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Abstract 7 

Animals suffer elevated predation risk during reproduction, with nesting parents having to decide 8 

whether to flee from nearby predators for their own safety or to stay and thus avoid betraying the 9 

nest’s location to protect offspring. Gaining information about the source of danger is therefore 10 

crucial. From inside a nest, it might be difficult to gather relevant information visually and so 11 

acoustic signals and cues become particularly important. However, there has been little 12 

investigation of the response of nesting parents to acoustic information about different predation 13 

risks. We used a playback experiment to test how incubating female white-browed scrubwrens, 14 

Sericornis frontalis—which build extremely cryptic, dome-shaped nests close to the ground—15 

respond to aerial alarm calls (warning of airborne predators), mobbing alarm calls (warning of 16 

stationary predators on or above the ground), the footstep sounds of a nest predator on the 17 

ground, and control calls of a harmless parrot. We found that incubating scrubwrens responded 18 

more to the “danger” treatments compared to the control but, contrary to expectation, rarely fled 19 

in response to any of the predatory threats. However, birds looked around more actively (more 20 

saccades) after mobbing calls compared to the other playbacks, perhaps because mobbing calls 21 

do not indicate the specific location of danger and so additional information gathering is valuable. 22 

Incubating scrubwrens can therefore recognise potential danger by sounds, but evaluated risk 23 
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from within the nest rather than immediately fleeing, suggesting that they prioritise nest crypsis 1 

over other anti-predator strategies. 2 

Introduction 3 

Nesting is a critical time for animal reproduction, with high predation pressure on both nest 4 

contents and adults attending those nests (Deeming, 2023; Magnhagen, 1991). Eggs and 5 

dependent young within nests are vulnerable due to their immobility and, for predators, they are 6 

an easy source of protein and calories (Menezes & Marini, 2017; Pike et al., 2016). Consequently, 7 

predation is the major cause of egg and offspring mortality in nests of many fish, reptiles, 8 

mammals and birds (Lehtonen et al., 2013; Pike et al., 2016; Seltmann et al., 2017; Thompson 9 

III, 2007). In addition, parents attending nests face increased predation risk, as they invest more 10 

time and energy on caring for offspring and less on vigilance against personal threats (Ibáñez-11 

Álamo et al., 2015). Furthermore, the concentrated activity around nests and extended time 12 

parents spent incubating, brooding, roosting and feeding make them easier targets for predators 13 

who learn their routines or directly depredate the adults on the nest (Delaney & Janzen, 2020; 14 

Ellis-Felege et al., 2013; Ibáñez-Álamo et al., 2015). However, compared to offspring, there has 15 

been less study of the predation risks to nesting adults during the reproductive process (Ibáñez-16 

Álamo et al., 2015; Lima, 2009). 17 

Nesting birds use various anti-predator strategies, including shortening of vulnerable 18 

nesting periods, building the nest in places inaccessible to predators and nest defence (Lima, 19 

2009; Mainwaring et al., 2015). In areas with higher predation risk, birds may reduce clutch sizes 20 

to shorten the duration of the reproductive cycle and so minimise predation (Callan et al., 2019; 21 

Zanette et al., 2011). In addition, nesting in inaccessible locations, such as tree hollows or 22 

burrows, serves as a physical barrier against predation (Harper & Batzli, 1996; Mullin & Cooper, 23 

2002; Rudolph et al., 1990). Furthermore, when there are predators around, some species 24 
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actively guard their nests, deterring predators from approaching (Portman, 2019; Redmond et al., 1 

2020; Slack, 1976; Steinhart et al., 2005). However, physical barriers may not prevent access by 2 

all predators, and active defence can be risky, costly or ineffective, so another general strategy is 3 

to reduce the chance that predators find nests in the first place (Borgmann & Conway, 2015; 4 

Montgomerie & Weatherhead, 1988). 5 

Birds reduce the risk that predators will find nests by making them difficult to see and by 6 

reducing activities that could betray their location (Borgmann & Conway, 2015; Skutch, 1949). 7 

Better concealed nests, such as those that are small, camouflaged or hidden by greater foliage 8 

density, result in increased reproductive success in many species (Colombelli-Négrel & 9 

Kleindorfer, 2009; Hansell, 2000; Liu et al., 2021; Martin & Roper, 1988). To maintain nest crypsis, 10 

some species decrease activity at the nest in areas with higher predation risk, by reducing on- 11 

and off-bout rate during incubation or feeding rate during the nestling stage (Hua et al., 2014; 12 

Ibáñez-Álamo & Soler, 2012; Morosinotto et al., 2013; Mutzel et al., 2013). Lower feeding rates 13 

can be achieved by reducing clutch size or increasing the amount of food delivered during each 14 

visit (Ghalambor & Martin, 2001; Mariette & Griffith 2012; Raihani et al., 2010; Strickland & Waite, 15 

2001). Moreover, because vocalisations such as mobbing calls from parents and begging calls 16 

from nestlings can attract predators (Bonnington et al., 2013; Haff & Magrath, 2011; Krams et al., 17 

2007), both parents and the young tend to stay silent at the nest when predators are nearby 18 

(Davies et al., 2004; Haff & Magrath, 2013; Maziarz et al., 2019; Węgrzyn & Leniowski, 2015). 19 

If adopting the cryptic nest strategy, parent birds face a trade-off between reducing their 20 

own vulnerability and that of their offspring when predators are close to the nest, which requires 21 

assessing current risks (Dale et al., 1996). For their own survival, parents might reduce their own 22 

risk by fleeing from the nest if there is a nest predator nearby. However, any activity around the 23 

nest–including fleeing from it–could betray the nest location, leading to higher risk for eggs or 24 
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nestlings (Martin et al., 2000; Şahin Arslan & Martin, 2024). Alternatively, parents could choose 1 

to stay in the nest to maintain nest crypsis, but they are then vulnerable if the predator does find 2 

the nest. Gaining information about danger is therefore important for parents to make the decision 3 

about whether to flee or stay (Schneider & Griesser, 2013). Overall, parents should have fine-4 

tuned responses according to their assessment of danger (McLachlan & Magrath, 2020; Munoz 5 

& Blumstein, 2012), and should flee the nest only when they are in immediate danger (Graham & 6 

Shutler, 2019; Montgomerie & Weatherhead, 1988). However, experimental tests of this 7 

prediction are rare. 8 

Acoustic information about danger becomes particularly valuable when birds are visually 9 

restricted in a cryptic nest (Stevens, 2013). Such information could come from alarm calls, 10 

including functionally referential alarm calls that warn of different types of predators (Caro, 2005; 11 

Gill & Bierema, 2013; Macedonia & Evans, 1993; Manser, 2022; Marler, 1957). Functionally 12 

referential calls include aerial alarm calls for predators in flight (Wheeler & Fischer, 2012), 13 

mobbing alarm calls for perched or terrestrial predators (Carlson & Griesser, 2022) and alarm 14 

calls to specific type of predators, such as to snakes or to cuckoos (Feeney et al., 2025; Suzuki, 15 

2015). Nestlings respond appropriately to different alarm calls (Fasanella & Fernández, 2009; 16 

Magrath et al., 2010; Magrath, Pitcher, & Dalziell, 2007), but there has been little study of the 17 

response of adult birds in the nest: one exception is that incubating Japanese tits, Parus minor, 18 

flee from the nest to alarm calls specifically for snakes but not to crows, because only snakes can 19 

access their nests in tree hollows (Suzuki, 2015).Individuals can additionally use sounds 20 

produced by predators, such as calls or sounds of locomotion, to assess the risk of predation 21 

(Amorim & Dias, 2021; Magrath, Pitcher, & Dalziell, 2007; Schneider & Griesser, 2013), yet such 22 

direct sounds about danger have drawn surprisingly little attention. Attending to acoustic signals 23 

and cues of danger is likely to be especially important during incubation, when parents can spend 24 
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long periods in the nest, and is therefore an important time for parents to balance their own 1 

survival against that of their offspring. 2 

In this study, we assessed the use of acoustic information about danger by incubating 3 

white-browed scrubwrens, Sericornis frontalis. White-browed scrubwrens are an ideal model 4 

because females build cryptic domed nests close to the ground – often under leaf litter or low 5 

plants, with overhead cover – and rely largely on nest crypsis to avoid predators during nesting 6 

(Higgins et al., 2001; Magrath et al., 2000; Figure 1). Nest predation increases from about 1% per 7 

day during incubation to 4–5% per day during the nestling stage (Platzen & Magrath, 2004), 8 

probably reflecting increased cues of the nest as it progresses, such as greater activities of 9 

parents feeding nestlings and the begging of nestlings, with predators shown experimentally to 10 

be attracted by nestling calls (Haff & Magrath, 2011). Incubating and brooding females are also 11 

vulnerable to predation, with six of 114 females followed for one or more breeding attempts 12 

thought to have been killed at the nest during incubation and seven thought killed when nestlings 13 

were <6 days old (Magrath, unpublished data 1992–1998; individually marked females only; n = 14 

679 nesting attempts with known fate). Scrubwren nestlings become quiet after playback of alarm 15 

calls or footsteps from nest predators (Haff & Magrath, 2010; Haff & Magrath 2013; Magrath, 16 

