median split for distance between birds is less than ideal. As 

mentioned in the Method, a correlational measure could provide much better clarity, 

especially for the interactions that relate to distance. However, to be accurate and 

relevant, these measures would require a sophistication beyond the scope of this thesis 

and may require theory-based hypotheses that include relevant time intervals and 

distances for the measures being compared (Mills, 2011). Also, some singing behaviours 

may correlate specifically with bird movement throughout their territory, as opposed to 

mere distance between neighbours, but such correlations were not measured in the 

current study and would be more reliable with better triangulation precision and 

accuracy. 
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Implications and Future Research 

This study, perhaps more than any other, calls into question whether the hermit 

thrush has been aptly named: it seems that interactions and relationships are taking place 

daily between neighbouring birds. That significant findings were spread out from late 

April to early July suggests that these interactions are a common part of hermit thrush 

singing throughout the breeding season and not just important in the initial establishment 

of a territory and attraction of a mate. 

The study also suggests that interactive dynamics are happening on large time 

scales. Many of the phenomena in question were only significant on the scale of many 

minutes or hours. Hermit Thrushes sing a lot, on the scale of thousands of songs per day 

over months (even with intermittent quiet periods). If we assume this abundance of 

singing is purposeful, then it stands to reason that short recordings, on the scale of human 

conversations, might not elucidate the purpose(s) of so much singing. Researchers are 

now able to affordably capture and analyze larger and larger datasets that could be more 

proportional to the phenomena in question. If these bird conversations and relationships 

take place over hours and days and seasons, then perhaps the thousands of songs 

analyzed in this study are at the lower end of what is meaningful and relevant for the 

social dynamics at play between neighbours. 

Whether that turns out to be true, I believe the planned and unplanned findings of 

this study justify follow-up research on an even larger scale. This is because the most 

striking findings in this study either involve patterns detectable on large datasets or 

involve events that are incredibly rare. These rare phenomena, such as the song flurries, 

can only be studied naturalistically if we have sufficiently large datasets to capture 
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multiple occurrences. Although rare, such events may be a crucially important climax to, 

or culmination of, hours of seemingly mundane birdsong. Without these moments we 

might entirely misunderstand the hours of lead-up, and without the hours of lead-up we 

might misunderstand these moments.    

For the kind of large study I am recommending, two improvements would be 

helpful or necessary: clock-synced recorders and better automation of hermit thrush song 

selection. The former already exists but was too costly for this project. It would save an 

enormous amount of time, hassle, and complication at the data collection stage, since a 

researcher could just leave the automated recorders in the woods and collect them on 

their own schedule. It would also increase triangulation accuracy (due to automated 

clock-syncing) and nearly eliminate human disruption as a confounding variable. That 

said, many of the behaviours in this study could be explored without triangulation. 

Automated song selection, driven by advances in machine learning, is improving at a 

rapid pace and, once accurate and fast enough, would save an enormous amount of time 

and effort in analyzing very large datasets. The software built and used in this study was 

helpful, but analysis still required a large amount of manual work. The more we can 

automate the repetitive and tedious tasks, the more a researcher can focus on questions, 

exploration, complex analysis, and insights. 

 There is also the essential interplay in all animal behaviour research between 

naturalistic observation and experimentation. A future researcher could take the findings 

from this naturalistic study and design experiments around them. I would be most 

interested in an experiment that simulates a neighbour rather than a territorial intrusion. 

Again, this is because all the songs that were triangulated took place without location 
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overlap between singing neighbours. In fact, to my knowledge, no one has ever recorded 

or documented a naturalistic hermit thrush intrusion. We do not know what they might be 

like or how often they might occur. While simulated intrusions clearly provoke 

interesting and consistent responses, it would be incredibly helpful if we had naturalistic 

recordings of intrusions from which to design and interpret these studies. 

As it is, experimentation within the contexts that we are recording and observing 

has been relatively understudied and could be potentially fruitful. Such a study could use 

an (ideally automated) speaker on an empty neighbouring territory to explore how 

conventional matching and other factors affect singing over hours, days, or a season 

(Lerch et al., 2011). One could use real-time automated song detection and some basic 

programming to simulate an artificially intelligent interactive singing neighbour. Humans 

have had much more sophisticated AI conversation partners for years and it is about time 

hermit thrushes had their own version of Siri or ChatGPT. 

