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Abstract 

Avian brood parasites lay their eggs in other species’ nests, and host parents hatch and feed the 

chicks. To avoid imprinting and mating with the wrong species, brood parasites need to recognise 

and learn their own call. While northern hemisphere cuckoo vocalisations are well-studied, very 

little is known about the vocalisations of Australian cuckoo species. The aim of this research was to 

study Australian cuckoo vocalisations and determine what factors might be leading to differences 

within and between species and subspecies. To do this I used the program Raven Pro to measure the 

call structure of recordings from eleven cuckoo species from around Australia. I then assessed if 

there were any relationships between vocalisation and migration or habitat by comparing call 

characteristic with geographic distance and habitat structure. I found that size was a major factor in 

determining species call differences with a high negative correlation between sound frequency and 

morphological measurements of mass, wing, tarsus and bill lengths. Within species there was 

variation due to geographic isolation and variation in pitch and call duration attributable to the 

acoustic qualities of their habitat. The brood parasites’ preferred habitat was host dependant and 

aligned with arrival dates of migratory hosts. With about 180 host species between them covering a 

myriad of habitat types, Australian cuckoo presence is an excellent indicator of ecosystem health. 

Australian cuckoos are migratory species that call incessantly and are easily recognised on their 

breeding grounds, making them ideal species to monitor using modern acoustic methods. Climate 

change may severely affect migratory brood parasites because of their dependent ecological 

interactions and coevolutionary dynamics with their hosts. By using acoustics to track changes in 

cuckoo presence and range, ecosystem health and habitat quality can be measured and monitored in 

a more efficient and cost-effective manner than traditional monitoring techniques. Cuckoos are bio-

indicators of a healthy ecosystem and change in migration arrival dates and length of residency, or 

range shift because of climate change could lead to a mismatch in breeding times for cuckoos and 

their hosts. This would be significant information towards conservation efforts of declining 

woodland species. 
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Chapter 1 : Song in Avian Brood Parasites 

1.1 Abstract 

This review examines how birds learn their song, and how brood parasites use mimicry as well as 

visual and vocal trickery to outwit their hosts. Brood parasites lay their eggs in other species’ nests, 

and the nestlings are initially incubated and fed by foster parents. To mate with their own species, 

brood parasites need to recognise their own species rather than their host species, usually by a 

species-specific song. Studies on brood parasites, such as the Brown-headed Cowbird (Molothrus 

ater) reveal that juveniles showed a preference for adult conspecifics, joining flocks soon after 

becoming independent, and song learning is influenced by their social environment. Indigobirds 

(Vidua spp.) mimic the songs of their hosts, while Common Cuckoos (Cuculus canorus) do not 

mimic their host song, but rather develop, through experience, begging calls that best stimulate host 

provisioning. In comparison to northern hemisphere species, not much is known about the vocal 

characteristics of Australian cuckoos. In order to determine if host races or subspecies exist within 

the Australian cuckoos, a preliminary investigation of vocal variation in Australian cuckoos is 

proposed. 

1.2 Introduction  

Reproduction in birds is not always as simple as a female bird laying an egg in a nest and sitting 

until it hatches. Females lay eggs in nests, scrapes in the sand, tree hollows, tunnels, build mounds 

around it or even in other birds’ nests. And it is not necessarily the female that incubates the eggs. 

Sometimes it is the male (Emu (Dromaius novaehollandiae)), sometimes it is both (Fairy-wrens 

(Malurus spp.)) and sometimes neither (Australian Brush Turkey (Alectura lathami)). When the 

chick hatches, it could be the female, or both parents that feed the chick, but occasionally the male 

is the sole carer for the young (Southern Cassowary (Casuarius casuarius)), and in some species it 

is a family affair with the extended family raising the chicks (Noisy miner (Manorina 

melanocephala)), or as in a small number of birds, the incubating and feeding of their young could 

be outsourced (brood parasitic cuckoos and cowbirds) (Cockburn, 2006). Breeding strategies in 

birds are complex, from pair breeding where both parents share the tasks of nest building, 

incubating the eggs and feeding the young, to cooperative breeding where several family members 

care for the young, to obligate brood parasitism where a host species hatches the eggs and feeds the 

young, at another extreme. 
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Brood parasites lay their eggs in nests of other birds. Worldwide, around 100 bird species are inter-

specific brood parasites, which is about one percent of avian species, and they are found on all 

habitable continents. Molecular systematics studies indicate that obligate brood parasitism has 

evolved independently seven times in birds (Sorenson and Payne, 2002): Three times in the 

cuckoos, family Cuculidae, Old World parasitic cuckoos (Cuculinae) and ground cuckoos 

(Neomorphinaie) (Figure 1.1), twice in songbirds, the cowbirds (Icterinae) and African viduine 

finches (Viduidae), as well as the black-headed duck Heteronetta (Anatidae), and the honeyguides 

(Indicatoridae) (Rothstein and Robinson, 1998, Hamilton and Orians, 1965). While obligate 

parasitism is found almost exclusively in altricial species, facultative interspecific parasitism where 

only some of the eggs are incubated by the parent and other eggs are laid in a different nest, is 

predominant in precocial birds, with 29 of 33 facultative interspecific parasites also parasitizing 

conspecifics (Lyon and Eadie, 1991). 

Cuckoos exhibit a wide range of breeding systems (Ligon, 1993). While brood parasitic cuckoos are 

diverse with 56 Old World and three New World species (Payne, 2005), over half the cuckoo 

species live as pairs, building nests and raising their own young, while a few New World cuckoos 

such as the anis (Crotophaga spp.) and the Guira Cuckoo (Guira guira) are cooperative breeders 

with several pairs sharing a nest (Payne, 2005). Based on molecular phylogeny of 15 cuckoo 

species, Aragón et al. (1999) suggest that brood parasitism has a polyphyletic origin in the 

Cuculiformes, with parasite species being found within the three defined clades: Cuculinae, 

Figure 1.1 Genus level phylogeny of cuckoos (Cuculidae) based on mitochondrial DNA sequences.  Obligate 

brood parasites are in bold and underlined (Sorenson and Payne, 2005). 
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Phaenicophaeinae and Neomorphinae‐Crotophaginae, a view shared by Sorenson and Payne (2005) 

who used DNA sequence data to provide a robust and comprehensive analysis of the evolutionary 

relationships among cuckoos (Figure 1.2). While species within each clade share a common 

parasitic ancestor, some show partial or total loss of brood parasitic behaviour.  

 

1.2.1 Brood parasitism  

Brood parasitism is a breeding strategy in which a parasite manipulates a host to raise its offspring. 

Apart from conspecific brood parasitism (Lyon and Eadie, 2008), interactions between interspecific 

brood parasites and their host may lead to a coevolutionary arms race (Rothstein, 1990, Davies, 

2000), which provides a tractable system for studying coevolutionary processes in nature (Feeney et 

Figure 1.2. Phylogeny of the Old World parasitic cuckoos (tribe Cuculini). Bootstrap values are shown above each node, number 

after the taxon name indicate that multiple individuals were sequenced (Sorenson and Payne, 2005). 
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al., 2014). Adaptations in the parasite to exploit the host select for defences, which in turn select for 

new parasite adaptations (Soler et al., 2001). Mafia-like behaviour, where individuals cooperate 

under the threat of punishment suggests that avian hosts tend to accept a certain degree of 

parasitism to avoid retaliating punishment from the brood parasite, with such learned behaviour in 

turn being crucial for the evolution of retaliating parasites. Great Spotted Cuckoos (Clamator 

glandarius) do not depredate hosts nests in which they have laid their own eggs, but will predate 

nests where the host has ejected the parasitic egg, forcing the host to renest (Soler et al., 1995). The 

abundance of this kind of mafia-behaviour oscillates in time and does not settle into an equilibrium. 

Chakra et al. (2014) suggest that retaliation is a mechanism for the parasite to evade host 

specialization and to induce acceptance by multiple hosts. Hosts of avian brood parasites often vary 

in their response to parasitized clutches: they may eject one or several eggs, desert the nest, or 

accept all the eggs. Several rejection responses can be present in a host population, under a wide 

range of ecological conditions (Svennungsen and Holen, 2010). Langmore et al. (2003) found that 

while Superb Fairy-wrens (Malurus cyaneus) never deserted their own broods, they later abandoned 

40% of nests containing a lone Horsfield’s Bronze-cuckoo (Chalcites basalis) nestling, and 100% 

of nests with a lone Shining Bronze-cuckoo nestling (C. lucidus), an occasional fairy-wren brood 

parasite. 

Acceptance of cuckoo parasitism by hosts appears maladaptive, since the cost of misimprinting by 

the host learning to recognize the parasite nestling as the parents’ own, exceeds the benefit of 

correct learning. If hosts are parasitised in their first breeding attempt, they would learn to recognise 

the parasite as their own and would reject their own in future breeding attempts (Lotem, 1993). Two 

main hypotheses have been proposed to account for this phenomenon: evolutionary lag and 

evolutionary equilibrium. According to the evolutionary lag hypothesis, rejection would lead to 

higher fitness than acceptance, and according to the evolutionary equilibrium hypothesis, rejection 

may not spread because it incurs some costs which make it even less adaptive than acceptance 

(Rodríguez-Gironés and Lotem, 1998, Rothstein, 1975). Rejecters of parasitic eggs often delay their 

response which could be due to recognition problems caused by egg mimicry, or lack of previous 

experience by naïve hosts (Antonov et al., 2008), but even when rejection costs are relatively large, 

owing to fear of retaliation or rejecting a non-parasitic egg, hosts will do better to reject when the 

risk from parasitism is high (Brooker and Brooker, 1998). Since birds have the ability to nest more 

than once per season, abandoning a parasitised nest and renesting, would save time and energy 

spent on a failed nesting attempt. If hosts were parasitised in their first breeding attempt, they may 

learn to recognise a parasitic nestling as their own (Stevens, 2013), though cuckoo-naïve Superb 
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Fairy-wrens can learn to recognize cuckoos as a threat through social transmission of information, 

after observing conspecifics mob a cuckoo (Feeney and Langmore, 2013). 

Parasitism in general is non-random, and parasites should choose hosts of high quality (Krüger, 

2007) who can survive being parasitised, since it is not in the parasite’s interest to kill its host. Host 

quality may be driven by variations in access to resources by potential hosts, with parasites seeking 

hosts with better quality. Host quality is determined by non-random occurrence patterns in many 

systems such as mistletoe (Amyema spp.) and sandalwood (Santalum lanceolatum), where a suitable 

host may be limited by its proximity to water, and comprise of a dynamic assemblage that vary over 

time and space (Watson, 2009). Similarly, brood parasites with a higher host diversity were more 

likely to be increasing than those with fewer hosts, and are less at risk of extinction and have a more 

stable population trend than species with parental care (Ducatez, 2014).  

 

The offspring of brood parasitic birds benefit from hatching earlier than host young. This is aided 

by their ability to incubate internally, by retaining the egg in the oviduct for an additional 24 hours 

(Birkhead et al., 2010). Both predators and brood parasites can be major threats to the reproduction 

of many birds. However, some cuckoo chicks can help deter nest predators, potentially improving 

host reproductive success when predation risks are high (Stevens, 2014). Parasitized nests of 

Carrion Crows (Corvus corone corone) by Great Spotted Cuckoo, have lower rates of predation-

induced failure due to production of a repellent secretion by cuckoo chicks, thus benefiting the 

crow. But among nests that are successful, those with cuckoo chicks, fledge fewer crows. The 

outcome of these counterbalancing effects fluctuates between parasitism and mutualism each 

season, depending on the intensity of predation pressure (Canestrari et al., 2014). 

Brood parasites have evolved various means of circumventing defences through visual trickery. 

Mimicry, crypsis (where it uses camouflage to blend into the environment), and superstimuli 

(Dawkins and Krebs, 1979) (where a parasite nestling uses exaggerated begging or gape, to 

stimulate feeding), are used by brood parasites to manipulating their hosts at every stage of host–

parasite interactions (Langmore et al., 2011, Langmore and Spottiswoode, 2012). An analysis by 

Krüger et al. (2007) indicates stronger selection on parasitic females to become smaller to avoid 

detection, as well as to lay smaller eggs which would more closely resemble the host eggs in size. 

This results in a shift from dimorphism with larger females in cuckoos with parental care to 

dimorphism with larger males in parasitic species. In addition, the evolution of brood parasitism 

was associated with more cryptic plumage in both sexes, but especially in females, a result that 

contrasts with the strong plumage dimorphism seen in some other parasitic birds. Krüger et al. 

(2007) further suggest that different parasitic cuckoo lineages followed divergent evolutionary 
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pathways to successful brood parasitism, with the role of parasite-host coevolution shaping cuckoo 

life histories in general and sexual dimorphism in particular. 

Experimental evidence indicates that habitat imprinting (Honza et al., 2001) may be important for 

host selection, though the important role of observing hosts in nest-finding, cannot be ruled out 

(Vogl et al., 2002). Cuckoo females use nest visibility, or host behaviour other than male singing, as 

the cue to locate host nests (Capek et al., 2017). Though Guigueno et al. (2014) found that female 

brood parasitic cowbirds have more accurate spatial memory than males that allows them to locate 

and remember the location of nests. 

1.2.2 Mimicry 

Cuckoos are mimics—apart from vocal mimicry 

(see ‘1.4.1 Song mimicry’ below), these brood 

parasites also mimic eggs, gapes and plumage. 

 

1.2.3 Mimicry in eggs 

Egg mimicry is an important adaptation of Common 

Cuckoos (Cuculus canorus) (see Box 1), against 

rejection of eggs by their respective hosts. The 

Common Cuckoo belongs to host-specific races with 

females laying eggs that match their hosts. The 

gentes, where the genetic basis indicates a race, is 

passed on matrilineally, where a daughter has a 

similar egg to the mother. Speciation is avoided by 

cross mating with males from other races (Gibbs et 

al., 2000). In Australia, the Horsfield’s Bronze-

cuckoo lays mimetic eggs in the nest of the Splendid 

Fairy-wren (Malurus splendens), who does not reject 

eggs of this major parasite (Brooker and Brooker, 

1996). However Superb Fairy-wrens, another host of 

the Horsfield’s Bronze-cuckoo, are thought to 

discriminate against brood parasites by teaching their 

embryos a password (Colombelli-Négrel et al., 2012) 

(see ‘1.3.3 Pre-natal learning’ below). 

 

Box 1. Common Cuckoo 

The Common Cuckoo was recognised as 

a brood parasite from the time of 

Aristotle. It is a migratory species, with 

a range spreading across Europe, Asia 

and parts of Africa. After wintering in 

Africa, cuckoos return to their natal area 

to breed, where either sex may initiate 

courtship with calls. The male song is a 

loud “cuck—oo” while the female gives 

a bubbling “kwik-kwik-kwik”. The 

female usually mates with one male per 

season. The Common Cuckoo has over 

100 host species, but each female 

cuckoo uses one species of host, and 

lays an egg, which has already been 

internally incubated for 24 hours, into a 

host’s nest, and either eats or removes 

one of the host’s eggs. Cuckoo eggs are 

polymorphic and mimic several host 

species. However, females, and not 

males, shows the trait of being host 

specific, with the genetic basis of the 

egg morph indicating a race (gens 

theory). A female lays between 8 and 25 

eggs per season, depending on nest 

availability and takes between 8 and 20 

seconds at the nest to lay an egg (Payne, 

2005). 
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1.2.4 Mimicry in plumage 

The Pavonine Cuckoo’s (Dromococcyx pavoninus) eggs in the Amazon, are markedly dissimilar in 

size and colouration to its three flycatcher host species (Mionectes and Leptopogon spp.). 

Nevertheless, nestling cuckoos mimic the plumage of the host nestling, thereby negatively affecting 

their hosts breeding success and engage in a coevolutionary arms race with hosts that have defences 

against parasitism (Sánchez-Martínez et al., 2017). 

1.2.5 Mimicry in gapes 

African brood parasitic Vidua nestlings mimic the intricate gape patterns of their hosts’ young 

precisely, such as the mouth patterns of fledged young Quail‐finch Indigobirds (Vidua nigeriae) and 

Goldbreast Indigobirds (Vidua raricola) resembling those of their song‐models and presumed foster 

species, Quail‐finch (Ortygospiza atricollis) and Goldbreast (Amandava subflava) (Payne and 

Payne, 1994). Though the classic explanation is that mimicry is the outcome of a coevolutionary 

arms race, driven by host rejection of odd-looking offspring, Hauber and Kilner (2007) suggest that 

complex mouth markings function to stimulate adequate provisioning, rather than to signal species 

identity. 

1.3 Learning songs and calls 

1.3.1 Communication & vocal learning 

Communication is a strong selective pressure on brain evolution because the exchange of 

information between individuals is crucial for fitness-related behaviors, such as mating. Given the 

importance of communication, the brains of signal senders and receivers are likely to be 

functionally coordinated (Woolley and Moore, 2011). Vocal learning, the ability of animals to 

reproduce vocalisations, is found in only three mammalian groups (humans, cetaceans and bats) and 

three avian groups (parrots, hummingbirds and songbirds) (Jarvis, 2006). Additionally, vocal 

learning birds and humans have comparable specialized forebrain regions that are not found in their 

close vocal non-learning relatives (Jarvis, 2007). Vocal imitation which starts as ‘babbling’ in 

humans and ‘subsong’ in birds proceed through distinct phases to full communication (Bolhuis et 

al., 2010), with the amount of early exposure to adult vocalisations contributing critically to vocal 

development (Brainard and Doupe, 2013). A period of auditory memorization is followed by the 

individual developing its own vocalisations (Bolhuis and Gahr, 2006), with sounds that a juvenile 

learns later in life depending on auditory memories formed early in development (Funabiki and 

Konishi, 2003). As well as hearing the sounds of adults during a sensitive period, both humans and 

birds must hear their own voice while learning to vocalise (Brainard and Doupe, 2002). Just as 
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human infants learn to speak using vocal imitations, young birds rely on auditory feedback when 

learning to imitate adult song, with adult birdsong being maintained by error correction (Sober and 

Brainard, 2009). Though early experience may exert lasting effects on neural structure and function, 

as a young songbird retains imitations of some songs in their repertoires, transiently learned 

vocalisations can be lost or overwritten as the juvenile copies a new song (Yazaki-Sugiyama and 

Mooney, 2004). 

1.3.2 Neural mechanisms 

Song learning has evolved in some species but not in others (Kroodsma, 2005). Oscine passerines 

learn their vocalisations, with a variety of song-learning strategies (Beecher and Brenowitz, 2005) 

early in life, such that song repertoire content can reflect population of origin, while song 

complexity can reflect early life condition (Slade et al., 2017). In groups, social complexity can 

influence communicative complexity (Freeberg, 2006). The complex subject of learning birdsong 

may be related in terms of neural mechanisms, with an understanding of the central motor codes for 

song and the central mechanisms by which auditory experience modifies song motor commands to 

enable vocal learning (Mooney, 2009). The evolution of forebrain nuclei that project to the vocal 

production organ and receive input from the auditory system enabled vocal learning with reference 

to acoustic models. Most non-songbird species do not learn to vocalise and completely lack their 

forebrain vocal nuclei, and the innate development of vocalisation as seen in galliformes, is the 

‘primitive’ condition (Brenowitz, 1991). Studies on Zebra Finches (Taeniopygia guttata) found 

molecular neuronal activity was significantly greater in response to tutor song than to novel song or 

silence and there was a significant positive correlation between spontaneous molecular neuronal 

activation and the strength of song learning during sleep, suggesting that the neural substrate for 

tutor song memory, is activated during sleep when the young bird is in the process of learning its 

song (Gobes et al., 2010). Similar to Zebra Finches, brood parasitic Pin-tailed Whydahs (Vidua 

macroura), a close relative of the Zebra Finch lineage, showed stronger behavioural responses 

during conspecific vs. heterospecific song as well as increased neural responses within the auditory 

forebrain (Louder et al., 2016). Due to the parallel behavioural and neuroanatomical patterns of 

song discrimination, Louder et al. (2016) suggest that the evolutionary transition to brood 

parasitism from parental songbirds, likely involved minor change of existing proximate 

mechanisms, rather than the wholesale reworking of the neural substrates of species recognition. 

Food begging calls of male Chipping Sparrows (Spizella passerine) show several characteristics 

associated with learned song: male begging calls are highly variable between individuals and are 

subsequently incorporated into subsong, which in turn transitions into recognizable attempts at 

vocal imitation. Auditory-sensitive vocal variability during food begging calls is the first step in a 
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modification of vocal output that eventually culminates with vocal imitation (Liu et al., 2009). Food 

begging calls produced by fledglings of the Brown‐headed Cowbird (Molothrus ater), induced the 

expression of several immediate early genes and early circuit innervation in a forebrain vocal‐motor 

pathway that is later used for vocal imitation. The forebrain neural activity was correlated with 

vocal intensity and variability of begging calls that appears to allow cowbirds to vocally match host 

nestmates. This neural activity observed in fledgling cowbirds was not detected in nonparasitic 

passerines, including species that are close relatives to the cowbird. The involvement of forebrain 

vocal circuits during fledgling begging and its association with vocal learning plasticity may be an 

adaptation that provides young generalist brood parasites with a flexible signalling strategy to 

procure food from a wide range of heterospecific host parents (Liu et al., 2016). 

Birds are our primary model for studying the cognitive basis of vocal learning and an important 

model for how memories are encoded in the brain (Wheatcroft and Qvarnström, 2015). Because of 

the many parallels and because of ethical restrictions on human experimentation, studies on birds 

have provided valuable insights into human language and speech development. The complex 

interactions between nature and nurture are more thoroughly understood in songs of birds than in 

any other species behaviour, including humans (Lahti, 2007). 

1.3.3 Pre-natal learning 

Though embryos were traditionally considered to possess limited mental ability because of their 

developing brains, early enrichment improves postnatal cognition in animals and humans. In many 

species, embryos can perceive and learn external sounds (Rumpf & Tzschentke, 2010, Noguera & 

Velando, 2019, Warkentin, 2005). Exposure of embryos to acoustic cues can subsequently alter 

nestling begging and growth in response to nest temperature (Mariette and Buchanan, 2016). A 

major cuckoo host in Australia, Superb Fairy-wren females teach a vocal password to their embryos 

during incubation. The fairy-wren embryos then use the learned element as their begging call after 

hatching to solicit more parental feeding, they have the capacity to discriminate between acoustical 

stimuli lowering their heart rate in response to the broadcasts of conspecific versus heterospecific 

calls, and in response to the calls of novel conspecific individuals (Colombelli-Négrel et al., 2014). 

Fairy-wrens increase their call rates to embryos in the presence of a singing Horsfield’s Bronze-

cuckoo. When females had a higher incubation call rate, fairy-wren chicks had a higher call 

similarity, which they then used as a password to elicit more parental food. This increased call rate 

by the parent indicates an increased teaching effort in response to a signal of threat (Kleindorfer et 

al., 2014a). Both adults also sing throughout the incubation phase and before the sensitive period for 

song learning, providing evidence for a prenatal physiological response to particular songs 

(potential tutors) and in-ovo call learning (Colombelli-Négrel and Kleindorfer, 2017). Teaching 
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embryos is costly when it leads to increased predation risk, with nest predation being higher at both 

natural and artificial nests that have more incubation calls, but mother fairy-wrens must trade-off 

the costs of calling and the benefits of learning to optimize fitness benefits of teaching (Kleindorfer 

et al., 2014b). 

1.3.4 Passwords 

Young of brood parasites are reared among 

heterospecifics, so social learning will yield 

inappropriate species recognition templates. 

Hauber et al. (2001) suggest that conspecific 

recognition is initiated when a young parasite 

encounters some unique species-specific signal or 

‘password’ (e.g. a vocalisation, behaviour or 

other characteristic) that triggers learning of 

additional aspects of the password giver’s 

phenotype. They examined the possibility that 

nestlings of the obligately brood parasitic Brown-

headed Cowbird (see Box 2) could use a species-

specific vocalisation, the ‘chatter’, as a password 

and found that six day old nestlings begged 

significantly more frequently to playbacks of 

chatters than to other avian sounds, and that two 

month old fledglings approached playbacks of 

chatters more quickly than vocalisations of 

heterospecifics. Free living cowbird fledglings 

and adults also approached playbacks of chatters 

more often than control sounds, inferring that 

passwords may be involved in the ontogeny of 

species recognition in brood parasites generally. 

Studies by Lynch et al. (2017) found that juvenile 

cowbirds exhibit neural selectivity to 

presentations of either conspecific or 

heterospecific songs after recent experience, 

while juvenile cowbirds that were not provided 

experience with song, did not exhibit elevated 

Box 2. Brown-headed Cowbird 

Cowbirds are brood parasites found in the 

New World and comprise of five species in 

the genus Molothrus, family Icteridae. 

Cowbird species are Brown-headed 

Cowbird, Screaming C., Shiny C., Bronzed 

C. and Giant C. The non-parasitic, closely 

related Baywing, a host species to some 

cowbirds, was previously in the genus 

Molothrus but is now placed in the 

genus Agelaioides. In comparison to 

Baywings, cowbirds have an enlarged 

hippocampus in the brain, which likely 

helps them to locate host nests and then 

remember where they have laid eggs. 

Cowbirds are songbirds and have been well 

studied, especially the Brown-headed 

Cowbird found in North America, a host 

generalist, with over 220 host species. 

Brown-headed Cowbirds are residents in 

southern United States, but northern 

populations migrate as far south as Mexico 

for winter. Monogamy appears to be their 

main mating system, even though the female 

may be courted by several males, while 

some pair bonds may not last the whole 

season. Female Brown-headed Cowbirds 

depredate host nests found late in the season 

to force the hosts to lay again. They have 

been known to peck all eggs, or peck or 

throw host chicks out of the nest. They are 

prolific egg layers, laying about 40 eggs in 

an eight-week season. Brown-headed 

Cowbirds have a complex song, which they 

learn like other songbirds. However, 

learning is delayed until after independence, 

and contact is made with conspecifics. 

Females have ‘chatter calls’ while males 

have ‘perched song’ and ‘flight whistles’ 

(Davies, 2000). 
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neural activity. In juvenile male cowbirds there is early onset of species-specific selective neural 

representation of non-learned calls and recently experienced song, suggesting that parasitic 

cowbirds selectively recognize the password chatter, allowing juvenile cowbirds to identify adult 

conspecifics and avoid mis-imprinting upon unrelated host species. 