Pitcher, & Dalziell, 2007; Platzen & Magrath, 2004, 2005), suggesting that these sounds could be 17 

valuable sources of information for incubating females as well. We therefore broadcast scrubwren 18 

alarm calls and the sound of a predator’s footsteps to incubating females, along with the sound 19 

of a harmless parrot (as a control). We predicted that the females would respond more to sounds 20 

of danger, rather than calls in general, and would be more likely to flee the nest, or become more 21 

vigilant, to sounds indicating greater personal danger. In particular, we predicted that scrubwrens 22 

would stay in the nest, with minimal responses, after playback of aerial alarm calls, as airborne 23 

predators are unlikely to spot the nest from above. By contrast, they would be more likely to be 24 
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alert for longer, or even flee, to playback of mobbing calls and the sound of a predator’s footsteps, 1 

which indicate potential immediate risks from nearby terrestrial predators. 2 

Methods 3 

Study species and site  4 

White-browed scrubwrens are small (13–14 g), cooperatively breeding passerines native to 5 

southeast Australia (Higgins et al., 2001). They typically breed in pairs or in groups consisting of 6 

a dominant pair and one or more subordinate males (Magrath & Whittingham, 1997). Their nests 7 

are small (around 15 cm in diameter), cryptic, domed structures, hidden in vegetation or under 8 

leaf litter on or near the ground (Magrath et al., 2000; Figure 1). Females usually lay a clutch of 9 

three eggs, which they alone incubate for an average of 18 days while males seldom go to the 10 

nest during incubation (Magrath et al., 2000). After hatching, both members of the dominant pair 11 

feed the offspring throughout the nestling and fledgling stages, and subordinate males often do 12 

so too (Leedman & Magrath, 2003; Magrath & Whittingham 1997; Magrath et al., 2000). 13 

Scrubwrens produce different alarm calls to warn of different threats (Higgins et al., 2001). 14 

When predatory birds are airborne, scrubwrens produce aerial alarm calls composed of repeated 15 

elements, each about 100 ms, with a mean ± SD peak frequency of 7.1 ± 0.4 kHz (Leavesley & 16 

Magrath, 2005; Magrath, Pitcher, & Gardner, 2007). A greater number of elements in aerial alarm 17 

calls indicates a greater urgency of predation risk, and calls consisting of three or four elements 18 

usually prompt immediate flight to cover by foraging scrubwrens (Leavesley & Magrath, 2005; 19 

Fallow & Magrath 2010). For perched predators, or those on the ground, scrubwrens produce 20 

mobbing alarm calls which recruit conspecifics to deter the predators (Platzen & Magrath, 2005). 21 

Mobbing calls also consist of repeated elements, each about 120–180 ms with a peak frequency 22 
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of 6.5–8.0 kHz (Platzen & Magrath, 2005), and mobbing calls can continue as long as a threat is 1 

nearby (pers. obs.). 2 

We studied scrubwrens in the Australian National Botanic Gardens (−35.279°S, 3 

149.109°E) in Canberra from August to December 2022. Scrubwrens breed throughout most of 4 

the 40 ha Gardens, which contain rainforest, natural woodland, native plant gardens and lawns. 5 

The population is subject to long-term studies and accustomed to people (Haff et al., 2015; 6 

Magrath et al., 2000; Platzen & Magrath, 2004; Zhou et al., 2024). The primary nest predator of 7 

scrubwrens in the area is the pied currawong, Strepera graculina, a crow-like passerine weighing 8 

around 300 g that uses both visual and acoustic information to hunt for eggs, nestlings and even 9 

adult scrubwrens in the nests (Haff & Magrath, 2011; Higgins et al., 2001; Magrath et al., 2010). 10 

Other nest predators at the study site include grey butcherbirds, Cracticus torquatus, Australian 11 

water dragons, Intellagama lesueurii, and eastern brown snakes, Pseudonaja textilis (Haff & 12 

Magrath, 2010; Platzen & Magrath, 2005). 13 

Experimental design and specific predictions 14 

To test how incubating female scrubwrens assess information about danger, we broadcast four 15 

acoustic treatments to birds at the nest; each of the 16 focal females received all four treatments 16 

in a matched design. The playbacks were: (1) scrubwren aerial alarm calls; (2) scrubwren 17 

mobbing alarm calls; (3) the sound of footsteps of pied currawongs walking on leaf litter; and (4) 18 

as a control, contact calls of crimson rosellas, Platycercus elegans, which are harmless parrots 19 

commonly found at the study site. 20 

We predicted that incubating scrubwrens would respond to the four playback treatments 21 

according to their context of production. First, aerial alarm calls warn of flying predators. As birds 22 

in their ground-level, dome-shaped nests are invisible from above, aerial alarm calls indicate an 23 
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indirect threat to incubating females. Therefore, we predicted that females would stay in the nest 1 

and show minimal responses. Second, mobbing alarm calls warn of perched or terrestrial 2 

predators which might target the nest. The location of such predators is unknown, so we predicted 3 

that incubating females should look around more frequently than when responding to other 4 

treatments, and leave the nest for personal safety or to allow them to join in with mobbing. Third, 5 

currawong footsteps are sounds directly from the predator, which indicates something moving 6 

near the nest. We predicted that incubating female scrubwrens should either immediately flee the 7 

nest or check their surroundings, especially in the direction of the sound source. Last, rosella 8 

contact calls are not related to any potential danger and so incubating females should have no 9 

response to this control sound. In addition, we predicted a longer response duration to the 10 

treatments that females perceived as indicating higher levels of predation risk; that is, a longer 11 

response to mobbing alarm calls and currawong footsteps than to aerial alarm calls, and the 12 

shortest to rosella calls. 13 

Sound file preparation 14 

We prepared 16 unique sets of playback tracks, one for each of the 16 nests, to avoid 15 

pseudoreplication. Each playback lasted 10 s, to ensure that differences in duration could not 16 

explain any differences in response among treatments. In nature, individual aerial alarm calls are 17 

usually short, with few elements and each call less than 1 s (Leavesley & Magrath, 2005), but 18 

they can be repeated each time a predator flies (personal observations). Mobbing calls are 19 

variable in duration, sometimes continuing with a predator’s presence and lasting more than 30 s 20 

(personal observations). Footstep sounds are likely to be variable in duration, depending on 21 

movement and substrate. Individual rosella “bell” contact calls typically last less than 1 s, but are 22 

often repeated (personal observations). For realism, we therefore included three repeats of aerial 23 

alarm calls with 3–5 elements and rosella contact calls in 10 s, whereas mobbing calls and 24 

footsteps continued for the full 10-second playback (Figure 2). In this way, we present each call 25 
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type within a natural range of call rate, so the experiment is ecologically relevant, while also 1 

keeping all the treatment playbacks with matched duration. To avoid any effect of an abrupt start 2 

to playbacks, a unique 12-second ambient sound was mixed into each set of treatments, with the 3 

first second of ambient sound fading in and the last second fading out. The 16 unique ambient 4 

sounds were recorded under relatively quiet conditions in the Gardens, with no distinct foreground 5 

sounds such as bird calls or nearby human noise. The ambient sounds were always at least 15 6 

dBA lower in sound pressure level (SPL) than the loudest components of the treatments. All 7 

playback tracks were prepared using Adobe Audition 2022. 8 

We recorded both aerial and mobbing alarm calls from male scrubwrens in the same group 9 

as the focal female. The calls were recorded using a Tascam DR-100MKIII recorder and a hand-10 

held Sennheiser ME66 directional microphone (sampling at 44.1 kHz and 16 bits). We prompted 11 

aerial alarm calls with a gliding sparrowhawk model (Magrath et al., 2015). From each recording, 12 

we chose one element of an aerial alarm call of high quality and repeated it to make multi-element 13 

aerial alarms that indicated a nearby flying predator. The interval between elements within a call 14 

was consistent within each playback and within the range of natural aerial alarm calls (35–40 ms; 15 

Leavesley & Magrath, 2005). Each playback included three aerial alarm calls, with eight playbacks 16 

consisting of 4-, 3- and 5-element aerial alarm calls in sequence (Figure 2a) and the other eight 17 

consisting of 4-, 5- and 3-element calls in sequence. The intervals between the three repeats 18 

were randomly selected for each playback track. We prompted mobbing calls using a snake 19 

model combined with playbacks of mobbing calls from individuals unfamiliar to the focal group 20 

(Platzen & Magrath, 2005). We first found the focal group in the territory and set up the snake 21 

model with the recording system nearby. Once the targeted male was attracted to the snake 22 

model, we recorded the mobbing calls and chose a cut of 10 s where there was just a single 23 

individual calling (Figure 2b). The sound of currawong footsteps walking on natural leaf litter were 24 

the same clips previously used in a study of nestlings (Magrath, Pitcher, & Dalziell 2007). In brief, 25 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

11 

a Sennheiser ME66 directional microphone was put near the ground and connected with a 15 m 1 

cable to a Marantz PMD670 digital recorder (sampling at 44.1 kHz and 16 bits). Currawongs were 2 

attracted within 5 m of the microphone using food placed on the ground in an area of leaf litter. 3 

We cut out clips of clear footsteps for 3 s and put together three different footstep clips with about 4 