If there’s one overarching take-away from this study, it is that there are fascinating 

dynamics at play almost daily when hermit thrushes countersing and more research is 

needed if we are to understand those dynamics.  
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Appendix A 

Data Tables for Countersinging Behaviours 

Table A1 

Seconds between songs during solo singing and countersinging. 

Bird Solo Singing Countersinging p 

 M SD n M SD n  

07-07-2023        
peter2 4.08 0.73 348 3.98 0.89 308 .120 

peter1 N/A 1 4.11 1.13 280 N/A 

06-11-2023        
cham2 N/A 0 4.35 1.04 385 N/A 

cham1 4.50 0.70 443 4.11 0.44 415 .000 

06-22-2023        
BBF8 4.16 0.93 593 4.22 1.02 441 .315 

GB1 N/A 9 3.86 1.39 415 N/A 

06-23-2023        
BBF8 4.28 0.87 313 4.14 0.95 750 .024 

BBF9 N/A 2 4.49 1.35 569 N/A 

BBF3 N/A 0 4.15 0.93 385 N/A 

06-09-2023        
chick2 4.20 1.37 96 3.49 0.85 789 .000 

chick3 4.01 1.31 58 4.46 1.15 603 .005 

04-22-2024        
BBF3 N/A 4 3.63 0.75 735 N/A 

BBF2 5.09 1.27 243 4.80 1.00 551 .000 

04-26-2024        
frye3 N/A 2 6.24 1.45 469 N/A 

frye1 4.55 1.03 118 4.67 0.80 729 .153 

04-27-2024        
frye3 7.39 1.57 35 6.67 1.53 302 .009 

frye1 N/A 9 4.73 1.06 623 N/A 

frye4 N/A 0 4.70 0.88 537 N/A 

04-30-2024        
power1 N/A 8 3.70 0.82 729 N/A 

power2 3.08 0.63 338 2.95 0.58 961 .001 

05-06-2024        



109 
 

frye31 4.63 1.30 286 4.41 0.84 376 .010 

frye32 5.11 1.33 44 4.39 1.03 382 .000 

05-07-2024        
frye31 3.93 1.01 333 3.84 0.64 244 .216 

frye32 N/A 0 3.73 0.90 234 N/A 
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Table A2 

Frequency matching versus expected rates. 

Bird # of songs 
Match % vs 

Exp. 
p 

 low high low high low high 

07-07-2023       

peter2 566 100 -4.60 -8.77 .131 .208 

peter1 246 43 -0.36 -6.55 1.000 .445 

06-11-2023       

cham2 380 88 -2.45 -13.80 .413 .001 

cham1 904 182 -6.13 4.07 .015 .417 

06-22-2023       

BBF8 1060 252 -8.50 -4.50 .013 .295 

GB1 304 175 -1.85 6.06 .669 .378 

06-23-2023       

BBF8 1010 280 -1.36 0.97 .531 .799 

BBF9 575 114 1.22 -0.29 .628 1.000 

BBF8 1010 280 -0.48 -1.34 .877 1.000 

BBF7 354 76 -1.84 -3.39 .556 .609 

BBF9 575 114 -1.55 -0.55 .607 1.000 

BBF7 354 76 -1.39 0.51 .675 1.000 

06-09-2023       

chick2 605 419 -3.26 -2.52 .307 .509 

chick3 395 276 -1.30 -2.56 .735 .521 

04-22-2024       

BBF3 621 153 -4.04 -13.01 .099 .004 

BBF2 694 110 -0.57 0.42 .793 .864 

04-26-2024       

frye3 541 93 -3.42 -7.53 .143 .064 

frye1 785 190 -4.49 -6.67 .056 .177 

04-27-2024       

frye3 509 98 -1.70 -7.98 .593 .156 

frye4 440 107 0.92 -0.81 .844 1.000 

frye3 509 98 -4.03 -9.10 .135 .053 

frye1 638 157 -1.74 -1.57 .485 .881 

frye1 638 157 -1.28 -2.51 .638 .670 

frye4 440 107 -1.73 -8.31 .558 .089 

04-30-2024       

power1 624 257 0.57 1.56 .847 .671 

power2 872 537 -6.42 -5.99 .014 .113 
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05-06-2024       

frye31 570 301 -1.41 2.94 .665 .684 

frye32 347 87 -4.95 -6.13 .163 .142 

05-07-2024       

frye31 475 247 -3.35 -3.70 .376 .668 

frye32 251 85 -0.70 -1.43 .918 .890 
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Table A3 

Conventional matching for birds that qualified for 4x4 chi-squared test. 

