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Abstract 
To ensure effective acoustic communication, signals should reach receivers in the least distorted form possible. Animals use 
various short- and long-term strategies to avoid signal degradation and masking. However, we still have an insufficient under-
standing of how animals’ vocal behaviour is impacted by the vocalisations of other animals in their acoustic communities. We 
experimentally examined how two tropical, sedentary, territorial songbirds in Western Uganda—the scaly-breasted illadopsis 
(Illadopsis albipectus) and the green-backed camaroptera (Camaroptera brachyura)—modify their singing behaviour after the 
simulated appearance of new, unfamiliar acoustic competitors, whose songs vary in similarity to those of the species studied. 
We found that scaly-breasted illadopsis sang significantly less during the playback of songs of acoustically similar species 
than of acoustically different species or silence and avoided song overlapping with acoustically similar species but not with 
acoustically different species. Green-backed camaroptera sang significantly more during the playback of both acoustically 
similar and different simulated intruders than during the control containing silence, and patterns of overlap with the songs 
of both the acoustically similar and different species were random. Our results show that even a single-point noise source 
present within a territory can modify a bird’s singing behaviour. The new sound may affect species differently, depending 
in part on the level of acoustic similarity with the species’ song. To mitigate the effect of song masking, different species 
may use different strategies, such as temporal avoidance or signal redundancy. Studies examining the adaptive abilities of 
species in natural and modified habitats are needed to predict the consequences of changes in acoustic community structure.

Significance statement
To ensure effective communication, birds may use different strategies to avoid signal masking in common acoustic space, 
particularly in the complex acoustic environment of a tropical forest. While multiple studies have focused on responses to 
interference caused by anthropogenic noise, the effect of new individual species on the acoustic community structure has 
received little attention. We simulated intrusions by unfamiliar species with different levels of song similarity into the ter-
ritories of two tropical songbird species. The appearance of new simulated acoustic intruders modified the birds’ singing 
behaviour, but the two study species responded differently. These results suggest that the level of acoustic similarity, as well 
as the species ecology, may affect the species response, which may be particularly important when predicting the effects of 
new species appearance as a result of changes in habitat and climate.

Keywords Acoustic space · Birdsong · Interspecific competition · Playback experiment · Redundancy of a signal · Signal 
partitioning

Introduction

At any given location and time, multiple animal species are 
often heard vocalising. To ensure effective communication, 
acoustic signals should be adapted to the physical character-
istics of the environment in which they are broadcast, so as 
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to minimise attenuation and degradation (acoustic adapta-
tion hypothesis; Morton 1975). Additionally, they should be 
produced in a frequency range and at a time when overlap-
ping with other sounds present in the environment is mini-
mal in order to avoid signal masking (acoustic partitioning 
hypothesis; Hödl 1977). That is, the evolution of acoustic 
signals is shaped in part by the combination of environmen-
tal conditions supporting the transmission of some signals 
and limiting others (Marten and Marler 1977), and by the 
sounds already present in the environment, resulting in vari-
ation across species in the frequency bands or time peri-
ods used for effective communication (Luther 2008). These 
factors can be regarded as opposite forces in signal evolu-
tion—convergence of signal parameters caused by acoustic 
adaptation and divergence of signal parameters caused by 
acoustic competition among vocalising animals.

Analyses of the acoustic structure of animal species 
assemblies have revealed several patterns of acoustic space 
partitioning, such as divergence of signal parameters (Chit-
nis et al. 2020) and vocalising in distinct frequency bands 
(Hödl 1977; Schmidt et al. 2013), at different times of day 
(Hart et al. 2015) or from different locations (Diwakar and 
Balakrishnan 2007; Luther 2009). However, past studies 
from different geographical regions and on different ani-
mal taxa have yielded inconsistent results, suggesting that 
acoustic signal partitioning takes place along multiple axes 
and can differ among species assemblies (Chek et al. 2003; 
Planqué and Slabbekoorn 2008; Luther 2009). Alternatively, 
convergent patterns of acoustic adaptation to local environ-
ments (Morton 1975) and the use of between-species social 
information may lead to the opposite pattern, in which eco-
logically and acoustically similar species become aggre-
gated in space and time (Tobias et al. 2014). Irrespective 
of the similarity or divergence pattern, acoustic community 
structures can change dynamically and therefore may be an 
indicator of disturbance and as such be used as a tool in 
monitoring and conservation (Chhaya et al. 2021).