1.3.5 Female song 

Bird song is generally associated with males, however Odom et al. (2014) found that female song is 

widespread and ancestral in songbirds. Females of many species are regular and prolific singers in 

the tropics, and in temperate latitudes, females of several species occasionally sing. Rearing 

conditions affect male song complexity, and males with complex songs are often more successful at 

mate attraction and territorial defense, though little is known about the ontogeny or function of 

complex female song (Evans and Kleindorfer, 2016). However, experimental studies on female 

song explain the functional significance of duets, and obligate and facultative solo singing by 

females (Langmore, 1998, Hall, 2014, Odam et al., 2014). Sexual dimorphism in singing and song 

learning varies greatly among avian species, and sex differences in brain morphology are the most 

extreme documented in any vertebrate (Riebel et al., 2005). Male Zebra Finches sing, females do 

not, but both sexes produce a sexually dimorphic “long call” when placed in visual isolation, which 

includes learned components in males but not in females (Simpson and Vicario, 1990). 

Though female song is an ancestral trait in songbirds, females generally sing less than males, 

possibly due to the predation cost of singing behaviour (Kleindorfer et al., 2016). Both sexes of the 

Superb Fairy-wren provision their brood and produce solo song year-round, with a higher song rate 

during the fertile period but lower song rate during incubation and chick feeding (Cooney and 

Cockburn, 1995). Females were more likely than males to sing close to or inside the nest. For this 

reason, female but not male song rate predicted egg and nestling predation (Kleindorfer et al., 2016) 

and was a good predictor of breeding success (Brunton et al., 2016, Cain et al., 2015). With the high 

fitness cost of song when parents are inside a nest, gender differences in parental care explains sex 

differences in singing (Kleindorfer et al., 2016). Sons and daughters produced the song elements of 

their mothers and social fathers, and sons and daughters had comparable song element repertoires at 

age 7-10 weeks, increasing their song element repertoire when vocally imitating elements from 

several vocal tutors, with both sexes acquiring elements from male and female vocal tutors in this 

system (Evans and Kleindorfer, 2016). 

Prey are sensitive to even subtle cues of predation risk, which provides potential for parasites to 

exploit host risk perception. The secretive laying behaviour of Common Cuckoos enables them to 

evade host defences. However, female cuckoos often give a conspicuous hawk-like ‘chuckle’ call 
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after parasitizing a host’s clutch, which has the same effect as the call of a predatory hawk in 

distracting its prey’s attention. By diverting host parents’ attention away from the clutch and 

towards their own safety, it reduces rejection of a foreign egg. In field experiments, Reed-warblers 

(Acrocephalus scirpaceus), while ignoring the call of the male Common Cuckoo, react to the 

chuckle call of the female, which enhances her success by manipulating a fundamental trade-off in 

host defences between clutch and self-protection (York and Davies, 2017). 

1.4 Songs and calls of Brood Parasites 

Songs are learned (Marler, 1970) and are often complex vocalisations that help establish and defend 

a territory as well as attract mates. A song is a long and variable signal transferred for a long 

distance, consisting of a sequence of elements and phrases, mostly by a male during the breeding 

season. An element is a not-interrupted fragment of a song, or a group of fragments isolated from 

other such groups by gaps greater than those between fragments and a phrase is a sequence of 

similar elements (Catchpole and Slater, 2008). However, calls are simpler and given by males and 

females including adults and young. Birds have several different calls depending on context, such as 

begging calls, contact calls or alarm calls. Simple calls are probably not learned, but inborn and 

produced by both sexes throughout the year (Kroodsma, 2005). 

Sexual reproduction relies on the recognition of conspecifics for breeding. Most experiments in 

birds have linked early social learning with subsequent courtship behaviours and mating decisions. 

This view of avian sexual imprinting is challenged by studies of megapodes (Family Megapodiidae) 

and obligate brood parasites, species in which reliable recognition is achieved despite the lack of 

early experience with conspecifics (Sorenson et al., 2010). Of the brood parasite species, cowbirds 

and African viduine finches are songbirds that learn their song, while ducks, honeyguides and 

cuckoos are not songbirds and their calls are innate. African finches mimic the songs of their 

individual host species whereas cowbirds, though songbirds, are generalists and have numerous 

different hosts. 

1.4.1 Song mimicry 

The mimicry of songs may be an evolutionary consequence of sexual selection through mate choice 

by female brood parasites (Payne, 1990). Song mimicry includes the widespread song elements and 

phrases and the major features of organization of song—introductory units, terminal units, 

repetition of certain units, and complexity in number of kinds of units in a song (Payne and Payne, 

1995). Copying of the foster species song by brood parasites occurs only in the Viduidae (Davies, 

2000), where imprinting on host song is crucial for parasitic males’ later mating success (Payne et 
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al., 2000), and it is likely that copying host song in Vidua finches evolved at a later stage than brood 

parasitic behaviour (Beltman et al., 2003). 

Indigobirds (Vidua spp.) are host specific brood parasites where behavioural imprinting on host 

song possibly promotes rapid speciation as it results in assortative mating between indigobirds 

associated with a particular host (Balakrishnan and Sorenson, 2006), which for many species of 

indigobirds are Lagonosticta firefinches. Additionally, indigobirds associate with estrildid finches 

in west Africa. Quail‐finch Indigobirds in northern Cameroon mimic the songs of Quail‐finch. 

Goldbreast Indigobirds in Cameroon and Sierra Leone mimic the songs of Goldbreast. Both 

indigobirds are distinct in male breeding plumage from other indigobirds. Also, a population of 

indigobirds (Vidua spp.) in Cameroon mimics the songs of Brown Twinspot (Clytospiza monteiri). 

They are similar in colour and size to indigobirds associated with Dark Firefinch (L. rubricata) and 

Black‐bellied Firefinch (L. rara) (Payne and Payne, 1994). The brood-parasitic Cameroon 

Indigobird (Vidua camerunensis) in Sierra Leone mimics the songs of its apparent foster species, 

Dybowski’s Twinspot (Eustichospiza dybowskii) (Payne and Payne, 1995), Parasitic Paradise 

Whydahs (Vidua paradisaea) mimic the vocalisations of their hosts (Pytilia melba) (Payne, 1973), 

while the African Village Indigobird (Vidua chalybeate) mimics the song of its brood-host, the 

Senegal firefinch (Lagonosticta senegala) (Sullivan, 1976, Payne, 1990). A male indigobird has 

three or more mimicry songs; a male firefinch has only one song. Mimicry songs in each social and 

song neighbourhood change from year to year in a process of cultural evolution. Sharing of mimicry 

songs among males and their changes from season show that the brood parasite males learn their 

mimicry songs from each other. The repertoire of mimicry songs may aid a polygamous male in 

attracting more females by having one of his songs closely resemble the song of their own foster 

father (Payne, 1990). Host switches have led to speciation in indigobirds because both males and 

females imprint on their hosts (Sorenson et al., 2003, Sefc et al., 2005), which contrast to the 

Common Cuckoo, in which only female lineages are faithful to specific hosts. Payne (1973) suggest 

that mimetic songs of males and the responses of females are behavioural isolating mechanisms 

among species of whydahs. The evolutionary significance of song mimicry by indigobird 

populations and species of several genera of estrildid finches, including the twinspot, is that the 

brood-parasitic indigobirds (Vidua spp.) appear to have associated with their foster species through 

recent colonisations rather than through ancient cospeciations (Payne and Payne, 1995). A model of 

recent sympatric speciation is supported by the genetic similarity of all African indigobirds, even 

though they are significantly differentiated in both mitochondrial haplotype and nuclear allele 

frequencies (Sorenson et al., 2003). 
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Imprinting may be necessary for obligate brood parasitism to evolve in birds because the parasite 

must be attracted to the nests of the host species to add eggs and thereby continue the parasitic life 

cycle. However, strong imprinting may also prevent obligate brood parasitism from occurring if 

parasitic offspring seek a mate from the host species (Slagsvold and Hansen, 2001). Brood-parasitic 

offspring sexually misimprinting on the foster parents would be a constraint to the evolution of 

interspecific avian brood parasitism. While most nonparasitic juvenile birds learn the behaviours 

and mate choice preferences from their own parents, social parasites must avoid misimprinting on 

their host species’ phenotype to accurately recognize conspecifics. One possible mechanism to 

assure accurate species recognition by juvenile parasites is to associate with adult parasitic 

conspecifics, known as the ‘first contact’ scenario, whereby adult female parasites facilitate the 

dispersal of their offspring away from hosts, thus providing accurate referents for conspecific 

recognition (Louder et al., 2015). 

1.4.2 Begging calls 

Chicks beg as a signal of need to their parents (Godfray, 1995), which commonly precedes and 

accompanies their provisioning by parents. Begging can be conspicuous and loud in order to 

advertise offspring need, and parents can then provision relative to begging intensity. The 

apparently costly nature of begging (Briskie et al., 1999) ensures the reliability of the signal (Kilner 

and Johnstone, 1997), and potential for parent–offspring conflict (Godfray, 1991). Species subject to 

higher predation had calls with higher pitch frequency, and lower amplitude, which make it difficult 

for potential predators to pinpoint the source of a sound, which may have let to the evolution of 

begging calls that minimize locatability (Briskie et al., 1999). 

Increased intensity of begging can evolve whenever female promiscuity or brood parasitism 

decreases the relatedness among nestmates (Briskie et al., 1994). Young Brown-headed Cowbirds 

typically beg more intensively and louder than foster siblings (Hauber, 2003), responding to adults 

as fast as (or faster than) their nest mates, and adjusting their begging relative to the size of the 

hosts, though begging intensity is not influenced by short-term need (Rivers, 2007). As avian brood 

parasites young change their begging call to match that of its host (Anderson et al., 2009), host 

young have evolved behavioural strategies that reduce the cost of parasitism. Studies on host 

species of the Brown-headed Cowbird found that begging loudness in host young also increased 

with brood parasitism and nest predation (Boncoraglio et al., 2009). In experimentally parasitized 

Song Sparrow (Melospiza melodia) nests with a Brown-headed Cowbird chick, the host nestlings 

exaggerated the frequency and amplitude of their vocalisations, such that they resembled the 

cowbird’s while they ‘scaled back’ on calls per parental provisioning bout. Signalling in parasitized 
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nests involves a dynamic interaction between parasitic and host nestlings, rather than a one-way 

process of mimicry by the parasite (Pagnucco et al., 2008). 

However, comparative studies between host and respective host-races of the Common Cuckoos 

show note structure varying between hosts, but not between cuckoo host races. Cuckoos did not 

vary their call structure to match that of their hosts’ chicks, though call rate increased with age 

(Butchart et al., 2003). The marked difference between call rates in host species and in cuckoo host-

races, suggested cuckoos tune into the way these host species respond to begging signals from their 

own young (Butchart et al., 2003). Longer syllable duration, lower peak and maximum frequency, 

and narrower bandwidth, demonstrate a difference that is not genetically fixed but developed 

through experience, suggesting that the young cuckoo (which ejects the host’s eggs/chicks and so is 

raised alone), learns by experience which calls best stimulate host provisioning (Madden and 

Davies, 2006). Begging display of nestling Common Cuckoos reared by Reed-warblers, elicit 

sufficient care by exaggerating the vocal component of its display (Kilner and Davies, 1999). The 

cuckoo chick’s rapid begging call sounds remarkably like a whole brood of host chicks, which it 

matches in calling rate. The cuckoo needs vocal trickery to stimulate adequate care to compensate 

for the fact that it presents a deficient visual display of just one gape (Davies et al., 1998). Therefore 

the cuckoo succeeds not through mimicry of the host brood begging signals, but by tuning into the 

sensory predispositions of its hosts (Kilner et al., 1999). While the Great Spotted Cuckoo nestlings 

were shown, after some days in the nest, to have begging calls that differed depending on whether 

they were being reared by Magpies (Pica pica) or Carrion Crows, they also produced calls of a 

pitch and repetition rate that implied a high level of hunger (Redondo and de Reyna, 1988). 

The Screaming Cowbird (Molothrus rufoaxillaris) is a specialist obligate brood parasite whose 

fledglings look identical to those of its primary host, the Baywing (Agelaioides badius). 

Comparisons of young screaming cowbirds and non-mimetic Shiny Cowbirds (Molothrus 

bonariensis) cross-fostered to Baywing nests, show Shiny Cowbirds suffered higher post-fledging 

mortality rates (83%) than Screaming Cowbirds (0%) owing to host rejection. Similarly, Screaming 

Cowbirds matched Baywings’ begging calls more closely than Shiny Cowbirds, suggesting a role of 

visual and vocal cues in fledgling discrimination by Baywings (De Mársico et al., 2012). While in 

New Zealand, begging calls of two cuckoos, Long-tailed Cuckoo (Eudynamys taitensis) and 

Shining Bronze-cuckoo, and their hosts are similar (McLean and Waas, 1987). 

1.4.3 Alarm calls 

Parents of many bird species produce alarm calls when they approach and deter a nest predator to 

defend their offspring. Alarm calls have been shown to warn nestlings about predatory threats, but 
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parents also face a similar risk of predation when incubating eggs in their nests. Incubating females 

derive information about predator type from different types of alarm calls, and react differently 

(Suzuki, 2015). Alarm calls convey information about threats, some consisting of several note 

strings. Japanese Tits (Parus minor) can alter the calling rate, number and combination of notes in 

response to predators, with significantly different responses to the Sparrowhawk (Accipiter nisus) 

and Common Cuckoo (Yu et al., 2017). 

The parental alarms of Common Cuckoo hosts, Reed-warblers (‘churr’), Dunnocks (Prunella 

modularis) (‘tseep’), and European Robins (Erithacus rubecula) (‘seee’) are very different. 

Playback experiments revealed that nestlings of all three species ceased begging only in response to 

conspecific alarm calls. As in song development, a neural template enables nestlings to recognize 

features of their own species’ signals from a background of irrelevant sounds, but learning then 

fine-tunes the response to reduce recognition errors (Davies et al., 2004). In experiments with the 

Common Cuckoo, reed-warbler cuckoo nestlings when cross-fostered to robins or dunnocks did not 

respond to the different alarms of the new foster parents, retaining a specific response to Reed-

warbler alarms and suggesting innate pre-tuning to Reed-warbler alarms (Davies et al., 2005). 

1.5 Vocal Variation 

1.5.1 Songs and calls 

Birds use song for territory defence and mate attraction, and vocal behavior is critical for 

reproductive isolation in birds. Dawn is important for songbird vocal communication in terms of 

territory assertion, and song complexity (Kunc et al., 2005) and intrusion rate are significantly 

higher at dawn than dusk (Amrhein et al., 2004). Songbirds intensify their vocalisations, by 

increasing their singing rates in response to increased intruder pressure at this time (Catchpole and 

Slater 2008), and for mate guarding (Hill et al., 2017). Males with higher song complexity may be 

perceived as stronger competitors and therefore would attract lower rival intrusion (Hill et al., 

2017). 

Vocal signals of a species are social signals and guides to its social life. Sound spectrograms of 

vocal signals in the extensive vocal repertoire of the African Village Weaver (Ploceus cucullatus) 

show short-distance contact calls are given in favourable situations and are generally characterized 

by low amplitude and great brevity of notes. Alarm cries are longer, louder, and often strident calls 

with much energy at high frequencies, whereas threat notes, also relatively long and harsh, 

emphasize lower frequencies. Each male displays his newest nest in a colony with an individually 

distinctive call to unmated females. The most harmonic calls of the species include a loud call by a 

male when an unmated female first enters his nest, and also very soft, brief notes given by parent 
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birds to attract a fledgling. Males use somewhat different songs to defend territory, for courtship, 

and for advertisement. Vocal signals are composed of basic elements that vary in duration, 

frequency, loudness, and tonality of notes which can be arranged in pairs of opposite extremes 

serving to reduce ambiguity in signals, in effect a communication code (Collias, 2000). 

1.5.2 Vocal complexity 

Vocal complexity is an important concept for investigating the role and evolution of animal 

communication and sociality, with repertoire size been used to quantify complexity in many bird 

studies (Kershenbaum, 2013). While harmonic structures are more frequently observed in the non-

parasitic group, vocal structure is relatively similar among parasitic species with a tendency to 

simple and low-frequency calls (Kim et al., 2017). Aspects of birdsong complexity, such as the 

number of distinct notes in a song, commonly increase along latitudinal gradients with more 

complex songs evolving in species-poor, demonstrably less noisy environments. Sexual selection 

favouring complexity across environments results in geographical variation, where detection of the 

signal varies, and may be resolved in different ways, because complexity has multiple features 

(repertoire size, song switching, etc.) leading to the great diversity in song (Singh et al., 2015). 

However Wei et al. (2017) found that though song length increases with latitude and song 

frequency is negatively correlated with body size, this is only present in non-migratory species, 

even though migration distance correlates with latitude. 

The study of birdsong highlights the interaction of development and causation with the function and 

evolution of behaviour (Nowicki and Searcy, 2005). Birdsong is an evolving, culturally inherited 

trait. As an important factor in species recognition and mate choice, it constrains the females to 

mate with conspecifics, and thus may play a crucial role in species formation by promoting genetic 

isolation on secondary contact (Grant and Grant, 1996). Though young songbirds innately recognize 

and prefer to learn the songs of their own species (Whaling et al., 1997), parasitic nestlings are not 

exposed to conspecifics during development but they still need to identify members of their own 

species with which to mate. Rather than relying solely on cues learned from parents and nestmates, 

brood parasites must employ some other mechanism for species recognition in order to avoid 

mistakenly courting heterospecifics (Croston and Hauber, 2010). In a recent experimental study 

male facultative interspecific brood parasitic ducks mistakenly courted females of the host species 

instead of their own (Sorenson et al., 2010). However, Brown-headed Cowbirds seem to rely on a 

combination of self-referent phenotype matching and a “password” like vocal trigger that unlocks 

leaning of species-specific cues at their first encounter with a conspecific (Croston and Hauber, 

2010). Whereas African indigobirds (Vidua spp.) have chatter calls, host mimicry and complex non 

mimicry songs in their extensive vocal repertoire, with host mimicry an important cue in species 
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recognition which may contribute to species cohesion when juveniles and adults disperse into areas 

beyond the local dialect (DaCosta and Sorenson, 2014). 

1.5.3 Cuckoos 

On the other hand, cuckoos are not songbirds, and do not have a complex song, their species 

recognition is probably based on non-learned calls or visual characteristics (Beltman et al., 2003). 

However, they demonstrate complex social interactions, including territorial behaviours and male-

male aggression. The Common Cuckoo can discriminate between familiar and unfamiliar 

individual’s calls and do so to defend their own territories, showing tolerance of nearby 

conspecifics (Moskát et al., 2017). Additionally, cuckoo calls differ sufficiently to allow recognition 

of habitat-specific individuals (Fuisz and de Kort, 2007). Social interactions between adult brood 

parasites and their young have also been reported; and young brood parasites may need to be 

imprinted on conspecifics. Adult Great Spotted Cuckoos sometimes maintain contact with both 

older nestling and fledgling cuckoos, communicating vocally, and even occasionally feeding a 

parasite fledgling. Young cuckoos did not learn to recognize their own species when only one 

cuckoo chick was introduced per nest, but they learnt to recognize conspecifics when two cuckoos 

were reared together. Recognition is not innate, young Great Spotted Cuckoos must learn to 

recognize conspecifics (Soler and Soler, 1999). 

Common Cuckoos produce calls that consist of a repeated but variable number of syllables that has 

given name to the species and the family. Møller et al. (2016) found that cuckoo calls are reliable 

indicators of environmental and individual quality by determining the number of repeated ‘cu-coo’ 

syllables in calls in relation to habitat and soil, ionizing radiation, presence of a female cuckoo and 

local density of male cuckoos at Chernobyl, Ukraine. Males were consistent in their production of 

syllables, producing more syllables per call when a female or another male arrived. This increase in 

the number of syllables was larger in males that already produced many syllables in the absence of 

conspecifics, implying that males of superior quality were still able to increase the number of 

syllables. Males produced more syllables per call in habitats with black soil and in forests. 

Furthermore, they produced fewer and more aberrant syllables in radioactively contaminated areas 

of Chernobyl providing evidence of an effect of environmental perturbation on the number of 

syllables. The number of syllables is a condition-dependent signal used for attracting mates, 

repelling competitors, providing information about local environmental conditions for other 

cuckoos, but also for humans and thus can be used by humans to infer habitat quality (Møller et al., 

2016). 
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Song features during the breeding season are important in identifying species of cuckoos (Xia et al., 

2016). Oriental Cuckoo (Cuculus optatus) and Himalayan cuckoo (C. saturatus), can be separated 

based on their song features. Their songs could be divided into two groups based on the number of 

notes per syllable, and significant differences in other frequency and temporal features (Xia et al., 

2016). Lei et al. (2003) identified six major sound types in the Plaintive Cuckoo (Cacomantis 

merulinus), and four in the Brush Cuckoo (Ca. variolosus). Based on song similarity as assessed by 

spectrogram qualitatively and quantitatively, the Grey-bellied Cuckoo (Ca. passerines) was 

considered conspecific with Ca. merulinus and the Rusty-breasted Cuckoo (Ca. sepulcralis) was 

considered conspecific with Ca. variolosus. The song similarities between Ca. merulinus and Ca. 

variolosus were considered homologous and derived from common ancestry. 

1.5.4 Geographic variation 

Geographic variation in vocalisations is widespread in passerine birds. Advertisement call structure 

is strongly influenced by the acoustic environment of different habitats and divergence in 

vocalisations among genetically related populations in different habitats indicates that vocalisations 

are matched to the environment in which birds live, despite the homogenizing influence of gene 

flow (Nicholls et al., 2006). 

The Common Cuckoo, whose calls are not acquired through learning is widely distributed in 

Eurasia, show significant differences in the calls of different subspecies. Wei et al. (2015) found 

that differences in calls both within and between subspecies were found to be significantly 

correlated with geographic distance, while environmental differences had no important effect, and 

infer that the great divergence in calls between different Common Cuckoo subspecies may be a hint 

of cryptic species. However, Gordo et al. (2008), observed variability in singing onset among 

localities follows spatial trends, modelled on environmental variables such as climate, while land 

uses, vegetation productivity and species abundance played a minor role on singing onset spatial 

patterns. Common Cuckoo males sang earlier in warmer and drier sites, and singing onset is a good 

proxy of arrival dates in migratory species. 

Songs of sympatric pairs of closely related bird species are more divergent than those of allopatric 

pairs. Different foraging niches and habitats are selected for optimal morphology and efficient 

sound transmission and birds which habitually sing in the understory and canopy produce higher 

pitched songs than those that sing in the midstory, suggesting that song structure is related to the 

sound transmission properties of different habitat strata (Seddon, 2005). Habitat structure influences 

song sharing and sometimes song complexity, neighbouring birds share more syllable and 

sequences in fragmented habitat than in continuous one. Habitat fragmentations has an effect on the 
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composition of elements in songs, but not on the number and complexity of these elements (Briefer 

et al., 2010). Changes in song structure with habitat degradation could signal disturbed population 

processes, such as changes in the acoustic communication among resident birds by reduced 

opportunities for learning and retaining acoustic diversity (Goretskaia et al., 2017). Habitat 

imprinting has been suggested to be of major importance for finding suitable habitats and host in 

Common Cuckoos (Teuschl et al., 1998). Conspecific attraction is an important aspect of animal 

behaviour and several avian studies have shown that vocalisations may be used as an inadvertent 

cue to locate areas of suitable habitat (Laiolo and Tella, 2008, Fletcher, 2007, Hahn and Silverman, 

2006, Penteriani, 2003). 

While the Common Cuckoo’s host-specific egg pattern is thought to be inherited matrilineally, 

creating female-only host-specific races, and males were thought to mate arbitrarily with respect to 

host specialization of females, male cuckoos may also show host-specific adaptations supporting 

biparental genetic contribution in maintaining the host-races, and implying that they should 

recognize and mate assortatively with those who belong to the same host-race. The calls males 

produce on the breeding grounds could provide a potential mechanism for assortative mating (Fuisz 

and de Kort, 2007). However, though males produced different calls in terms of spectral and 

temporal features, these differences disappear when compared with calls at the population level 

according to host species and geographic location. Although they may be able to use this cue for 

individual recognition, it seems unlikely for the cuckoos to identify the foster parent of male 

cuckoos based solely on the vocal characteristics (Jung et al., 2014). 

1.5.5 Countersinging and duets 

Striped Cuckoos (Tapera naevia), a New World parasitic cuckoo, have three different song types. 

Individuals sang one song type frequently when not interacting closely with neighbours, mates, or 

playback. A less common song type was sung by subjects that had approached playback closely, 

and by closely countersinging neighbours. These two song types distinguish different extents to 

which a singer may take initiative leading to interaction: the first provides information that the 

singer will probably stay put and not interact closely unless approached, the second that the singer 

will itself approach and search for another individual (Smith and Smith, 2000). In contrast to their 

normally solitary lives, juveniles and adults moved and foraged together and engaged in counter-

singing and duets. Striped Cuckoo adults often initiated the social interactions and engaged in 

vigilance behaviours when with the juveniles. However, it is unknown if adults are interacting with 

related juveniles (Mark and Gamez-Rugama, 2015). 
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Avian duets are striking for the remarkable precision with which duetting partners sometimes 

coordinate their songs. Duetting species are taxonomically diverse, and the form of their duets 

varies (Hall, 2004). Logue and Hall (2014) found that duetting evolves in association with the 

absence of migration, but not with sexual monochromatism or tropical breeding and concluded that 

the evolution of migration exerts a major influence on the evolution of duetting. Migration reduces 

the average duration of partnerships, potentially reducing the benefits of cooperative behaviour, 

including duetting. 

Duets by White-browed Coucals (Centropus superciliosus), a tropical non-parasitic cuckoo, were 

initiated by both sexes, but most were led by the male. The duet contributions were sex specific 

with females producing lower-pitched songs than males, reflecting the general size dimorphism in 

this species. Additionally, song peak frequencies varied with body size within each sex, suggesting 

that songs used in duets may act as index signals of body size with special singing postures that 

may help lower song pitch even further. Leading to the speculation that sexual selection has driven 

White-browed Coucals to sing as low as possible (Brumm and Goymann, 2017). 

