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Animals rely on their acoustic environments to gain information regarding predator threats and social opportunities. However, because 
individuals have limited attention, focusing on a particular aspect of their acoustic environment may affect their ability to allocate 
attention elsewhere. Some previous studies support the distracted prey hypothesis, which suggests that animals may be distracted by 
any stimuli, inhibiting their ability to detect approaching predators. In this study, we further tested the distracted prey hypothesis by 
employing playback experiments to simultaneously examine the relative effects of 3 types of noises—anthropogenic sounds, conspe-
cific nonalarm sounds, and heterospecific nonalarm sounds—as distractors for common mynas (Acridotheres tristis). We used 3 dif-
ferent stimuli: motorcycle noise, social common myna calls, and social red-vented bulbul (Pycnonotus cafer) calls. We first examined 
myna response to each stimulus by measuring time allocation to various behaviors immediately before and during broadcasting the 3 
playbacks. We then studied how these stimuli affected their antipredator behavior by measuring the distance at which they fled from 
an approaching predator (flight initiation distance). We found that mynas responded to all 3 stimuli by delaying their return to relaxed 
behavior following the playbacks compared with a silent treatment. In contrast to the distracted prey hypothesis, we found that mynas 
fled at greater distances when hearing red-vented bulbul social vocalizations than during our silent treatment. This suggests that 
rather than distracting, some social vocalizations may enhance prey vigilance and lead to earlier flight.

Key words: antipredator behavior, carryover effects, common mynas, distraction, flight initiation distance, heterospecific 
vocalizations.

IntroductIon
Attention is a selective process in which an organism processes 
only a small subset of  the surrounding stimuli at a given moment 
(Bushnell 1998; Dukas 2004). Because attention is limited (Dukas 
2004), organisms must divide the time to which they allocate atten-
tion among different behaviors. Here, we define a distraction as any 
stimulus that causes an organism to reallocate attention away from 
fitness-related activities (Chan and Blumstein 2011). Distractions 
can indirectly affect fitness, including lowering foraging efficiency 
by reallocating attention away from foraging (Purser and Radford 
2011). Distractions can also have direct impact on fitness by chang-
ing antipredator behavior and rendering organisms more suscep-
tible to predation (Dukas 2004).

Social animals must allocate attention to both monitoring con-
specifics (Roberts 1988) and detecting predators (Blumstein 2006). 
Therefore, animals engaged in social activity with conspecifics 
may be less able to detect predatory threats. For instance, impa-
las (Aepyceros melampus) engaged in social grooming were distracted 

from monitoring predators (Mooring and Hart 1995), male wil-
low warblers (Phylloscopus trochilus) engaged in fighting behavior 
responded later to predators (Jakobsson et  al. 1995), golden mar-
mots (Marmota caudata aurea) exhibiting play behavior responded 
more slowly to alarm calls (Blumstein 1998), and brown anoles 
(Anolis sagrei) exposed to moving conspecific visual models tolerated 
closer predator approaches (Yee et al. 2013).

But it is not just natural stimuli that have the potential to distract 
animals. As urbanization expands and alters ecosystems (Vitousek 
et al. 1997; Western 2001), anthropogenic noise becomes an increas-
ingly important component of  the acoustic environments in which 
organisms find themselves (Slabbekoorn and Peet 2003; Katti and 
Warren 2004). A  growing body of  literature shows that, aside from 
interfering with acoustic signals (Foote et al. 2004) and masking vocal-
izations (Slabbekoorn and Peet 2003; Warren et al. 2006; Wood and 
Yezerinac 2006; Bee and Swanson 2007), anthropogenic noises can 
also reallocate attention (e.g., Chan et al. 2010). For example, tourist 
conversation affects predator risk assessment in hoatzins (Opisthocomus 
hoazin), causing heightened disturbance responses (Karp and Root 
2009). Similarly, terrestrial hermit crabs subjected to motorboat noise 
playbacks allowed a simulated predator to approach closer before hid-
ing (Chan et al. 2010).
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The distracted prey hypothesis states that “any stimulus an ani-
mal can perceive is capable of  distracting it by reallocating part 
of  its finite attention and thus preventing it from responding to an 
approaching threat” (Chan et  al. 2010, p.  459). Although previ-
ous studies provide general support for the distracted prey hypoth-
esis (Chan et  al. 2010; Yee et  al. 2013), there is substantially less 
knowledge about how acoustic signals may affect attention and 
antipredator behavior (but see Adams et  al. 2006). Furthermore, 
although previous studies have focused on the use of  both conspe-
cific alarm calls (e.g., Weary and Kramer 1995; Hanson and Coss 
2001; Suzuki 2011; Cäsar et  al. 2012; Gill and Bierema 2013; 
Nakano et al. 2013) and heterospecific alarm calls (review: Magrath 
et  al. 2014), to gain information regarding predator risks, we are 
unaware of  any studies that have examined the effect of  conspecific 
or heterospecific nonalarm calls on antipredator behavior. Because 
they can also constitute a part of  an animal’s environment, it is 
certainly conceivable that conspecific and heterospecific nonalarm 
sounds may distract an animal and affect its antipredator behavior.