0.3 s interval between each to make a 10-second playback track (Figure 2c). Rosella contact calls 5 

were recorded under natural conditions by following individuals and recording them with a 6 

Marantz PMD670 digital recorder and a Sennheiser ME66 directional microphone (sampling 44.1 7 

kHz and 16 bits; Magrath, Pitcher, & Dalziell, 2007). We made each rosella playback track by 8 

including three repeats of the same call within the 10 s (Figure 2d). 9 

We broadcast all the playback treatments at 55 dBA SPL at 1 m, as used in playbacks to 10 

nestlings during previous studies (Magrath, Pitcher, & Dalziell, 2007; Platzen & Magrath, 2005). 11 

The playback equipment consisting of a Rokono mini-loudspeaker connected to an Edirol R‐05 12 

HR digital recorder using a 12 m cable. We kept amplitudes constant to investigate the incubating 13 

bird’s interpretation of different sounds, independently of their amplitude. We calibrated the 14 

playback sounds by re-recording the playbacks at 1 m along with a calibration tone that had its 15 

amplitude measured with the Brüel & Kjær 2240 sound level meter. The playbacks of treatments 16 

and tone were then measured in Raven Pro 1.5 using the Average Power function, and playback 17 

tracks were adjusted using the Amplify function to achieve the target broadcast amplitude. We 18 

measured specifically the Average Power of the loudest call elements, and the overall average of 19 

footsteps since they did not have discrete elements. 20 

Field playback methods 21 

We carried out playbacks from October to December 2022. Nests were found by observing 22 

females carrying nesting material or returning to the nest during incubation. All nests were 23 

protected using large green garden mesh wire “cages”, which allowed free access by scrubwrens 24 
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but not large predatory birds (Haff & Magrath, 2010, 2011). The mesh material was very thin-1 

gauge wire, placed at least 30 cm away from the nest, which was typically integrated with the 2 

surrounding vegetation and was difficult to see at a distance (Figure 1). Birds appear to treat these 3 

cages as part of the surrounding vegetation, often perching on wire when arriving or leaving the 4 

nest (Haff & Magrath 2010; personal observations). It seems unlikely that incubating birds 5 

perceive that cages offer safety. To record the response of focal birds at the 10 nests that were 6 

partly or fully covered by vegetation, we placed an endoscope around 20 cm outside the entrance. 7 

If ambient light was insufficient and extra light was required for video recording (14 playbacks at 8 

five nests), the white light from the endoscope was turned on as soon as the female returned to 9 

the nest to allow habituation. At the remaining six nests where the entrances were fully visible 10 

from 1 m, we placed a Panasonic HC-V770M video camera at least 1 m from the entrance. For 11 

playbacks, we put the loudspeaker 1 m from the nest at an angle of more than 90° from the nest 12 

entrance so that the focal female could not see the sound source when sitting within the nest. To 13 

confirm that the playback files were broadcast smoothly, we also recorded acoustic environment 14 

at the nests using a camouflaged microphone put about 20 cm outside the nest entrance, 15 

connected to a programmable outdoor audio recorder (Bioacoustic Recorder [BAR] from Frontier 16 

Labs, 2017, sampling at 44.1 kHz and 16 bits). To minimise disturbance and allow habituation, 17 

we set up the endoscope and microphone at least one day before the first playback and removed 18 

them only after the entire set of playbacks was completed, during times when the incubating 19 

females were off the nest foraging. The observer remained at least 7 m from the nest after 20 

installing equipment, at which distance the birds appeared to ignore our presence. Since the 21 

playback equipment and Panasonic cameras were not waterproof, they were set up before each 22 

playback when the female was off the nest, and removed 10 min after the playback. The cameras 23 

and loudspeakers appeared to be ignored by the birds. 24 
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We broadcast playbacks at least 10 min after the female returned to the nest, and only if 1 

there had been no alarm calls or other sounds of danger for at least 5 min before the playback, 2 

so the female was sitting inside the nest and not being vigilant. After the playback, we recorded 3 

the response of the focal bird for at least 6 min. To minimise the impact of playbacks on 4 

scrubwrens, at most two trials were conducted on each nest per day, with a minimum two-hour 5 

interval. Females received the four treatments over 2.8 ± 1.3 days (mean ± SD; range 2–7 days). 6 

We used a complete block design so that each of the four treatments occurred four times in each 7 

order. 8 

Scoring response to playback 9 

We scored videos frame-by-frame to measure the birds’ behaviour after playback. The videos 10 

were scored blindly to treatment type and nest identity; the time of playback initiation was first 11 

noted, and then the sound was muted and the names of videos were re-assigned by others before 12 

scoring. We used three measures of response: (A) categorical response; (B) duration of response; 13 

and (C) number of saccades (discrete head movements). (A) The categorical response was 14 

scored as the greatest ranked response shown after playback, where: 0 = no response, the bird 15 

remained in the same state, relaxed and incubating the eggs, as before the playbacks; 1 = look, 16 

the bird stayed in the nest and moved her head around; 2 = look out, the bird moved her head out 17 

of the nest entrance and looked around; 3 = flee, the bird left the nest. (B) The duration of 18 

response was measured as the time from the onset of response until the focal female resumed 19 

her original, relaxed state as before the playback, and is likely to be an indication of the degree 20 

of risk the incubating female perceived from the playbacks (Beauchamp, 2015). (C) The number 21 

of saccades was the number of discrete head movements for females that stayed in the nest, and 22 

is an indication of how frequently the female’s gaze direction changed (Beauchamp, 2015; Land, 23 

2019; Tyrrell et al., 2015). For both response duration and number of saccades, we excluded 24 

cases where the birds showed no response (n = 10 trials) and those where they fled (n = 7 trials), 25 
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because none returned to the nest within the 6-minute sample period. Although playbacks were 1 

conducted when males were not around, males approached and mobbed after playback in four 2 

cases: in two cases after the female had already left the nest (one to mobbing call playback and 3 

one to footstep playback), and in two cases while the female remained in the nest but had already 4 

put her head out (both to mobbing playbacks). Since male presence occurred only after the female 5 

had exhibited her greatest categorical response, it would not affect measurement of categorical 6 

responses. For response duration and number of saccades, excluding the two cases where males 7 

arrived while the female remained in the nest led to similar results to the complete dataset 8 

(Supplementary Results). 9 

Statistical analysis  10 

We conducted all statistical analyses in R v 4.2.0 (R Core Team, 2022). We used cumulative link 11 

mixed models (CLMMs) to analyse the categorical responses of incubating scrubwrens to each 12 

playback treatment. CLMMs are appropriate for analysing ordinal responses, which arranges the 13 

response strength without implying quantitatively equal intervals between categories (Agresti, 14 

2007). The categorical response was ranked into four ordered levels: 0 = no response, 1 = look, 15 

2 = look out, 3 = flee. We fitted two CLMMs to test differences in categorical response. The first 16 

model included, as the fixed factor, all playback treatments (scrubwren aerial alarm call, 17 

scrubwren mobbing call, currawong footsteps, rosella contact call). The second model excluded 18 

the control (rosella call) and tested for the differences among the three danger treatments only, 19 

because the “no response” category occurred only in control playbacks, making the distribution 20 

of responses to the control very different to those to the danger treatments. In both models, we 21 

also included whether a camera light was turned on or off as a fixed factor to control for a possible 22 

light effect, and random factors were the focal individual and treatment order. We conducted the 23 

CLMMs using the ‘clmm()’ function of the ‘ordinal’ package (Christensen, 2023), with a probit link 24 

function and an equidistant threshold. We used the ‘Anova()’ function of the ‘car’ package (Fox & 25 
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Weisberg, 2019) to test the significance of each fixed factor. If the treatment was found to be 1 

significant overall, then we used the ‘emmeans()’ function of the ‘emmeans’ package (Lenth & 2 

Piaskowski, 2018) to conduct pairwise comparisons between treatments. 3 

We used linear mixed models (LMMs) to analyse the response duration and the number 4 

of saccades during the responses (both quantitative variables). The fixed factors were treatment 5 

(scrubwren aerial alarm call, scrubwren mobbing call, currawong footsteps, rosella contact call) 6 

and camera light status (on or off). The random factors were the focal individual and treatment 7 

order. In addition, we included response duration in the model examining the number of saccades 8 

to control for the possibility that the number of saccades was due simply to the response duration. 9 

Both quantitative measurements were logarithmically transformed to improve fit for the models. 10 

We conducted LMMs using the ‘lmer()’ functions of the ‘lme4’ package (Bates et al., 2015), while 11 

using the ‘Anova()’ function of the ‘car’ package (Fox & Weisberg, 2019) to test the significance 12 

of each fixed factor. We also used the ‘emmeans()’ function of the ‘emmeans’ package (Lenth & 13 

Piaskowski, 2018) to compare between treatments if that fixed factor was found to be significant 14 

overall.  15 

Ethical note 16 

The study was approved by the Australian National University Ethics Committee (protocol 17 

A2022/15) and designed to minimise any adverse effects on the birds. All the nests were caged 18 

using mesh wire, which allowed scrubwrens free access but prevented large predators from 19 

accessing the nests. To mitigate the potential impact of alarm-call and predator-footstep 20 

playbacks, each scrubwren received at most two trials per day, with a minimum of two hours 21 

between them to allow the female to finish at least one incubation bout (average on-bout duration 22 

is about 50 min and off-bout duration about 25 min). Birds resumed relaxed incubation behaviour 23 