1.5.6 Cowbirds 

Though brood parasitic cowbirds are songbirds, they extend song learning until independence from 

their foster parents, therefore they probably need a non-learned cue to find conspecifics (Hauber et 

al., 2001). Their song represents a learned signal of communication that is often influenced largely 

by the social environment in which a young bird develops (Freeberg et al., 2001). Fledgling Brown-

headed Cowbird generally respond positively only to their host species, which feed the cowbirds 

more than they feed an equivalent weight of their own young, possibly due to the loud, persistent 

calling of fledgling cowbirds (Woodward, 1983). Young Brown-headed Cowbirds associate with 

adults of their species, joining flocks soon after becoming independent from their foster parents. 

This “first contact” showed a preference by juvenile parasites for conspecific stimuli, which may 

have been mediated not only by phenotypic but also by behavioral cues. Adult brood parasites may 

play a role in the earliest stages of social development of conspecific young (Hauber, 2002). 

 

The Brown-headed Cowbird born in Mammoth, Sierra Nevada, California, a migratory species 

from a high elevation, have incomplete repertoires, attributed to limited access to local song modes 

during their hatching year. This arrested vocal development by yearling cowbirds during their first 

breeding season could have detrimental consequences on their reproductive success (O'Loghlen, 

1995). Yearling cowbirds apparently complete their vocal development during their second winter 

when they learn to match memorized copies of the songs of adult males from the areas where they 
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were trapped as yearlings. Juveniles have little opportunity to hear conspecifics vocalise during 

their hatching year, suggesting that there may be more variation than was previously thought in the 

vocal ontogeny of some oscines as a result of delayed opportunity to learn (O'Loghlen and 

Rothstein, 1993). Female preferences for local song types have been implicated in the maintenance 

of local song dialects. Yearlings are rarely involved in copulations although they are sexually 

mature, which is consistent with the hypothesis that females use vocal differences between the age 

classes as cues in their choice of adults as mates. Furthermore, these preferences would create 

selection pressure on young males to conform to the local song culture. Mainly because of a 

learning constraint in their hatching year, yearlings do not complete their development of local 

repertoires until they are two years old (O'Loghlen and Rothstein, 2003). 

Captive female cowbirds provide a tutorial role of male-female interactions during song ontogeny, 

by reacting to a male’s single song element, which elicit the female’s copulatory response to song 

(West et al., 1979). Male Brown-headed Cowbirds housed with non-singing females make vocal 

changes which relate directly to the female preferences for native song. Females display a rapid 

wing movement, which is triggered by specific vocalisations, which in turn are highly effective 

releasers of copulatory postures. They also implicate visual stimulation in song learning (West and 

King, 1988). In a study by Dohme et al. (2015), one female produced the majority of wing strokes 

to male song, making her the primary wing stroker in her flock. Through their degree of social 

proximity, female Brown-headed Cowbirds can significantly affect the age at which males advance 

through stages of vocal development by stimulating the progression of song learning, as well as 

song repertoire (Smith et al., 2000). However, captive female cowbirds respond differentially to 

songs from their own geographic area suggesting that song can act as a mechanism of selective 

mating and thus have the potential to affect reproductive isolation (King et al., 1980). Both male 

and female cowbirds contribute to the maintenance of geographic variation in the songs of the two 

subspecies, Molothrus ater ater and M. ater obscurus (King and West, 1983). 

The complex interrelationships among individuals within social environments can exert selection 

pressures on social skills: those behaviours and cognitive processes that allow animals to 

manipulate and out-reproduce others. Studies on captive adult male Brown-headed Cowbirds, show 

reproductive success of males varied dramatically across years and was responsive to social 

learning in adulthood. Static groups were characterized by a predictable relationship between 

singing and reproductive success that was stable across years. Whereas in dynamic conditions, 

males showed significant variability in their dominance status, their courting and even in their 

mating success (White et al., 2012). 
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1.6 The Australian Cuckoos 

Apart from numerous unusual mammals, Australia was the birthplace of many avian families, that 

then radiated to the rest of the world (Low, 2014). However, several species such as honeyeaters, 

thornbills (Acanthiza) and fairy-wrens are endemic to the Australian region (Kaplan, 2015) and are 

cuckoo hosts. Cuckoos are the only brood parasites seen in Australia and many of these are 

migratory species that breed locally but winter to the north. A search through HANZAB (Higgins, 

1999) found eleven brood parasitic cuckoos that breed in Australia, who between them parasitise 

around 180 host species (Appendix 1) of which 75 are specialists with only one brood parasite, and 

14 are generalists with five or six parasitic species. 

One cuckoo species, the Pheasant Coucal (Centropus phasianinus) is not a brood parasite. It is a 

ground dweller, where males almost exclusively build the nest, incubate and brood the young alone, 

both at night and during the day (Maurer, 2008). Pheasant Coucals are socially monogamous but 

despite the substantial male investments, extra-pair paternity is unusually high for a duetting 

species. Males produced about 80% of calls in the dawn chorus, implying greater male sexual 

competition (Maurer et al., 2011). The breeding behaviour of Pheasant Coucals illustrates a possible 

transitional stage in the evolution of polyandry and interspecific brood parasitism in cuckoos 

(Maurer, 2008). Though there is only one coucal species currently in Australia, recent fossil records 

have identified three extinct coucal species in South Australia which markedly extends the 

geographical range of the genus from tropical Australia into southern temperate regions (Shute et 

al., 2016). 

The Eastern Koel (Eudynamys scolopacea), is a migratory cuckoo that occurs along the eastern 

coast of Australia. Its most conspicuous feature is the loud and persistent calling of males heard 

throughout the breeding season. Although the commonest vocalisation of the Koel, the cooee call, is 

well known, adult birds produce at least six vocalisations, including duetting. Koels share a basic 

breeding pattern with other cuckoos, based on male dominance interactions that lead to polygyny 

but that the discovery of duetting strongly suggests the possibility of short-term pair-bonding within 

this mating system (Maller and Jones, 2001). 

Fairy-wrens are a common cuckoo host, and in a study on the vocal repertoire of Splendid Fairy-

wrens (Malurus splendens melanotus) in South Australia, Greig and Pruett-Jones (2008) identified 

14 different vocalisations, where the primary vocalisation was structurally similar and given by both 

sexes throughout the breeding season, the second major vocalisation was given exclusively by 

males, generally in response to avian predators. Studies by Colombelli-Négrel et al. (2012) found 

female Superb Fairy-wrens call to their eggs, and upon hatching, nestling fairy-wrens produce 
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begging calls with key elements from their mother’s “incubation call”. Cross-fostering experiments 

between Superb Fairy-wrens and parasitic Horsfield’s Bronze-cuckoo nestlings suggest that fairy-

wrens use a parent-specific password learned embryonically to shape call similarity with their own 

young and thereby detect foreign cuckoo nestlings. In the wake of studies on Superb Fairy-wren 

mothers vocally tutoring their embryos, Colombelli-Negrel et al. (2016) investigated Red-backed 

Fairy-wrens (Malurus melanocephalus) for similar behaviour, and found all Red-backed Fairy-wren 

females called to their eggs during incubation and continued to do so for several days after 

hatching. 

Newly hatched Horsfield’s Bronze‐cuckoo nestlings evict host young from the nest, yet in the 

absence of a model they accurately mimic the different begging calls of a primary host (Superb 

Fairy‐wren), and a secondary host (Buff‐rumped Thornbill (Acanthiza reguloides)). However, 

cross‐fostering experiments show that begging calls, initially the call of their primary host, are 

modified after parasitism, through experience, and were rapidly modified to resemble those of the 

secondary host through shaping by host parents, which possibly reduces selection for host race 

formation (Langmore et al., 2008). 

Feeding brood-parasitic fledglings by individuals other than their foster parents, although anecdotic, 

have been commonly observed (Soler et al., 2014). Examples include Fan-tailed Cuckoo being fed 

by four Large-billed Scrubwrens (Sericornis magnirostra), additionally a White-cheeked 

Honeyeater (Phylidonyris niger) also delivered food to the same nestling (Jansen, 1990); Pallid 

Cuckoo (Cacomantis pallidus) begging call resembles nestling Red Wattlebird (Anthochaera 

carunculate) in Western Australia (Serventy and Whittell 1962); Pallid Cuckoo fed by White-eared 

Honeyeaters (Nesoptilotis leucotis), with begging calls of juvenile White-eared Honeyeater, and 

Horsfield’s Bronze-cuckoo, soliciting food by identical begging to Superb Fairy-wren chick 

(Courtney, 1967); Channel-billed Cuckoo (Scythrops novaehollandiae), resembling call of Pied 

Currawong (Strepera graculina) (Lord 1956) and juvenile Shining Bronze-cuckoo being attended 

by a pair of Chestnut-rumped Heathwrens (Hylacola pyrrhopygia). An alarm call given by the 

young cuckoo appeared identical to that of the female Heathwren, possibly a case of vocal mimicry 

(Rogers et al., 2006). 
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1.6.1 Cooperative breeding 

The uneven global distribution of cooperative breeding 

birds has hotspots in Australasia and sub-Saharan 

Africa. This is tightly correlated with the global 

distribution of avian obligate brood parasites (Figure 

1.3). Brood parasites receive superior care for their 

young by targeting cooperative breeders, conversely, 

host defences against brood parasites are strengthened 

by helpers at the nest (Feeney et al., 2013), though it is 

more likely that cooperative breeding attracted brood 

parasitism, rather than brood parasites driving the 

evolution of cooperative breeding (Wells and Barker, 

2017). 

1.7 Conclusion 

Brood parasites use many strategies to deal with their hosts, from visual trickery to mafia-like 

retaliation. While much is known about Brown-headed Cowbirds and the Common Cuckoo, and 

about song learning in birds, not much is known about the vocal characteristics of Australian 

cuckoos.  

Gaps in the literature relating to Australian brood parasitic cuckoos, include species, subspecies and 

host limits; variation in calls; influence of migration; and use of Australian cuckoos in conservation 

monitoring. Specifically, do Australian cuckoos have host races, like the Common Cuckoo? Are 

subspecific limits reflected in call variation? Are there cryptic species within the Australian 

cuckoos? Since cuckoo duets are performed by Pheasant Coucals (a non-parasitic cuckoo), and 

Koels, do any other Australian cuckoos duet? When do juvenile Australian cuckoos first vocalise 

with their species-specific call? Do cuckoos construct a map of where they have laid their eggs and 

do they monitor the success of their young? During migration when Australian cuckoos are thought 

to collect their young, do they collect their own young or any juvenile cuckoo that answers? As 

migratory species, are Australian cuckoos affected by migratory patterns of their hosts? And how 

are their migratory patterns changing in response to host distribution, affected by larger-scale 

patterns of climate change? How do habitat destruction and declining woodland species affect 

cuckoos and their hosts? And finally, could large-scale monitoring of Australian cuckoo movements 

(perhaps using ecoacoustic recorders) be an effective method of monitoring changing host patterns? 

All of these questions in the Australian context first require a thorough knowledge of the inherent 

Figure 1.3. Global patterns of richness in (A) avian 

cooperatively breeding passerine species and (B) 

obligate avian brood parasite species during their 

breeding season (Feeney et al., 2013). 
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vocal variation within and between cuckoo species. This thesis seeks to be the first step in 

understanding cuckoo vocalisations in the Australian context and provide an impetus for using 

cuckoos for monitoring both climate change and host range shifts. 
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Chapter 2 : Call Variation Between Australian Cuckoo Species 

2.1 Introduction 

Vocal signals play a crucial role in species recognition and mate choice (Catchpole and Slater, 

2008). Vocalisations are species-specific and allow listeners to both recognise species and 

individuals. Vocalisations can also provide information to conspecific listeners about a caller's body 

size and condition, which could then predict the outcome of a fight, or attract a female that has a 

preference regarding mate size (Linhart and Fuchs, 2015). A divergence of mating signals could 

lead to reproductive isolation and vocal dialects (Ptacek, 2000), and hence to speciation (Panhuis et 

al., 2001, Seddon, 2005). 

Vocal signals in birds are used for communication, and can be categorised as songs or calls, which 

could be part of a repertoire, and made up of notes, syllables and phrases (Catchpole and Slater, 

2008), where several syllables make up a phrase. Bird songs are often complex vocalisations that 

help establish and defend a territory as well as attract mates, while calls are simpler, and may be 

produced by different ages and sexes. Bird songs vary among species and sometimes between 

individuals within a species (Catchpole and Slater, 2008) with much variation in syntax and 

phonology (Cardoso and Mota, 2007), which could lead to dialects in sedentary species (Baker and 

Cunningham, 1985, Slabbekoorn and Smith, 2002). It is thought that this variation might be due to 

vocal learning and allows males and females from different subspecies or populations to distinguish 

each other (Martin et al., 2011). Birds will usually have several different calls depending on 

context, such as begging calls, contact calls or alarm calls. Simple calls are probably not learned, 

but innate (Kroodsma, 2005). 

Vocalisations are influenced by morphology, with larger species emitting calls with a lower 

frequency (Laiolo and Rolando, 2003). There is an inverse relationship between body size and the 

spectral properties of vocalisations (Fletcher, 2004, Hall et al., 2013), which holds across many taxa 

and many types of vocalisations (Evans et al., 2006, May‐Collado et al., 2007, Gerhardt, 1994, Patel 

et al., 2010). Closely related species exhibit more similar frequency patterns than expected by 

chance (Garland and Ives, 2000, Freckleton et al., 2002), and when phylogenetic relationships are 

considered, the correlation between body size and minimum frequency is corroborated (May‐

Collado et al., 2007). Oscines, the songbirds from the suborder Passeri, have remarkable control of 

the frequencies in their vocalisations. While in some oscine species the negative relationship 

between frequency and body size usually stands, such as species of Darwin’s finches (Bowman, 

1979), and Phylloscopus and Hippolais warblers (Badyaev and Leaf, 1997). In other oscine species, 

song frequency does not reflect differences in body size among males, such as Black-bellied Wrens 
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(Thryothorus fasciatoventris) (Logue et al., 2007), Greenish Warblers (Phylloscopus trochiloides) 

(Irwin et al., 2008), Dark-eyed Junco (Junco hyemalis) and the European Serin (Serinus serinus) 

(Cardoso et al., 2008). This is Possibly due to differences in size among conspecifics being small 

(Cardoso et al., 2008). 

Most non-songbirds do not learn new songs, but use genetically fixed calls (Brenowitz, 1991), 

though individual recognition has been observed in some non-song birds such as King Penguins 

(Aptenodytes patagonicus) (Aubin and Jouventin, 1998), Little Owls (Athene noctua) (Hardouin et 

al., 2006) and Pūkeko (Porphyrio porphyrio melanotus) (Clapperton, 1987). Studies on the 

Common Cuckoo (Cuculus canorus) show there is recognition between familiar neighbours and 

unfamiliar intruders (Moskát et al., 2017), and neighbours are greeted with a quick “cu-coo”. Later 

studies by Moskát et al. (2018) found that there was importance in both parts of the cuckoo call (the 

higher pitched “cu” and the lower “coo”) for recognition of familiarity, with the call showing high 

variation among individuals. Cuckoos exhibit a wide range of breeding systems (Ligon, 1993) and 

while some are brood parasites, over half of all cuckoo species live as pairs, building nests and 

raising their own young (Payne, 2005). Parasite species are found within the three defined clades: 

Cuculinae, Phaenicophaeinae and Neomorphinae‐Crotophaginae (Sorenson and Payne, 2005) and 

manipulate a host species to incubate, feed, and fledge their young (Davies, 2000). Brood parasites 

belonging to Cuculiformes are not songbirds and do not learn their song (Nottebohm, 1972, 

Brenowitz, 1991, Jarvis, 2006), and while pitch, song rate, song duration and amplitude are 

characteristics reflecting male quality in many bird species (Gil and Gahr, 2002), cuckoo presence 

is costly to host species and duration of cuckoo calls may be reduced because it provokes mobbing 

by hosts and non-hosts (Kleindorfer et al., 2013, Welbergen and Davies, 2009). Common Cuckoos 

may also learn to adjust the structure of their calls to habitat-specific transmission requirements by 

adjusting low frequency with habitat (Fuisz and de Kort, 2007) and frequency with geographic 

variation which may reflect the influence of genetic differentiation caused by geographic distance 

(Wei et al., 2015). 

Cuckoos are the only brood parasites in Australia (Figure 2.1) and many of these are migratory 

species that breed locally but winter to the north. The eleven brood parasitic cuckoos that breed in 

Australia, parasitise around 180 host species. The Channel-billed Cuckoo (Scythrops 

novaehollandiae) and Eastern Koel (Eudynamys scolopacea), are migratory cuckoos that occur 

along the eastern coast of Australia. Their most conspicuous feature is the loud and persistent 

calling of males heard throughout the breeding season. Although the commonest vocalisation of the 

Koel, the ‘cooee’ call, is well known, adult birds produce at least five other vocalisations, including 

duetting. Koels share a basic breeding pattern with other cuckoos, based on male dominance 
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interactions that lead to polygyny, but the discovery of duetting strongly suggests the possibility of 

short-term pair-bonding within this mating system (Maller and Jones, 2001). The Pallid Cuckoo 

(Cacomantis pallidus), Brush Cuckoo (Cacomantis variolosus), Fan-tailed Cuckoo (Cacomantis 

flabelliformis) and Chestnut-breasted Cuckoo (Cacomantis castaneiventris) are medium sized 

cuckoos that utter a series of whistles and trills, while the Bronze-cuckoos: Horsfield’s Bronze-

cuckoo (Chalcites basalis), Shining Bronze-cuckoo (Chalcites lucidus), Little Bronze-cuckoo 

(Chalcites minutillus) and Black-eared Cuckoo (Chalcites osculans), are smaller cuckoos with 

sequences of ascending and descending calls or trills. Though mostly found along the eastern coast, 

cuckoos can be found in all parts of Australia. 

 

 

Figure 2.1 Phylogeny of cuckoos found in Australia. The Pheasant Coucal, though in the cuckoo family, is the 
only non-brood parasitic cuckoo. Gould’s Bronze-cuckoo is now a subspecies of Little Bronze-cuckoo. 
Phylogenetic tree generated using BirdTree (birdtree.org) and International Tree of Life (http://itol.embl.de/) 
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The aim of this study was to determine if there was a relationship between body size and 

vocalisations in Australian cuckoos as seen is other species. Cuckoos have a large range in body 

size and therefore are an ideal family to test the relationship of body size and vocalization. The 

inverse relationship between body size and vocal frequency is commonly found in songbirds, so I 

predict that there is a similarly relationship in Australian cuckoos. To understand the relationship 

between frequency and size variation in Australian cuckoos, I analysed high, low and peak 

frequencies of all Australian cuckoo calls. Song characteristics were examined through visual 

inspection of spectrograms to assess repertoires of individuals and species. 

 

2.2 Methods 

To investigate the relationship between body size and vocal variation, 70 sound recordings of 11 of 

the 12 Australian cuckoo species were sourced from the David Stewart (DSt) collection in the 

Australian Wildlife Sound Archives (https://www.csiro.au/en/Research/Collections/ANWC/About-

ANWC/Our-wildlife-sound-archive), the Xeno-Canto (XC) citizen science project (www.xeno-

canto.org with mp3 files converted to wav files), and personal non-archived recordings provided by 

Fred van Gessel (FvG). Songs picked to examine were the advertising song of each species (as 

described by Morcombe & Stewart (2013)), where males sing to sexually attract females (Catchpole 

1973). No recordings were available for the Oriental Cuckoo (Cuculus optatus) in Australia so this 

species was not analysed. Song recordings were converted into spectrograms using the software 

Raven Pro (v1.5) (Charif et al., 2010). After one spectrogram of each species was examined 

(Appendix 2), measurements for minimum and maximum frequency, minimum and maximum 

duration, and minimum separation were determined for each cuckoo species and used as pre-sets in 

Raven Pro’s Band Limited Energy Detector (BLED) (Table 2.1) to locate a particular species’ song 

syllables in other spectrograms. Since the BLED would identify all sound energy in the nominated 

bandwidth with the required duration, the selections were examined and syllables not representing 

the target species were discarded. Any cuckoo syllables not picked up by BLED were noted 

manually (for example if a syllable was longer than the calibrated maximum duration). 

Measurements were made for low frequency (LF), high frequency (HF), and peak frequency (PF) 

(frequency at maximum amplitude) from the spectrograms and mean measurements for mass, wing, 

tarsus and bill length were obtained from The Australian Bird Guide (Menkhorst et al., 2017) and 

HANZAB (Higgins, 1999). Though low frequency is commonly used to correlate with body sizes, I 

initially used low frequency, peak frequency and high frequency as well, since they were readily 

available, and I was curious as to how they compared. Comparisons were made between mass and 

skeletal measurement for wing, bill and tarsus length for all species of Australian cuckoos (Figure 

http://www.xeno-canto.org/
http://www.xeno-canto.org/
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2.2), as well as between these measurements and song frequency for each species. These were 

plotted on graphs using Microsoft Excel and R2 was extracted. Multiple regression analysis was 

used to examine of the relationships between call peak frequency and morphological characteristics 

of mass, wing, tarsus and bill, to provide additional information in the form of partial correlation 

coefficients. 

 

Figure 2.2 Examining Horsfield’s Bronze-cuckoo at Sturt National Park, NSW. 

 

2.3 Results 

Seventy recordings of cuckoo calls were examined (Table 2.1) and the eleven cuckoo species were 

added onto one spectrogram (Figure 2.3), to show differences in frequency and as well as the 

temporal scale. Frequency and temporal parameters for each species were determined to use as pre-

sets for Raven Pro’s Band Limited Energy Detector (BLED). Peak frequency, the frequency at 

maximum amplitude, was calculated by Raven Pro (Figure 2.4), and bill length was used as a proxy 

for body size and mass (Figure 2.5).  

Table 2.1 Australian cuckoos and their type of call examined, from where they were sourced and measurements used in Raven Pro, to 

locate the calls on the spectrograms. 

       Measurements used to configure Band 
Limited Energy Detector        

 DSt FvG XC 
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Channel-billed Cuckoo 6 3 1 10 123 loud awk, awk 700 1700 0.1974 0.5979 0.0987 
Pheasant Coucal 3 2 7 12 511 woop, woop call 130 572 0.0522 0.1277 0.1161 
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Eastern Koel 3 1 6 10 179 cooee 550 1500 0.3016 0.7024 0.0058 
Pallid Cuckoo 1 3 6 10 964 ascending notes in phrase 750 2775 0.0581 0.1974 0.0058 
Fan-tailed Cuckoo 7 2 6 15 236 descending trill 2000 3700 0.1916 0.9927 0.0987 
Brush Cuckoo 5 8 11 24 770 advertising call 1800 3900 0.1974 0.7488 0.0987 
Black-eared Cuckoo 4 1 6 11 124 long descend note 2300 3200 0.4528 1.0681 0.0987 
Chestnut-breasted Cuckoo 7 3  10 184 descending trill 2000 3700 0.1916 0.9927 0.0987 
Shining Bronze-cuckoo 13  6 19 249 ascending note 2100 3800 0.1974 0.7024 0.0987 

Horsfield's Bronze-cuckoo 21 6 3 30 526 descending note 2300 4600 0.1974 0.6850 0.0987 
Little Bronze-cuckoo 8 9 2 19 358 descend. notes in phrase 1800 3600 0.0813 0.1937 0.0058 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Peak Frequency (frequency at maximum amplitude) measurements for Australian cuckoos.  

A   B               C                   D            E                       F             G            H       I                 J          K 

Figure 2.3 Spectrogram comparison of 11 cuckoo calls, on same frequency scale and time line, totalling 36 seconds. Little Bronze-

cuckoo (A), Horsfield’s Bronze-cuckoo (B), Shining Bronze-cuckoo (C), Chestnut-breasted Cuckoo (D), Black-eared Cuckoo (E), 

Brush Cuckoo  (F), Fan-tailed Cuckoo (G), Pallid Cuckoo (H), Eastern Koel (I), Pheasant Coucal (J), Channel-billed Cuckoo (K). 

See Appendix 2 for more detail. 
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Figure 2.5 Australian Cuckoos, ranging from Little Bronze-cuckoo to Channel-billed Cuckoo. Comparison of mass with tarsus (∆) bold dotted line (R2 = 0.73), bill (●) light 

dotted line (R2 = 0.969), and wing length (o) dashed line (R2 = 0.874).   
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A comparison of frequency measurements with mass for the brood parasitic cuckoos (Figure 2.6) 

gives a similar shaped trendline for high frequency (HF), mean frequency (F), low frequency (LF) 

and peak frequency (PF). Peak frequency showed the highest correlation with mass (R2 = 0.85). 

 

Figure 2.6 Comparison of brood parasitic cuckoo sound frequencies with mass. Logarithmic trendlines for HF (●) dotted line (R2 = 

0.769), F (o) bold dashed line (R2 = 0.845), LF (●) faint dashed line (R2 = 0.832), and PF (■) solid line (R2 = 0. 852). The non-

brood parasitic Pheasant Coucal F (∆) was plotted on the graph, but not included in the trendlines. 

 

Further comparison of frequency with wing length (Figure 2.7) and bill length (Figure 2.8), show 

that logarithmic trendlines for peak frequency (PF) and mean frequency (F) were very similar.  

 

Figure 2.7 Comparison of wing length with peak frequency (●) dashed line (R2 = 0.838) and mean frequency (o) dotted line 

(R2 = 0.844) for Australian brood parasitic cuckoos.  Pheasant Coucal (▲) is not included in trendline or R2 as it is an outlier. 
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Figure 2.8 Comparison of bill length with peak frequency (●) dashed line (R2 = 0.746) and mean frequency (o) dotted line 

(R2 = 0.749) for Australian brood parasitic cuckoos.  Pheasant Coucal (▲) is not included in trendline or R2 as it is an outlier. 

 

Since the smaller cuckoos were all clustered together at the higher end of the frequency scale, these 

were examined separately. Of these eight, the smallest four are bronze cuckoos in the genus 

Chalcides, and the other four are in the genus Cacomantis. The Pallid Cuckoo (Cacomantis 

pallidus) is much larger than the other members of these two groups and was compared both within 

and separate from the group. I compared peak frequency with mass (Figure 2.9) and wing (Figure 

2.10), bill (Figure 2.11) and tarsus (Figure 2.12) lengths for these smaller cuckoos, with and without 

the Pallid Cuckoo. The best correlation for the smaller birds was between peak frequency and bill 

length (R2 = 0.70). In all the smaller bird comparisons, a better correlation was obtained when the 

Pallid Cuckoo was included. I used only peak frequency for the frequency measurements here, since 

peak frequency and mean frequency were so closely aligned. 