In this study, we further explored the distracted prey hypothe-
sis by simultaneously examining the relative effects of  3 types of  
sounds—anthropogenic sounds, conspecific nonalarm sounds, 
and heterospecific nonalarm sounds—as distractors using a play-
back experiment on common mynas (Acridotheres tristis) in Mo’orea, 
French Polynesia. We ask the question: do anthropogenic noises, 
conspecific nonalarm vocalizations, or heterospecific nonalarm 
vocalizations distract mynas? To answer this question, we exam-
ined 1)  how acoustic stimuli affect behavioral time allocation in 
common mynas and 2) how response to acoustic stimuli affects risk 
assessment.

To investigate the effects of  these stimuli on risk assessment, we 
quantified flight initiation distance (FID)—the distance a prey flees 
an approaching predator. However, because the distance at which 
prey are alerted by a predator (alert distance [AD]) has a profound 
effect on FID (Blumstein 2003; Samia et  al. 2013), AD must be 
incorporated into subsequent analyses that seek to identify how 
specific factors (acoustic treatments in our case) explain variation 
in FID. We hypothesized that all 3 types of  stimuli would distract 
mynas from risk assessment and predator detection compared with 
silent control treatments. However, the relative distracting effect 
would be greatest with anthropogenic sounds (because they may be 
evolutionarily novel), medium with conspecific sounds (because they 
may be social cues), and least with heterospecific sounds (because 
they may provide less “useful” information). We also predicted that 
more distracted mynas would tolerate closer approaches by preda-
tors (i.e., lower FID).

Methods
Study system

Common mynas (also known as Indian mynas) are native to south 
Asia (Kannan and James 2001). They were introduced to French 
Polynesia (Lowe et  al. 2000) and are now abundant on the island 
of  Mo’orea. Mynas are social, pairing up throughout the year 
(Siddique et  al. 1993), and often forage and roosts in groups (Pell 
and Tidemann 1997). They are omnivorous (Pell and Tidemann 
1997) and emit a variety of  vocalizations (Kannan and James 
2001). Mynas are known to be aggressive toward other bird species 
(Pell and Tidemann 1997; Fitzsimons 2006).

The common myna on Mo’orea provides an ideal opportunity 
to examine how anthropogenic and conspecific sounds influence 

predation risk assessment for 4 reasons. First, because mynas are both 
social and vocal, it is likely that conspecific vocalizations influence their 
attention. Second, because common mynas on Mo’orea are sympatric 
with humans, we can reasonably expect that anthropogenic noise may 
impact them. Third, although common mynas have become somewhat 
tolerant to human presence (McGiffin et al. 2013) and permit humans 
to approach them, they still ultimately flee from persistent approach, 
which was a precondition for our experiment. Finally, common mynas 
have easily identifiable antipredator responses (Griffin 2008).

Study site

We studied mynas in and around the Richard B. Gump Mo’orea 
Field Research Station (−17.49°S, −149.82°W) on Mo’orea, 
French Polynesia from 23 January to 5 February 2014. We con-
ducted experiments along roads and in open areas at 11 locations: 
Gump Station, Teavaro Beach (−17.80°S, −149.75°W); Juice 
Factory (−17.49°S, −149.83°W); Agricultural School (−17.53°S, 
−149.83°W); Sailing School (−17.49°S, −149.85°W); Cultural 
Center (−17.49°S, −149.82°W); St. Joseph’s Church (−17.50°S, 
−149.82°W); Gump Neighborhood (−17.49°S, −149.82°W); Farm 
Road (−17.50°S, −149.82°W); Shrimp Farm Road (−17.52°S, 
−149.83°W); and Main Road (−17.49°S, −149.82°W). Mynas 
usually only travel about 1–3 km from their roosting site (Pell and 
Tidemann 1997; Grarock et al. 2012). Our study sites were 0.5–9.0 
km apart. We took care to conduct experiments on mynas in dif-
ferent areas within each site. Mynas were found primarily in rural 
areas at all sites. Experiments were conducted between 0630 and 
1800 hours during dry periods between intermittent bouts of  rain.