Animals can use several behavioural strategies to reduce 
the masking of their acoustic signals (Brumm and Slabbe-
koorn 2005). The first response to an acoustic competitor 
may be to increase one’s sound amplitude, so as to improve 
the sound’s signal-to-noise ratio (Brumm 2004; Hage et al. 
2013). Other options include avoiding vocalising near the 
sound source (Goodwin and Shriver 2011), vocalising at 
different times of the day (Greenfield 1988), increasing 
one’s calling rate (Kaiser and Hammers 2009), singing 
longer songs (Ríos-Chelén et al. 2013), modifying intervals 
between vocalisations to avoid overlapping in time (Popp 
et al. 1985), adjusting signal redundancy (Brumm and Slater 
2006), or modifying the frequencies of vocalisation to avoid 
overlapping in the frequency domain (Goodwin and Podos 
2013; Hage et al. 2013; Zhao et al. 2018). The effectiveness 
of these strategies may depend on the acoustic characteristics 

of the competing sound, the individual species preferences, 
and prevailing environmental conditions.

Birds are one of the best models for studying communica-
tion strategies employed to avoid signal interference, because 
many species use songs to attract mates and defend territories 
(Catchpole and Slater 2008). However, most of the studies 
examining the effects of competing sounds on singing behav-
iour have focused on anthropogenic noise, which is less com-
plex than biological noise, occupies lower frequencies, can 
have higher amplitudes, and may differently affect species 
singing low- or high-frequency songs (Goodwin and Shriver 
2011). The effect of biological sounds has been examined 
in white-throated sparrows (Zonotrichia albicollis), with 
males decreasing their song durations and increasing their 
minimum song frequencies during spring peeper (Pseudacris 
crucifer) chorus and singing less intensively when other bird 
species were vocalising (Lenske and La 2014). Four com-
mon temperate forest bird species showed a strong tendency 
to stay quiet while other species were singing and to modify 
the intervals between their songs to avoid overlapping (Popp 
et al. 1985). Neotropical songbirds which shared their sound 
frequency range with nocturnal insects delayed their dawn 
chorus to avoid song masking (Stanley et al. 2016). Moreover, 
species with songs with similar structure partitioned signal 
space by singing from different places or at different times 
to minimise acoustic interference (Luther 2009). Thus, the 
strategies undertaken to avoid sound overlapping in birds 
seem to be species specific and environmentally variable. 
Generally speaking, more acoustically plastic species should 
have the edge over those with less song flexibility, both in the 
context of settling in new environments and in outcompeting 
acoustic intruders in natal environments. However, studies 
experimentally testing the effect of new acoustic competitors 
on the singing behaviour of natal species are still rare. To 
fully understand the complex mechanisms shaping acoustic 
community structure, we need to first know how various spe-
cies modify their singing behaviour during interactions with 
other vocalising animals. Such information will be helpful in 
predicting the effect of new species appearance on acoustic 
community structure.

In this study, we experimentally examined how two tropi-
cal songbirds, the scaly-breasted illadopsis (Illadopsis albi-
pectus) and the green-backed camaroptera (Camaroptera 
brachyura), respond to the appearance of songs of unfa-
miliar acoustic competitors representing different levels of 
acoustic similarity to their songs. Both species are monoga-
mous, without sexual dimorphism. They live a sedentary 
life and occupy small territories, making them appropriate 
for our type of study, as it is more likely that the appear-
ance of a new acoustic competitor would affect their behav-
iour. Depending on the region, they breed year round or in 
specific periods limited by rainfall, but in both species, the 
males defend territories and sing throughout the year (Collar 
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and Robson 2020; Ryan 2020). The scaly-breasted illadopsis 
is a forest specialist of Central Africa (distribution range 
ca 2 mln  km2), inhabiting primary forest, seasonal swamp 
forest, and transitional forest with dense ground cover and 
treefall gaps. The species song is narrow in frequency band 
and consists of an introductory note and 2–3 ascending 
whistling notes repeated every 5–35 s (Collar and Robson 
2020) (Fig. 1, Supplementary material S1SongSimilarity). 
The green-backed camaroptera is a habitat generalist of sub-
Saharan Africa (distribution range ca 25 mln  km2), found in 
a wide spectrum of forest understory, forest clearings, forest 
edge, thickets, bush clumps, and well-wooded gardens (Ryan 
2020). The male song is loud with a wide frequency range, 
containing the same type of syllable repeated multiple times 
(Fig. 1, S1SongSimilarity).