Bird Neighbour 

Neighbour 

Song-

types 

Focal 

Song-types 
n χ2 p 

06-11-2023       
cham2 cham1 5 5 151 30.75 .014 

cham1 cham2 6 6 220 26.14 .400 

06-23-2023       
BBF8 BBF9 7 10 560 58.41 .317 

BBF9 BBF8 9 7 531 64.96 .052 

BBF8 BBF7 4 5 131 14.84 .250 

BBF7 BBF8 4 5 120 7.68 .810 

BBF9 BBF7 4 4 89 18.54 .029 

06-09-2023       
chick2 chick3 10 8 572 86.33 .027 

chick3 chick2 8 10 547 77.76 .100 

04-22-2024       
BBF3 BBF2 4 10 301 60.57 .000 

BBF2 BBF3 10 4 288 41.65 .036 

04-26-2024       
frye3 frye1 8 7 433 40.83 .522 

frye1 frye3 7 8 455 61.52 .026 

04-27-2024       
frye4 frye3 4 4 100 5.37 .801 

frye3 frye1 4 7 238 26.80 .083 

frye1 frye3 6 7 316 48.75 .017 

frye1 frye4 7 8 430 51.90 .141 

frye4 frye1 7 7 389 63.12 .003 

04-30-2024       
power1 power2 10 9 642 79.12 .264 

power2 power1 9 10 687 97.26 .025 

05-06-2024       
frye31 frye32 4 6 170 11.93 .684 

frye32 frye31 6 4 167 34.62 .003 

05-07-2024       
frye31 frye32 4 6 138 16.46 .352 

frye32 frye31 4 4 96 5.48 .791 

Pooled Days       
frye31 frye32 8 9 622 76.61 .035 
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frye32 frye31 9 8 627 106.80 .000 

Pooled Days       
frye3 frye1 8 10 916 74.94 .144 

frye1 frye3 10 8 970 91.48 .011 
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Table A4 

Conventional matching for low songs only. 

Bird Neighbour Neighbour 

Song-type 

Focal 

Song-

type 

n χ2 p 

06-23-2023       
BBF8 BBF9 6 7 385 31.54 .389 

BBF9 BBF8 7 6 398 50.62 .011 

BBF8 BBF7 4 5 131 14.84 .250 

BBF7 BBF8 4 5 120 7.68 .810 

BBF9 BBF7 4 4 89 18.54 .029 

06-09-2023       
chick2 chick3 4 4 123 18.34 .031 

chick3 chick2 5 4 152 14.17 .290 

04-22-2024       
BBF3 BBF2 5 6 228 50.91 .000 

BBF2 BBF3 9 4 261 39.84 .022 

04-26-2024       
frye3 frye1 6 6 314 18.80 .807 

frye1 frye3 6 6 313 37.91 .047 

04-27-2024       
frye4 frye3 4 4 95 17.99 .035 

frye3 frye1 5 5 206 28.60 .027 

frye1 frye3 6 6 267 40.37 .027 

frye1 frye4 6 6 293 36.99 .058 

frye4 frye1 6 6 292 51.42 .001 

04-30-2024       
power1 power2 7 6 312 33.44 .304 

power2 power1 6 7 274 43.77 .050 

Pooled Days       
frye31 frye32 5 6 289 23.10 .284 

frye32 frye31 6 6 316 64.82 .000 

Pooled Days       
frye3 frye1 6 8 614 32.45 .592 

frye1 frye3 8 6 626 53.24 .025 
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Table A5 

Song overlap with a neighbour relative to generated null models. 

Focal Bird Neighbour Observed (s) 
Expected 

(s) 