(no looking) within 6 min after the playbacks, except for five cases where birds fled. In all cases 24 
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that birds fled, they went back to the nest and continued incubating after around 20 min, which is 1 

a normal period to be off the nest. 2 

Results 3 

Incubating females usually looked out of the nest after danger treatments but not the control 4 

(categorical response, controlling for camera light status: CLMM: χ2= 69.990, df = 3, p < 0.001; 5 

Table 1a; Figure 3). Most incubating scrubwrens showed no response to control rosella calls, but 6 

had a similar looking response to all three sounds of danger. Considering just the three danger 7 

treatments, there was a non-significant trend (χ2= 4.470, df = 2, p = 0.107) for more fleeing in 8 

response to the currawong footstep sounds (5/16 trials) than either the aerial or mobbing alarms 9 

(1/16 trials in each case; Table 1b; Figure 3).  10 

If females stayed in the nest after playbacks, they responded for longer to the danger 11 

treatments than the control (variation among treatments: LMM: χ2 = 44.118, df = 3, p < 0.001; 12 

Table 2; Figure 4). However, contrary to our prediction, there was no significant difference in the 13 

duration of response among danger treatments (Table 2). 14 

When being vigilant, the number of saccades (discrete head movements) made by 15 

incubating female scrubwrens was affected by treatment (LMM: χ2 = 23.514, df = 3, p < 0.001; 16 

Table 3; Figure 5). There was a significantly greater number of saccades in response to mobbing 17 

calls compared to aerial alarm calls (t = 3.517, p = 0.008), currawong footsteps (t = 3.423, p = 18 

0.010) and rosella controls (t = 0.320, p = 0.014). There was no significant difference between 19 

aerial alarm calls and currawong footsteps, as predicted, nor between aerial alarm calls or 20 

currawong footsteps and the rosella control, perhaps because only a small subset of females 21 

responded at all to the control (Table 3). 22 
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Discussion 1 

Incubating scrubwrens became alert to sounds that indicated predation risks, and looked around 2 

more frequently in response to mobbing calls compared to aerial alarm calls and predator 3 

footsteps. Overall, females showed similar elevated responses to scrubwren aerial alarm calls, 4 

scrubwren mobbing alarm calls and the sound of currawong footsteps for both categorial 5 

responses and response duration. Although there was a trend for birds to flee more to currawong 6 

footsteps than to alarm calls, overall the incubating birds rarely fled the nest, indicating that they 7 

prioritise gathering information and nest crypsis. Incubating scrubwrens looked around more (had 8 

more head saccades) in response to mobbing alarm calls than aerial alarm calls and predator 9 

footsteps, suggesting that they attend to call context: mobbing calls give no information on the 10 

direction of threat, as they can indicate either terrestrial or perched predators. To our knowledge, 11 

this study is the first to compare experimentally how incubating adults assess different sounds of 12 

danger, including both alarm calls from conspecifics and sounds from predators. 13 

Incubating scrubwrens stayed in the nest but increased vigilance in response to danger 14 

cues, suggesting that they prioritise crypsis over fleeing. The results are consistent with the nest 15 

crypsis hypothesis that birds should remain in the nest until risks of predation outweigh the cost 16 

of fleeing (Montgomerie & Weatherhead, 1988). Scrubwren nests are generally very well-hidden, 17 

and the low fleeing rate is consistent with females perceiving the playbacks as indicating 18 

intermediate level of risks, requiring further visual assessment. The responses of incubating 19 

scrubwrens to sounds of danger are also consistent with previous studies on anti-predator 20 

strategy of scrubwren parents and nestlings (Haff et al., 2015). In the field, incubating females 21 

rarely flush from the nest until it is almost touched (personal observations). Also, scrubwren 22 

nestlings suppressed calling but never fled the nest in response to alarm calls and currawong 23 

footsteps, even later in the nestling period when capable of early fledging (Platzen & Magrath, 24 
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2005; Haff & Magrath, 2010). Similarly, incubating brown thornbills, Acanthiza pusilla, stayed in 1 

their dome-shaped nests that were mostly in dense vegetation, and looked out from the nest in 2 

response to currawong call playbacks (Schneider & Griesser, 2013). Our results also align with 3 

studies of other species that found birds tend to stay in the nest and tolerate closer predator 4 

approach in better concealed nests, such as by incubating tree swallows, Tachycineta bicolor, 5 

mallards, Anas platyrhynchos, and Canada geese, Branta canadensis (Albrecht & Klvaňa, 2004; 6 

Graham & Shutler, 2019; Miller et al., 2013). By contrast, incubating female Japanese tits, as well 7 

as the nestlings, fled the nest to snake-specific alarm calls but huddled down after general alarm 8 

calls warning of other predators. Such different responses to alarm calls might be due to the tits’ 9 

use of cavity nests, which can be accessed by snakes but not other predators (Suzuki, 2015).   10 

Although the broad responses to all sounds of danger were similar, incubating females 11 

showed fine-tuned assessment by increasing head movements after playback of mobbing calls. 12 

This is consistent with our prediction that birds in the nest could gain acoustic information about 13 

predator type or location. Looking around in response to mobbing calls is common in birds 14 

(Carlson & Griesser, 2022; Suzuki, 2012). For example, foraging Australian magpies, Cracticus 15 

tibicen, actively scanned after playback of mobbing calls; they moved away from experimentally 16 

added visual barriers to scan instead of scanning in place, which was their response when the 17 

barrier was lying down (Ratnayake et al., 2021). Furthermore, mobbing calls typically indicate a 18 

nearby threat but lack precise directional information about the location of the threat, which might 19 

prompt birds to increase vigilance to locate the danger. In our study, the significantly higher 20 

number of saccades in response to mobbing calls suggests that birds in nests needed more visual 21 

information when the acoustic signal was more ambiguous about the location of threat. This 22 

contrasts with their response to aerial alarm calls and rosella contact calls, which are less relevant 23 

to scrubwrens in dome-shaped nests, and to predator footsteps, which also indicate nearby risk 24 

but provide clear directional cues. 25 
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Incubating scrubwrens looked out of the nest after playbacks of currawong footsteps, 1 

showing that they pay attention to sounds from predators themselves, not just to conspecific 2 

signals of danger. There was a trend for scrubwrens to be more likely to flee from the nest after 3 

playback of footsteps, compared to alarm calls (5/16 fled to footsteps, compared to 1/16 for each 4 

alarm treatment), but most females stayed in the nest, suggesting that most assess risk rather 5 

than assuming immediate danger. One possibility is that birds cannot recognise predators solely 6 

by their footsteps and so require additional information. We can find only one study on other bird 7 

species testing if they use the sounds of predator locomotion as a cue of danger: gregarious 8 

sparrows (Passerellidae) became alert but rarely fled to dog footsteps during foraging (Shearer & 9 

Beilke, 2023). In addition, vibrations caused by predator footsteps are used as warning signs, 10 

including in arthropods such as in common angle moths, Semiothisa aemulataria, and termites, 11 

Coptotermes acinaciformis, and some vertebrates, such as red-eyed treefrogs, Agalychnis 12 

callidryas (Castellanos & Barbosa, 2006; Jung et al., 2022; Oberst et al., 2017; Virant-Doberlet et 13 

al., 2019). Future work should therefore address whether birds more generally use information 14 

encoded in the danger cues caused by predator movement, potentially including walking and 15 

flight.  16 

Contrary to our prediction, incubating scrubwrens also looked out with similar response 17 

duration to the aerial alarm calls as to other sounds of danger. We had assumed aerial alarm calls 18 

were not immediately relevant to birds within their cryptic nests. One possible reason is that an 19 

airborne predator might later land near the nest, posing a delayed threat to the nest and the bird 20 

inside, and so it is still worth assessing risk. Furthermore, nesting scrubwrens might increase their 21 

level of response to aerial alarm calls to compensate for the lack to visual information, even if the 22 

calls refer to a relatively low risk. Such increased responses to aerial alarm calls occur in New 23 

Holland honeyeaters, Phylidonyris novaehollandiae, when nectar-foraging with restricted views, 24 

compared to perching with clear views (McLachlan et al., 2019). 25 
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Our study presented each type of acoustic signal or cue in isolation, but real-world 1 

scenarios may often require nesting animals to integrate multiple and/or multi-sensory indicators 2 

of danger when assessing predation risks, while predators may similarly use multiple sources of 3 

information to find nests (Ibáñez-Álamo et al., 2015). For acoustic information, longer signals or 4 

a combination of several sounds about danger would provide more precise information about 5 

identity and locomotion of predators, which might prompt birds to flee nests. For example, the 6 

sound of footsteps alone might be from a non-threatening animal, whereas the combination of 7 

mobbing calls and footstep sounds could indicate a predator, implying a higher risk of danger and 8 

prompting flight from the nest. Other sensory modalities, such as vibrations, odours and chemical 9 

cues, are also potentially valuable sources of information about predation risk, especially when 10 

animals are visually restricted in the nest (Stevens, 2013; Williams et al., 2023). For instance, 11 

wood frog, Lithobates sylvaticus, embryos delayed hatching in the presence of chemical alarm 12 

cues that indicated predation (Rivera-Hernández et al., 2025). In the case of scrubwrens, the 13 

sound of footsteps combined with vibration of the nest might indicate an urgent condition where 14 

the predator is attacking the nest, and so might prompt incubating females to flee immediately 15 

without further looking. To develop a more comprehensive understanding of predator detection 16 

and response for nesting animals, we suggest future studies adopt a multi-sensory approach and 17 

consider how combinations of multiple cues about danger are assessed (Partan & Marler, 2005). 18 