Stimulus selection

For the playback experiment, we broadcast anthropogenic, conspe-
cific, and heterospecific sounds. We selected nonalarm vocalizations 
for both conspecific and heterospecific stimuli because mynas could 
associate alarms calls with an approaching predator, whereas we 
were mainly interested in the effects of  those sounds as distractors. 
For heterospecific stimuli, we selected songs from red-vented bul-
buls (Pycnonotus cafer), a tropical songbird sympatric with mynas on 
Mo’orea (Thibault et  al. 2002). Red-vented bulbuls sing through-
out the year (Kumar 2003), were ubiquitous at our study sites, and 
primarily feed on fruit and plant parts (Bhatt and Kumar 2001). 
They are known to act aggressively toward other bird species out-
side of  Mo’orea (Thibault et al. 2002) despite being nonterritorial 
(Kumar 2004). Thus, bulbuls were a suitable choice for examining 
the effects of  heterospecific social vocalizations on common myna 
behavior. Our anthropogenic playbacks were recordings of  engine 
noise from motorcycles, a mode of  transportation on Mo’orea. We 
were unaware of  any cases where motorists on the island harassed 
or hunted mynas and thus presumed that mynas did not interpret 
motorcycle noise itself  as a signal of  predatory threat. Our control 
was silence. This silent control permitted us to determine natural 
patterns of  vigilance and was essential to calculate an undistracted 
FID in response to our experimental approaches.

We obtained, from the Internet, 4 different exemplars of  com-
mon myna vocalizations, red-vented bulbul vocalizations (macau-
laylibrary.org and xeno-canto.org), and motorcycle engine sounds 
(soundjay.com) (Figure  1). Internet sources labeled bird vocaliza-
tions as social calls or songs but did not specify the purpose of  each 
vocalization, but we regularly heard similar vocalizations while con-
ducting fieldwork. Because we were interested in distraction due to 
sociality in general, we allowed for the possibility that our exemplars 
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included different types of  social calls or songs and focused on 
using the available, high-quality, nonalarm vocalizations. Because 
our vocalization exemplars were recorded outside of  Mo’orea for 
both mynas (Madagascar, Mauritius, and South Africa) and bulbuls 
(American Samoa, Hawaii, and Pakistan), we eliminated any poten-
tial familiarity effects that would have arisen if  some exemplars 
recorded on the island were familiar to some mynas but not others. 
Because we were interested in determining whether social sounds 
could act as distractors, we wanted to ensure that the songs used 
sounded similar to what we heard in Mo’orea. In addition to listen-
ing to the songs in the field and confirming that they sounded similar, 
we also compared the rates of  natural myna and bulbul vocaliza-
tions that we recorded at our study site to those of  the exemplars 
we used. Average calling rates did not differ significantly between 
natural recordings and our playbacks for either species’ vocalizations 
(2-tailed, independent sample t-tests, P > 0.05 for both).

We removed background noise and created playback tracks using 
Audacity (version 2.0.5, Audacity Team 2013). After selecting suitable 
segments of  vocalizations (10–45 s in duration), each exemplar was 
looped for 150 s. We then added 30 s of  baseline silence to the begin-
ning of  each playback to create a 180-s audio file. In total, we had 4 
different treatments: silence (no stimulus played back), bulbul nonalarm 
vocalization, myna nonalarm vocalization, and motorcycle noise.

Experimental setup

We walked through suitable habitat and conducted an experiment 
when we identified a subject that could be approached on foot. 
Most mynas (83%) were on the ground, but some playbacks were 
conducted on birds within 5 m of  the ground. Once a subject was 
identified, we slowly and quietly approached it and then began a 
30-s silent baseline observation period, followed by the initiation of  
1 of  the 4 treatments. Each focal myna was subjected to 1 treat-
ment, and treatments and exemplars were delivered sequentially 
between trials to avoid carryover effects and to ensure that a vari-
ety of  exemplars were used. Stimuli were broadcast at 85 dB SPL 
(measured 1 m from speaker using SPER Scientific digital sound 
level meter [#840029], weighting A, peak response). All playbacks 
were broadcasted through a battery-powered speaker (Pignose 
7-100-R, Pignose Industries, Las Vegas, NV) about 1.5 m off the 
ground from sound files uploaded to a Generation 6 iPod nano 
(Apple Computer, Cupertino, CA). The speaker was set into place 
at the start of  the silent baseline observation period and remained 
stationary for the duration of  each experiment.