To assess these species’ potential strategies for song 
masking avoidance, we here broadcast sounds of acousti-
cally similar and different bird species and observed how 
study subjects modified their singing behaviour accordingly. 
We expected that the appearance of acoustically similar 
intruders would compel the tested individuals to change their 
singing rates or song interval durations to avoid overlapping. 
We also expected birds’ responses to be species specific, due 

to species differences in song structure and frequency as 
well as different histories of acoustic ecological adaptation.

Materials and methods

Study site

We conducted our study in Kibale National Park, located in 
Western Uganda. The 766-km2 park protects a mixture of 
moist evergreen rainforest, dry tropical forest, woodland, and 
savanna crossed by swamps and streams. Mean annual tem-
perature oscillates around 20 °C. Depending on the region, 
rainfall ranges from 1500 to 1700 mm and falls in two wet 
seasons: from March to May and from September to Novem-
ber (Struhsaker 1997; Chapman et al. 2010). Kibale National 
Park is home to 13 primate species (the highest diversity 
and abundance of primates in Africa), more than 375 bird 
species, and 350 tree species.

Our study site was located in the central-west area of the 
park, near the Makerere University Biological Field Sta-
tion (N 0.56136°, E 30.35778°; altitude ranges from 1500 

Fig. 1  The experimental procedure: a examples of songs of green-
backed camaroptera with the acoustically similar (marsh tit) and 
acoustically different species (Eurasian treecreeper), b examples 
of songs of scaly-breasted illadopsis with the acoustically similar 
(Papuan treecreeper) and acoustically different species (Eurasian 
treecreeper), c time sequence for an experimental trial. Each trial 

lasted 20 min and contained 258 s of playback (repeated 3 s song plus 
3  s\ silence) and 42  s of additional silence, all repeated four times, 
alternately from two speakers. Each bird was exposed—in random 
order—to three 20-min trials, with each representing a distinct treat-
ment: (1) silence, (2) sound samples of acoustically similar species, 
and (3) sound samples of acoustically different species
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to 1600 m a.s.l.). This part of the park is covered by both 
primary and secondary evergreen rainforest, with many trees 
exceeding 50 m in height.

Playback preparation

Experimental sound samples were prepared using the Avi-
soft SASLab Pro 5.2.12 software (https:// www. aviso ft. com). 
We matched each of the study species with one acoustically 
similar and one acoustically different “intruder” species. As 
a control, we used silence. Acoustic similarity was based on 
the frequency range and structure of the species’ songs (see 
S1SongSimilarity for more details). The geographical distri-
bution range of chosen intruder species did not overlap with 
the distribution range of the study species; thus, the songs 
of acoustically similar and different species were unfamil-
iar to tested birds. As acoustically similar species, we used 
the Papuan treecreeper (Cormobates placens) (sedentary 
species restricted to New Guinea) for the scaly-breasted ill-
adopsis and the marsh tit (Poecile palustris) (short-distance 
migrant found in Europe and Asia) for the green-backed 
camaroptera. For both tested species, we used the Eurasian 
treecreeper (Certhia familiaris) (short-distance migrant 
found in Europe and Asia) as an acoustically different spe-
cies. For each simulated intruder species, we selected three 
high-quality recordings of songs belonging to three different 
individuals, available at a public database (www. xeno- canto. 
org). We shortened the song duration to 3 s, removed all 
background noise, and saved each file in 16 bit/44.1 kHz wav 
format. These modified songs were used to prepare the final 
playback sound sample, which contained the tested song (3 s 
in duration) plus 3 s of silence, repeated 43 times (258 s of 
playback, followed by an additional 42 s of silence; hereafter 
referred to as the “5-min phase” of our experiment). A single 
playback trial lasted 20 min and contained the 5-min phase 
broadcast four times alternately from two speakers, imitating 
an intruder’s movement. In our tests of different individuals, 
we randomly assigned sound samples of acoustically similar 
and different species (three individuals of each species; we 
used nine unique combinations of acoustically similar and 
acoustically different species). Each combination was used 
to test two birds, and in the case of green-backed cama-
roptera, one combination was also used to test three birds. 
The sound samples of tested bird species and corresponding 
acoustically similar and different species can be found in 
Fig. 1 and S1SongSimilarity.