Furthermore, it would be valuable to assess what cues predators use in finding nests, as these 19 

again may involve sequences of acoustic cues or multi-sensory information. For example, 20 

predators may use visual cues at a distance, and then sounds, scents or other chemical cues to 21 

pinpoint nest location. 22 

In summary, incubating female scrubwrens recognised potential danger from acoustic 23 

information alone, but usually responded by staying in the nest and assessing the environment, 24 

rather than fleeing. To deepen our knowledge of how prey animals adapt their reproductive 25 
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strategies in response to predation pressure, we suggest investigating how the broader acoustic 1 

wenvironment – including sounds from conspecifics, heterospecifics and predators – influences 2 

survival of nesting animals across taxa. Moreover, the challenges of visual restriction are not 3 

limited to nesting but also apply to year-round daily activities, such as foraging in dense 4 

vegetation. Future studies could examine how animals use different types of information to assess 5 

predation risk, which will help to understand the dynamic anti-predator strategies of animals under 6 

restricted environments. 7 

Acknowledgments 8 

We thank J. McLachlan for scrubwren nest finding and monitoring, as well as advice on 9 

methodology. C. Liao for advice or comments, T. Neeman for advice on statistical analysis, and 10 

the Australian National Botanic gardens for allowing work on the scrubwren population. The 11 

research was done under permits from the Australian National Botanic Gardens, Australian 12 

National University Ethics Committee, and Environment ACT. 13 

Data Availability 14 

Analyses reported in this article can be reproduced using the data provided by Zhou et al., 15 

(2026). 16 

 17 

Funding 18 

The research was funded by an Australian Research Council grant to R.D.M., A.N.R. and E. 19 

Fernández Juricic (DP150102632). 20 

 21 

  22 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

22 

Author Contributions  1 

R.D.M. and A.N.R. conceived the study, all authors designed the experiments and contributed to 2 

writing, and Y.Z. carried out fieldwork and analyses. 3 

References 4 

Agresti, A. (2007). Multicategory logit models. In An Introduction to Categorical Data Analysis 5 

(pp. 173–203). John Wiley & Sons, Ltd. https://doi.org/10.1002/9780470114759.ch6 6 

Albrecht, T., & Klvaňa, P. (2004). Nest crypsis, reproductive value of a clutch and escape 7 

decisions in incubating female mallards Anas platyrhynchos. Ethology, 110(8), 603–613. 8 

https://doi.org/10.1111/j.1439-0310.2004.00992.x 9 

Amorim, P. S., & Dias, R. I. (2021). A non-vocal alarm? Effects of wing trill playbacks on 10 

antipredator responses in the scaled dove. Acta Ethologica, 24(2), 119–126. 11 

https://doi.org/10.1007/s10211-021-00368-9 12 

Bates D, Mächler M, Bolker B, Walker S (2015). Fitting Linear Mixed-Effects Models Using 13 

lme4. Journal of Statistical Software, 67(1), 1–48. doi:10.18637/jss.v067.i01. 14 

Beauchamp, G. (2015). Visual obstruction and vigilance: A natural experiment. Journal of Avian 15 

Biology, 46(5), 476–481. https://doi.org/10.1111/jav.00612 16 

Bonnington, C., Gaston, K. J., & Evans, K. L. (2013). Fearing the feline: Domestic cats reduce 17 

avian fecundity through trait-mediated indirect effects that increase nest predation by 18 

other species. Journal of Applied Ecology, 50(1), 15–24. https://doi.org/10.1111/1365-19 

2664.12025 20 

Borgmann, K. L., & Conway, C. J. (2015). The nest-concealment hypothesis: new insights from 21 

a comparative analysis. The Wilson Journal of Ornithology, 127(4), 646–660. 22 

https://doi.org/10.1676/14-162.1 23 

Callan, L. M., La Sorte, F. A., Martin, T. E., & Rohwer, V. G. (2019). Higher nest predation 24 

favors rapid fledging at the cost of plumage quality in nestling birds. The American 25 

Naturalist, 193(5), 717–724. https://doi.org/10.1086/702856 26 

Carlson, N. V., & Griesser, M. (2022). Mobbing in animals: A thorough review and proposed 27 

future directions. In S. Healy & J. Podos (Eds.), Advances in the Study of Behavior (Vol. 28 

54, pp. 1–41). Academic Press. https://doi.org/10.1016/bs.asb.2022.01.003 29 

Caro, T. M. (2005). Antipredator Defenses in Birds and Mammals. University of Chicago Press. 30 

Castellanos, I., & Barbosa, P. (2006). Evaluation of predation risk by a caterpillar using 31 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

23 

substrate-borne vibrations. Animal Behaviour, 72(2), 461–469. 1 

https://doi.org/10.1016/j.anbehav.2006.02.005 2 

Chalfoun, A. D., & Martin, T. E. (2010). Parental investment decisions in response to ambient 3 

nest-predation risk versus actual predation on the prior nest. The Condor, 112(4), 701–4 

710. https://doi.org/10.1525/cond.2010.090242 5 

Christensen R (2023). ordinal—Regression Models for Ordinal Data. R package version 6 

2023.12-4.1, https://CRAN.R-project.org/package=ordinal. 7 

Colombelli-Négrel, D., & Kleindorfer, S. (2009). Nest height, nest concealment, and predator 8 

type predict nest predation in superb fairy-wrens (Malurus cyaneus). Ecological 9 

Research, 24(4), 921–928. https://doi.org/10.1007/s11284-008-0569-y 10 

Dale, S., Gustavsen, R., & Slagsvold, T. (1996). Risk taking during parental care: A test of three 11 

hypotheses applied to the pied flycatcher. Behavioral Ecology and Sociobiology, 39(1), 12 

31–42. https://doi.org/10.1007/s002650050264 13 

Davies, N. B., Madden, J. R., & Butchart, S. H. M. (2004). Learning fine-tunes a specific 14 

response of nestlings to the parental alarm calls of their own species. Proceedings of the 15 

Royal Society of London. Series B: Biological Sciences, 271(1554), 2297–2304. 16 

https://doi.org/10.1098/rspb.2004.2835 17 

Deeming, D. C. (2023). Nest construction in mammals: A review of the patterns of construction 18 

and functional roles. Philosophical Transactions of the Royal Society B: Biological 19 

Sciences, 378(1884), 20220138. https://doi.org/10.1098/rstb.2022.0138 20 

Delaney, D. M., & Janzen, F. J. (2020). Risk-sensitive maternal investment: An evaluation of 21 

parent–offspring conflict over nest site choice in the wild. Animal Behaviour, 163, 105–22 

113. https://doi.org/10.1016/j.anbehav.2020.03.004 23 

Ellis-Felege, S. N., Burnam, J. S., Palmer, W. E., Sisson, D. C., & Carroll, J. P. (2013). Fight or 24 

flight: parental decisions about predators at nests of northern bobwhites (Colinus 25 

virginianus). The Auk, 130(4), 637–644. https://doi.org/10.1525/auk.2013.12227 26 

Fallow, P. M. & Magrath, R. D. 2010. Eavesdropping on other species: mutual interspecific 27 

understanding of urgency information in avian alarm calls. Animal Behaviour, 79, 411–28 

417. https://doi.org/10.1016/j.anbehav.2009.11.018 29 

Fasanella, M., & Fernández, G. J. (2009). Alarm calls of the southern house wren Troglodytes 30 

musculus: Variation with nesting stage and predator model. Journal of Ornithology, 31 

150(4), 853–863. https://doi.org/10.1007/s10336-009-0406-2 32 

Feeney, W. E., Kennerley, J. A., Wheatcroft, D., Liang, W., Lamb, J. B., Teunissen, N., Lawson, 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

24 

S. L., Enos, J. K., Zhou, B., Poje, C., Richardson, N. M., Ryan, T. A., Cowan, Z.-L., 1 

Brooker, R. M., Attwood, M., Boersma, J., Zamora, M., Attisano, A., Gula, R., … Blasi, 2 

D. E. (2025). Learned use of an innate sound-meaning association in birds. Nature 3 

Ecology & Evolution, 9(11), 2103–2115. https://doi.org/10.1038/s41559-025-02855-9 4 

Fox, J., & Weisberg, S. (2019). An R companion to applied regression. Sage publications. 5 

https://socialsciences.mcmaster.ca/jfox/Books/Companion/ 6 

Ghalambor, C. K., & Martin, T. E. (2001). Fecundity-survival trade-offs and parental risk-taking 7 

in birds. Science, 292(5516), 494–497. https://doi.org/10.1126/science.1059379 8 

Gill, S. A., & Bierema, A. M. K. (2013). On the meaning of alarm calls: A review of functional 9 

reference in avian alarm calling. Ethology, 119(6), 449–461. 10 

https://doi.org/10.1111/eth.12097 11 

Graham, K. F., & Shutler, D. (2019). How robust are risk-taking associations in incubating birds? 12 