Quantifying behavioral time budgets

A single observer (A.V.) dictated the focal myna’s behavioral tran-
sitions (ethogram in Table  1) onto a handheld digital recorder 
throughout 30 s of  silent baseline and the subsequent 30 s of  play-
back. Our ethogram was based on those used to study activity 
time budget of  common mynas (Mahabal 1991) and antipredator 
behavior in other birds (e.g., Adams et al. 2006).
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Figure 1
Example spectrograms of  common myna (top), red-vented bulbul (middle), 
and motorcycle (bottom) playbacks. Spectrogram parameters: 1024 point, 
boxy spectrogram, Hamming filter, 87.5% overlap, 2.902 ms time resolution, 
43.07 Hz frequency resolution. Spectrograms were created using Canary 
(version 1.2.4; Charif  et al. 1998).

Table 1
Ethogram used for focal behavior observations

Behavior Description

Pecking (aggressive) Jabbing of  beak toward another animal
Chasing (aggressive) Pursuit toward an animal via either flight 

or foot
Biting (aggressive) Closing beak on another animal
Flapping (aggressive) One or more wing movements toward 

another animal
Fly Utilizing wings to locomote in air
Hop In air without utilizing wings
Walk One or more slow-paced steps
Run One or more fast-paced steps
Stand and forage Feeding with head down
Preen Contact of  beak to any part of  own body
Look Standing in place, focused on one object 

scored each time head moves
Ruffle Shaking body part while sitting or standing 

in place
Social vocalization Emitting one of  multiple nonalarm 

vocalizations
Alarm vocalization Emitting one of  multiple alarm 

vocalizations
Wing spread Extending wings away from body without 

taking flight
Out of  sight Subject is no longer visible
Other Any unlisted behavior
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The distance between the focal subject and speaker varied 
(between 5 and 29 m), so to account for differences in perceived 
amplitude, we included distance to speaker in our analyses. In addi-
tion, noise due to passing traffic may have also affected perceived 
amplitude of  our playbacks, and therefore, we scored each trial for 
the presence or absence of  traffic and accounted for this binary 
variable in our analyses. We quantified the time mynas allocated 
to different activities during the focal observations using JWatcher 
(version 1.0; Blumstein and Daniel 2007). Behaviors were scored by 
a single observer (A.V.) in 2 separate parts: the 30-s baseline silence 
period and the 30-s playback period before FID. Using only the 
time that the mynas were in sight, we calculated the differences in 
proportion of  time allocated to behavior between the 30-s base-
line period and the first 15 s of  the playback period. Our analysis 
focused on the first 15 s of  the playback period to capture imme-
diate behavioral responses. We analyzed the time allocated to the 
behaviors that were consistently observed: looking, relaxed behav-
ior (preen and forage), and locomotion (run, walk, fly, and hop). All 
other behaviors (Table 1) were rare and could not be grouped into 
1 of  the 3 categories (looking, relaxed behavior, or locomotion).

Quantifying antipredator responses

Animals may perceive humans as predators (Frid and Dill 2002), so 
we simulated an approaching predator by walking toward the target 
animal to measure “FID”, defined as the “distance between a prey 
and an approaching predator when the prey begins to flee” (i.e., 
physically move away from predator) (Cooper and Blumstein 2015). 
Related studies have used FID as a measure of  perceived risk in 
prey (e.g., Yee et al. 2013). In addition to FID, we recorded “AD”, 
defined as “the distance between a prey and an approaching preda-
tor when the prey responds overtly to the predator by change of  
posture or orientation to monitor the predator” without changing 
its location (Cooper and Blumstein 2015), and “starting distance” 
(SD), defined as “the distance between prey and predator when the 
predator begins to approach” (Cooper and Blumstein 2015). FID 
has been shown to be highly correlated with both SD (Blumstein 
2003; Samia et al. 2013) and AD (Blumstein et al. 2005; Blumstein 
2010). To measure FID, AD, and SD, following the 1-min observa-
tion period, and with the playback treatment still being broadcast, 1 
person (L.H.) consistently approached the subject myna at 0.5 m/s 
starting from the same location as the speaker. Following Adams 
et  al. (2006), the approacher dropped markers while approaching 
the prey to mark SD, AD, and FID. The same experimenter mea-
sured all 3 distances in paces and then converted them to meters. 
If  the subject was already in motion (in a relaxed manner) on 
approach, rather than using the initiation of  movement away from 
the predator, we considered FID to be the distance at which the 
focal myna changed behavior markedly (i.e., agitated locomotion; 
Blumstein et al. 2004). Thus, in these cases, FID may equal AD.