 

Figure 2.9 Comparison of peak frequency and mass for smaller cuckoos including Pallid Cuckoo (▲) dotted line (R2 = 0.4908), and 

without the Pallid Cuckoo (o) dashed line (R2 = 0.1494). 



36 

 

 

Figure 2.10 Comparison of peak frequency and wing length for smaller cuckoos including Pallid Cuckoo (▲) dotted line 

(R2 = 0.5866), and without the Pallid Cuckoo (o) dashed line (R2 = 0.2596). 

 

Figure 2.11 Comparison of peak frequency and bill length for smaller cuckoos including Pallid Cuckoo (▲) dotted line 

(R2 = 0.7007), and without the Pallid Cuckoo (o) dashed line (R2 = 0.4612). 

 

 

Figure 2.12 Comparison of peak frequency and tarsus length for smaller cuckoos (▲) (R2 = 0.1862), and without the 

Pallid Cuckoo (o) (R2 = 0.0024). 



37 

 

 

There was a very strong correlation between all measurements of frequency and size in the multiple 

regression analysis, though tarsus/peak frequency was the smallest at 58.3%, and a significant 

relationship with a very low p-value (Table 2.2). All combinations of size when compared with 

peak frequency showed a high correlation (Table 2.3). Nonlinear regression modelling shows a 

negative relationship between peak frequency and mass, wing, tarsus and bill (Figure 2.13). 

 

Table 2.2  1. Correlation between pairs of peak frequency and morphological measurements, for the brood parasitic cuckoos. Where 

1 is a 100% correlation and -1 is a 100% negative correlation. 2. P-value for pairs of peak frequency and morphological 

measurements, for the brood parasitic cuckoos. 

 mass wing tarsus bill  Pk Freq 
$SpearmansRho      
Pk Freq -0.8545455 -0.8545455 -0.5835893 -0.9354953 1 

$P.Value       
Pk Freq 3.50474E-03 3.50474E-03 7.65377E-02 7.00362E-05 0 

 

Table 2.3 P-value and R2 for peak frequency and different combinations of morphological measurements, for the brood parasitic 

cuckoos. 

  p-value        R2 
  Pk Freq        Pk Freq 
mass 0.005387 0.6411 
wing 0.000684 0.7817 
tarsus 0.000892 0.7671 
bill  0.009200 0.5927 
mass + wing 0.002854 0.8125 
mass + tarsus 0.004453 0.7871 
mass + bill 0.018920 0.6781 
wing + tarsus 0.004100 0.7921 
wing + bill 0.001608 0.8409 
tarsus + bill 0.005153 0.7780 
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Figure 2.13 Nonlinear regression modelling for peak frequency with mass, wing, tarsus and bill. 
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2.4 Discussion 

In a comparison of eleven species of Australian cuckoo, frequency was found to be highly 

correlated with size (as measured by mass, tarsus, bill length or wing length) with the smallest 

cuckoos having the highest frequency. This relationship was highest between the brood parasitic 

cuckoos. The only exception was the non-brood parasitic Pheasant Coucal, that is neither the largest 

cuckoo by weight or wingspan, but has the longest tarsus and the lowest pitch. 

Basic features of animal communication such as sound frequency, calling rate and call duration are 

influenced by body mass and temperature (Gillooly and Ophir, 2010), where body size is a key 

sexually selected trait in many animal species, with larger males singing lower-pitched, low-

frequency advertising songs and the frequency bound of the advertising song has a negative 

relationship with body size. Though some genera contain only one species (Hauser, 1993), in 

nonhuman primates, species within a genus tend to be similar in body size (Harvey et al., 1987), 

with a statistically significant negative correlation between mass and frequency at the species level, 

which holds for the average, lowest, and highest frequency of calls in the repertoire (Hauser, 1993). 

Many other species in many taxa show negative correlation between sound frequency and body 

size, such as human males (Evans et al., 2006), whales (May‐Collado et al., 2007), frogs (Gerhardt, 

1994), Black Swans (Cygnus atratus) (Patel et al., 2010) and with body condition in Barn Swallows 

(Hirundo rustica) (Galeotti et al., 1997). A significant amount of the variation in frequency for non-

passerines, suboscines and oscines can be explained by body size and evolutionary history which 

have a demonstrable effect on song frequency (Ryan and Brenowitz, 1985), as well as a frequency 

variation association with size differences in populations (Handford and Lougheed, 1991). 

While there was a high negative correlation for peak frequency and the morphological 

measurements for all the cuckoos, when the seven smaller cuckoos were examined separately, the 

correlation was not as strong. None of the traditional morphological measurements (tarsus, wing, 

mass) of the smaller cuckoos seemed to be related to frequency. Since tarsus length correlates with 

social dominance better than body weight in some species (Sandell and Smith, 1991), it may be that 

the lack of correlation in cuckoos represents the brood parasite’s lack of social dominance more 

than any other function. Linhart and Fuchs (2015) found that a large component of the body weight 

of small birds is probably determined by factors other than skeletal size, like fat reserves and feather 

condition, which would not relate to song pitch, but contributing to the weight of small passerines. 

Additionally with small, birds body weight fluctuates with time (Hall et al., 2013). For these smaller 

cuckoos, peak frequency correlated with bill length which may be more related to call function 
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rather than size. In birds, the syrinx produces the primary sound, which can be an extremely loud 

and complex vocalisation (Riede and Goller, 2010), and the bill is an extension of the tracheal 

length, which would have an effect on vocalisation frequency (Nowicki, 1987), with longer billed 

birds producing lower frequencies (Laiolo and Rolando, 2003). 

Again, rather than a true reflection of size, the wings of the cuckoo may more accurately reflect 

their habitat and foraging niche. Wing loading (the relationship between how much mass must be 

carried by wing area) is one way of determining manoeuvrability in flight (Keast, 1996). The 

smaller cuckoos’ wing/mass measurements show a lower wing loading than the larger cuckoos. 

Larger cuckoos, such as the Channel-billed Cuckoo and Koel are mainly found in the canopy of 

woodland and forests, whereas the smaller bronze-cuckoos and Cacomantis species are generally 

found lower down and, in the understorey, where manoeuvrability through vegetation would be an 

advantage. This difference in preference of foraging vegetation could account for the difference in 

smaller cuckoos’ wing/mass ratios, and even though wing size may not necessarily affect sound 

frequency, vegetation and habitat could affect both wing size and sound frequency. 

The non-brood parasitic Pheasant Coucal, unlike other Australian cuckoos, is not arboreal, it 

forages on the ground and spends much of its time in dense understorey, low trees and shrubs, 

which would account for its longer tarsus. Linhart and Fuchs (2015) found that some male birds 

with a longer tarsus have lower-pitched songs than males with small tarsi, and song components 

correlate negatively with tarsus length, though tarsus length and body weight might not correlate. 

Additionally, songs from open scrub and grassland habitats are lower-pitched, narrow-banded and 

shorter than woodland, scrub and forest songs (Handford and Lougheed, 1991), with a ground level 

‘sound window’ favouring frequencies between 1 and 3 kHz (Bertelli and Tubaro, 2002, Marten 

and Marler, 1977, Morton, 1975). The Pheasant Coucal is not only non-brood-parasitic, but the 

male provides most of the parental care (Maurer, 2008). It is a reversed sexual size dimorphic 

species, with the female being larger (Maurer et al., 2008) and with a lower sound frequency range 

than the male (Pratt, 1972). This behaviour in Pheasant Coucals, could be the transitional stage in 

brood parasitism in cuckoos (Maurer, 2008).  

Australian cuckoos have simple vocalisations composing of monotones, descending or ascending 

notes, and trills. My analysis found a distinct relationship between the size of a cuckoo species and 

their sound frequency, when using mass or skeletal measurements. However, I found that the small 

and large cuckoos behaved differently which I suggest was due to vegetation and habitat. Similarly, 

the non-brood parasitic Pheasant Coucal behaved differently to the brood parasitic cuckoos, and this 

again I suggest is due to their foraging habitat.  
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Chapter 3 : Call Variation within Australian Cuckoo Species 

3.1 Introduction  

Birds use song for territory defence and mate attraction (Searcy, 1992). Birdsong is an evolving, 

culturally inherited trait, and song learning has evolved in some species but not in others 

(Kroodsma, 2005, Kroodsma, 2009). Young songbirds learn their vocalisations with a variety of 

song-learning strategies early in life (Beecher and Brenowitz, 2005), recognizing and preferring to 

learn the songs of their own species (Whaling et al., 1997). However, non-songbird species do not 

learn to vocalise (Brenowitz, 1991), and calls such as begging calls, contact calls and alarm calls are 

generally innate and tend to be shorter, simpler and produced by both sexes throughout the year 

(Kroodsma, 2005). 

A species’ vocal signals are social signals and guides to its social life, and are composed of basic 

elements that vary in duration, frequency, loudness and tonality of notes which can be arranged in 

pairs of opposite extremes serving to reduce ambiguity in signals ― in effect a communication code 

(Collias, 2000). Such vocal behavior and recognition are critical for reproductive isolation in birds, 

which relies on species recognition for breeding and constrains females to mate with conspecifics, 

and thus may play a crucial role in species formation by promoting genetic isolation on secondary 

contact (Grant and Grant, 1996). Vocal communication in terms of territory assertion favours males 

with higher song complexity who may be perceived as stronger competitors and therefore attract 

lower rival intrusion (Hill et al., 2017). Birdsong is a long and variable signal transferred for a long 

distance, comprised of one or several phrases, and consisting of a series of syllables (Figure 3.1). 

These syllables are made up of a collection of elements (Figure 3.2), which is the smallest part of a 

syllable. An element is a continuous line on a spectrogram (Catchpole and Slater, 2008). 

 

 

Figure 3.1 Spectrogram showing song syllables and phrase in a Shining Bronze-cuckoo’s ascending call. 
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Figure 3.2 Spectrogram of Brush Cuckoo call, showing phrase with three syllables of four elements each. Each syllable here is 

repeated and ascends in amplitude and pitch. 

 

Geographic variation in vocalisations is widespread in passerine birds, such that song repertoire 

content can reflect population of origin, while song complexity can reflect early life condition 

(Slade et al., 2017). Advertisement call structure is strongly influenced by the acoustic environment 

of different habitats and divergence in vocalisations among genetically related populations in 

different habitats indicates that vocalisations are matched to the environment in which birds live, 

despite the homogenizing influence of gene flow (Nicholls et al., 2006). Aspects of birdsong 

complexity, such as the number of distinct notes in a song, commonly increase along latitudinal 

gradients (Kaluthota et al., 2016) with more complex songs evolving in species-poor, demonstrably 

less noisy environments. Sexual selection favouring complexity across environments results in 

geographical variation, where detection of the signal varies, and may be resolved in different ways, 

because complexity has multiple features (repertoire size, song switching, etc.) leading to the great 

diversity in song (Singh et al., 2015). Geographic isolation in bird populations can form dialects in 

sedentary species, and sufficient differences in song between populations can lead to lack of 

conspecific recognition leading to speciation (Baker and Cunningham, 1985, Slabbekoorn and 

Smith, 2002). 

Obligate brood parasites lack early exposure to conspecifics and without cues learned from parents 

and nestmates, brood parasites must employ some other mechanism for species recognition in order 

to avoid mistakenly courting heterospecifics (Croston and Hauber, 2010, Sorenson et al., 2010). 

While harmonic structures are more frequently observed in the non-parasitic cuckoos, vocal 

structure is relatively similar among parasitic cuckoo species with a tendency to simple and low-

frequency calls (Kim et al., 2017). Cuckoos are not songbirds, and therefore do not have a complex 

song, their species recognition is probably based on non-learned calls or visual characteristics 

(Beltman et al., 2003). However, they demonstrate complex social interactions, including territorial 
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behaviours and male-male aggression (Moskát et al., 2017). The Common Cuckoo (Cuculus 

canorus) is a migratory brood parasite found in Europe, Asia and Africa, that can discriminate 

between familiar and unfamiliar individual's calls and do so to defend their own territories, showing 

tolerance of nearby conspecifics (Moskát et al., 2017). Though its calls are not acquired through 

learning, there are significant differences in the calls of different subspecies and they differ 

sufficiently to allow recognition of habitat-specific individuals (Fuisz and de Kort, 2007). Wei et al. 

(2015) found that geographic variation in calls both within and between Common Cuckoo 

subspecies were significantly correlated with distance, while environmental differences had no 

important effect, and infer that the great divergence in calls between different subspecies may be a 

hint of cryptic species. However, Gordo et al. (2008) observed variability in singing onset among 

localities follows spatial trends, modelled on environmental variables such as climate, while land 

uses, vegetation productivity and species abundance played a minor role on singing onset spatial 

patterns. Common Cuckoo males sang earlier in warmer and drier sites, and singing onset was a 

good proxy of arrival dates in migratory species. 

Of the eleven brood-parasitic cuckoo species found in Australia, four have recognised subspecies – 

Eastern Koel (Eudynamys orientalis), Shining Bronze-cuckoo (Chalcides lucidus), Little Bronze-

cuckoo (Chalcides minutillus) and Brush Cuckoo (Cacomantis variolosus) (Menkhorst et al., 2017). 

Though the Eastern Koel, the Little Bronze-cuckoo and the Brush Cuckoo are found along the 

eastern and northern coast of Australia, the Shining Bronze-cuckoo is found not only in the eastern 

region of Australia, but also some parts of the arid interior, as well as Western Australia and New 

Zealand and therefore occupies different habitats, separated by half a continent on one side and the 

Tasman Sea on the other, giving three distinct longitudinal zones. To understand the geographic 

variation in Australian cuckoos, I analysed the calls of these four species with defined subspecies 

and habitats from different parts of Australia and New Zealand, to determine the geographic 

variation pattern in call structure, and evaluate the influence of geographic distance, habitat and 

migration on call variation. As these four species migrated through latitudinal gradients and had 

distinct subspecies in separate geographic locations, it provided an ideal way to compare 

vocalisations from different parts of their range for any vocal variation which would then indicate a 

geographic variation between the subspecies. It would also indicate if migration influenced 

geographic variation in call. Though geographic variation has been studied in calls of the Common 

Cuckoo (Wei et al., 2015), no studies have been undertaken in geographic call variation of 

Australian cuckoos.  

Based on the evidence from Common Cuckoos in the northern hemisphere, I predict that spatially 

discrete subpopulations of cuckoos in Australia will have divergent call signatures. 
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3.2 Methods 

3.2.1 Species selection 

The four cuckoo species that had subspecies (Shining Bronze-cuckoo, Little Bronze-cuckoo, Brush 

Cuckoo and the Eastern Koel) were used to make comparisons on vocal variation between 

subspecies, by comparing calls from different geographic locations for each species. Even though 

these species have other subspecies not seen in Australia, only the Australian subspecies were 

examined. Australia is not only a large country, but a continent spread over a great distance with 

several different ecological zones and habitats, ranging from arid deserts to tropical rainforests. It is 

ideally suited for comparing variation with species and the possible cause, without including island 

subspecies, which have small assemblages with homogenous habitats. For each species I undertook 

the following steps: 1) identified call types and spatial location, 2) use T and frequency 

measurements to check for latitudinal and longitudinal variation, 3) used call types and aggregated 

location data in ANOVA using parameters T and peak frequency, and 4) present correlation 

figures over space of each call type. 

Shining Bronze-cuckoo 

Two subspecies of Shining Bronze-cuckoo (Chalcites lucidus) (Figure 3.3) are found in Australia. 

The Australian C. l. plagosus (Golden Bronze-cuckoo), and the New Zealand C. l. lucidus (Shining 

Cuckoo). Two other subspecies C. l. harterti and C. l. layardi are found around the Soloman Islands 

and New Caledonia (Payne, 2019b) (Appendix 3). C. l. plagosus breed in Australia and have around 

66 host species with Yellow-rumped (Acanthiza chyrsorrhoa) and Brown Thornbill (Acanthiza 

pusilla) considered their main hosts, but they also parasitise fairy-wrens, gerygones and scrubwrens 

(Higgins, 1999) (Appendix 1).  C. l. lucidus breeds in New Zealand and migrates through the east 

coast of Australia to the Solomon Islands and New Britain, during autumn and spring (Gill, 1983) 

(Appendix 3). Figure 3.4 shows the range of the two subspecies, and the locations of the calls used 

in this study. The Shining Bronze-cuckoo makes a series of clear, high pitched whistling calls, with 

each syllable ascending in pitch. Phrases often conclude with a descending note (Menkhorst et al., 

2017).  
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Figure 3.3 Shining Bronze-cuckoo at Coffs Harbour, NSW. 

 

 

Figure 3.4 Range map for Shining Bronze-cuckoo. Subspecies Chalcites lucidus plagosus in green, and the migratory C. l. lucidus 

from NZ in orange. Paler shade indicates irregular occurrence. From THE AUSTRALIAN BIRD GUIDE with permission from 

CSIRO publishing (Menkhorst et al., 2017). Solid circles (●) show locations of Shining Bronze-cuckoo calls used in this study. 

Arrows show migration. 
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The Shining Bronze-cuckoo recordings used for correlations were measured for highest HF, lowest 

LF, frequency range ΔF, mean peak frequency, mean call duration ΔT, and number of calls (n) for 

recordings from each location (Appendix 4). The calls were either ascending calls (Figure 3.5), 

descending calls (Figure 3.6) or a mixture of both. Where there was a mixture of both calls in a 

recording, separate measurements were made for highest HF, lowest LF, frequency range ΔF, mean 

peak frequency, mean call duration ΔT, and number of calls (n), which were later plotted on a graph 

with latitude and longitude. Another call noted was a trill/chatter call, usually at the start of a 

descending call phrase. 

 

Figure 3.5 Ascending call for Shining Bronze-cuckoos from New Zealand. 

 

 

Figure 3.6 Descending call from Lake Muir, WA. 

 

Brush Cuckoo 

The common call of the Brush Cuckoo (Cacomantis variolosus) (Figure 3.7) is a penetrating series 

of 3-16 descending whistles (Figure 3.8), but it also often utters a shrill three or four-note phrase, 

repeated 4-6 times, in increasing pitch, tempo and volume (Figure 3.9). The female calls less often 

but utters a short trill. There are two subspecies in Australia, C. v. variolosus which breeds in 

southern Australia and migrates to New Guinea, and C. v. dumetorum of north Australia, which is a 

resident there (Menkhorst et al., 2017). Figure 3.10 shows the range of the two subspecies, and the 

locations of the calls used in this study. There are nine more subspecies that are found on the islands 

to the north and north-east of Australia –– C. v. sepulcralis (S Thailand, S Myanmar, Malaysia 

through Sumatra, Borneo, Java, Bali and Philippines), C. v. everetti (SW Philippines), 
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C. v. virescens (Sulawesi), C. v. infaustus (N & E Moluccas, New Guinea and islands off N & E 

coasts), C. v. oreophilus (highlands of E & S New Guinea), C. v. blandus (Admiralty Is.), 

C. v. macrocercus (Bismarck Archipelago (except New Hanover)), C. v. websteri (New Hanover), 

C. v. addendus (Solomon Is.). Though several other island races have been described, they are 

currently considered invalid (Payne, 2019a). 

 

Figure 3.7 Brush Cuckoo at Ingham, QLD. Photo: I. Montgomery. 

 

 

Figure 3.8 Waveform (showing amplitude) and spectrogram (showing pitch) for Brush Cuckoo, showing the notes getting louder and 

higher in pitch in each phrase, before tapering off. 
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Figure 3.9 Two samples of three note phrase, followed by two long shrill whistles. 

 

 

 

Figure 3.10 Range map for the Brush Cuckoo. Subspecies Cacomantis variolosus variolosus in blue, and C. v. dumentorum in brown. 

Paler shade indicates irregular occurrence. From THE AUSTRALIAN BIRD GUIDE with permission from CSIRO publishing 

(Menkhorst et al., 2017).  Solid circles (●) show locations of Brush Cuckoo calls used in this study. 

 

Brush Cuckoo recordings used for comparison were measured for highest HF, lowest LF, frequency 

range ΔF, mean PF, mean call duration ΔT, and number of calls (n) for recordings from each 

location (Appendix 5). Most of the recordings available were the common series of descending 

whistles, also known as its advertising call, therefore these were the only calls used for comparison. 

Some of the recordings had more than one bird, which were easy to pick if they were calling on top 

of each other, but in some recordings, it was impossible to tell if it was the same bird or not. 

Therefore, the phrases used in a recording were not necessarily from the same bird, and therefore 

gaps between phrases were not measured. Twenty-four songs were examined with 78 phrases and 

770 syllables. Up to 17 syllables were noted in a phrase, with a mean of 9.87, median of 10.5 and 

mode of 13 syllables per phrase.  
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Little Bronze-cuckoo 

The Little Bronze-cuckoo (Chalcites minutillus) (Figure 3.11) includes the subspecies C. m. 

minutillus, a resident from north Australia and C. m. barnardi which breeds in northern NSW and 

south-east Queensland but migrates to north-east Queensland and New Guinea. A third subspecies, 

C. m. russatus, from north-east Queensland, was previously treated as a full species Gould’s 

Bronze-cuckoo (Menkhorst et al., 2017). Many birds in north-east Queensland are intermediate 

between what was previously termed a Gould’s and Little Bronze-cuckoo, and it is debatable if they 

are hybrids or variations of C. m. russatus. Some intermediates are also easily confused with 

Shining Bronze-cuckoos. Their main host species are gerygone species (Appendix 1). Figure 3.12 

shows the range of the three subspecies, and the locations of the calls used in this study. The species 

in this group of taxa, are still under revision. Eight other species found to the north and north-east 

are: C. m. peninsularis (S Indochina, S Thailand and Peninsular Malaysia), C. m. albifrons 

(Sumatra and W Java), C. m. cleis (N & E Borneo), C. m. rufomerus (E Lesser Sundas), 

C. m. aheneus (SE Borneo and S Philippines), C. m. jungei (around Sulawesi and Flores), 

C. m. poecilurus (N & S coasts of New Guinea, and offshore islands), C. m. misoriensis (Biak Is) 

(Payne et al., 2019).  

 

 

Figure 3.11 Little Bronze-cuckoo at Darwin, NT. Photo: C. Trainor. 
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Figure 3.12 Range map for the Little Bronze-cuckoo. Subspecies Chalcites minutillus minutillus in brown, C. m. 

barnardi in orange, and C. m. russatus in green. From THE AUSTRALIAN BIRD GUIDE with permission from 

CSIRO publishing (Menkhorst et al., 2017). Solid circles (●) show locations of Little Bronze-cuckoo calls used in 

this study. Arrow shows migration. 

 

The Little Bronze-cuckoo recordings used for comparison were measured for highest HF, lowest 

LF, frequency range ΔF, mean peak frequency, mean call duration ΔT, and number of calls (n) for 

recordings from each location. Two types of calls were examined (Table 3.1), 19 advertising calls 

consisting a series of phrases with 4-8 whistles each (Figure 3.13), totalling 62 phrases with 358 

syllables, as well as a very long descending trill (Figure 3.14). 

 

Table 3.1 Summary of Little Bronze-cuckoo calls examined. 

 

advertising call trill 

calls examined 19 10 

phrases 62 19 

syllables 358 
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Figure 3.13 Little Bronze-cuckoo whistle, from Palmerston, Northern Territory. 

 

 

 

Figure 3.14 Little Bronze-cuckoo trill, from Darwin, Northern Territory. 

 

Eastern Koel 

The Eastern Koel (Eudynamys orientalis) (Figure 3.15) is a large, noisy cuckoo with twelve 

recognised subspecies from the islands north of Australia (del Hoyo et al., 2019). The Australian 

subspecies arrive from August in the north, to November in the south. They migrate from New 

Guinea and Indonesia and return in April. There are two subspecies, Eudynamys orientalis 

cyanocephala which breeds along the east coast and E. o. subcyanocephala which breeds in the 

north. They parasitise hosts with open nests such as large honey-eaters, Magpie-larks (Grallina 

cyanoleuca) and Australasian Figbirds (Sphecotheres vieilloti) (Appendix 1). The male is glossy 

black with a red iris. The male’s advertising call during the breeding season is a loud, repeated 

“coo-ee” and his other call is a rolling “wuroo-wuroo”. The female has a series of shrill shrieks 

(Menkhorst et al., 2017). Figure 3.16 shows the range of the two subspecies, and the locations of the 

calls used in this study.  
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Figure 3.15 Juvenile Eastern Koel at Coffs Harbour, NSW. 
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Figure 3.16 Range map for the Eastern Koel. Subspecies Eudynamys orientalis subcyanocephala in blue, and E. o. cyanocephala in 

brown. Paler shade indicated irregular occurrence. From THE AUSTRALIAN BIRD GUIDE with permission from CSIRO 

publishing (Menkhorst et al., 2017). Solid circles (●) show locations of Eastern Koel calls used in this study.  

 

The Eastern Koel recordings used for comparison were measured for highest HF, lowest LF, 

frequency range ΔF, mean peak frequency, mean call duration ΔT, and number of calls (n) for 

recordings from each location. Only the “coo-ee” advertising calls were used (Figure 3.17), the 

syllables are around 0.7 seconds long, with peak frequency at around 1412 Hz.  

 

 

Figure 3.17 Spectrogram for Eastern Koel “coo-ee” call, from Murwillumbah, NSW. 
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3.2.2 Sound recordings 

Sound recordings of Shining Bronze-cuckoo, Little Bronze-cuckoo, Brush Cuckoo and Eastern 

Koel were sourced from the David Stewart (DSt) collection in the Australian Wildlife Sound 

Archives (https://www.csiro.au/en/Research/Collections/ANWC/About-ANWC/Our-wildlife-

sound-archive), the Xeno-Canto (XC) citizen science project (www.xeno-canto.org with mp3 files 

converted to wav files), and personal non-archived recordings provided by Fred van Gessel (FvG) 

(Table 3.2). Location details were extracted from metadata attached to each recording and plotted 

on maps (Figure 3.4, Figure 3.10, Figure 3.12 and Figure 3.16), to give an overall coverage of the 

species’ range. 

Table 3.2 Sound recordings for Shining Bronze-cuckoos, Brush Cuckoos, Little Bronze-cuckoos and Eastern Koels 

obtained from David Stewart, Fred van Gessel and different sound recordists on Xeno-canto. 