A test and a review. Behavioral Ecology and Sociobiology, 73(6), 79. 13 

https://doi.org/10.1007/s00265-019-2692-x 14 

Haff, T. M., Horn, A. G., Leonard, M. L., & Magrath, R. D. (2015). Conspicuous calling near 15 

cryptic nests: A review of hypotheses and a field study on white-browed scrubwrens. 16 

Journal of Avian Biology, 46(3), 289–302. https://doi.org/10.1111/jav.00622 17 

Haff, T. M., & Magrath, R. D. (2010). Vulnerable but not helpless: Nestlings are fine-tuned to 18 

cues of approaching danger. Animal Behaviour, 79(2), 487–496. 19 

https://doi.org/10.1016/j.anbehav.2009.11.036 20 

Haff, T. M., & Magrath, R. D. (2011). Calling at a cost: Elevated nestling calling attracts 21 

predators to active nests. Biology Letters, 7(4), 493–495. 22 

https://doi.org/10.1098/rsbl.2010.1125 23 

Haff, T. M., & Magrath, R. D. (2013). To call or not to call: Parents assess the vulnerability of 24 

their young before warning them about predators. Biology Letters, 9(6), 20130745. 25 

https://doi.org/10.1098/rsbl.2013.0745 26 

Hansell, M. (2000). Bird Nests and Construction Behaviour. Cambridge University Press. 27 

https://doi.org/10.1017/CBO9781139106788 28 

Harper, S. J., & Batzli, G. O. (1996). Effects of predators on structure of the burrows of voles. 29 

Journal of Mammalogy, 77(4), 1114–1121. https://doi.org/10.2307/1382793 30 

Higgins, P. J., Peter, J. M., & WK, S. (2001). Handbook of Australian, New Zealand and 31 

Antarctic birds (Vol. 5). Oxford University Press. 32 

Hua, F., Sieving, K. E., Fletcher, R. J., Jr, & Wright, C. A. (2014). Increased perception of 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

25 

predation risk to adults and offspring alters avian reproductive strategy and performance. 1 

Behavioral Ecology, 25(3), 509–519. https://doi.org/10.1093/beheco/aru017 2 

Ibáñez-Álamo, J. D., Magrath, R. D., Oteyza, J. C., Chalfoun, A. D., Haff, T. M., Schmidt, K. A., 3 

Thomson, R. L., & Martin, T. E. (2015). Nest predation research: Recent findings and 4 

future perspectives. Journal of Ornithology, 156(S1), 247–262. 5 

https://doi.org/10.1007/s10336-015-1207-4 6 

Ibáñez-Álamo, J. D., & Soler, M. (2012). Predator-induced female behavior in the absence of 7 

male incubation feeding: An experimental study. Behavioral Ecology and Sociobiology, 8 

66(7), 1067–1073. https://doi.org/10.1007/s00265-012-1357-9 9 

Jung, J., Guo, M., Crovella, M. E., McDaniel, J. G., & Warkentin, K. M. (2022). Frog embryos 10 

use multiple levels of temporal pattern in risk assessment for vibration-cued escape 11 

hatching. Animal Cognition, 25(6), 1527–1544. https://doi.org/10.1007/s10071-022-12 

01634-4 13 

Krams, I., Krama, T., Igaune, K., & Mänd, R. (2007). Long-lasting mobbing of the pied flycatcher 14 

increases the risk of nest predation. Behavioral Ecology, 18(6), 1082–1084. 15 

https://doi.org/10.1093/beheco/arm079 16 

Land, M. (2019). Eye movements in man and other animals. Vision Research, 162, 1–7. 17 

https://doi.org/10.1016/j.visres.2019.06.004 18 

Leavesley, A. J., & Magrath, R. D. (2005). Communicating about danger: Urgency alarm calling 19 

in a bird. Animal Behaviour, 70(2), 365–373. 20 

https://doi.org/10.1016/j.anbehav.2004.10.017 21 

Leedman, A. W., & Magrath, R. D. (2003). Long-term brood division and exclusive parental care 22 

in a cooperatively breeding passerine. Animal Behaviour, 65(6), 1093–1108. 23 

https://doi.org/10.1006/anbe.2003.2164 24 

Lehtonen, T. K., Lindström, K., & Wong, B. B. M. (2013). Effect of egg predator on nest choice 25 

and nest construction in sand gobies. Animal Behaviour, 86(4), 867–871. 26 

https://doi.org/10.1016/j.anbehav.2013.08.005 27 

Lenth, R., & Piaskowski, J. (2018). Emmeans: Estimated marginal means, aka least-squares 28 

means. R Package Version, 1(2). 29 

Lima, S. L. (2009). Predators and the breeding bird: Behavioral and reproductive flexibility under 30 

the risk of predation. Biological Reviews, 84(3), 485–513. https://doi.org/10.1111/j.1469-31 

185X.2009.00085.x 32 

Liu, J., Yan, H., Li, G., & Li, S. (2021). Nest concealment is associated with reproductive traits 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

26 

across sympatric bird species. Ecology and Evolution, 11(20), 14079–14087. 1 

https://doi.org/10.1002/ece3.8117 2 

Macedonia, J. M., & Evans, C. S. (1993). Essay on contemporary issues in ethology: variation 3 

among mammalian alarm call systems and the problem of meaning in animal signals. 4 

Ethology, 93(3), 177–197. https://doi.org/10.1111/j.1439-0310.1993.tb00988.x 5 

Magrath, R. D., Haff, T. M., Horn, A. G., & Leonard, M. L. (2010). Calling in the face of danger: 6 

Predation risk and acoustic communication by parent birds and their offspring. Advances 7 

in the Study of Behavior, 41(C), 187–253. https://doi.org/10.1016/S0065-3454(10)41006-8 

2 9 

Magrath, R. D., Haff, T. M., McLachlan, J. R., & Igic, B. (2015). Wild birds learn to eavesdrop on 10 

heterospecific alarm calls. Current Biology, 25(15), 2047–2050. 11 

https://doi.org/10.1016/j.cub.2015.06.028 12 

Magrath, R. D., Leedman, A. W., Gardner, J. L., Giannasca, A., Nathan, A. C., Yezerinac, S. M., 13 

& Nicholls, J. A. (2000). Life in the slow lane: Reproductive life history of the White-14 

browed Scrubwren, an Australian endemic. Auk, 117(2), 479–489. 15 

https://doi.org/10.2307/4089728 16 

Magrath, R. D., Pitcher, B. J., & Dalziell, A. H. (2007). How to be fed but not eaten: Nestling 17 

responses to parental food calls and the sound of a predator’s footsteps. Animal 18 

Behaviour, 74(5), 1117–1129. https://doi.org/10.1016/j.anbehav.2007.01.025 19 

Magrath, R. D., Pitcher, B. J., & Gardner, J. L. (2007). A mutual understanding? Interspecific 20 

responses by birds to each other’s aerial alarm calls. Behavioral Ecology, 18(5), 944–21 

951. https://doi.org/10.1093/beheco/arm063 22 

Magrath, R. D., & Whittingham, L. A. (1997). Subordinate males are more likely to help if 23 

unrelated to the breeding female in cooperatively breeding white-browed scrubwrens. 24 

Behavioral Ecology and Sociobiology, 41(3), 185–192. 25 

https://doi.org/10.1007/s002650050378 26 

Magnhagen, C. (1991). Predation risk as a cost of reproduction. Trends in Ecology & Evolution, 27 

6(6), 183–186. https://doi.org/10.1016/0169-5347(91)90210-O 28 

Mainwaring, M. C., Reynolds, S. J., & Weidinger, K. (2015). The influence of predation on the 29 

location and design of nests. In D. C. Deeming & S. J. Reynolds (Eds.), Nests, Eggs, 30 

and Incubation: New ideas about avian reproduction (p. 0). Oxford University Press. 31 

https://doi.org/10.1093/acprof:oso/9780198718666.003.0005 32 

Manser, M. B. (2022). Referential communication. In J. Vonk & T. K. Shackelford (Eds.), 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

27 

Encyclopedia of Animal Cognition and Behavior (pp. 5931–5936). Springer International 1 

Publishing. https://doi.org/10.1007/978-3-319-55065-7_1669 2 

Mariette, M. M., & Griffith, S. C. (2012). Nest visit synchrony is high and correlates with 3 

reproductive success in the wild Zebra finch Taeniopygia guttata. Journal of Avian 4 

Biology, 43(2), 131–140. https://doi.org/10.1111/j.1600-048X.2012.05555.x 5 

Marler, P. (1957). Specific distinctiveness in the communication signals of birds. Behaviour, 6 

11(1), 13–38. https://doi.org/10.1163/156853956X00066 7 

Martin, T. E., & Roper, J. J. (1988). Nest predation and nest-site selection of a western 8 

population of the hermit thrush. The Condor, 90(1), 51–57. 9 

https://doi.org/10.2307/1368432 10 

Martin, T. E., Scott, J., & Menge, C. (2000). Nest predation increases with parental activity: 11 