Difference 

(s) 
   p 

2023, June 9      

  chick2 chick3 205.59 198.71 6.88 .526 

  chick3 chick2 192.20 203.72 -11.52 .330 

2023, June 11      

  cham1 cham2 123.82 121.28 2.54 .758 

  cham2 cham1 79.89 136.45 -56.56 .000 

2023, June 22      

  BBF8 GB1 93.20 29.75 63.45 .000 

  GB1 BBF8 111.41 32.34 79.07 .000 

2023, June 23      

  BBF7 BBF9 119.88 54.36 65.51 .000 

  BBF7 BBF8 135.66 71.62 64.04 .000 

  BBF8 BBF9 266.22 216.69 49.53 .000 

  BBF8 BBF7 123.84 64.34 59.50 .000 

  BBF9 BBF8 170.99 178.93 -7.95 .514 

  BBF9 BBF7 83.08 39.89 43.19 .000 

2023, July 7      

  peter1 peter2 91.07 78.18 12.89 .046 

  peter2 peter1 52.24 51.66 0.58 .896 

2024, April 22      

  BBF2 BBF3 73.35 142.11 -68.76 .000 

  BBF3 BBF2 275.79 216.14 59.65 .000 

2024, April 26      

  frye1 frye3 146.42 117.67 28.75 .002 

  frye3 frye1 127.41 132.17 -4.76 .644 

2024, April 27      

  frye1 frye4 119.58 143.66 -24.09 .018 

  frye1 frye3 116.93 107.25 9.68 .244 

  frye3 frye4 32.14 72.80 -40.66 .000 

  frye3 frye1 113.91 119.83 -5.93 .564 

  frye4 frye3 57.25 68.21 -10.96 .106 

  frye4 frye1 123.74 152.22 -28.48 .002 

2024, April 30      

  power1 power2 220.43 198.27 22.16 .056 

  power2 power1 210.31 195.54 14.77 .164 

2024, May 6      
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  frye31 Frye32 46.97 58.23 -11.26 .062 

  frye32 frye31 49.63 58.84 -9.22 .138 

2024, May 7      

  frye31 frye32 111.30 105.45 5.85 .462 

  frye32 frye31 57.32 67.17 -9.85 .116 
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Table A6 

Consistency scores between solo singing and countersinging. 

Bird Solo Singing Countersinging p 
 

Consistency n Consistency n 
 

07-07-2023      

peter2 .41 348 .38 308 .523 

peter1 N/A 1 .41 279 N/A 

06-11-2023      

cham2 N/A 0 .25 384 N/A 

cham1 .49 443 .42 415 .040 

06-22-2023      

BBF8 .35 593 .34 441 .691 

BBF3 N/A 9 .31 337 N/A 

06-23-2023      

BBF8 .37 312 .35 750 .673 

BBF9 N/A 2 .33 568 N/A 

BBF7 N/A 0 .39 385 N/A 

06-09-2023      

chick2 .36 96 .35 790 .735 

chick3 .32 59 .30 602 .657 

04-22-2024      

BBF3 N/A 4 .26 735 N/A 

BBF2 .39 243 .38 551 .937 

04-26-2024      

frye3 N/A 3 .44 467 N/A 

frye1 .36 118 .38 729 .683 

04-27-2024      

frye3 .37 35 .38 301 1.000 

frye1 N/A 9 .32 621 N/A 

frye4 N/A 0 .52 535 1.000 

04-30-2024      

power1 N/A 8 .44 728 N/A 

power2 .26 338 .25 960 .661 

05-06-2024      

frye31 .45 286 .50 376 .210 

frye32 .27 44 .38 382 .190 
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05-07-2024      

frye31 .43 332 .55 244 .005 

frye32 N/A 0 .43 233 N/A 
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Table A7 

Song switch rate between solo singing and countersinging. 

Bird Solo Singing Countersinging Difference p  
Switch Rate n Switch Rate n   

07-07-2023       
peter2 6.00 300 5.14 257 0.86 .439 

peter1 N/A 1 5.56 239 N/A N/A 

06-11-2023       
cham2 N/A 0 4.41 313 N/A N/A 

cham1 7.04 387 3.84 330 3.20 .000 

06-22-2023       
BBF8 4.38 482 4.05 352 0.34 .564 

GB1 N/A 6 1.76 259 N/A N/A 

06-23-2023       
BBF8 3.74 247 3.68 589 0.06 .932 

BBF9 N/A 1 5.17 476 N/A N/A 

BBF7 N/A 0 4.92 320 N/A N/A 

06-09-2023       
chick2 1.51 59 1.50 466 0.01 1 

chick3 1.80 36 1.50 351 0.30 .199 

04-22-2024       
BBF3 N/A 4 4.12 589 N/A N/A 

BBF2 6.66 213 6.06 473 0.59 .655 

04-26-2024       
frye3 N/A 1 4.90 387 N/A N/A 

frye1 4.17 96 4.11 584 0.06 1 

04-27-2024       
frye3 N/A 27 5.21 245 3.79 N/A 

frye1 N/A 8 4.16 503 N/A N/A 

frye4 N/A 0 4.08 433 N/A N/A 

04-30-2024       
power1 N/A 5 2.43 515 N/A N/A 

power2 1.69 208 1.62 596 0.06 .564 

05-06-2024       
frye31 2.01 191 1.89 242 0.12 .561 

frye32 4.00 36 4.07 305 -0.07 1.000 

05-07-2024       
frye31 1.94 219 1.95 162 -0.01 1.000 

frye32 N/A 0 2.79 170 N/A N/A 
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Appendix B 

Data Tables Comparing Singing with Distance Between Birds 

Table B1 

Song overlap rates when birds were near and far apart. 