  Shining BC Brush C Little BC Koel 

David Stewart 101 77 28 81 

Xeno Canto 21 25 7 74 

Fred van Gessel 0 21 12 26 

 Total 122 123 47 181 

 

Song recordings were converted into spectrograms using the software Raven Pro (v1.5) (Charif et 

al., 2010), its Band Limited Energy Detector (BLED) and Batch Correlator functions were used to 

find geographic variations between species by extracting low frequency (LF), high frequency (HF), 

delta frequency (ΔF), peak frequency (PF) (frequency measurement at the highest amplitude) and 

delta time (ΔT) from the spectrograms. Since Raven Pro does not correlate recordings of differing 

sample rates, and 44100 Hz was the commonly used rate, any sound files not recorded in 44100 Hz 

were converted using Audacity (free, open source, audio software).  

Recordings from the various sources were already labeled as to which cuckoo species were present. 

After listening to the audio and visually examining the spectrograms for each species, cuckoo calls 

were identified on the spectrograms, approximate high frequency, low frequency and ΔT were 

noted on the first few recordings used, and then used as a pre-set (Table 3.3) for identifying others 

of the same species on other recordings by using the BLED. This would identify all species’ calls in 

the same frequency range by drawing a box around the signal, but by using the BLED ‘tag’ 

function, each syllable selected as fitting the criteria, could be visually examined on the 

spectrogram and any false signals discarded, if they did not conform to the required pattern. Noisy 

recordings with too much interference and recordings with call overlap in the selected area were 

also discarded manually. Additionally, any cuckoo signals that BLED missed, could be selected 

manually. 

http://www.xeno-canto.org/
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Table 3.3 Pre-sets used in Raven’s BLED, to identify cuckoos in sound recordings. 

 

Shining 

Bronze-

cuckoo 

Brush 

Cuckoo 

Little 

Bronze-

cuckoo 

Eastern 

Koel 

minimum frequency (Hz) 2100 1800 1800 700 

maximum frequency (Hz) 3800 3900 3600 1900 

minimum duration (s) 0.19737 0.19737 0.08127 0.30186 

maximum duration (s) 0.70240 0.74884 0.19737 0.89977 

minimum separation (s) 0.09868 0.09868 0.00580 0.0058 

 

 

Once the cuckoo calls on a spectrogram were identified and a selection box placed around each 

syllable, the recording would be resaved into a new folder, where each described syllable was saved 

as an individual file, so if a recording had two phrases with ten syllables each, the folder for that 

recording would have 20 individual sound (.wav) files. The batch correlation 

function of Raven Pro was then used to quantitatively compare the song 

recordings as spectrograms, by comparing two folders, so each syllable in a 

folder was correlated with each syllable in another folder. If two recordings 

had 30 cuckoo syllables in each, Raven Pro would then make the 900 

correlations in a few seconds. Correlations were ranked from 0 to 1, where 

1 was a very strong relationship (100%). A colour setting could be used where 

0 was displayed in blue, and 1 in red, with shades of green, yellow and orange 

in between (Figure 3.18). 

3.3 Results 

3.3.1 Shining Bronze-cuckoo 

Longitudinal variation 

Mean ΔT showed a longitudinal increase in phrase duration, for both the ascending and the 

descending calls (Figure 3.19), where ΔT increased with an increase in longitude, indicating a 

longer call duration in NZ, than in West Australia. Similarly, Figure 3.20 showed a longitudinal 

increase in high frequency, however these results were not significant. 

A one-way ANOVA (Table 3.4) on the three ascending call clusters in Figure 3.19 gives 

F = 2.02007 and a p-value of 0.165102 for T. However, for peak frequency (Table 3.5) the p-value 

is 0.011958 indicating a significant difference in the peak frequencies for the three clusters, but not 

for call duration. 

0 < 0.1

0.1 < 0.15

0.15 < 0.2

0.2 < 0.25

0.25 < 0.3

0.3 < 0.4

0.4 < 0.5

0.5 < 0.6

0.6 < 0.99

1 = 100%

Figure 3.18 Colours 

used and values for 

batch correlations. 
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Figure 3.19 Ascending and descending calls for Shining Bronze-cuckoos from Australia and NZ, ΔT plotted against longitude.  The 

three clusters show WA, east coast of Australia and NZ. Descending call (▲) dashed line, R2 = 0.0849 (n = 7). Ascending call (o) 

dotted line, R2 = 0.1774 (n = 19). 

 

 

 

Figure 3.20 Ascending and descending calls for Shining Bronze-cuckoos from Australia and NZ, HF plotted against longitude. 

Descending call (▲) dashed line, R2 = 0.343 (n = 7). Ascending call (o) dotted line, R2 = 0.2246 (n = 19). 

 

Table 3.4 Single factor ANOVA for longitudinal clusters of Shining Bronze-cuckoo ascending calls, using T. 

SUMMARY       

Groups Count Sum Average Variance   
West Aust 4 1.23 0.3075 0.003625   
East Aust 13 4.36 0.335385 0.004227   
NZ 2 0.83 0.415 0.00045   
ANOVA       

Source of Variation SS df MS F p-value F crit 

Between Groups 0.015668 2 0.007834 2.020074 0.165102 3.633723 
Within Groups 0.062048 16 0.003878    
Total 0.077716 18         
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Table 3.5 Single factor ANOVA for longitudinal clusters of Shining Bronze-cuckoo ascending calls, using peak frequency. 

SUMMARY   PF    
Groups Count Sum Average Variance   

West Aust 4 12249 3062.25 12656.25   
East Aust 13 42199 3246.077 9537.077   
NZ 2 6257 3128.5 840.5   
ANOVA       

Source of Variation SS df MS F p-value F crit 

Between Groups 113249.8 2 56624.91 5.911739 0.011958 3.633723 
Within Groups 153254.2 16 9578.386    
Total 266504 18         

 

 

Latitudinal Variation 

Figure 3.21 plots ΔT against latitude for ascending and descending calls of Shining Bronze-cuckoo. 

The descending calls showed a latitudinal increase in call duration, with the calls getting longer, 

with distance from equator. Similarly, Figure 3.22 showed a latitudinal increase for high frequency 

for descending calls. Again, these results were not significant. 

 

Figure 3.21 Ascending and descending calls for Shining Bronze-cuckoos from Australia and NZ, ΔT plotted against latitude. 

Descending call (▲) dashed line, R2 = 0.24 (n = 7). Ascending call (o) dotted line, R2 = 0.0092 (n = 19). 
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Figure 3.22 Ascending and descending calls for Shining Bronze-cuckoos from Australia and NZ, HF plotted against latitude. 

Descending call (▲) dashed line, R2 = 0.4391 (n = 7). Ascending call (o) dotted line, R2 = 0.0272 (n = 19). 

 

Batch correlations for ascending calls show a strong correlation for the eastern states and New 

Zealand (Figure 3.23). The call for the Shining Bronze-cuckoo from Stirling Ranges WA, 

supposedly from a different subspecies, also correlates strongly with these birds. New Zealand 

Shining Bronze-cuckoo are the C. l. lucidus, therefore it is possible that the other east coast birds 

studied (from QLD, NSW, VIC and TAS) are also C. l. lucidus (Figure 3.24), apart from the bird 

from Mt Lewis QLD, that are C. l. plagosus along with two of the three birds from Western 

Australia. 

Figure 3.25 shows that the descending calls from Wellington NZ, show no similarity to the 

descending calls from Western Australia, and some similarity to the descending calls from the 

eastern states of Australia. The birds from Royal National Park NSW, and Kin Kin QLD, show a 

high correlation to the two from Bylford and Lake Muir WA, indicating that these may be 

C. l. plagosus. Figure 3.26 compares ascending and descending calls, to see if there are any 

similarities between the two types of calls. 
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Figure 3.23 Batch correlation results for Shining Bronze-cuckoo ascending calls, where dark blue is very low correlation and red is 

very high (Figure 3.18). 

 

 
Figure 3.24 Map of Australia and New Zealand. Dots show the very highly correlated ascending calls, of possible C. l. lucidus, which 

conforms to the known range of New Zealand and Australian east coast subspecies, but not the individual from Western Australia. 
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Figure 3.25 Batch correlation results for Shining Bronze-cuckoo descending calls, where dark blue is very low correlation and red is 

very high (Figure 3.18). 

 

 

Figure 3.26 Comparison on ascending calls (y-axis) and descending calls (x-axis), for Shining Bronze-cuckoo, where dark blue is 

very low correlation and red is very high (Figure 3.18). 
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3.3.2 Brush Cuckoo 

An examination of the recording for a Brush Cuckoo from Russ Creek, Gibb River Rd WA 

(-16.05º, 126.70º) (Figure 3.27 & Figure 3.28) show three phrases of different lengths, and number 

of syllables in each phrase, with a gap of around 7 seconds between the phrases. The batch 

correlation comparing the recording to itself (Figure 3.29), shows a diagonal pattern, where each 

syllable shows a high correlation to a corresponding syllable in a similar position, in the other two 

phrases. e.g. phrases 1,10 and 20 are the first syllable in each phrase and show a high correlation to 

each other. Additionally, there is a high correlation with syllables immediately before and after each 

syllable, and then the similarity tapers off, till the next phrase starts. 

 

 

Figure 3.27 Spectrogram for Brush Cuckoo from Western Australia, showing three phrases, with a gap between phrases the first gap 

is 7.32 seconds and the second is 6.78 seconds. 

 

 
Figure 3.28 Expanded view of spectrogram (Figure 3.27) for Brush Cuckoo from Western Australia, showing three phrases of 

various lengths, and number of syllables in each phrase. 
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Figure 3.29 Batch correlation for Brush Cuckoo seen in spectrograms (Figure 3.27 & Figure 3.28), showing a diagonal pattern of high and low correlations. The two axes are the same, and 

represent the syllables in the previous spectrogram, where each syllable is compared with every other syllable. The high correlations (red) matches corresponding syllables in the other two 

phrases, as well as the syllables closest in phrase and the corresponding positions in the other two phrases. 
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Figure 3.30 and Figure 3.31 show any longitudinal effect on ΔT and high frequency, but these 

effects were not significant. A single factor ANOVA (Table 3.6) shows a significant difference in 

call duration in longitude for Brush Cuckoo calls for the two groups, the first from Western 

Australia and the Northern Territory, and the other from the eastern states. This splits 

C. v. dumetorum, with those from east of the Gulf of Carpentaria having longer calls, with more 

similarity to C. v. variolosus.  

Figure 3.32 and Figure 3.33 show the latitudinal effect on ΔT and high frequency. Here again the 

results were not significant. A single factor ANOVA (Table 3.7) for latitudinal variation in Brush 

Cuckoo calls, using peak frequency, indicates that the two groups, the first from northern Australia, 

and the other from below the Tropic of Capricorn have significantly different Peak Frequencies. 

This corresponds with the two distinct subspecies C. v. dumetorum and C. v. variolosus (R2 = 0.25 

and p-value = 0.004). 

Figure 3.34 and Figure 3.35 look at any possible effects of longitude and latitude on the number of 

syllables per phrase. A comparison of longitude under 135° with over 141° (Western Australia and 

the Northern Territory with the east coast) gives a p-value of 0.042664 showing a significant 

increase in number of syllables per phrase with increased longitude. 

 

 

Figure 3.30 Advertising call of Brush Cuckoo. ΔT plotted against longitude. R2 = 0.2466, n = 24. 
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Figure 3.31 Advertising call of Brush Cuckoo. HF plotted against longitude. R2 = 0.0109, n = 24. 

 

Table 3.6 Single factor ANOVA for longitudinal variation in Brush Cuckoo calls, using Delta Time (ΔT). The two groups, the first 

from Western Australia and the Northern Territory, and the other from the eastern states, indicate that the two groups have 

significantly different call durations. 

SUMMARY      
Groups Count Sum Average Variance   

WA and NT 5 1.31 0.262 0.00032   
Eastern Aust. 19 5.85 0.307895 0.001273   
ANOVA       

Source of Variation SS df MS F p-value F crit 

Between Groups 0.008338 1 0.008338 7.580904 0.011599 4.30095 
Within Groups 0.024196 22 0.0011    
Total 0.032533 23         
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Figure 3.32 Advertising call of Brush Cuckoo.  ΔT plotted against latitude. R2 = 0.0245, n = 24. 

 

 

Figure 3.33 Advertising call of Brush Cuckoo.  HF plotted against latitude. R2 = 0.2529, n = 24. 
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Table 3.7 Single factor ANOVA for latitudinal variation in Brush Cuckoo calls, using peak frequency. The two groups, the first from 

northern Australia, and the other below Tropic of Capricorn, indicate that the two distinct subspecies Cacomantis v. dumetorum and 

C. v. variolosus have significantly different Peak Frequencies. 

SUMMARY   PF     
Groups Count Sum Average Variance   

NT & NQ 12 32911 2742.583 17926.99   
below Capricorn 12 30898 2574.833 14672.7   
ANOVA       

Source of 
Variation SS df MS F p-value F crit 

Between Groups 168840.4 1 168840.4 10.3584 0.003956 4.30095 
Within Groups 358596.6 22 16299.84    
Total 527437 23         

 

 

 

 

 

Figure 3.34 Number of Brush Cuckoo syllables per phrase plotted against longitude. n = 78. 
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Figure 3.35 Number of Brush Cuckoo syllables per phrase plotted against latitude. n = 78. 

 

 

3.3.3 Little Bronze-cuckoo 

The Little Bronze-cuckoo trill is around 2 to 6 seconds long while the syllables of the advertising call 

are a lot shorter, at around 0.11 to 0.16 seconds. The Little Bronze-cuckoo phrases had less syllables 

than the Brush Cuckoo, with a mean of 5.77 and median and mode of 6 each. A comparison of the 

Brush Cuckoo song with itself (Figure 3.36), indicates a strong correlation between the phrases but 

not between the syllables within a phrase. Within each phrase, the syllables progressively increased 

in duration, while decreasing in pitch. 
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Figure 3.36 Part of Batch correlation for Little Bronze-cuckoo from Howard Springs, NT. The recording had 7 phrases, with 7, 7, 7, 6, 7, 7 and 7 syllables.  A diagonal pattern of high and low 

correlations is seen with the high correlations (red or orange) matching corresponding syllables in the other phrases, as well as the adjoining syllables in the phrase and the corresponding positions in the 

other phrases. There is a very poor correlation between the first and last note of each phrase. 
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Figure 3.37 and Figure 3.38 show that the trill increases in pitch with both an increase in longitude 

and latitude, whereas the advertising call decreases in pitch with both longitude and latitude. Call 

duration for the advertising call increases for both longitude (Figure 3.39) and latitude (Figure 

3.40), however the trill increased in length with longitude (Figure 3.41), but decreases in length 

with increased latitude (Figure 3.42). Figure 3.43 and Figure 3.44 show that the number of syllables 

per phrase decreases with an increase in both longitude and latitude. However, none of these 

longitudinal and latitudinal gradients were significant. 

A one-way ANOVA on the Little Bronze-cuckoo subspecies showed no significant differences 

between the three subspecies for peak frequency or call duration. However, there was a latitudinal 

decrease in the number of syllables per phrase in the advertising call, and the ANOVA showed a 

significant difference between the three subspecies, with a p-value of 0.002908 (Table 3.8). 

 
Figure 3.37 Trill and advertising call of Little Bronze-cuckoo. HF plotted against longitude. Advertising call (o) dotted line, 

R2 = 0.121 (n = 19). Trill (▲) dashed line, R2 = 0.2023 (n = 10). 

 

 

Figure 3.38 Trill and advertising call of Little Bronze-cuckoo. HT plotted against latitude. Advertising (o) dotted line, R2 = 0.0105 

(n = 19). Trill (▲) dashed line, R2 = 0.3829 (n = 10). 

 



70 

 

 

 

Figure 3.39 Advertising call of Little Bronze-cuckoo. ΔT plotted against longitude. R2 = 0.0198, n = 19. 

 

 

 

 

 

Figure 3.40 Advertising call of Little Bronze-cuckoo. ΔT plotted against latitude.  R2 = 0.1317, n = 19. 
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Figure 3.41 Little Bronze-cuckoo trill. ΔT plotted against longitude. R2 = 0.0596, n = 10. 

 

 

Figure 3.42 Little Bronze-cuckoo trill. ΔT plotted against latitude. R2 = 0.0136, n = 10. 
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Figure 3.43 Number of Little Bronze-cuckoo syllables per phrase plotted against latitude. R2 = 0.0803, n = 62. 

 

 

Figure 3.44 Number of Brush Cuckoo syllables per phrase plotted against latitude. R2 = 0.02587, n = 62. 
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Table 3.8 Single factor ANOVA for latitudinal variation between the three Little Bronze-cuckoo subspecies, for the number of 

syllables per phrase in their advertising call. 

SUMMARY      

Groups Count Sum Average Variance   
C. m. minutillus 18 111 6.166667 0.617647   
C. m. russatus 37 216 5.837838 1.584084   
C. m. barnardi 7 31 4.428571 0.619048   
ANOVA       
Source of Variation SS df MS F p-value F crit 

Between subspecies 15.5974 2 7.798698 6.458657 0.002908 3.153123 
Within subspecies 71.24131 59 1.20748    
Total 86.83871 61         

 

3.3.4 Eastern Koel 

Figure 3.45 and Figure 3.46 show any longitudinal effect on ΔT and high frequency, and Figure 

3.47 and Figure 3.48 show the latitudinal effect on ΔT and high frequency. Call duration increases 

with both latitude and longitude, and high frequency decreases with both latitude and longitude. 

This indicates that the northern subspecies E. o. subcyanocephala has a shorter call duration at a 

higher pitch, than the subspecies E. o. cyanocephala, but not significantly. 

 

 

 

Figure 3.45 Eastern Koel “coo-ee” call. ΔT plotted against longitude. R2 = 0.0526, n = 19. 
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Figure 3.46 Eastern Koel “coo-ee” call. HF plotted against longitude. R2 = 0.1238, n = 19. 

 

 

 

Figure 3.47 Eastern Koel “coo-ee” call. ΔT plotted against latitude. R2 = 0.0358, n = 19. 
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Figure 3.48 Eastern Koel “coo-ee” call. HF plotted against latitude. R2 = 0.1134, n = 19. 

 

 

Batch correlations for the “coo-ee” calls (Figure 3.49) show a good correlation between the 

subspecies. However, the three southernmost individuals’ comparisons were not as high. It was also 

noted that the Eastern Koel recording from South Australia was outside its usual range. 
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Figure 3.49 Batch correlation results for Eastern Koel’s “coo-ee” call, where dark blue is very low correlation and red is very high 

(Figure 3.18). 

 

While the Shining Bronze-cuckoo calls ranged from trills to ascending and descending whistles, 

which were monotonous, the Little Bronze-cuckoo also had trills and descending whistles, but these 

whistles were broken up into phrases, and the elements in these increased in length while decreasing 

in pitch. However, the Brush Cuckoo is in a different genus, the Cacomantis, and its calls were not 

as simple as the Bronze-cuckoos, its four-note call was not monotonous, and the syllables in its 

descending call, were of different length and frequency, with the elements in repeated phrases 

matching in length and pitch. 

Table 3.9 summarises the longitudinal and latitudinal variation for high frequency and call duration 

for the three smaller species. Though the trendlines generally showed an insignificant increase or 

decrease, significant differences in the Shining Bronze-cuckoo were only seen in peak frequency 

between the three clusters of Western Australia, Eastern Australia and New Zealand. Similarly, the 

Brush Cuckoo and the Little Bronze-cuckoo did not show any significant longitudinal or latitudinal 
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variation, but there was a significant difference between groups separated by distance. The Koel did 

not show any significant geographic variation in its call. 

Table 3.9 Summary of longitudinal and latitudinal variation for three smaller cuckoo species. No significance was seen along 

longitudinal and latitudinal gradients. However, there was a significant difference between some groups, where the p-value was 

under 0.05. 

 

Shining Bronze-cuckoo 
ascending whistle 

Brush Cuckoo     
advertising call  

Little Bronze-cuckoo 
advertising call   

 HF T HF T Syll/phrase HF T Syll/phrase 

increasing longitude increase increase slight 
decrease 

increase increase decrease slight 
increase 

decrease 

increasing latitude flat decrease decrease increase flat decrease increase decrease  

ANOVA sig. diff. bet. 
Three clusters      
pv=0.01196 

 sig. diff. bet. 
N and South   
pv=0.00396 

Sig. diff. bet. 
E & West 
pv=0.0116 

   sig. dif. bet. 
Subspecies 
pv=0.003 

 

3.4 Discussion 

Comparison of calls for Shining Bronze-cuckoo, Brush Cuckoo Little Bronze-cuckoo and Eastern 

Koel showed no clear latitudinal or longitudinal gradients in duration, pitch and syllables per 

phrase, but with some degree of variation between subspecies isolated by distance. However, it was 

unclear what part habitat or other environmental factors may play in this variation, or what 

influence geographic distance has on genetic factors which in turn affect song, since cuckoo calls 

are innate. Additionally, there was a similarity in the calls between the species, reflecting their 

familial relationships. It is possible that the distance separating these subspecies contributed to their 

call divergence.  

Fuisz and de Kort (2007) found that Common Cuckoo calls showed similarity from locations 

further than 200 kms apart but with the same habitat type and showed geographic variation with call 

duration and frequency parameters of the first syllable. Likewise, the four Australian cuckoo 

species studied here showed call similarity from locations in various parts of their respective ranges, 

with a geographic variation in syllable length as well as a variation in high frequency.  

Geographic variation in birdsong is widespread, and probably related to the isolation between 

populations. But it may be influenced by more than geographic distance and isolation such as 

morphological constraints, environmental influences and sexual selection, as well as errors in song 

copying during learning, all of which may contribute to song differences in subspecies (Yandell et 

al., 2018). 

The migratory patterns of these four Australian cuckoos are latitudinal. While the northern 

subspecies of these cuckoo species are residents, the southern subspecies migrate north for winter, 

through the territories of their northern counterparts, with some overlap. Even though some studies 

have found latitudinal variation in song (Najar and Benedict, 2019, Weir and Wheatcroft, 2011), 
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I found that there was not always a significant latitudinal difference in song structure. Sometimes 

there was a longitudinal difference as well, which could involve a greater separation by distance, 

leading to the creation of subspecies, such as the two Shining Bronze-cuckoo subspecies who had a 

difference in peak frequencies. Whereas the Brush Cuckoo C. v. dumetorum had a longitudinal 

increase in call duration, the eastern group more in time with the southern subspecies 

C. v. variolosus, who would migrate through C. v. dumetorum’s range when heading north to their 

wintering grounds. However, it must be noted that the calls assigned as C. v. dumetorum from far 

north Queensland may have been migratory C. v. variolosus, but since the calls studied were not 

from the winter months, it was assumed that all Brush Cuckoos from far north Queensland were 

C. v. dumetorum. Similarly, all Little Bronze-cuckoos from far north Queensland were assumed to 

be C. m. russatus. 

Some bird calls travel further than others, and since lower frequencies are less affected by scattering 

and signal reduction through foliage and tree trunks than high frequencies (Marten et al., 1977), 

forest birds often use lower frequencies than birds from open habitats (Catchpole and Slater, 2008). 

These cuckoos are forest species and it is possible that they adjust their call to habitat transmission 

requirements. Shining Bronze-cuckoos ranged from -10° to -45° latitude, from rainforests in north 

Queensland to less dense temperate forests of Tasmania and NZ. Figure 3.22 shows that Shining 

Bronze-cuckoos have an increase in frequency with an increase in latitude (R2 = 0.439 for 

descending calls), indicating a lower frequency in densely forested areas. However, data for the 

Brush cuckoo ranging from rainforests in New Guinea and north Queensland, to open forests of 

Victoria, shows that there is a decrease in frequency with increased latitude, with a R2 value of 0.25 

for its advertising call (Figure 3.33). On the other hand, the Little Bronze-cuckoo, shows a 

combination of both. An increase in frequency with increased latitude for its trill (R2 = 0.383) but 

not the advertising call, which decreases with increased latitude (Figure 3.38). Kaluthota et al. 

(2016) found a latitudinal increase with the number of song elements. However, I found that this 

was not the case with the Little Bronze-cuckoo, where the song elements decreased with an increase 

in latitude, while the Brush Cuckoo showed only a very small latitudinal increase in element 

numbers. 

Possible reasons for these discrepancies could be that cuckoos are migratory species, who did not 

learn their call from their own parents, and recordings may not have been from their natal or 

breeding area. And even though their calls are innate, there may be individual morphological 

differences as well as environmental factors, or even experience that affect T and peak frequency. 

Even though cuckoos have been known to call incessantly, they are still a cryptic species, and 

would not want to be detected by a potential host, and therefore call length could vary. 
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3.4.1 Shining Bronze-cuckoo 

Shining Bronze-cuckoos are found in three zones in the Austral-New Zealand area. Those found in 

West Australia are all C. l. plagosus, and those found in New Zealand are all C. l. lucidus while 

those in eastern Australia are a mixture of both. Therefore, by comparing calls from West Australia 

and New Zealand, any differences in the subspecies could be identified. Currently, there is 

speculation that the species should be split into two, with the subspecies C. l. plagosus being 

considered a full species (Menkhorst et al., 2017). Looking at the longitudinal graphs (Figure 3.19 

and Figure 3.20), Shining Bronze-cuckoo call syllables show an increase in syllable duration (ΔT) 

as well as high frequency (HF), with longitudinal increase for both ascending and descending calls, 

with descending calls having a consistently longer syllable duration than ascending calls. In 

contrast, high frequency is in a similar range for both call types, which could coincide with species 

upper limit for pitch. However, the correlation is not very high and sample sizes were small 

(ascending calls, n = 19, descending calls, n = 7). With latitude (Figure 3.21 and Figure 3.22), there 

is no correlation for ascending calls and only a weak correlation for the descending calls. An 

ANOVA comparison of the longitudinal zones showed a significant difference between these three 

groups for peak frequency, but not for call duration, indicating that there was a significant 

difference in peak frequency between C. l. lucidus and C. l. plagosus which lends support for the 

idea of them being separate species. 

Batch correlations showed a very high similarity in the ascending calls for the birds from New 

Zealand, as well as the individuals form Greenvale VIC, Bruny Island TAS, Kin Kin QLD, Border 

Ranges National Park NSW and Mullumbimby NSW (Figure 3.23). Based on this result, it was 

probable that these were C. l. lucidus, but this does not explain why the single individual from 

Stirling Range National Park WA correlates better with these C. l. lucidus individuals than with the 

other C. l. plagosus from Western Australia. C. l. lucidus are not found in Western Australia, and it 

is unlikely that it had dispersed that far. The three Western Australian individuals show some 

similarity to each other, though it is not a very strong correlation. However, the individual for Mt 

Lewis Nth QLD, shows some similarity to two of the birds from Western Australia, but not the 

other New Zealand or Australian East Coast birds, so this individual is probably C. l. plagosus. 