Experiment design

We conducted experiments in the dry season, from 8th to 25th 
June 2022, corresponding to the breeding period for both species 
(Collar and Robson 2020; Ryan 2020). Following our observa-
tions of the daily patterns of singing activity of the study species, 

we started the experiments involving scaly-breasted illadopsis 
earlier in the morning (from 06:12 to 09:42) than those involv-
ing green-backed camaroptera (from 07:49 to 11:19; sunrise 
between 06:52 and 06:56, local time). On the day before each 
experiment, we spent ca 30 min within the bird’s territory to 
determine the locations from which the tested individual sang 
most often. During the experiment, we placed two speakers 
(Ultimate Ears Boom 2) spaced ca 25 m from each other on 
tree branches (ca 5 m above ground level). We tried to place 
the speakers in the middle of the territory, near the points from 
which the tested individual sang the most. The speakers were 
connected via Bluetooth to an iPhone 7. We standardised the 
sound pressure level (90 ± 1 dB measured at 1 m using UNI-T 
UT351 sound level meter) of each playback song sample. Each 
tested individual was exposed to its three 20-min experimental 
trials such that the treatments were arranged in random order. 
We started each trial only when a tested individual had started 
to sing spontaneously. We started the next trial more than 5 min 
after the end of the previous one (the bird must sing before each 
treatment), without moving the speakers. All trials on the tested 
individual were conducted during a given day, except for three 
scaly-breasted illadopsis individuals; for two of these birds, we 
conducted two trials on one day and the third trial on the follow-
ing day, and for the third bird, one trial was performed on the 
first day and two on the following day.

During the experiment, the acoustic responses of tested 
individuals were recorded by a field observer (MB) using a 
Marantz PMD661 recorder connected to a Sennheiser ME67 
shotgun microphone with a K6 powering module (wav file, 
48 kHz/16-bit sampling, mono recording). The observer 
also noted the position of the bird in relation to the speaker 
and any changes in behaviour. Overall, we tested 18 males 
of scaly-breasted illadopsis and 19 males of green-backed 
camaroptera. It was not possible to record data blind because 
our study involved focal animals in the field.

Acoustic analysis

Acoustic analyses of subjects’ vocal behaviour were 
conducted using the Raven Pro 1.6.4 software (window 
type = Hamming, frame size = 1024, overlap = 75%). Each 
song of a tested bird was marked and assessed within two 
criteria: (1) whether it was produced during the 258 s of 
playback or during the 42 s of silent intervals that followed 
and (2) whether the song overlapped with the experimental 
sound sample, defined as when > 50% of the song duration of 
the tested bird coincided with a song from the playback file.

Statistical analysis

To examine whether birds change their singing behaviour in 
response to the simulated appearance of different acoustic 

https://www.avisoft.com
http://www.xeno-canto.org
http://www.xeno-canto.org
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competitors, we ran three separate generalised linear mixed 
models (GLMMs) for each species.

To test the effect of different acoustic competitors on sing-
ing rate, we specified territory ID as a subject on which we 
conducted repeated measurements. The repeated measurement 
contained three experimental treatments in which we nested 
four 5-min phases of treatment. As a dependent variable, we 
used the number of songs produced in each 5-min phase of 
each trial. We included three fixed effects: treatment type 
(acoustically similar species, acoustically different species, 
silence), order of trials and order of phases within a trial, and 
one random effect—territory ID. Data were fitted by a negative 
binomial distribution with a log link function.