Bird Near Far 

Odds 

Ratio p 

 Overlaps n 

Overlap 

Rate Overlaps n 

Overlap 

Rate   
04-22-2024         

BBF2 189 266 0.71 206 271 0.76 0.77 .204 

BBF3 195 353 0.55 218 356 0.61 0.78 .110 

04-26-2024         
frye3 171 262 0.65 145 254 0.57 1.41 .058 

frye1 174 370 0.47 137 351 0.39 1.39 .035 

04-27-2024         
frye4 47 151 0.31 52 163 0.32 0.96 .904 

frye3 51 111 0.46 54 109 0.50 0.87 .686 

04-30-2024         
power1 301 369 0.82 324 369 0.88 0.61 .024 

power2 351 483 0.73 311 468 0.66 1.34 .041 

05-06-2024         
frye32 74 187 0.40 100 187 0.53 0.57 .009 

frye31 89 184 0.48 97 180 0.54 0.80 .297 

05-07-2024         
frye31 81 107 0.76 65 108 0.60 2.06 .019 

frye32 68 102 0.67 80 102 0.78 0.55 .084 

06-09-2023         
chick3 197 259 0.76 220 259 0.85 0.56 .014 

chick2 214 354 0.60 244 365 0.67 0.76 .088 

06-11-2023         
cham2 93 190 0.49 116 189 0.61 0.60 .018 

cham1 103 206 0.50 136 205 0.66 0.51 .001 

06-22-2023         
BBF8 82 104 0.79 72 105 0.69 1.71 .116 

GB1 79 120 0.66 69 115 0.60 1.28 .418 

06-23-2023         
BBF9 193 288 0.67 217 287 0.76 0.66 .027 
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BBF8 200 327 0.61 223 342 0.65 0.84 .297 

07-07-2023         
peter1 64 104 0.62 58 103 0.56 1.24 .482 

peter2 73 120 0.61 77 113 0.68 0.73 .275 
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Table B2 

Frequency matching between when birds were near and far apart. 

Bird Near Far n p  
Matches Misses Matches Misses 

  

07-07-2023       
peter2 69 25 64 29 187 .522 

peter1 66 24 66 23 179 1.000 

06-11-2023       
cham2 113 62 115 60 350 .911 

cham1 118 61 122 57 358 .736 

06-22-2023       
BBF8 47 46 44 48 185 .769 

GB1 50 36 52 34 172 .877 

06-23-2023       
BBF8 177 84 180 81 522 .851 

BBF9 183 70 181 72 506 .921 

06-09-2023       
chick2 125 136 134 127 522 .484 

chick3 125 110 114 120 469 .356 

04-22-2024       
BBF3 183 77 167 92 519 .161 

BBF2 179 60 175 63 477 .754 

04-26-2024       
frye3 159 80 170 69 478 .323 

frye1 163 84 168 79 494 .702 

04-27-2024       
frye3 75 42 88 29 234 .088 

frye4 86 41 97 30 254 .162 

04-30-2024       
power1 187 133 187 133 640 1.000 

power2 162 181 174 169 686 .401 

05-06-2024       
frye31 101 63 97 67 328 .735 

frye32 93 73 85 80 331 .441 

05-07-2024       
frye31 44 47 56 34 181 .073 

frye32 55 32 53 34 174 .876 
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Table B3 

Time in seconds between songs for when birds were near and far apart. 