These recordings spanned thirty years but were not examined for any influence of time on call 

structure. 

A comparison of descending calls (Figure 3.25) shows no similarity between Wellington New 

Zealand and the two Western Australian birds from Byford and Lake Muir, as well as a poor 

correlation between the individuals form Auckland NZ and Mount Piper VIC. All other pairs show 

some or excellent similarity. A comparison of ascending calls with descending calls (Figure 3.26) 
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show some results for call similarity, but not very high. This could possibly be due to the calls being 

in a similar frequency range. 

3.4.2 Brush Cuckoo 

Brush Cuckoos are found along northern and eastern coasts of Australia, with C. v. dumetorum in 

the north and C. v. variolosus along the east coast. They use a range of wooded habitats, and in the 

southern states mainly parasitise cup-nesting species such as Grey Fantail (Rhipidura albiscapa), 

Scarlet Robin (Petroica boodang) and Leaden Flycatcher (Myiagra rubecula), whereas in the north 

parasitise enclosed nests of Brown-backed (Ramsayornis modestus) and Bar-breasted Honeyeaters 

(R. fasciatus) (Menkhorst et al., 2017). 

Brush Cuckoo advertising calls show an increased syllable length with increased longitude but with 

a low correlation, and not much longitudinal variation of high frequency. However, high frequency 

decreases and ΔT increases with increased latitude, albeit with a low correlation value, indicating a 

possible difference in syllable length and call frequency between the two subspecies. 

The Brush Cuckoo is not a songbird and does not learn its song, but its advertising call is not a 

repetition of the same note as seen in the Shining Bronze-cuckoo, but a series of phrases with a 

scale like quality of up to 17 descending syllables, the first note of the phrase having the highest 

pitch, and the last with the lowest pitch (Figure 3.27), with adjacent syllables having a very similar 

peak frequency. When the second phrase starts, the initial syllable compares highly to the first 

syllable of the previous phrase. This can be seen in the broad red diagonal stripes of the batch 

correlation in Figure 3.29, where a band of high correlations (red) filters through each phrase and 

then starts again with the next phrase. The first and last note of each phrase showed very weak 

correlation (dark blue). This pattern was frequently seen in Raven Pro’s batch correlations when 

applied to an individual bird, that is, by comparing a song with itself, so the syllables of each phrase 

were compared with other phrases in the same song. So, even though the Brush Cuckoo might not 

have learnt to sing like a songbird, he is starting with scales, and keeps practicing. Additionally, the 

elements of its four-note call (Figure 3.2) are not repetitious, though the syllables are. The rhythm is 

more musical, ♩♫♩ slow-quick-quick-slow, which rises in pitch and volume with each syllable. 

3.4.3 Little Bronze-cuckoo 

Little Bronze-cuckoo C. m. minutillus found in the north, mainly parasitize White-throated 

Gerygone (Gerygone olivacea), whereas in the south C. m. barnardi parasitises Red-backed Fairy-

wren (Malurus melanocephalus), Zebra Finch (Taeniopygia guttata) and Double-barred Finch 
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(Taeniopygia bichenovii), while C. m. russatus parasitises Large-billed Gerygone (Gerygone 

magnirostris). 

The Little Bronze-cuckoo shares its range with the Brush Cuckoo, in the north and north east of 

Australia but not in the southern regions of NSW and Victoria, and therefore shares a similar 

habitat. Its call is simpler than the Brush Cuckoo, but still shows variation in its advertising call, 

where the syllables in each phrase decrease in pitch, while increasing in length. This pattern was not 

random, with subsequent phrases following the same pattern, though the number of syllables in a 

phrase could vary. Similar to the Brush Cuckoo, the first note of the phrase has the highest pitch, 

and the last with the lowest pitch (Figure 3.13), with adjacent syllables having a very similar peak 

frequency. The first and last note of each phrase showed very weak correlation. When the second 

phrase starts, the initial syllable correlates well to the first syllable of the previous phrase, and the 

corresponding syllables in each phrase, show a reasonably good correlation, but not as good as the 

Brush Cuckoo. This can be seen in the diagonal stripes of the batch correlation (Figure 3.36). With 

its variation in call length and pitch, the Little Bronze-cuckoos call is not as simple as the Shining 

Bronze-cuckoo, but has more in common, though not as advanced as the Brush Cuckoo, who is in a 

different genus. 

Though geographic variation in call duration and pitch was evident, there was not a substantial 

difference between the three subspecies., The largest vocal difference between subspecies was 

found to be the number of syllables per phrase. While such a difference may be habitat related, it 

could also be considered evidence for the evolution of dialects. Dialects are separated by 

boundaries, and are generally formed in sedentary species, isolated by geographic distance (Baker 

and Cunningham, 1985, Slabbekoorn and Smith, 2002, Kroodsma, 2005). However, the Little 

Bronze-cuckoo is migratory and not a sedentary species, and while the brood-parasitic Brown-

headed Cowbird (Molothrus ater) develops dialects, it is a songbird (Rothstein and Fleischer, 1987). 

It is unlikely that a non-songbird cuckoo would be capable of developing a dialect.  

3.4.4 Eastern Koel 

The Eastern Koel is found in a similar range as the Brush Cuckoo, but usually in the canopy. The 

two Koel subspecies showed a difference in geographic variation for both call length and high 

frequency, with the northern subspecies E. o. subcyanocephala having a higher pitched, shorter call, 

however in was not a significant difference. Additionally, there was a strong call similarity between 

the subspecies’ “coo-ee” calls. The recording for a Koel from near Adelaide, South Australia, well 

outside its historical range, could indicate an expansion in their range. A discussion on the Xeno-
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canto forum suggests that Eastern Koels were once rare around Adelaide but have been recorded 

there more regularly in recent years.  

A very low call variation was found across geographic distances for these four migratory cuckoo 

species. This would make them ideal candidates to track acoustically, using ecoacoustic monitors to 

measure for changes in migratory dynamics. A huge implication of this would be monitoring for the 

effect of climate change on migration arrival dates (Cotton, 2003). How host migration dates affect 

the brood parasites breeding season, if because of the advancement of breeding dates with warmer 

weather, hosts and brood parasites are mismatched. With declining woodlands, the survival of many 

species is being threatened. Monitoring cuckoo migratory movements such as arrival dates and 

length of stay would indicate the health of a particular habitat, since the presence of cuckoos 

indicates species richness and a heathy ecosystem. Using ecoacoustics to monitor cuckoo 

movements would help in conservation efforts not just in Australia, but in neighbouring island 

countries where other subspecies of these four species are found. 
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Chapter 4 : Vocal Variation in a non-song-learning Brood Parasite: the 

Horsfield’s Bronze-cuckoo (Chalcites basalis) 

4.1 Introduction 

Birds use vocal cues for communication, which plays a vital role in mate choice and territory 

defence (Searcy, 1992). While songs are complex and require learning, calls are simple and are 

innate. Calls are made by both sexes at all ages, and birds will usually have several different calls 

depending on context, for example begging calls, contact calls and alarm calls (Kroodsma, 2005). 

While some songbirds like the cowbirds (Molothrus spp.) are brood parasites, non-songbirds such 

as cuckoos, do not learn songs, but give innate, genetically fixed calls. Variations in these innate 

calls can be influenced by habitat, environmental factors, geographic isolation, morphological 

differences, or in the case of brood parasites, possibly their host. Brood parasitic juveniles adjust 

their begging calls to match that of their host (Butchart et al., 2003), however copying of the foster 

species song by brood parasites has only been documented in Indigobirds (Vidua spp.) (Davies, 

2000). While most nonparasitic birds learn their vocal cues and mate choice preferences from their 

parents, brood-parasitic young must not imprint on their foster parents or risk attempting 

reproduction with the wrong species. This constrains the vocal evolution of interspecific avian 

brood parasites to calls and songs that are innate and can be recognised by conspecifics (Louder et 

al., 2015, Sorenson et al., 2010). 

Geographic variation in vocalisations is widespread in passerine birds (Slade et al., 2017), and can 

lead to formation of dialects (Baker and Cunningham, 1985, Slabbekoorn and Smith, 2002), though 

variation on call can evolve in non-passerines. Studies on the Common Cuckoo (Cuculus canorus) 

in Eurasia found that differences in calls were significantly different between subspecies, and were 

significantly correlated with geographic distance, between and within subspecies (Wei et al., 2015). 

Cuckoos in Australia are often migratory species that breed locally but travel great distances to 

winter in the north. 

Generalist brood parasites are known to evolve host-specific races with each specializing on a 

specific host species (Marchetti et al., 1998). Many host-specific races originate from 

geographically structured populations (Fossøy et al., 2011). However, in sympatric populations 

where several host races coexist and breed in similar habitats, they are isolated by differences in the 

timing of breeding, especially when hosts overlap in breeding territory (Møller et al., 2011a).  

Environmental health impacts on bird abundance and migration (Møller et al., 2015), and birdsong 

degrades in amplitude, frequency and temporal structure as in travels through the environment 
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(Priyadarshani et al., 2018a). Studies on European cuckoos show that birdcalls differ depending on 

environmental conditions (Møller et al., 2016), and cuckoos may use habitat imprinting to locate 

hosts (Teuschl et al., 1998). Boncoraglio and Saino (2007) found that sound frequency of bird song 

was significantly lower in closed compared with open habitats, which supports the Acoustic 

Adaptation Hypothesis argument that song features get adapted to the sound transmission 

characteristics of the environment (Morton, 1975), by maximizing song broadcast range while 

minimizing attenuation. There has been considerable recent interest in the effect of latitude on 

various aspects of birdsong. The length of song (Weir and Wheatcroft, 2011, Wei et al., 2017), the 

number of elements in a song, the rate of element production (Kaluthota et al., 2016), and song 

complexity (Singh et al., 2015) all increasing with latitudinal gradients. 

In this study I examined calls of a brood parasitic, non-songbird, the Horsfield’s Bronze-cuckoo 

(Chalcites basalis) from different habitats around Australia. I studied the effect of latitude and 

longitude on calls by looking at the duration of the calls (ΔT), and the peak frequency of the calls 

(PF), to see if there was any geographic variation in the calls of this species of cuckoo. I picked this 

species since it is found in all habitats throughout Australia and has not been split into subspecies. 

Based on the acoustic adaptation hypothesis, I predict that the Horsfield’s Bronze-cuckoo call will 

vary between habitats and show some variation between individuals separated by distance. 

4.2 Methods 

The Horsfield's Bronze-cuckoo (Chalcites basalis) is a very small generalist brood parasite, easily 

identifiable by both plumage characteristics (Figure 4.1) and call (Higgins, 1999). These cuckoos 

breed throughout Australia, and fairy-wrens (Malurus spp.) and thornbills (Acanthiza spp.) are their 

main targets from around 75 host species (Appendix 1). The adult Horsfield’s Bronze-cuckoo has 

several call types (Debus, 1989), which reflect different functions (Byers, 1995). The described call 

types are the chirrup call, descending or advertisement call (used for contact), chattering cheer call 

(used in winter groups; Sedgwick 1951, Gourlay 1974), pee-eep call (used during courtship flight; 

Kloot 1969), and copulation trill (female only; Tarburton 1993). Another call described as “di-di” in 

Morcombe and Stewart (2013) was identified in two recordings. 

Two call types were selected for analysis in this study: the descending or advertising call and the 

chirrup call. Only these call types were analysed due to the availability of recordings. 
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Figure 4.1 Horsfield's Bronze-cuckoo at Bowra Station, QLD. 

4.2.1 Sound collection 

One hundred and twenty five Horsfield’s Bronze-cuckoo recordings from around Australia were 

examined, using (.wav) sound recordings sourced from the David Stewart (DSt) collection in the 

Australian Wildlife Sound Archives (https://www.csiro.au/en/Research/Collections/ANWC/About-

ANWC/Our-wildlife-sound-archive), the Xeno-Canto (XC) citizen science project (www.xeno-

canto.org with mp3 files converted to wav files), and personal non-archived recordings provided by 

Fred van Gessel (FvG) (Appendix 6). 

Songs were converted into spectrograms using the software Raven Pro version 1.5 (Charif et al., 

2010). Its Band Limited Energy Detector (BLED) and Batch Correlator functions were used to find 

variations between calls, as well as extracting low frequency (LF), high frequency (HF), delta 

frequency (ΔF), peak frequency (PF) and delta time (ΔT). Location of recordings was used to 

extract latitude and longitudinal details. 

The Horsfield’s Bronze-cuckoo songs and calls were recorded over a 36-year period, from 1982 to 

2018, with most of the recordings taking place during August, September and October, which 

would correspond with the peak breeding months. Breeding and migratory patterns vary throughout 

the country, with Horsfield’s Bronze-cuckoos from the south, wintering to the north in Indonesia, 

Malaysia and Melanesia (Payne and Bonan, 2019), while those from the north are sedentary 

(Table 4.1). 

http://www.xeno-canto.org/
http://www.xeno-canto.org/
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Table 4.1 Seasonal migration patterns for Horsfield’s Bronze-cuckoo in Australia from Higgins (1999). 

 

 

Of the 125 Horsfield’s Bronze-cuckoo calls obtained, 45 from around Australia (Figure 4.2) were 

ultimately used for correlational analysis. Recordings were also classified as to habitat type (Figure 

4.3) with two classified as tropical or subtropical grasslands, savannahs and shrublands; three as 

temperate grasslands, savannahs and shrublands; five as Mediterranean forests, woodlands and 

scrub; nine as desert and xeric shrublands, twelve as broadleaf or mixed forests. Single factor 

ANOVAS were used to compare calls based on habitat type, as well as calls separated by latitude 

and longitude. Any recordings with too much interference or call overlap were discarded as not 

providing clear data for spectrogram analysis. Additionally, only one recording was used if 

numerous recordings were from the same site on the same day to prevent oversampling one 

individual. The only exception to this was when there were the two types of call (advertising and 

chirrup), then one of each was included. 

 

summer autumn winter spring 

s.e. mainland Aus winter/spring to spring /autumn

Tasmania spring to autumn

sth WA coast autumn to spring/summer

WA interior late summer to spring

north throughout year
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Figure 4.2 Distributional map of Horsfield’s Bronze-cuckoos showing summer breeding range in Australia, the pale green areas 

indicate irregular occurrences. From THE AUSTRALIAN BIRD GUIDE with permission from CSIRO publishing (Menkhorst et al., 

2017). Wintering grounds are to the north in Indonesia, Malaysia and Melanesia (Payne and Bonan, 2019). (•) show locations of 

recordings used in this study.  
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Figure 4.3 Horsfield’s Bronze-cuckoos are found in all Australian biomes. Map from Enviromental Resources Information Network 

(2012). Dots show locations of descending calls used to compare habitats. 

 

4.2.2 Spectrograms and BLED 

The Horsfield’s Bronze-cuckoo recordings used for correlations were measured for highest HF, 

lowest LF, frequency range ΔF, mean peak frequency, mean call duration ΔT, and number of calls 

(n) for recordings from each location (Appendix 7). The calls were either chirrup calls, descending 

calls or a mixture of both. Where there was a mixture of both calls in a recording, separate 

measurements were made for highest HF, lowest LF, frequency range ΔF, mean peak frequency, 

mean call duration ΔT, and number of calls (n), which were later plotted on a graph with latitude 

and longitude. 

When making correlations between songs, the measure of similarity between two spectrograms or 

waveforms is compared and measured. When correlating spectrograms, the most important 

information provided is the peak correlation value which shows the similarity between the 

spectrogram images (Charif et al., 2010). Raven Pro is unable to compare spectrograms made at 

different recording sample rates. However Audacity, a free, open source audio software program 
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(available from www.audacityteam.org) easily converts sample rates, making comparisons possible 

in Raven Pro. Since just over half the recordings were at a sample rate of 44100 Hz, this rate was 

used, with Audacity converting other recordings from 48000 Hz to 44100 Hz. 

Raven Pro has the ability to identify user-specified sounds of a particular type using its Band 

Limited Energy Detector (BLED), which is a time-frequency energy detector, that estimates the 

background noise and uses this to find sections of signal in a specific frequency band, during a 

specific time (Charif et al., 2010). By pre-setting BLED for Horsfield’s Bronze-cuckoo calls, with a 

frequency range of 2300 to 4600 Hz, a duration between 0.197 and 0.685 seconds, and a minimum 

separation of 0.099 seconds, it would pick most of the Horsfield’s Bronze-cuckoo calls on the 

spectrogram but could then be adjusted manually if the call frequency or duration of call did not all 

fit inside the parameters. 

The lower section of the spectrogram window displayed a selection table, and was pre-set to 

indicate high and low frequency, delta frequency, peak frequency, begin and end time as well as 

call duration for each call highlighted by the BLED. From these, mean peak frequency and mean 

ΔT were calculated and used in graphs to check for any trendlines with latitude and longitude. 

4.2.3 Batch correlation 

Once the BLED identified each Horsfield’s Bronze-cuckoo call on a 

recording, the batch correlation function of Raven Pro was then used to 

quantitatively compare the song recordings as spectrograms so each 

syllable-file in a folder was correlated with each syllable-file in another 

folder. Raven Pro ranked the correlations from 0 to 1, where 1 was a 

very strong relationship (100%). It also had the option of colour coding 

the results accordingly for visual assessmet (Figure 4.4). 

0 < 0.1

0.1 < 0.15

0.15 < 0.2

0.2 < 0.25

0.25 < 0.3

0.3 < 0.4

0.4 < 0.5

0.5 < 0.6

0.6 < 0.99

1 = 100%

Figure 4.4 Colours used and 

values for batch correlations. 
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After Raven Pro prepared the correlation charts for each pair, the results were colour coded and 

manually transferred onto a grid, with a single colour representing the batch correlation averaging 

the ten highest correlations, from each pair of comparisons. The exception to this was when there 

were less than twenty syllable comparisons between two songs, here the top half of the values were 

used. 

4.3 Results 

This chirrup call (Figure 4.5) sits in the range 2100 to 4300 Hz and the descending call (Figure 4.6) 

is slightly higher at 2300 to 4700 Hz. The duration of the chirrup call is around 28 seconds, whereas 

the duration of the descending call is around double the length at 68 seconds.  

 

 

Figure 4.5 Spectrogram of Chirrup call. 

 

 

Figure 4.6 Spectrogram of descending call. 

 

A comparison of Horsfield’s Bronze-cuckoo descending syllables (Figure 4.7) and chirrup syllables 

(Figure 4.8), show a variation in call structure between individuals across the country, with the 

variation in the chirrup call being more pronounced. There was also some individual variation in 

syllables, within both the descending and chirrup calls. 
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Figure 4.7 Comparison of different Horsfield’s Bronze-cuckoo descending calls, displayed on the same frequency and time line. 

Cooloola Nat Park QLD (1), Tibooburra NSW (2), Lawn Hill Gorge Nat Park QLD (3), Gluepot SA (4), Broadwater NSW (5), 

Kingston TAS (6), Rotamah Is VIC (7), Kalbari Nat Park NSW (8). Variation is seen in syllable duration, high frequency and 

syllable pattern. 

 

 

Figure 4.8 Comparison of different Chirrup calls displayed on the same frequency and timeline.  Coonabarabran NSW (1), Lightning 

Ridge NSW (2), Quilpie QLD (3), Sundown Nat Park QLD (4), Kalbari Nat Park WA (5) Gluepot SA (6).  Syllable duration as well 

as high frequency and syllable patterns vary, though the basic structure is similar. 

 

 

4.3.1 Longitudinal variation 

Horsfield’s Bronze-cuckoo descending calls showed little longitudinal variation (n = 30). However, 

calls sourced from far west Western Australia (WA) showed a strong correlation to others from the 

region (orange) and a poor correlation to birds from other locations (dark blue) (Figure 4.9). One 

exception to this trend was a single recording from Bundjalung NP, NSW. This recording was more 

similar to the recordings from far west Western Australia and has poor correlation with the central 

and eastern states, including one from Broadwater NSW, only 35 kilometres away. 
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Figure 4.9 Batch correlation of descending calls for Horsfield's Bronze-cuckoo, n = 20, where red is a 100% correlation, dark blue is 

less than 10% (Figure 4.4) and syl = number of syllables per recording. Calls are arranged in a longitudinal gradient from east to 

west, so that the top right is the most eastern call, and bottom left is the most western call.  The calls are mirrored along the diagonal 

red line, where each call is compared with itself. Dark blue with yellow dots was used when there was less than 10% similarity, but 

there were a few pairs of syllables that showed a better correlation.   
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Similarly, chirrup calls (Figure 4.10) showed some similarity between individuals, but a not high 

correlation (n = 15; nearly all were over 30% correlation).  

 

 

Figure 4.10 Batch correlation of chirrup calls for Horsfield's Bronze-cuckoo (n = 15), where red is a 100% correlation, dark blue is 

less than 10% (Figure 4.4) and syl = number of syllables per recording.  Calls are arranged in a longitudinal gradient from east to 

west, so that the top right is the most eastern call, and bottom left is the most western call.  The calls are mirrored along the diagonal 

red line, where each call is compared with itself.    

 

 

A longitudinal increase in syllable length was noted for descending calls with eastern birds having 

calls of longer duration, but it was not significant (Figure 4.11; closed circles). A longitudinal 

decrease in syllable length was noted for chirrup calls with eastern birds having calls of shorter 

duration, but again, it was not significant (Figure 4.11; open circles). 
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Figure 4.11 Descending and chirrup calls of Horsfield’s Bronze-cuckoo.  ΔT plotted against longitude. Descending call (●), dotted 

line, (n = 30), R2 = 0.1168. Chirrup calls (o), dashed line, (n = 15), R2 = 0.0955. 

 

Peak frequency for both descending and chirrup calls showed a slight increase towards the east, but 

it was not significant (Figure 4.12). 

 

Figure 4.12 Descending and chirrup calls of Horsfield’s Bronze-cuckoo.  PF plotted against longitude. Descending call (●), dotted 

line, (n = 30), R2 = 0.2311. Chirrup calls (o), dashed line, (n = 15), R2 = 0.0445. 

A single factor ANOVA (Table 4.2) shows a significant difference in call frequency for descending 

calls, for two groups along a longitudinal gradient. The first, the group west of the Nullabor plains, 

and the other from the eastern half of the country. There was a significant difference in these two 

groups with a p-value of 0.0083. However, the R2 value for the trendlines indicate the probability of 

this being due to peak frequency and longitude is around 23%. There was no significant p-value for 

descending call duration, chirrup call duration or chirrup high frequency when compared for 

longitude or for any calls on a latitudinal gradient.  
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Table 4.2 Single factor ANOVA for Horsfield’s Bronze-cuckoo descending calls, Western half of country (WA plus Nullabor Plains) 

compared with Eastern half, shows a significant difference in high frequency with a p-value of 0.00831. 

SUMMARY      
Groups Count Sum Average Variance   

Western HBC 8 26465 3308.125 83601.84   
Eastern HBC 23 83708 3639.478 80456.62   
ANOVA       
Source of Variation SS df MS F p-value F crit 

Between Groups 651686.4 1 651686.4 8.024131 0.00831 4.182964 

Within Groups 2355259 29 81215.81    

       
Total 3006945 30         

 

 

 

4.3.2 Latitudinal variation 

Horsfield’s Bronze-cuckoos calls show little correlation along their latitudinal gradient (Figure 

4.13). Nearly all the recordings show a good correlation with other nearby locations, except the 

most northerly and middle locations.  
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Figure 4.13 Correlation for Horsfield’s Bronze-Cuckoo descending calls, in a latitudinal gradient, from north to south, -19°S 

to -43°S. Top left is furthest north and bottom right is furthest south. Dark blue shows less than 10% similarity and red shows 100% 

correlation between pairs of birds. 

 

 

Phrase duration of the descending call increased with latitude but was not significant (Figure 4.14; 

closed circles). Phrase duration of the chirrup call decreased with latitude but was not significant 

(Figure 4.14; open circles).  
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Figure 4.14 Descending and chirrup calls of Horsfield’s Bronze-cuckoo.  ΔT plotted against latitude. Descending call (●), dotted line, 

(n = 30), R2 = 0.0007. Chirrup calls (o), dashed line, (n = 15), R2 = 0.0262. 

 

Both the descending and chirrup calls show an increase in peak frequency with an increase in 

latitude, that is, the calls had a higher pitch the further south, but were non-significant (Figure 4.15).  

 

Figure 4.15 Descending and chirrup calls of Horsfield’s Bronze-cuckoo.  PF plotted against latitude. Descending call (●), dotted line, 

(n = 30), R2 = 0.0442. Chirrup calls (o), dashed line, (n = 15), R2 = 0.1716. 

4.3.3 Habitat 

An ANOVA comparison of the descending calls of Horsfield’s Bronze-cuckoos from different 

habitats (Table 4.3), showed syllable variation in the different habitats. A significant difference was 

found in peak frequency (Table 4.4), when ‘temperate broadleaf and mixed forests’ were compared 
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with ‘desert and xeric shrublands’ (p-value = 0.00024), ‘Mediterranean forests, woodlands and 

scrub’ (p-value = 0.00374) and ‘temperate grasslands, savannas and shrublands’ (p-value = 

0.00223). When the descending calls were compared for syllable duration (T) (Table 4.5), a 

significant difference was found between ‘desert and xeric shrublands’ and ‘temperate broadleaf 

and mixed forests’ (p-value = 0.01121). However, there was no significant difference found 

between any of habitats when the chirrup call was compared for peak frequency or syllable 

duration. 

 

Table 4.3 Number of recordings, mean high frequency and mean syllable duration for Horsfield’s Bronze-cuckoo descending calls in 

various habitats around Australia. 

 n mean PF mean T 
Desert and xeric shrublands 9 3403.0 0.542 

Mediterranean forests, woodlands and scrub 5 3342.4 0.612 

Temperate broadleaf and mixed forests 12 3797.4 0.644 

Temperate grasslands, savannas and shrublands 3 3275.7 0.680 

Tropical and subtropical grasslands savannas and shrublands 2 3719.0 0.600 

 

 

Table 4.4 Summary of p-value results from single factor ANOVAS comparing different Horsfield’s Bronze-cuckoo habitats, using 

peak frequency in descending calls.  Numbers in bold indicate p-value less than 0.05 which indicates a significant difference.  