We did not conduct FID experiments on subjects that were 
inaccessible by foot (i.e., on subjects that flew far away or moved 
to a location that was blocked from direct approach). We also 
attempted to consistently have a SD of  15 m.  However, many 
subjects flew to a farther location during the time between the 
start of  the baseline observation period and the start of  the FID 
approach. Therefore, we could not control our SD in the field 
and consequently accounted for it in our analyses. The bulk of  
our SDs were between 10 and 50 m; we excluded trials with a SD 
outside this range. For the subjects that were above ground when 
flushed, we calculated FIDdirect, defined as the distance between 

the approacher and the focal animal when it fled, using the for-
mula: [ ( )]FID  FID perching heightdirect horizontal= √ +2 2  (Blumstein 
et al. 2004). FIDhorizontal was the distance measured at time of  flight 
from the observer to the location directly under the focal animal 
(Blumstein et al. 2004). Using the same method, we also calculated 
ADdirect and SDdirect. Perching height in tree was “estimated by visu-
ally rotating the location of  the bird in the tree onto the ground, 
and then measuring the ground distance” (Blumstein et  al. 2004, 
p.  275). Our designated FID approacher trained to estimate dis-
tance by pacing and had minimal error in their estimates (average 
proportion of  error in their distance estimates was 0.06 (±0.06 SD, 
n = 10 estimates).

Analyses

Because transformations could not homogenize the variation in 
time allocation, we fitted generalized linear models with a Gaussian 
link function to compare the effects of  the playback treatment (fixed 
effects) on the proportion of  time allocated to each of  the 3 behav-
iors. Each model incorporated 2 random effects: distance to speaker 
as a covariate and binary presence of  traffic as a factor. We also 
tested for exemplar effects using these models, but with exemplar as 
the fixed factor. We used partial eta square to look at the effect size 
of  various variables in the model and Cohen’s d values to estimate 
the effect size of  pairwise comparisons between treatments. Here 
and elsewhere, statistical models were fitted using SPSS Statistics 
21.0 Software (IBM Corp. 2012); we interpreted P-values <0.05 as 
significant. Cohen’s d values were calculated from marginal mean 
values and pooled variances using an online effect size calculator 
(www.uccs.edu/~lbecker/). Ninety-five percent confidence intervals 
(CIs) for Cohen’s d values were calculated (Nakagawa and Cuthill 
2007). To examine the differences in risk assessment among treat-
ments using our FID results, we fitted a general linear model to test 
how the playback treatments influenced the relationship between 
ADdirect and FIDdirect. In our model, FIDdirect was the response vari-
able, ADdirect was a covariate, and treatment was the categorical 
factor. We examined the main effects of  treatments and ADdirect 
by conducting pairwise comparisons of  marginal means between 
treatments. The effects of  the interaction between treatment and 
ADdirect were examined by conducting pairwise comparisons of  
the regression slopes of  AD versus FID using the lmatrix custom 
hypothesis test subcommand in SPSS. Finally, we tested for the 
effect of  the exemplar played by fitting a similar model for each 
treatment and using exemplar as the factor.

results
How do acoustic stimuli affect behavioral time 
allocation in common mynas?