Bird Near Far n p 

  M SD M SD     

07-07-2023       
peter2 3.96 0.94 3.94 0.71 239 .865 

peter1 4.09 1.15 4.14 1.02 204 .745 

06-11-2023       
cham2 4.40 1.13 4.31 0.95 377 .407 

cham1 4.12 0.37 4.09 0.51 415 .452 

06-22-2023       
BBF8 4.17 1.17 4.42 1.27 210 .131 

GB1 3.33 1.06 3.76 0.84 245 .001 

06-23-2023       
BBF8 4.25 1.07 4.05 0.84 693 .009 

BBF9 4.44 1.33 4.50 1.37 553 .639 

06-09-2023       
chick2 3.73 0.86 3.24 0.74 729 .000 

chick3 4.71 1.23 4.23 0.91 519 .000 

04-22-2024       
BBF3 3.80 0.76 3.50 0.62 711 .000 

BBF2 4.95 1.08 4.66 0.89 537 .001 

04-26-2024       
frye3 5.94 1.34 6.54 1.51 470 .000 

frye1 4.51 0.69 4.83 0.86 746 .000 

04-27-2024       
frye3 6.69 1.59 6.70 1.48 221 .981 

frye4 4.70 0.81 4.49 0.68 432 .005 

04-30-2024       
power1 3.73 0.70 3.66 0.92 727 .208 

power2 3.04 0.64 2.86 0.49 986 .000 

05-06-2024       
frye31 4.38 0.67 4.39 0.87 365 .914 

frye32 4.64 0.99 4.11 0.86 378 .000 

05-07-2024       
frye31 3.83 0.80 3.85 0.45 216 .754 

frye32 3.71 0.74 3.80 0.93 202 .449 
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Table B4 

Common and uncommon song transitions when birds were near and far. 

Bird 
Near Far 

Odds 

Ratio 
p 

 
Common Uncommon Common Uncommon 

  

07-07-2023       
peter2 47 75 45 72 0.96 .895 

peter1 41 61 44 58 1.07 .888 

06-11-2023       
cham2 49 140 46 142 0.94 .813 

cham1 82 126 92 115 1.12 .622 

06-22-2023       
BBF8 43 62 37 68 0.86 .667 

GB1 31 91 48 74 1.55 .137 

06-23-2023       
BBF8 115 232 130 216 1.13 .477 

BBF9 88 188 93 183 1.06 .786 

06-09-2023       
chick2 124 241 132 232 1.06 .700 

chick3 77 182 78 180 1.01 1.000 

04-22-2024       
BBF3 90 265 89 266 0.99 1.000 

BBF2 80 189 127 142 1.59 .009 

04-26-2024       
frye3 96 144 110 120 1.15 .467 

frye1 132 242 151 222 1.14 .410 

04-27-2024       
frye3 37 72 50 59 1.35 .280 

frye4 124 92 103 113 0.83 .372 

04-30-2024       
power1 145 218 175 188 1.21 .211 

power2 132 362 114 379 0.86 .338 

05-06-2024       
frye31 89 93 94 87 1.06 .835 

frye32 69 120 70 118 1.01 1.000 

05-07-2024       
frye31 59 49 60 48 1.02 1.000 

frye32 39 62 50 51 1.28 .406 
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Table B5 

Song switch rate when birds were near and far. 

Bird Near Switch 

Rate 

Far Switch 

Rate 

Difference n p 

07-07-2023      
peter2 4.95 4.45 -0.50 197 .731 

peter1 5.80 5.38 -0.43 173 .845 

06-11-2023      
cham2 4.28 4.78 0.50 307 .680 

cham1 4.13 3.64 -0.48 329 .531 

06-22-2023      
BBF8 4.10 3.12 -0.98 163 .300 

GB1 1.83 1.68 -0.15 149 .621 

06-23-2023      
BBF8 3.85 3.49 -0.36 545 .502 

BBF9 5.52 5.27 -0.25 464 .905 

06-09-2023      
chick2 1.55 1.43 -0.12 433 .260 

chick3 1.58 1.57 -0.02 304 1.000 

04-22-2024      
BBF3 4.86 3.65 -1.21 572 .063 

BBF2 5.92 6.08 0.16 462 1.000 

04-26-2024      
frye3 3.80 6.66 2.85 387 .008 

frye1 4.23 4.27 0.05 599 1.000 

04-27-2024      
frye3 4.33 11.25 6.92 181 .014 

frye4 4.14 4.22 0.08 347 1.000 

04-30-2024      
power1 2.38 2.49 0.11 513 .720 

power2 1.65 1.63 -0.02 612 .934 

05-06-2024      
frye31 1.98 1.89 -0.09 238 .795 

frye32 4.22 4.11 -0.11 304 1.000 

05-07-2024      
frye31 2.00 1.97 -0.03 143 1.000 

frye32 2.74 2.96 0.22 148 .863 
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