Separating nest site and parental activity effects. Proceedings of the Royal Society of 12 

London. Series B: Biological Sciences, 267, 2287–2293. 13 

https://doi.org/10.1098/rspb.2000.1281 14 

Maziarz, M., Grendelmeier, A., Wesołowski, T., Arlettaz, R., Broughton, R. K., & Pasinelli, G. 15 

(2019). Patterns of predator behaviour and wood warbler Phylloscopus sibilatrix nest 16 

survival in a primaeval forest. Ibis, 161(4), 854–866. https://doi.org/10.1111/ibi.12679 17 

McLachlan, J. R., Ratnayake, C. P., & Magrath, R. D. (2019). Personal information about 18 

danger trumps social information from avian alarm calls. Proceedings of the Royal 19 

Society B: Biological Sciences, 286(1899), 20182945. 20 

https://doi.org/10.1098/rspb.2018.2945 21 

McLachlan, J. R., & Magrath, R. D. (2020). Speedy revelations: How alarm calls can convey 22 

rapid, reliable information about urgent danger. Proceedings of the Royal Society B: 23 

Biological Sciences, 287(1921), 20192772. https://doi.org/10.1098/rspb.2019.2772 24 

Menezes, J. C. T., & Marini, M. Â. (2017). Predators of bird nests in the Neotropics: A review. 25 

Journal of Field Ornithology, 88(2), 99–114. https://doi.org/10.1111/jofo.12203 26 

Miller, V., Abraham, K. F., & Nol, E. (2013). Factors affecting the responses of female Canada 27 

geese to disturbance during incubation. Journal of Field Ornithology, 84(2), 171–180. 28 

https://doi.org/10.1111/jofo.12015 29 

Montgomerie, R. D., & Weatherhead, P. J. (1988). Risks and rewards of nest defence by parent 30 

birds. The Quarterly Review of Biology, 63(2), 167–187. https://doi.org/10.1086/415838 31 

Morosinotto, C., Thomson, R. L., & Korpimäki, E. (2013). Plasticity in incubation behaviour 32 

under experimentally prolonged vulnerability to nest predation. Behaviour, 150(14), 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

28 

1767–1786. https://doi.org/10.1163/1568539X-00003119 1 

Mullin, S. J., & Cooper, R. J. (2002). Barking up the wrong tree: Climbing performance of rat 2 

snakes and its implications for depredation of avian nests. Canadian Journal of Zoology, 3 

80(4), 591–595. https://doi.org/10.1139/z02-042 4 

Munoz, N. E., & Blumstein, D. T. (2012). Multisensory perception in uncertain environments. 5 

Behavioral Ecology, 23(3), 457–462. https://doi.org/10.1093/beheco/arr220 6 

Mutzel, A., Blom, M. P. K., Spagopoulou, F., Wright, J., Dingemanse, N. J., & Kempenaers, B. 7 

(2013). Temporal trade-offs between nestling provisioning and defence against nest 8 

predators in blue tits. Animal Behaviour, 85(6), 1459–1469. 9 

https://doi.org/10.1016/j.anbehav.2013.03.043 10 

Oberst, S., Bann, G., Lai, J. C. S., & Evans, T. A. (2017). Cryptic termites avoid predatory ants 11 

by eavesdropping on vibrational cues from their footsteps. Ecology Letters, 20(2), 212–12 

221. https://doi.org/10.1111/ele.12727 13 

Partan, S. R., & Marler, P. (2005). Issues in the classification of multimodal communication 14 

signals. The American Naturalist, 166(2), 231–245. https://doi.org/10.1086/431246 15 

Pike, D. A., Clark, R. W., Manica, A., Tseng, H.Y., Hsu, J.Y., & Huang, W.S. (2016). Surf and 16 

turf: Predation by egg-eating snakes has led to the evolution of parental care in a 17 

terrestrial lizard. Scientific Reports, 6(1), 22207. https://doi.org/10.1038/srep22207 18 

Platzen, D., & Magrath, R. D. (2004). Parental alarm calls suppress nestling vocalization. 19 

Proceedings of the Royal Society of London. Series B: Biological Sciences , 271(1545), 20 

1271–1276. https://doi.org/10.1098/rspb.2004.2716 21 

Platzen, D., & Magrath, R. D. (2005). Adaptive differences in response to two types of parental 22 

alarm call in altricial nestlings. Proceedings of the Royal Society B: Biological Sciences, 23 

272(1568), 1101–1106. https://doi.org/10.1098/rspb.2005.3055 24 

Portman, Z. M. (2019). Nest guarding by male bees. Proceedings of the National Academy of 25 

Sciences, 116(20), 9711–9712. https://doi.org/10.1073/pnas.1904787116 26 

Ratnayake, C. P., Zhou, Y., Dawson Pell, F. S. E., Potvin, D. A., Radford, A. N., & Magrath, R. 27 

D. (2021). Visual obstruction, but not moderate traffic noise, increases reliance on 28 

heterospecific alarm calls. Behavioral Ecology, 32(5), 941–951. 29 

https://doi.org/10.1093/beheco/arab051 30 

Redmond, L. J., Eroh, C., Haq, J. I., & Varra, D. (2020). The effect of offspring value on 31 

variation of nest defense intensity in gray catbirds (Dumetella carolinensis). Behavioral 32 

Ecology and Sociobiology, 74(3), 30. https://doi.org/10.1007/s00265-020-2813-6 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

29 

Rudolph, D. C., Kyle, H., & Conner, R. N. (1990). Red-cockaded woodpeckers vs rat Snakes: 1 

The effectiveness of the resin barrier. The Wilson Bulletin, 102(1), 14–22. 2 

Şahin Arslan, N., & Martin, T. E. (2024). Visual predators and diurnal nest predation provide 3 

support for the Skutch Hypothesis and explain evolved incubation behaviors in a 4 

montane tropical bird community. Ornithology, 141(1), ukad047. 5 

https://doi.org/10.1093/ornithology/ukad047 6 

Schneider, N. A., & Griesser, M. (2013). Incubating females use dynamic risk assessment to 7 

evaluate the risk posed by different predators. Behavioral Ecology, 24(1), 47–52. 8 

https://doi.org/10.1093/beheco/ars134 9 

Seltmann, M. W., Rangassamy, M., Zapka, M., Hoffman, K. L., & Rödel, H. G. (2017). Timing of 10 

maternal nest building and perinatal offspring survival in a group-living small mammal. 11 

Behavioral Ecology and Sociobiology, 71, 64. https://doi.org/10.1007/s00265-017-2296-12 

2 13 

Shearer, D. J., & Beilke, E. A. (2023). Playing it by ear: Gregarious sparrows recognize and 14 

respond to isolated wingbeat sounds and predator ‐ based cues. Animal Cognition, 15 

26(2), 357–367. https://doi.org/10.1007/s10071-022-01663-z 16 

Skutch., A. F. (1949). Do tropical birds rear as many young as they can nourish? Ibis, 91(3), 17 

430–455. https://doi.org/10.1111/j.1474-919X.1949.tb02293.x 18 

Slack, R. D. (1976). Nest guarding behavior by male gray catbirds. The Auk, 93(2), 292–300. 19 

https://www.jstor.org/stable/4085045 20 

Steinhart, G. B., Sandrene, M. E., Weaver, S., Stein, R. A., & Marschall, E. A. (2005). Increased 21 

parental care cost for nest-guarding fish in a lake with hyperabundant nest predators. 22 

Behavioral Ecology, 16(2), 427–434. https://doi.org/10.1093/beheco/ari006 23 

Stevens, M. (2013). Sensory Ecology, Behaviour, and Evolution. Oxford University Press. 24 

Strickland, D., & Waite, T. A. (2001). Does initial suppression of allofeeding in small jays help to 25 

conceal their nests? Canadian Journal of Zoology, 79(12), 2128–2146. 26 

https://doi.org/10.1139/z01-171 27 

Suzuki, T. N. (2011). Parental alarm calls warn nestlings about different predatory threats. 28 

Current Biology, 21(1), R15–R16. https://doi.org/10.1016/j.cub.2010.11.027 29 

Suzuki, T. N. (2012). Referential mobbing calls elicit different predator-searching behaviours in 30 

Japanese great tits. Animal Behaviour, 84(1), 53–57. 31 

https://doi.org/10.1016/j.anbehav.2012.03.030 32 

Suzuki, T. N. (2015). Assessment of predation risk through referential communication in 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

30 

incubating birds. Scientific Reports, 5(1), 10239. https://doi.org/10.1038/srep10239 1 

R Core Team. (2022). R: a language and environment for statistical computing. R Foundation 2 

for Statistical Computing. https://www.r-project.org/ 3 

Raihani, N. J., Nelson-Flower, M. J., Moyes, K., Browning, L. E., & Ridley, A. R. (2010). 4 

Synchronous provisioning increases brood survival in cooperatively breeding pied 5 

babblers. Journal of Animal Ecology, 79(1), 44–52. https://doi.org/10.1111/j.1365-6 

2656.2009.01606.x 7 

Rivera-Hernández, I. A. E., Preagola, A. A., & Ferrari, M. C. O. (2025). Embryonic risk cues in 8 

wood frog: Effect in hatching time, morphology and behaviour. Behavioral Ecology and 9 