We conducted focal observations on 95 individuals (n  =  25 for 
silent control, n = 25 for bulbul treatment, n = 25 for myna treat-
ment, and n  =  20 for motorcycle treatment). Mynas varied the 
proportion of  time engaged in relaxed behavior as a function of  
treatment (Omnibus test, likelihood ratio χ2 = 11.947; degrees of  
freedom [df]  =  5; P  =  0.036). They increased the proportion of  
time engaged in relaxed behavior during silent controls compared 
with myna (P  =  0.036; Cohen’s d  =  0.590; 95% CI  =  0.012–
1.168), bulbul (P  =  0.006; Cohen’s d  =  0.791; 95% CI  =  0.203–
1.379), and motorcycle playbacks (P  =  0.003; Cohen’s d  =  0.884; 
95% CI  =  0.257–1.511) (Figure  2a). Proportion of  time mynas 
engaged in relaxed behavior did not differ between myna, bulbul, 
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and motorcycle playbacks (all P-values > 0.05; Supplementary 
Table S1). Mynas did not vary the proportion of  time spent look-
ing (Omnibus test, likelihood ratio χ2 = 9.503; df = 5; P = 0.091, 
Figure 2b) or engaged in locomotion (Omnibus test, likelihood ratio 
χ2 = 3.510; df = 5; P = 0.622, Figure 2c) as a function of  treatment. 
Neither the distance to the speaker nor the presence of  vehicles had 

an effect on the proportion of  time engaged in behaviors (Wald chi-
square tests, all P > 0.05; Supplementary Table S2).

How does response to acoustic stimuli affect risk 
assessment?

Of  the 95 individuals we conducted playback experiments on, we 
were able to conduct a subsequent FID experiment on 60 indi-
viduals (n  =  14 for silent treatment, n  =  16 for bulbul treatment, 
n = 15 for myna treatment, and n = 15 for motorcycle treatment) 
(Figure 3). Our model significantly explained 62.7% of  the varia-
tion in FID (R2 = 0.627; P < 0.001). There was a significant effect 
of  AD (F  =  39.176; df  =  1, 52; P  <  0.001; partial η2  =  0.430). 
The main effect of  treatment in general did not significantly influ-
ence FID (F = 2.485; df = 3, 52; P = 0.071; partial η2 = 0.125). 
However, we found a significant interaction between AD and treat-
ment (F = 4.271; df = 3, 52; P = 0.009; partial η2 = 0.198). The 
slope of  AD versus FID was greater in response to bulbul playbacks 
compared with silent control (F  =  4.776; df  =  1, 52; P  =  0.033; 
partial η2  =  0.084) or to motorcycle sounds (F  =  10.093; df  =  1, 
52; P  =  0.003; partial η2  =  0.163). The slope of  the AD versus 
FID relationship for mynas hearing myna playbacks was also 
greater compared with motorcycle sounds (F = 5.636; df = 1, 52; 
P = 0.021; partial η2 = 0.098) but was not different from the silent 
treatment (F = 2.698; df = 1, 52; P = 0.107; partial η2 = 0.049). 
There were no significant exemplar effects in either of  our models 
(all P-values > 0.05; Supplementary Tables S3 and S4).

dIscussIon
Contrary to our hypothesis, we found that the acoustic stimuli used 
in this experiment—anthropogenic noise, conspecific nonalarm 
calls, and heterospecific nonalarm calls—did not distract mynas. 
Rather, playback of  the sounds prevented the mynas from relaxing 
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Figure 3
The relationship between AD and FID for mynas during bulbul playback 
(circle, solid line), myna playback (square, dashed line), motorcycle playback 
(diamond, dotted line), and silent control (triangle and dotted and dashed 
line). Shared uppercase letters indicate that slopes are not significantly 
different across treatments.
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and, depending on the sound, enhanced their responsiveness to a 
simulated predatory approach. Evidence for this comes from the 
observation that only the silent treatment resulted in increased time 
allocated to relaxed behavior. Moreover, while hearing bird vocal-
izations, the slope of  the AD × FID relationship was significantly 
steeper. Thus, rather than being distractions, nonalarm vocaliza-
tions seemingly facilitate antipredator behavior.

The increased relaxed behavior during the silent control treat-
ment suggests that anthropogenic noise or bird nonalarm vocal-
izations may cause mynas to remain more sensitive to their 
surroundings and possible threats. This suggests that mynas may 
attend to other species’ vocalizations to gain information regard-
ing their surroundings. Although previous studies have shown that 
animals gain information by eavesdropping on heterospecific alarm 
calls (review: Magrath et  al. 2014), our results suggest that ani-
mals may also eavesdrop on nonalarm calls. The effects from the 
presence of  nonalarm vocalizations subsequently lead to quicker 
responses to an approaching human.