 

Desert and 
xeric 
shrublands 

Mediterranean 
forests, 
woodlands and 
scrub 

Temperate 
broadleaf 
and mixed 
forests 

Temperate 
grasslands, 
savannas and 
shrublands 

Mediterranean forests, woodlands and scrub 0.70953    
Temperate broadleaf and mixed forests 0.00024 0.00374   
Temperate grasslands, savannas and shrublands 0.46432 0.81263 0.00223  
Tropical and subtropical grasslands savannas and shrublands 0.09093 0.24941 0.56948 0.19345 

 

 

 

Table 4.5 Summary of p-value results from single factor ANOVAS comparing different Horsfield’s Bronze-cuckoo habitats, using 

syllable duration (T) in descending calls.  Numbers in bold indicate p-value less than 0.05 which indicates a significant difference.  

 

Desert and 
xeric 
shrublands 

Mediterranean 
forests, 
woodlands and 
scrub 

Temperate 
broadleaf 
and mixed 
forests 

Temperate 
grasslands, 
savannas and 
shrublands 

Mediterranean forests, woodlands and scrub 0.19364    
Temperate broadleaf and mixed forests 0.01121 0.14332   
Temperate grasslands, savannas and shrublands 0.14966 0.53809 0.61815  
Tropical and subtropical grasslands savannas and shrublands 0.46881 0.86615 0.43793 0.67696 
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4.3.4 Time of year 

Of the 125 recordings for Horsfield’s Bronze-cuckoos taken over 36 years, 121 were in the period 

June to December, corresponding with the peak breeding months. Chirrup call syllables tend to be 

longer in the middle of the year, which is at the start of the breeding season (Figure 4.16). The 

advertising descending call was only heard during the peak breading months, while the shorter 

chirrup call was heard during the summer months as well.  

 

Figure 4.16 Delta time for Horsfield’s Bronze-cuckoo descending (●) and chirrup calls (o), for different Months of year. 

 

4.3.5 Summary of results 

Horsfield’s Bronze-cuckoos show call similarity between locations around Australia, but also show 

variation with geographic distance and changing habitats (Table 4.6). 

 

Table 4.6 Summary of findings for Horsfield’s Bronze-cuckoo descending and chirrup calls. 

 descending call chirrup calls 

  PF T PF T 
correlations between individuals very good good 

Increasing longitude R2=0.2311 R2=0.1168 R2=0.0445 R2=0.0955 

 p-value=0.008  increase increase decrease 

 significant incr.    

Increasing latitude R2=0.0442 R2=0.0007 R2=0.1716 R2=0.0262 

 increase v. slight incr. increase decrease 

Different habitats significant diff 
between some 

significant diff 
between some no no 
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4.4 Discussion 

4.4.1 Significant findings 

Horsfield’s Bronze-cuckoos calls were found to have no significant relationship with latitude or 

longitude but were found to have significant differences associated with habitat. Calls from 

temperate forests showed a larger syllable duration and higher frequencies when compared with 

desert habitats and other forest and temperate grasslands, and but not tropical grasslands. Of the two 

call types studied, the descending call is its advertising call, given by the male, during the breeding 

months and recorded here over 36 years, between June and October. The function of the other call, 

the chirrup call is unknown but is given randomly from a perch or in flight (Del, 1970), and was 

heard right through from June to December, with calls being longer at the start of the breeding 

season. Yoo et al. (2019) found that both the Common Cuckoos and the Lesser Cuckoo (Cuculus 

poliocephalus) showed a similar pattern of seasonal vocal activity, reaching a sharp peak in the 

early breeding season when birds compete for territories and mates.  

Habitat structure is an important factor in bird song acoustics (Boncoraglio and Saino, 2007), with 

call structure differing significantly between habitats. and some vocal signals within a species’ 

repertoire travelling further than others (Marten et al., 1977). Fuisz and de Kort (2007) found that 

calls from distant cuckoo populations with similar habitats were more similar than closer 

populations with different habitats. It is thought that closed-habitat species produce longer 

vocalisation with lower frequencies than open habitat species (Morton, 1975), and with longer call 

duration (Handford and Lougheed, 1991). Forest birds often use lower call frequencies, since lower 

frequencies are less affected by noise, weather, and interference caused by trees and leaves in 

forests. However, in this study Horsfield’s Bronze-cuckoos in ‘temperate broadleaf and mixed 

forests’ had a higher call frequency with shorter call duration than those in the more open ‘desert 

and xeric shrublands’ (Table 4.3). Oscines are generally able to learn to modify frequency rate 

based on habitat (Hunter and Krebs, 1979), and Blumstein and Turner (2005) found song learning 

species like parrots and cockatoos though not songbirds, had habitat-influenced bandwidth. While it 

is more difficult for species that do not learn their vocalisations to adjust sound frequency, some 

brood parasitic, non-songbird nestlings have the ability to adjust their begging calls to their 

advantage (Butchart et al., 2003, Madden and Davies, 2006). So, it possible that cuckoos have some 

plasticity in their frequency range and may adjust structure of their calls to suit the transmission 

qualities of different habitats. Additionally, non-song-learning birds can adjust their vocalisations in 

varying habitats by fine-tuning amplitude (Manabe et al., 1998) and call rate (Potash, 1972). 
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With the exception of the six ‘odd’ descending calls (Figure 4.9) that did not correlate with the 

remaining Horsfield’s Bronze-cuckoos, there was a good call similarity between the other 

individuals from around the country. Though the syllable structure varied in pitch, frequency 

bandwidth and call duration, especially with the chirrup call, there was a commonality in the basic 

shape of the syllable spectrograms. Individual variation in Horsfield’s Bronze-cuckoos from various 

locations, resulted in different syllables from within a call correlating favourably with call syllables 

from different parts of the country. Male Common Cuckoo can differ individually in their call 

structure (Jung et al., 2014), but calls from the same male are significantly more similar in their 

characteristics than calls from different males (Li et al., 2017).  

4.4.2 Acoustic adaptation 

Horsfield’s Bronze-cuckoos show call variation with longitude, but with a possibility that this was 

not due to longitude alone. Since these cuckoos migrate north to south and not longitudinally, the 

longitudinal difference could be due to habitat differences, and isolation by distance. Male cuckoos 

occupying different types of habitats, show that call structures differ significantly (Fuisz and de 

Kort, 2007). This is a major component in song frequency variation in the Rufous-Collared Sparrow 

(Zonotrichia capensi), where songs from open scrub and grassland habitats are lower pitched, 

narrow-band and shorter (Handford and Lougheed, 1991). A study on non-passerine New World 

Doves (species from the genus Columbina, Scardafella, Claravis, Metriopelia, Geotrygon, 

Starnoenas, Zenaida, and Leptotila) also showed that open habitat species used a lower frequency 

than doves from more closed habitats (Tubaro and Mahler, 1998). Similarly, the Horsfield’s 

Bronze-cuckoo, showed an increase in syllable duration and a significant increase in peak frequency 

when the open habitats of the western half and the more forested eastern half of the country were 

compared. This was further reinforced when the advertising calls from the ‘desert and xeric 

scrublands’ were compared with ‘temperate broadleaf and mixed forests’. There was a significant 

difference in both peak frequency and syllable duration, with a lower mean peak frequency and 

lower mean T in in the arid zone, though even in the arid areas, it is along the tree lines that the 

Horsfield’s Bronze-cuckoos are found. However, closed-habitat species are generally thought to 

produce longer songs with lower frequencies than open habitat species (Morton, 1975, Ryan and 

Brenowitz, 1985) and tend to use narrower bandwidth songs than their open-habitat relatives 

(Bertelli and Tubaro, 2002). Nevertheless, I found that the Horsfield’s Bronze-cuckoo, had the 

lowest mean peak frequency in ‘temperate grasslands, savannas and shrublands’ and the highest 

mean peak frequency in ‘temperate broadleaf and mixed forests’. This would still be in keeping 

with the acoustic adaptation hypothesis, where animals adapt to the sound transmission 
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characteristics of the habitat in which they communicate, but not usually at a lower frequency in 

closed habitats. 

This contrast in findings with Morton’s (1975) study could have several explanations. Firstly, even 

though the locations of the recordings are known, the micro habitat within these biomes when the 

recordings were made is unknown. Even in arid zones there are trees along the creek lines, which 

would affect the transmission quality of calls. Next, in open areas there is a sound window where 

the frequency of call is low (Morton, 1975). It is unknown from what height the calls were made. 

Finally, sound frequencies are degraded with distance (Boncoraglio and Saino, 2007). The distance 

recordings were made at is unknown and the recordings may have been affected by the distance 

from which the calls were recorded. 

4.4.3 Longitudinal variation 

Seven individuals, five from Western Australia and one the from Northern Territory, as well as 

another from the east coast behaved unusually by correlating well with each other but not the other 

birds for the rest of the country. The six from the west coast might have shared common habitats or 

host parents, but it is unclear how the Bundjalung, NSW bird has a call similar to the west coast 

birds and not the east coast. It was noted that some recordings (Pilliga Scrub – 76 syllables) had 

syllables that correlated strongly, as well as some that correlated poorly with each other in the same 

recording. Resulting in the song comparing well with both the west coast birds as well as the other 

birds. It is uncertain how much influence a host parent has on the development of the cuckoo call, 

and the possibility of cuckoo-host races for the Horsfield’s Bronze-cuckoo may be dependent on 

this unstudied factor. 

Additionally, it was noted that even though some recordings showed good correlations with 

recordings in other locations, not all syllables matched up. Some pairs of syllables showed no 

correlation at all, indicating that not all syllables in a song were the same. This could be due to 

individual variation, or the effect of different host species and altering the subsequent acquisition of 

its own species call. 

4.4.4 Latitudinal variation 

Weir and Wheatcroft (2011) found that the simple, innate songs of suboscines, showed no clear 

latitudinal gradient. This was upheld with my results, with no apparent pattern in latitudinal 

differences for Horsfield’s Bronze-cuckoo calls. As a non-song-learning, migratory species the 

Horsfield’s Bronze-cuckoo acquires its simple call genetically, and would not be capable of 

learning any syllable variations during its latitudinal migration. 
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4.4.5 Migration 

The Horsfield’s Bronze-cuckoos migrate north to south from their wintering grounds, and therefore 

through latitudinal gradients, and as such any latitudinal variation in call could be an association 

due to migration (Najar and Benedict, 2019, Weir and Wheatcroft, 2011). Migrants do not winter in 

their breeding territory and need to re-establish their territory annually possibly returning to their 

natal area, or to a habitat favoured by their preferred host species, where cuckoo presence indicates 

a species richness of their hosts and is a reliable indicator of biodiversity (Morelli et al., 2015, 

Tryjanowski and Morelli, 2015). Long distance migrants, such as the Common Cuckoo are affected 

by climate change and weather patterns (Saino et al., 2009) which in turn could affect their arrival 

and laying dates. Male migratory birds start their singing activity just after their arrival to fully 

utilise the breeding season, so the onset of singing is an indication of arrival of migratory species 

like cuckoos (Gordo et al., 2008). Geographic variation in song is widespread among birds and 

since the Horsfield’s Bronze-cuckoo showed little latitudinal variation in its call, it is possible that 

migratory patterns are driving this signal. If, perhaps, all of these cuckoos migrate to the same 

location regardless of breeding location, then geographic variation would not evolve. 

4.4.6 Time of year 

Horsfield’s Bronze-cuckoos are seasonal migrants and are more often heard than seen in the 

landscape. They generally call during the breeding season, but at other times are inconspicuous and 

secretive, making them difficult to find and record during the non-breeding season (Payne, 2005). 

Ninety percent of the recordings used in this study were made between June and October, with both 

chirrup and descending calls heard throughout the breeding season. There was a decrease in call 

length as the season progressed, possibly because at the start of the breeding season, the male is 

actively searching for a mate and calls for longer. 

Since call structure is potentially shaped by habitat structure, monitoring variation in bird calls over 

both space and time could indicate the health of a habit. For instance, the Horsfield’s Bronze-

cuckoo, which otherwise shows little variation except in habitat, could be used as an indicator of 

habitat fragmentation or habitat loss. Additionally, the presence of calling cuckoos is an indicator of 

host density and species richness (Tryjanowski and Morelli, 2015), and therefore Horsfield’s 

Bronze-cuckoos could be used as proxies for the presence of the host species. Therefore, monitoring 

for cuckoos, using acoustic recorders could indicate habitat health and aid in conservation issues 

such as declining woodland birds.
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Chapter 5 : General Discussion and Conclusion 

  

 5.1 Summary of major results 

This research explored the vocalisations of Australian cuckoos within the context of migration, 

subspecies limits and habitat. Australian cuckoo calls from various parts of Australia were analysed 

for different vocal characteristics and compared against geographic distance and habitat to assess 

the relationship between vocalisations and migration or habitat. Due to the number and availability 

of recordings, this study focused on only the Australian species and subspecies.  

Sound frequency and morphological characteristics of all Australian cuckoo species were compared 

with each other. Peak frequency correlated with body size and showed a distinct reverse 

relationship, with mass being the best indicator of call pitch in the Australian brood parasitic 

cuckoos. However, for the small cuckoos, bill length was the best indicator of pitch. As well as size, 

preference in breeding and foraging habitat were found to influence pitch. 

To examine call variation within species, four cuckoo species with distinct subspecies were chosen. 

Though these species had other subspecies outside of Australia, only the Australian subspecies were 

used. Shining Bronze-cuckoo (Chalcites lucidus) has two subspecies in Australia. The two 

subspecies were separated by geographic distance and showed a significant difference between the 

eastern and western groups. This was possibly due to differences in habitat, as the difference along 

the longitudinal gradient was not significant. The other three species, the Little Bronze-cuckoo 

(Chalcites minutillus) and Brush Cuckoo (Cacomantis variolosus) and the Eastern Koel 

(Eudynamys scolopacea) showed no significant variation in their call duration or pitch between 

subspecies. The ranges of these three species overlap, and the subspecies occupy different 

ecoregions –– temperate and tropical forests and grasslands, with the Eastern Koel occupying the 

forest canopy, therefore habitat composition and acoustic adaptation were other factors seen to 

influence any minor call variation. Additionally, the Eastern Koel’s range is noted as expanding 

west in the southern limits of its range, possibly reflecting climate change induced changes in its 

host species’ ranges.  

Finally, I examined in depth the calls of the brood parasitic non-songbird, Horsfield’s Bronze-

cuckoo (Chalcites basalis), a single species from different parts of Australia. Though Horsfield’s 

Bronze-cuckoo calls showed a low call variation with latitude or longitude, a significant variation 

was seen between different habitats. Sound transmission is affected by the medium it travels 

through, and birds appear to adapt to the transmission qualities of the habitat they are in (acoustic 

adaptation hypothesis). 
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As migratory brood parasites, cuckoos not only announce their arrival, but are ideally placed as 

harbingers of avian richness. Cuckoo calls are loud, incessant and easily recognised, and as such are 

easily monitored acoustically, even though the birds themselves might be hard to see. Modern 

ecoacoustic methods are relatively cheap and non-invasive, and large-scale movements are easily 

monitored. Therefore, monitoring cuckoo migratory movements, such as arrival dates and length of 

stay, would indicate not only cuckoo presence, but an ample supply of host species, and therefore 

indicate a healthy ecosystem. Advancement of migration arrival dates because of climate change 

would affect breeding dates for cuckoos and their hosts, especially if there is a mismatch in this co-

evolutionary relationship. This information would have implications in conservation efforts for 

declining woodland species. 

In this thesis I focussed on Australian cuckoos, and certain factors that influenced vocal variation. I 

found that size mattered in differentiating species, but within species, while there was some 

geographic variation due to isolation, it was the acoustic qualities of their habitat that influenced 

pitch and call duration. Additionally, the brood parasite’s preferred habitat was host dependant and 

aligned with arrival dates of migratory hosts. When comparing the different cuckoo species, I had 

expected that body size would correlate with sound frequency but had not expected that there were 

many conflicting methods for measuring body size. When examining vocalisations at the scale of 

the single species, I anticipated that the Horsfield’s Bronze-cuckoo calls to be fairly similar from 

around the country. I had not realised there were individual differences between birds, or that 

interference caused by different habitats influenced call frequency, or that lower frequencies travel 

better through forests. I had expected more call variation between the subspecies but was surprised 

by the syllable variation in individual Brush Cuckoo and Little Bronze-cuckoo phrases. In studying 

Australian cuckoo’s calls, I realised that this bird family is the ideal group to monitor large-scale 

migration movements, changes in phenology and host range, and all could be accomplished using 

acoustic monitoring methods. 

5.2 Ecoacoustics  

Ecoacoustics has emerged as a new field of study where a soundscape can be analysed to predict 

changes due ecological events or human impact, in a broad range of ecosystems ranging from 

terrestrial to marine. Locations of interest can be passively monitored, both for biotic (insect, frog, 

bird calls) and abiotic sounds (rain, wind, industrial). Estimates of species abundances, richness and 

composition can be made remotely e.g. Lambert and McDonald (2014), Pérez‐Granados et al. 

(2019), as well as locating cryptic or otherwise undetectable species (Stiffler et al., 2018). By using 

acoustics to track changes, ecosystem health and habitat quality can be measured and monitored in a 
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more efficient and cost-effective manner (Blumstein et al., 2011), and be of great conservation 

significance (Laiolo, 2010). Acoustic variation can also be an early warning system of disturbances 

unrelated to the area of interest. 

Advances in technology has resulted in the availability of inexpensive recording units with 

improved microphone quality, increased data storage, and better acoustic qualities. Large slabs of 

data can be collected by leaving recorders in the field and using computers to analyse and identify 

acoustic activity. Advances in automatic species recognition and classification such as false colour 

technology (Towsey et al., 2018), makes it possible to analyse thousands of hours of audio 

recordings in a short period. Advances in automatic recognition will also make it possible to 

classify large historical collections of recordings held in archives.  

Recordings made over several years can map the changing landscape and measure the changing 

behaviour of animals. In disturbed landscapes and forest edges, comparisons of the shifting 

soundscapes could aid in conservation efforts, as well as monitoring the recovery process of 

disturbed ecosystems and animal response to an evolving environment. 

5.3 Cuckoos as ecoacoustic tools for the future 

Acoustic signals, such as bird song, are often used in habitats with dense vegetation and over long 

distances. Using ecoacoustics to monitor birds on a landscape scale, will provide information as to 

how climate change and other environmental factors impact on avian movement and other 

conservation issues such as migration and declining woodland birds in fragmented landscapes. 

Cuckoos are ideally placed as tools for monitoring both their own presence or absence, but also 

their hosts range. Any changes in phenology response or range of hosts are reflected in cuckoo 

abundance. When the ecological relationships of cuckoos are disrupted, such as the timing of 

biological events, food webs and nest availability, the cuckoos will be unable to complete their life 

cycle and could face population reduction. The absence of cuckoos in a landscape would reflect an 

ecosystem in turmoil (Figure 5.1). 
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. 

Figure 5.1 Flow chart to illustrate links between cuckoos, climate change and ecoacoustics, and the connection with habitat, 

migration and other interrelated factors. 

 

As the ecological impacts of climate change increase, we need more tools to monitor the changes 

in real time. Climate change affects many biological interactions between species and between 

species and their environment, all linked to phenology. For example, when food availability (i.e. 

prey emergence, flowering event) occurs earlier than the predator anticipates, a mismatch occurs. 

The availability of the prey or other food item is no longer optimal for the life history of the 

predator resulting in cascading effects on entire ecosystems (Butt et al., 2015). Another result of 

climate change induced earlier warming events is the advancement of migration dates in some 

species. In England, UK, the average arrival dates of 20 migrant bird species have advanced by 

eight days because of increasing winter temperatures in sub-Saharan Africa, however the residence 

time in Oxfordshire has remained unchanged since departure has also advanced after elevated 

summer temperatures in Oxfordshire (Cotton, 2003). For migratory brood parasites, climate change 

may affect the ecological interactions and coevolutionary dynamics with their hosts. Brood 

parasites and their hosts’ reproductive cycles are synchronised, enabling the host to provide parental 

care for the parasite to survive (Møller et al., 2011b). Migratory brood-parasitic Australian cuckoos 

return to their breeding grounds in Australia to coincide with their host species’ breeding season 

(Payne, 2005).  

Declining Common Cuckoo (Cuculus canorus) populations in Europe may be caused by the 

mismatch of migratory hosts. The Common Cuckoo is a long-distance migrant that winters in 
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Africa. With over 100 host species, this cuckoo species has split into several host-races with climate 

change affecting the relative abundance of different host races (Møller et al., 2011b). Short-distance 

migratory hosts have advanced their arrival dates more than long-distance migrants (Saino et al., 

2009), which has caused an increase of parasitism of long-distance migratory hosts, a change in 

strategy related to change in spring temperature (Møller et al., 2011b). In Australia, it is unknown if 

the migratory cuckoos risk decline due to climate change—this species group is not well-studied or 

monitored. I propose that Australian cuckoos are the ideal group to monitor large scale trends in 

phenological change for their host species because of the interdependence of hosts and parasites as 

well as their ease of monitoring due to their loud vocalisations. Additionally, cuckoos are an ideal 

species to examine the effect of climate change on avian migration, with a range of short and long 

distance movements (Griffioen and Clarke, 2002) (Figure 5.2).  

 

Figure 5.2 Migration patterns for eastern Australia. Eastern coastal patterns of movement: Fan-tailed Cuckoo, Shining Bronze-

cuckoo (A). Coastal intercontinental patterns of movement: Brush Cuckoo, Eastern Koel, Channel-billed Cuckoo (B). Inland patterns 

of movement: Pallid Cuckoo, Horsfield’s Bronze-cuckoo (C) (Griffioen and Clarke, 2002). 

 

Lastly, cuckoos are a good fit for monitoring habitat loss in Australia. Forty percent of Australian 

forests have been lost, and since the 1970s the greatest rate of decline has been in eastern Australia 

–– in Queensland, NSW and Victoria (Bradshaw, 2012). Since this is the range of nearly all the 

cuckoo species, changes in cuckoo occupancy (mirroring their forest-dependent host occupancy) 

could become a simple monitoring tool. Cuckoos prefer habitats attractive to numerous bird species 

(Kosicki and Hromada, 2018) and are found vocalising only where their hosts breed. With around 

180 host species in Australia, cuckoos are essentially bio-indicators of a healthy ecosystem. 
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Monitoring cuckoo migratory movements such as arrival dates and length of stay would indicate the 

health of a particular habitat. 

In species management and conservation, surrogate species can be used as proxies for broader sets 

of species (Wiens et al., 2008). This approach is widely used to estimate overall taxonomic diversity 

and the occurrence and distribution of other biota (Jyväsjärvi et al., 2018). Cuckoos are an excellent 

surrogate species for avian biodiversity, as its species density is positively associated with 

taxonomic diversity (Kosicki and Hromada, 2018). Additionally, cuckoos are charismatic species, 

easily monitored and suitable for citizen science (Morelli et al., 2017).  

5.4 Predictions and future work  

With the emerging interest in the use of acoustic methods in conservation (Laiolo, 2010), there is a 

shift in monitoring techniques. Using ecoacoustic techniques, monitors set up across the landscape 

in normally hard to access locations, will provide remote access to continuous acoustic signals. 

Monitoring change in relation to different climatic conditions between locations and across species 

will provide new insights to climatic adaptation and answer questions such as: 

Is there a mismatch between cuckoos and their hosts’ temporal patterns of large-scale 

migration, as climatic conditions vary?  

In the Australian landscape, is there a difference between cuckoo and host movements? And 

is this caused by a change in weather patterns? 

Do cuckoos use the same migratory routes as their hosts? 

As well as building on my findings in terms of body size and other evolutionary patterns 

that can be detected through call variability, and delving further into host-specific cuckoo 

calls. 

This would provide insight into how co-evolutionary relationships between cuckoos and their hosts 

evolve.  