Sociobiology, 79(5), 57. https://doi.org/10.1007/s00265-025-03598-0 10 

Thompson III, F. R. (2007). Factors affecting nest predation on forest songbirds in North 11 

America. Ibis, 149(s2), 98–109. https://doi.org/10.1111/j.1474-919X.2007.00697.x 12 

Tyrrell, L. P., Butler, S. R., & Fernández-Juricic, E. (2015). Oculomotor strategy of an avian 13 

ground forager: Tilted and weakly yoked eye saccades. Journal of Experimental Biology, 14 

218(16), 2651–2657. https://doi.org/10.1242/jeb.122820 15 

Virant-Doberlet, M., Kuhelj, A., Polajnar, J., & Šturm, R. (2019). Predator-prey interactions and 16 

eavesdropping in vibrational communication networks. Frontiers in Ecology and 17 

Evolution, 7, 203. https://doi.org/10.3389/fevo.2019.00203 18 

Węgrzyn, E., & Leniowski, K. (2015). Blackcap Sylvia atricapilla nestlings do not produce 19 

begging calls until they are able to escape from predators. Ibis, 157(2), 356–368. 20 

https://doi.org/10.1111/ibi.12231 21 

Wheeler, B. C., & Fischer, J. (2012). Functionally referential signals: A promising paradigm 22 

whose time has passed. Evolutionary Anthropology: Issues, News, and Reviews , 21(5), 23 

195–205. https://doi.org/10.1002/evan.21319 24 

Williams, H. J., Sridhar, V. H., Hurme, E., Gall, G. E., Borrego, N., Finerty, G. E., Couzin, I. D., 25 

Galizia, C. G., Dominy, N. J., Rowland, H. M., Hauber, M. E., Higham, J. P., Strandburg-26 

Peshkin, A., & Melin, A. D. (2023). Sensory collectives in natural systems. eLife, 12, 27 

e88028. https://doi.org/10.7554/eLife.88028 28 

Zanette, L. Y., White, A. F., Allen, M. C., & Clinchy, M. (2011). Perceived predation risk reduces 29 

the number of offspring songbirds produce per year. Science, 334(6061), 1398–1401. 30 

https://doi.org/10.1126/science.1210908 31 

Zhou, Y., Radford, A. N., & Magrath, R. D. (2024). Noise constrains heterospecific 32 

eavesdropping more than conspecific reception of alarm calls. Biology Letters, 20(1), 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/beheco/advance-article/doi/10.1093/beheco/arag006/8454545 by U

niversity of Bristol Library user on 09 February 2026



 

 

31 

20230410. https://doi.org/10.1098/rsbl.2023.0410 1 

Zhou, Y., Radford, A. N., & Magrath, R. D. (2026). Data from: To flee or wait and see? 2 

Response of incubating white-browed scrubwrens to information about danger, 3 

Behavioural Ecology, https://doi.org/10.17632/xzwp62vny3.1 4 

 5 

 6 

Table 1. Output f rom CLMMs investigating categorical responses of  incubating female scrubwrens to (a) 7 
all four playback treatments and (b) the three danger treatments; results shown in Figure 3. Signif icant 8 
ef fects are shown in bold. n = 64 playbacks to 16 focal birds. 9 
Fixed effects Estimate ± SE χ2 df z ratio P 

(a) CLMM (all four treatments)      

Camera light (on – off) -0.167 ± 0.060   1 -2.806 0.005 

Treatment  69.990 3  <0.001 

Treatment (rosella – aerial) -0.441 ± 0.063  1 -6.957 <0.001 

Treatment (rosella – mobbing) -0.442 ± 0.064  1 -6.957 <0.001 

Treatment (rosella – footsteps) -0.515 ± 0.063  1 -8.245 <0.001 

Treatment (aerial – mobbing) -0.001 ± 0.068  1 -0.016 1.000 

Treatment (aerial – footsteps) -0.074 ± 0.067  1 -1.111 0.683 

Treatment (mobbing – footsteps) -0.073 ± 0.067  1 -1.091 0.695 

(b) CLMM (danger treatments only)      

Camera light (on – off) -0.422 ± 0.522  1 0.809 0.409 

Treatment  4.470 2  0.107 

Treatment (aerial – mobbing) 0.007 ± 0.079  1 0.082 0.996 

Treatment (aerial – footsteps) 0.263 ± 0.122  1 2.154   0.079 

Treatment (mobbing – footsteps) 0.256 ± 0.125  1 2.057   0.099 
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Table 2. Output f rom LMM investigating the duration of  looking response by incubating female scrubwrens 1 
to the playback treatments, shown in Figure 4. Duration was logarithmically transformed. Signif icant ef fects 2 
are shown in bold. n = 6 for rosella contact calls, n = 15 for scrubwren aerial alarm calls, n = 15 for scrubwren 3 
mobbing calls, and n = 11 for currawong footsteps; cases when the focal female either did not respond or 4 
f led to the playback are excluded. 5 
Fixed effects Estimate ± SE χ2 df t ratio P 

Intercept 1.821 ± 0.326     

Camera light (on – off) 0.598 ± 0.308   1 -1.945 0.066 

Treatment  44.118 3  <0.001 

Treatment (rosella – aerial) -2.402 ± 0.393   1 -6.111 <0.001 

Treatment (rosella – mobbing) -2.183± 0.395  1 -5.523 <0.001 

Treatment (rosella – footsteps) -2.384 ± 0.427  1 -5.588 <0.001 

Treatment (aerial – mobbing) 0.219 ± 0.287  1 0.762 0.870 

Treatment (aerial – footsteps) 0.017 ± 0.320  1 0.054 1.000 

Treatment (mobbing – footsteps) -0.201 ± 0.319  1 -0.631 0.921 

  6 
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Table 3. Output f rom LMM investigating the number of  saccades by incubating female scrubwrens 1 
responding to the playback treatments, shown in Figure 5. Number of  saccades is logarithmically 2 
transformed. Signif icant ef fects are shown in bold. n = 6 for rosella contact calls, n = 15 for scrubwren aerial 3 
alarm calls, n = 15 for scrubwren mobbing calls, and n = 11 for currawong footsteps; cases when the focal 4 
female either did not respond or f led to the playback are excluded.  5 
Fixed effects Estimate ± SE χ2 df t ratio P 

Intercept 0.793 ± 0.420     

Camera light (on – off) 0.078 ± 0.378   1 0.208 0.838 

Response duration 0.279 ± 0.149  1 1.871 0.069 

Treatment  23.514 3  <0.001 

Treatment (rosella – aerial) -0.722 ± 0.527   1 -1.368 0.528 

Treatment (rosella – mobbing) -1.637 ± 0.507  1 -3.230 0.014 

Treatment (rosella – footsteps) -0.648 ± 0.545  1 -1.190 0.638 

Treatment (aerial – mobbing) -0.916 ± 0.260  1 -3.517 0.008 

Treatment (aerial – footsteps) 0.073 ± 0.291  1 0.251 0.994 

Treatment (mobbing – footsteps) 0.989 ± 0.289  1 3.423 0.010 

 6 

Figure 1. Photographs of scrubwren nests. The nest entrances are indicated by white circle. 7 
Each lower photograph also shows the cage installed to protect the nest against predators.  8 

 9 

Figure 2. Examples of playback sounds: (a) scrubwren aerial alarm calls; (b) scrubwren 10 
mobbing alarm calls; (c) pied currawong footsteps; and (d) crimson rosella contact calls. 11 
The waveform is shown above and the spectrogram below in each case. The amplitude is 12 
on a linear scale and expressed as the uncalibrated digital amplitude with a range from -13 
32,768 to 32,768, which is the digital range of 16-bit wave tracks. Spectrograms were 14 
prepared in Raven Pro 1.6 (Hann window type, 512 window sample size and 50% overlap).  15 

 16 

Figure 3. The proportion of incubating female scrubwrens that responded in different ways 17 
to the four playback treatments. The results of statistical analyses are presented in Table 1; 18 
n = 64 playbacks to 16 focal birds. 19 

 20 
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Figure 4. Duration of looking response by incubating female scrubwrens to different 1 
playback treatments. Each round point represents a different focal female; square points 2 
and error bars indicate means and 95% CI. Note that the y axis is on a log scale. The results 3 
of statistical analysis are shown in Table 2; n = 6 for rosella contact calls, n = 15 for 4 
scrubwren aerial alarm calls, n = 15 for scrubwren mobbing calls, and n = 11 for currawong 5 
footsteps; cases when the focal female either did not respond or fled to the playback are 6 
excluded. 7 

 8 

Figure 5. Number of saccades by incubating female scrubwrens responding to different 9 
playback treatments. Each round point represents a different focal female; square points 10 
and error bars indicate means and 95% CI. Note that the y axis is on a log scale. The results 11 
of statistical analysis are shown in Table 3; n = 6 for rosella contact calls, n = 15 for 12 
scrubwren aerial alarm calls, n = 15 for scrubwren mobbing calls, and n = 11 for currawong 13 
footsteps; cases when the focal female either did not respond or fled to the playback are 14 
excluded. 15 

 16 

 17 
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Figure 1 2 
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