The flush early and avoid the rush hypothesis states that “ani-
mals will flee approaching predators soon after they detect and 
identify them as a threat to reduce or minimize ongoing attentional 
costs of  monitoring the approaching predators” (Blumstein 2010, 
p.  440). The main effect of  AD on FID supports the flush early 
and avoid the rush hypothesis (Blumstein 2010) by showing that 
FID increased with AD. Perhaps more interestingly, the AD and 
treatment interaction effect on FID suggests that this hypothesis 
is sensitive to context and may be contingent on external stimuli. 
Mynas conformed to the predictions of  the flush early and avoid 
the rush hypothesis (Blumstein 2010) only when they heard bird 
vocalizations. During the silent and motorcycle playbacks, mynas 
did not flush much earlier when they alerted sooner. Indeed, in this 
context, their FID remained fairly consistent across a wide range 
of  ADs. This suggests that their consistent decision to flee around 
a range of  6–10 m from the predator may be a baseline preda-
tor response behavior. In contrast, their decision to flee earlier in 
the presence of  bird vocalizations suggests that the bird vocaliza-
tions may have caused the mynas to allocate more attention to the 
activity surrounding them, causing them to be more sensitive to the 
approaching predator. Focusing their attention on the surrounding 
bird vocalizations, as well as the approaching predator, may have 
added an attentional cost to mynas and, therefore, they fled soon 
after alerting to the approaching person to avoid the cost of  moni-
toring both birds and a potential predator.

Although the motorcycle treatment and silent control had differ-
ent effects on the ability of  mynas to relax (only the silent control 
was associated with enhanced relaxation), mynas hearing either 
sound responded similarly when experimentally approached. It is 
possible that the similarity in FID responses between the motorcy-
cle treatment and silent control was due to traffic frequently passing 
by field sites during our experiments, making the acoustic environ-
ments of  silent control and motorcycle playbacks similar from the 
mynas’ perspective. Furthermore, mynas may not monitor traffic 
noise the way that they monitor bird vocalizations. Thus, the con-
trast between the mynas antipredator response in the silent and 
motorcycle noise environments versus the bird vocalization envi-
ronments provides new insight suggesting that the flush early and 
avoid the rush hypothesis might be context dependent.

Although it is well known that animals assess risk based on conspe-
cific and heterospecific alarm vocalizations (e.g., Weary and Kramer 
1995; Shriner 1998; Hanson and Coss 2001; Randler 2006; Vitousek 
et al. 2007; Goodale and Kotagama 2008; Ito and Mori 2010; Suzuki 

2011; Cäsar et al. 2012; Gill and Bierema 2013; Nakano et al. 2013), 
we found that heterospecific nonalarm vocalizations also influence 
antipredator behavior and risk assessment. It is possible that the 
maintained vigilance mynas engaged in when responding to hetero-
specific vocalizations “carried over” to their subsequent risk assess-
ment when experimentally approached. Carryover effects have been 
considered as the mechanism for various patterns observed in anti-
predator behavior (Sih et al. 2003; Blumstein 2006). This is because 
behavioral traits often serve multiple functions—predators selected to 
detect the movements of  prey are also attuned to the movements of  
their predators (Blumstein 2006).

We suspect that the responsiveness of  mynas to heterospecific 
vocalizations during our experimental FID approaches resulted 
from carryover effects of  myna responsiveness toward other bird 
species. Mynas are known to be aggressive toward other bird spe-
cies (Pell and Tidemann 1997; Fitzsimons 2006). It is possible that, 
rather than becoming distracted, mynas paid more attention to 
their surroundings during bulbul vocalizations in part because they 
were trying to locate the heterospecific. The altered risk assessment, 
as determined by FID, was thus possibly a carryover effect from a 
potentially aggressive response. Because red-vented bulbuls are also 
known for their aggressiveness toward other bird species (Thibault 
et al. 2002), it is possible that mynas interpreted even social bulbul 
vocalizations as signals of  threat and consequently became more 
alert to potential predators. Increased vigilance during playbacks 
may have carried over to the FID portion and “primed” the mynas 
to flee. Such carryover effects may be an important component in 
priming animals for subsequent antipredator behavior. It is possible 
that acoustic stimuli tend to increase alertness in prey rather than 
distracting them when carryover effects occur. Our results provide 
evidence that even environmental stimuli not directly indicative of  
predators may be generally important to risk assessment and there-
fore affect alertness and response to predation and therefore pos-
sibly affect predator–prey dynamics.
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