Future work investigating how species react to different climatic patterns, and how other large and 

small-scale disturbances affect avian assemblage, diversity and movement would help measure 

changes in environmental conditions and its impact on not just birds, but other species as well. Thus 

predicting areas of impending conservational concern. Woodland species are already in decline, and 

ecoacoustics is a method to better understand their movements and requirements as their habitat 

continues to decline, and help in their conservation. 
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Appendix 1 

Australian cuckoos and their hosts,  

extracted from Higgins (1999)  
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Collared Sparrowhawk 
 

x 
           

 1 specialist 
Diamond Dove      x         1 specialist 
Rainbow Bee-eater 

      
x 

      
 1 specialist 

Brown Falcon 
 

x 
           

 1 specialist 
White-throated Treecreeper 

      
x 

      
 1 specialist 

Brown Treecreeper 
       

x 
     

 1 specialist 
Lovely Fairy-wren 

         
x 

   
 1 specialist 

Variegated Fairy-wren 
  

x x x x 
 

x 
     

 5 generalist 
Red-Winged Fairy-wren 

    
x x x 

      
 3 low 

Superb Fairy-wren 
   

x x x x x 
     

 5 generalist 
Splendid Fairy-wren 

     
x 

 
x 

     
 2 low 

Purple-crowned Fairy-wren    x           1 specialist 
Red-backed Fairy-wren 

   
x x x x x x 

    
 6 generalist 

White-winged Fairy-wren 
     

x 
 

x 
     

 2 low 
Southern Emu-wren     x  x        2 low 
Rufous-crowned Emu-wren 

     
x 

       
 1 specialist 

White-throated Grasswren 
   

x 
         

 1 specialist 
Striated Grasswren 

    
x x 

       
 2 low 

Thick-billed Grasswren 
     

x 
       

 1 specialist 
Black Honeyeater 

     
x 

 
x 

     
 2 low 

Red-headed Honeyeater 
     

x 
       

 1 specialist 
Tawny-crowned Honeyeater 

     
x x x 

     
 3 moderate 

Eastern Spinebill 
     

x x x 
     

 3 moderate 
Western Spinebill      x x        2 low 
Brown Honeyeater 

     
x x 

      
 2 low 

Crescent Honeyeater 
     

x x 
      

 2 low 
New Holland Honeyeater 

    
x x x x 

     
 4 high 

White-cheeked Honeyeater 
     

x x 
      

 2 low 
Striped Honeyeater 

      
x 

      
 1 specialist 

Little Friarbird 
          

x 
  

 1 specialist 
Helmeted Friarbird       x    x    2 low 
Silver-crowned Friarbird 

          
x 

  
 1 specialist 

Noisy Friarbird 
      

x 
   

x 
  

 2 low 
Blue-faced Honeyeater 

      
x 

   
x 

  
 2 low 

Black-chinned Honeyeater 
      

x 
      

 1 specialist 
Strong-billed Honeyeater       x        1 specialist 
Brown-headed Honeyeater 

    
x 

 
x x 

     
 3 moderate 

White-naped Honeyeater 
    

x 
 

x 
      

 2 low 
Black-headed Honeyeater 

     
x x 

      
 2 low 

White-eared Honeyeater 
    

x x x x 
     

 4 high 
Yellow-throated Honeyeater 

    
x 

 
x 

      
 2 low 

Crimson Chat 
     

x 
 

x 
     

 2 low 
Orange Chat 

     
x 

 
x 

     
 2 low 

White-fronted Chat 
    

x x x x 
     

 4 high 
Rufous-throated Honeyeater 

   
x 

         
 1 specialist 

Brown-backed Honeyeater 
   

x 
         

 1 specialist 
Bar-breasted Honeyeater 

   
x x 

 
x 

 
x 

    
 4 high 

Spiny-cheeked Honeyeater 
      

x 
      

 1 specialist 
Little Wattlebird 

      
x 

      
 1 specialist 
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Red Wattlebird 
      

x 
   

x 
  

 2 low 
Regent Honeyeater 

      
x 

      
 1 specialist 

Yellow-faced Honeyeater 
   

x x x x x 
     

 5 generalist 
Yellow-tufted Honeyeater 

    
x 

 
x x 

     
 3 moderate 

Purple-gaped Honeyeater 
      

x 
      

 1 specialist 
Bell Miner 

      
x 

      
 1 specialist 

Noisy Miner 
      

x 
      

 1 specialist 
Yellow-throated Miner 

      
x 

   
x 

  
 2 low 

White-fronted Honeyeater 
     

x x 
      

 2 low 
Yellow Honeyeater 

   
x 

  
x 

      
 2 low 

Mangrove Honeyeater 
    

x 
        

 1 specialist 
Singing Honeyeater 

      
x 

      
 1 specialist 

Yellow-tinted Honeyeater 
   

x 
      

x 
  

 2 low 
Fuscous Honeyeater 

     
x x 

      
 2 low 

Grey-headed Honeyeater 
      

x 
      

 1 specialist 
Grey-fronted Honeyeater 

      
x 

      
 1 specialist 

Yellow-plumed Honeyeater 
    

x x x x 
     

 4 high 
White-plumed Honeyeater 

    
x x x x 

     
 4 high 

Lewin’s Honeyeater 
    

x 
 

x 
      

 2 low 
Rufous Bristlebird 

    
x 

        
 1 specialist 

Pilotbird 
    

x 
        

 1 specialist 
Scrubtit 

    
x 

  
x 

     
 2 low 

Rockwarbler 
    

x 
        

 1 specialist 
Chestnut-rumped Heathwren 

    
x 

        
 1 specialist 

Shy Heathwren 
    

x x 
       

 2 low 
Striated Fieldwren 

    
x x x 

      
 3 moderate 

Rufous Fieldwren 
     

x x x 
     

 3 moderate 
Redthroat 

  
x 

 
x 

        
 2 low 

Speckled Warbler 
  

x 
 

x x 
 

x 
     

 4 high 
White-browed Scrubwren 

   
x x x x 

      
 4 high 

Tasmanian Scrubwren     x  x        2 low 
Yellow-throated Scrubwren 

    
x x 

 
x 

     
 3 moderate 

Large-billed Scrubwren 
   

x x x 
 

x 
 

x 
   

 5 generalist 
Tropical Scrubwren 

         
x 

   
 1 specialist 

Weebill 
     

x 
 

x 
     

 2 low 
Brown Gerygone 

     
x 

       
 1 specialist 

Mangrove Gerygone 
       

x x 
    

 2 low 
Western Gerygone 

   
x x x 

 
x 

     
 4 high 

Large-billed Gerygone 
      

x x x 
    

 3 moderate 
Green-backed Gerygone 

        
x 

    
 1 specialist 

White-throated Gerygone 
   

x x x 
 

x x 
    

 5 generalist 
Fairy Gerygone        x x      2 low 
Brown Thornbill 

   
x x x x x 

     
 5 generalist 

Inland Thornbill 
  

x 
 

x x 
 

x 
     

 4 high 
Tasmanian Thornbill 

     
x 

 
x 

     
 2 low 

Chestnut-rumped Thornbill 
  

x 
  

x 
       

 2 low 
Buff-rumped Thornbill   x  x x  x       4 high 
Western Thornbill      x  x       2 low 
Yellow-rumped Thornbill     x   x       2 low 
Yellow Thornbill     x x  x       3 moderate 
Striated Thornbill      x  x       2 low 
Slaty-backed Thornbill 

     
x 

       
 1 specialist 

Southern Whiteface 
     

x 
       

 1 specialist 
Banded Whiteface 

     
x 

       
 1 specialist 

White-browed Babbler 
      

x 
      

 1 specialist 
White-breasted Woodswallow 

  
x 

   
x 

      
 2 low 

Masked Woodswallow 
      

x x 
     

 2 low 
White-browed Woodswallow 

      
x 

      
 1 specialist 

Black-faced Woodswallow 
       

x 
     

 1 specialist 
Dusky Woodswallow 

    
x 

 
x 

   
x 

  
 3 moderate 

Little Woodswallow 
      

x 
      

 1 specialist 
Pied Butcherbird 

 
x 

           
 1 specialist 

Australian Magpie 
 

x 
           

 1 specialist 
Pied Currawong 

 
x 

           
 1 specialist 

Black-faced Cuckoo-shrike 
      

x 
   

x 
  

 2 low 
White-bellied Cuckoo-shrike 

          
x 

  
 1 specialist 

White-winged Triller 
   

x x 
 

x x 
     

 4 high 
Varied Sittella 

   
x x x x x 

     
 5 generalist 

Crested Bellbird 
      

x 
      

 1 specialist 
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Crested Shrike-tit 
   

x 
  

x 
      

 2 low 
Olive Whistler 

      
x 

      
 1 specialist 

Red-lored Whistler 
      

x 
      

 1 specialist 
Golden Whistler 

   
x x 

 
x 

      
 3 moderate 

Rufous Whistler 
    

x x x 
      

 3 moderate 
Bower's Shrike-thrush 

      
x 

      
 1 specialist 

Grey Shrike-thrush 
      

x x 
  

x 
  

 3 moderate 
Figbird 

      
x 

   
x 

  
 2 low 

Olive-backed Oriole 
      

x 
   

x 
  

 2 low 
Spangled Drongo 

      
x 

   
x 

  
 2 low 

Willie Wagtail 
   

x x x x x 
     

 5 generalist 
Northern Fantail 

   
x 

         
 1 specialist 

Grey fantail 
   

x x x x x 
     

 5 generalist 
Rufous Fantail 

   
x x x x 

      
 4 high 

Spectacled Monarch 
       

x 
     

 1 specialist 
Black-faced Monarch 

   
x 

         
 1 specialist 

Magpie-lark 
 

x 
    

x 
   

x 
  

 3 moderate 
Leaden Flycatcher 

   
x 

  
x 

   
x 

  
 3 moderate 

Satin Flycatcher 
   

x 
 

x x x 
     

 4 high 
Shining Flycatcher 

   
x 

         
 1 specialist 

Restless Flycatcher 
   

x 
 

x x 
      

 3 moderate 
Torresian Crow 

 
x 

           
 1 specialist 

Little Crow 
 

x 
           

 1 specialist 
Forest Raven 

 
x 

           
 1 specialist 

Australian Raven 
 

x 
           

 1 specialist 
White-winged Chough 

 
x 

           
 1 specialist 

Victoria's Riflebird 
          

x 
  

 1 specialist 
Grey-headed Robin 

       
x 

     
 1 specialist 

White-browed Robin        x       1 specialist 
Eastern Yellow Robin   x x x x x x       6 generalist 
Western Yellow Robin       x        1 specialist 
Hooded Robin       x x       2 low 
Dusky Robin     x  x x       3 moderate 
Lemon-bellied Flycatcher    x           1 specialist 
Jacky Winter    x  x x x       4 high 
Rose Robin    x x          2 low 
Pink Robin  

   
x x 

  
x 

     
 3 moderate 

Flame Robin 
   

x 
 

x x 
      

 3 moderate 
Scarlet Robin 

   
x x x x x 

     
 5 generalist 

Red-capped Robin 
   

x x x x x 
     

 5 generalist 
Red-whiskered Bulbul 

      
x 

      
 1 specialist 

Welcome Swallow 
       

x 
     

 1 specialist 
Tree Martin 

       
x 

     
 1 specialist 

Australian Reed-Warbler 
    

x x x x 
     

 4 high 
Little Grassbird 

    
x 

        
 1 specialist 

Golden-headed Cisticola 
     

x 
 

x 
     

 2 low 
Silvereye 

   
x x x x x 

     
 5 generalist 

Common Blackbird 
      

x 
      

 1 specialist 
Mistletoebird 

    
x x 

       
 2 low 

Yellow-bellied Sunbird 
       

x x 
    

 2 low 
House Sparrow 

     
x x x 

     
 3 moderate 

Beautiful Firetail 
    

x 
        

 1 specialist 
Diamond Firetail 

     
x 

       
 1 specialist 

Red-browed Finch 
    

x x 
 

x 
     

 3 moderate 
Crimson Finch 

       
x 

 
x 

   
 2 low 

Black-throated Finch 
     

x 
       

 1 specialist 
Zebra Finch 

     
x 

  
x 

    
 2 low 

Double-barred Finch 
     

x 
  

x 
    

 2 low 
Richard's Pipit 

      
x 

      
 1 specialist 

European Greenfinch 
      

x 
      

 1 specialist 
European Goldfinch 

     
x x x 

     
 3 moderate 

                
 

  
11 8 38 59 74 94 66 9 4 18 

  
 179 
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Appendix 2 

Cuckoo calls 

 

Little Bronze-cuckoo 

 

A. WA Crab Creek Roebuck Bay (X10608) 

 

 

B. NT Jungle Fog Dam via Darwin (X12890tr), trill 

 

 

 

A. Two phrases of Little Bronze-cuckoo call, a series of 4 -8 descending notes, 1.10 secs and 0.93seconds long. B. The trill, which is 

much longer and faster with more notes, 4.2 seconds long. 

 

Horsfield’s Bronze-cuckoo 

 

A. WA New Beach (X10696), descending call 

A A 
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B. SA Nullarbor (X04881), chirrup call 

 

A. Three descending notes of the Horsfield’s Bronze-cuckoo, 0.50, 0.56, 0.51 seconds long.  B. “chirrup” call, of about 0.23 seconds 

each 

 

Shining Bronze-cuckoo 

 

A. NSW 40kms South West Mendooran (X11039) 

 

B. Qld Kin Kin, Upper Pidarin Road (X07279) 

 

 

A 
B

B 
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A. Ascending call, where though the phrase is descending, the notes are ascending. Notes are 

around 0.33 seconds long.  B. Descending notes T = 0.51 seconds 

 

Black-eared Cuckoo 

 

 Vic Hattah Lakes National Park (X12077) 

Long descending notes, similar to Horsfield’s Bronze-cuckoo, but longer. T around 1 second. 

 

Chestnut-breasted Cuckoo 

 

 

 Qld Mining Camp Rocky River McIlwraith Range (X10140) 

Advertising call - descending trill (similar to Fan-tailed Cuckoo), 10 individuals T ranged from 

0.62 to 1.01 seconds. For this sample, t = 0.83.  

 

 

 

 

A B 
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Brush Cuckoo 

 

 NT Edith River Falls Nitmiluk National Park (X14337) 

Advertising call, generally 4-10 notes, but as many as 18 have been known.  t in this song is 

around 0.28 seconds 

 

 

Fan-tailed Cuckoo 

 

 NSW Barren Grounds Bird Observatory (X11329) 

Descending trill, length of notes and number of notes in phrase varies.  T for notes in this song 

was 0.59 seconds 

 

Pallid Cuckoo 

 

 NSW Tibooburra (XC335591) 

Series of ascending notes in phrase, varied length 
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Eastern Koel 

 

 

 NSW “Nemarotu" Wilsons Creek via Mullumbimby" (X07943) 

“Cooee” call, repeated persistently 

 

 

 

 

Pheasant Coucal 

 

 

 Qld Cape Hillsborough National Park (X09502) 

Loud “Woop woop woop” call, heard for over 1 kilometre. Also, m & f duets, female is lower pitch. 

About 25 notes 

 

Channel-billed Cuckoo 

 

  Qld Mount Carbine (XC174112) 

Loud, harsh, ascending “awk awk awk” call 
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Appendix 3 

Possible migration routes for Shining Bronze-cuckoo 

 

 

Distribution and possible migration routes for Shining Bronze-cuckoo. Routes 1 & 2 used by ssp. plagosus and routes 3 & 4 by 

ssp. lucidus, and location for subspecies C. l. harterti and C. l. layardi (Gill, 1983). 
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Appendix 4 

Call duration and frequency measurements for Shining Bronze-cuckoos 

Highest HF, lowest LF, frequency range, mean PF, mean call duration (ΔT), and number of calls (n) 

studied for each Shining Bronze-cuckoo in locations around Australia and New Zealand. 

Recordings with a mixture of ascending and descending calls, were measured separately. 

 

   highest lowest range mean mean incl.   

location lat° long° 

HF 

(HZ) 
LF 

(HZ) 
∆F 

(HZ) 
PF 

(HZ) 
∆T 
(s) n   

WA Rockingham Nature Res -32.28 115.73 3580 2820 760 3107 0.23 13 ascending  
WA Byford -32.22 116.00 3700 2150 1550 3295 0.47 8 descending + little trill 

WA Lake Muir East -34.45 116.68 3840 2170 1670 3332 0.67 16 descending + little trill 
WA 14kms West Rocky Gully -34.47 116.90 3510 2890 620 3158 0.35 3 ascending no trill 

WA, Stirling Range NP -34.40 117.96 3620 2660 960 3084 0.29 20 ascending no trill 

WA Karlgarin Nature Reserve -32.05 118.55 3250 2550 700 2900 0.36 12 ascending phrase, n = 8 
Vic, Greenvale, Hume City -37.63 144.88 3810 2770 1040 3295 0.38 8 ascending no trill 

Vic Mount Piper via Broadford -37.20 144.98 3690 2420 1270 3122 0.58 4 descending no trill 

Qld Mount Lewis  -16.60 145.27 3590 2920 670 3273 0.34 7 ascending no trill 
Qld Mount Lewis  -16.58 145.28 3900 2860 1040 3346 0.27 13 ascending no trill 

Qld Mt Bartle Frere -17.40 145.68 3720 3040 680 3374 0.44 6 ascending faint 

Vic Eildon, Victoria -37.23 145.90 3700 2850 850 3181 0.26 14 ascending no trill 
Tas Asbestos NP, Launceston -41.15 146.57 3760 3030 730 3410 0.29 22 ascending no trill 

Tas South Bruny, Tasmania -43.39 147.27 3830 2960 870 3240 0.30 13 ascending no trill 

NSW 40kms SW Mendooran -32.07 148.85 3620 2760 860 3248 0.33 14 ascending  
NSW Royal National Park -34.08 151.06 3800 2410 1390 3352 0.55 12 descending + little trill, 

Qld Kin Kin,  -26.26 152.88 3840 2870 970 3197 0.31 18 ascending no trill 

Qld Kin Kin,  -26.26 152.88 3740 2200 1540 3258 0.51 17 descending + little trill, 
Qld O'Reilly's Lamington NP -28.08 153.07 3460 2780 680 3066 0.38 22 ascending faint 

NSW Border Ranges NP -28.45 153.13 3770 2850 920 3269 0.28 22 ascending  
Qld, O'Reilly's Wishing Tree Trk -28.23 153.14 3560 2840 720 3152 0.31 10 ascending no trill 
NSW Mullumbimby -28.57 153.40 3540 2820 720 3148 0.47 11 ascending no trill 

NZ Auckland -36.99 174.48 3820 2860 960 3108 0.40 12 ascending no trill 

NZ Auckland -36.99 174.48 3870 2160 1710 3015 0.70 5 descending + little trill, 
NZ Wellington  -41.29 174.78 5460 2150 3310 3210 0.58 11 descending + little trill 

NZ Waipapa Ecological Area -38.29 175.68 4010 2810 1200 3149 0.43 9 ascending no trill 
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Appendix 5 

Call duration and frequency measurements for Brush Cuckoos 

Highest HF, lowest LF, frequency range, mean PF, mean call duration, and number of calls (n) 

studied for each Brush Cuckoo in locations around Australia. Only recordings of advertising calls 

were used. 

 

   highest lowest range mean mean incl.   

location lat° long° 

HF 

(HZ) 

LF 

(HZ) 

∆F 

(HZ) 

PF 

(HZ) 

∆T 

(s) n 
phr-

ases Syllables/phrase 

WA Broome Bird Observatory -17.98 122.34 2750 2180 1670 2542 0.28 73 12 7,5,6,5,7,5,3,7,8,6,7,7 

WA Willare -17.71 123.48 3220 1860 620 2697 0.24 64 5 9,17,13,13,12 
WA Russ Ck Gibb Riv Rd -16.05 126.70 3090 1780 1310 2652 0.25 30 3 9,10,11 

WA Ord River Dam, Lake Argyle,  -15.77 128.74 3310 2150 1160 2846 0.26 23 2 13,10 

NT Edith River Falls Nitmiluk NP -14.02 132.18 2910 1850 1060 2530 0.28 27 3 9,10,8 
PNG 17kms North Kiunga -5.98 141.28 3270 2290 980 2887 0.40 33 3 11,12,10 

PNG  North Kiunga -6.00 141.30 3070 2490 580 2785 0.23 19 2 8,11 

Qld Punsand Bay -10.72 142.47 3160 2220 940 2943 0.31 6 1 6 
Qld Morton Wennlock Riv Xssing -12.45 142.64 3270 1810 1460 2807 0.28 76 6 11,13,14,12,13,13 

Qld Iron Range  -12.70 143.30 3330 2120 1210 2860 0.30 35 4 5,4,13,13 
Qld Atherton Tableland  -16.67 145.33 3160 1900 1260 2646 0.32 42 3 17,13,12 

Qld Kingfisher Park Julatten -16.59 145.34 3150 1720 1430 2716 0.30 17 2 9,8 

Vic Bunyip State Park, Gembrook -37.97 145.72 2730 1690 1040 2420 0.30 10 1 10 
Capertee Valley, NSW -33.15 149.99 3090 2180 910 2744 0.29 7 1 7 

NSW Glen Davis -33.12 150.15 2730 2070 660 2498 0.32 6 1 6 

NSW Cambewarra Range NP -34.78 150.54 2990 1940 1050 2644 0.30 10 1 10 
NSW Royal National Park -34.05 151.06 2940 1880 1060 2480 0.27 48 4 12,12,13,11 

NSW Apsley Falls -31.05 151.77 2880 1910 970 2470 0.32 25 2 12,13 

Qld Utopia Res. Biggenden -25.51 152.04 2970 1850 1120 2553 0.31 22 2 11,11 
NSW Smith Lake -32.38 152.49 3010 1970 1040 2713 0.36 12 2 9,3 

Qld Minnippi Wetlands, Brisbane -27.48 153.11 3230 2030 1200 2689 0.33 9 1 9 

NSW Yuraygir National Park -29.82 153.28 3350 1980 1370 2650 0.27 56 4 13,13,15,15 
NSW Mullumbimby -28.57 153.40 3070 1870 1200 2648 0.31 55 6 11,11,11,9,2 

NSW Mullumbimby -28.57 153.40 2780 1770 1010 2389 0.33 65 7 2,8,14,7,16,2,16 
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Appendix 6 

Horsfield’s Bronze-cuckoo recordings from 1982 to 2018 

as recorded in different states of Australia by David Stewart (DSt), Fred van Gessel (FvG) and 

different sound recordists on Xeno-canto (XC) 

Year WA NT SA Qld NSW Vic Tas total  DSt FvG XC 

1982     1 2  3  3   

1983 1  1 1    3  2 1  

1985     2   2  2   

1986     1   1  1   

1987    1 2   3  3   

1988    1 1   2  1  1 

1989   1 2    3  3   

1990    2    2  2   

1991    1 1   2  2   

1992    1    1  1   

1997 18  3     21  21   

1998    3    3  3   

1999   1   1  2  2   

2000   3   1  4  4   

2001     1  2 3  3   

2005 1       1  1   

2006   1  2 1  4  3 1  

2007   2 31    33  31 2  

2008    1  1  2   1 1 

2009   1     1    1 

2010    4    4   4  

2011 2  3     5   5  

2012  1   1   2    2 

2013     2   2    2 

2014   1   2  3    3 

2015   1 3  1  5    5 

2016    1 4   5    5 

2017     2   2   1 1 

2018    1    1    1 

 22 1 18 53 20 9 2 125  88 15 22 
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Appendix 7 

Locations and frequency measurements for Horsfield’s Bronze-cuckoo recordings 

Highest HF, lowest LF, frequency range, mean PF, mean call duration, and number of calls (n) 

studied for each Horsfield’s Bronze-Cuckoo in locations around Australia. Recordings with a 

mixture of chirrup and descending calls, were measured separately. 

location   highest lowest range mean mean n  

 lat° long° 

HF 

(Hz) 

LF 

(Hz) 

∆F 

(Hz) 

PF 

(Hz) 

∆T 

(s)   
WA New Beach (1) -25.15 113.80 4520 

4750  

2540 1980 3429 0.49 17 descending 
WA New Beach (2) -25.15 113.80 4381 2560 1821 3201 0.42 6 descending 
WA Kalbari NP -27.71 114.17 4020 2180 1840 3678 0.47 10 chirrup from selections 
  " -27.71 114.17 4470 2500 1970 2842 0.60 3 descending recording above (9,12,13) 
WA Morcombe -32.15 116.01 4750 2330 2420 3043 0.69 3 descending 
WA Wubin -30.08 116.61 4280 2310 1970 3881 0.38 34 chirrup from selections 

  " -30.08 116.61 4120 2300 1820 3824 0.20 5 'di'  from above 
WA Yalgo  -28.03 116.87 4640 2820 1820 3617 0.60 6 descending 
WA Yalgo  -28.03 116.87 4660 2140 2520 3876 0.31 1 chirrup, from recording above 
WA Yalgo  -28.03 116.87 4520 2270 2250 3698 0.64 15 descending 
WA Chichester NP -21.03 117.23 4484 2316 2168 3427 0.58 19 descending 
WA Broome -17.98 122.34 4435 2450 1985 4035 0.35 13 chirrup 
WA Kunnunarra -15.78 128.74 4250 1910 2340 3425 0.28 23 chirrup 
SA 8 Nullabor -31.40 130.90 5320 2160 3160 3962 0.23 27 chirrup from selections 
  " -31.40 130.90 4560 2410 2150 3208 0.56 4 descending from recording above 
NT Calvert 
  

-16.72 137.42 4510 2640 1870 3627 0.53 8 descending 
SA Port Augusta -32.49 137.79 4390 2300 2090 3265 0.45 11 descending 
SA Port Gawler -34.65 138.43 5210 2140 3070 4079 0.37 28 chirrup 
Qld Lawn Hill Gorge NP Qld -18.70 138.48 4760 2330 2430 3811 0.67 24 descending 
SA Coongie Lakes (near Q 
cnr) 

-27.78 140.15 4500 1890 2610 4282 0.32 6 chirrup 
SA Gluepot Stn (1) -33.75 140.18 4550 2340 2210 3621 0.55 33 descending 
SA Gluepot Stn (2)    -33.75 140.18 4570 2120 2450 4242 0.29 23 chirrup from selections 

  " -33.75 140.18 4650 2310 2340 3718 0.53 47 descending from recording above 

SA Digtree -27.73 140.75 4510 2230 2280 3675 0.72 15 descending 

NSW Tibooburra -29.18 141.59 4020 2070 1950 3560 0.25 6 chirrup from selections 

  " -29.18 141.59 4010 2460 1550 3107 0.46 13 descending from recording above 
Vic Hattah Lakes National 
Park 

-34.75 142.03 4690 2590 2100 3488 0.69 20 (descending plus didi not used here) 

Vic Linton -37.68 143.57 4460 2580 1880 4134 0.53 14 descending 
Vic Millwood Dam North 

Huntly 

-36.58 144.31 4310 2070 2240 3940 0.28 27 chirrup (did not use faint desc calls 
Qld Quilpie -26.92 144.33 4190 1960 2230 3730 0.48 13 chirrup 
Vic Mount Piper via 
Broadford 

-37.20 144.98 4560 2460 2100 3711 0.64 12 descending 
Qld Bowra Stn -27.99 145.61 4461 2022 2439 3273 0.72 12 descending 
NSW West Round Hill 

Nature Reserve via Mount 

Hope 

-32.95 146.12 4280 2730 1550 3621 0.44 21 descending 
Tas, Kingston -42.98 147.28 4852 2243 2609 3771 0.66 24 descending 
Vic Rotamah Is -37.95 147.73 4461 2210 2251 3879 0.69 8 descending 
NSW LightningR -29.45 147.85 4510 2280 2230 4077 0.20 5 chirrup 
NSW Pilliga Scrub -30.75 149.11 4240 2100 2140 2933 0.88 76 descending 
NSW Cooma -36.18 149.21 4540 2380 2160 3751 0.53 11 descending 
NSW Coonabarrabran -31.33 149.23 4320 2140 2180 3766 0.22 25 chirrup 
NSW Wollemi NP -33.01 150.41 4560 2530 2030 4020 0.62 6 descending 
NSW Broke -32.71 151.09 4880 2370 2510 3645 0.70 19 descending 
Qld Sundown NP -28.92 151.57 4215 2270 1945 3933 0.25 12 chirrup 
Qld Kooncool via Widgee -26.23 152.47 4958 2349 2609 3962 0.72 10 descending 
Qld Cooloola NP -26.05 153.03 4280 2230 2050 3504 0.74 37 descending 
Qld Cooloola NP -26.05 153.03 4680 2370 2310 3609 0.69 17 descending 
NSW Bundjalung NP -29.30 153.35 4688 2344 2344 3815 0.62 17 descending 
NSW Broadwater -29.07 153.38 4728 2592 2136 3768 0.59 16 descending 

          
WA Broome -17.98 122.34 9693 6511 3182 7626 0.37 13 Begging call 
SA Gluepot -33.75 140.15 8055 6595 1460 7656 0.35 33 Begging call, host chestnut rumped 

thornbill  

 

 

 