To test whether the first reaction of a bird towards the play-
back depends on the type of simulated acoustic competitor, 
we compared the bird’s singing rate in the 30 s before versus 
30 s after the first song in the first 5-min phase of each trial. 
In the GLMM, we nested treatment order and period (30 s 
before or 30 s after the first sound sample song) within the ter-
ritory ID. We specified the number of songs produced in each 
30-s period as a dependent variable; the treatment, period, and 
crossed effect of treatment and period as fixed effects; and 
territory ID as a random effect. Data were fitted by a negative 
binomial distribution with a log link function.

We also examined whether the proportion of songs which 
overlapped playback songs depends on the type of acoustic 
competitor. In our experiment, the duration of a playback song 
and silence between playback songs was identical (3 s); thus, 
the probability of overlapping versus not overlapping the play-
back song by the tested individual was the same. Because the 
tested birds did not sing in every 5-min phase of the experi-
ment, we summed the number of songs produced during the 
whole trial and compared the proportion of songs which over-
lapped and did not overlap the playback (songs produced in 
the 42 silence periods between playback phases were excluded 
from this analysis). In the model, we specified territory ID as 
a subject and treatment as a repeated measure. As a dependent 
variable, we used the proportion of overlapped songs to all 
songs sung by the tested bird. We specified two fixed effects, 
treatment and treatment order, and one random effect, territory 
ID. Data were fitted by a normal distribution with an identity 
link function.

All statistical analyses were conducted using the IBM SPSS 
Statistics 28.0.1.0 software. All p-values are two tailed. Raw 
data can be found in Supplementary material S2Dataset.

Results

Singing rate

In each scaly-breasted illadopsis territory, we recorded 
on average 315 (SD = 101.6; from 121 to 475) songs. 

Tested birds sang during each treatment (on average 
105 ± 47.6; from 17 to 210 songs) but not in every 5-min 
phase of the experiment. We found significant effects of 
treatment (F2,208 = 9.844, p < 0.001), order of treatments 
(F2,208 = 3.300, p = 0.039) and order of 5-min phase within 
trials (F3,208 = 7.478, p < 0.001) on the number of songs 
produced. Scaly-breasted illadopsis sang significantly fewer 
songs during the playback of acoustically similar species 
than during the playback of acoustically different species or 
silence and decreased singing rate both in succeeding treat-
ments and repeated phases within trials (Fig. 2, Table 1).

For the green-backed camaroptera, we recorded on 
average 378 (SD = 146.1; from 140 to 645) songs. Tested 
birds sang 126 ± 69.3 (from 0 to 281) songs on average 
per treatment. We found a significant effect of treatment 
(F2,220 = 7.918, p < 0.001) but no effects of treatment order 
(F2,220 = 0.390, p = 0.678) or order of 5-min phases within 
trials (F3,220 = 2.183, p = 0.091) on the number of songs pro-
duced. Tested birds sang significantly less intensively during 
silence than during playbacks of both acoustically similar 
and different species. However, the difference in singing rate 
between treatments of acoustically similar and different spe-
cies was not statistically significant (Fig. 2, Table 1).

First reaction

The number of songs produced by scaly-breasted ill-
adopsis was significantly higher in the 30  s before 
than in the 30  s after the first song of the playback 
(F1,102 = 10.091, p = 0.002) but did not differ among treat-
ments (F2,102 = 2.537, p = 0.084). However, we found a 
significant interaction between treatment and time period 
(F2,102 = 5.566, p = 0.005), suggesting that the proportion of 
songs produced in the 30 s before and 30 s after the first song 
varied depending on the treatment. Scaly-breasted illadopsis 
significantly decreased its singing rate in the 30 s after the 
first song of acoustically similar species playback, whereas 
during the playback of acoustically different species or dur-
ing the silence, this difference was not statistically signifi-
cant (Fig. 3, Table 2).

The number of songs produced by green-backed camarop-
tera varied significantly between treatments (F2,108 = 3.884, 
p = 0.023) and periods of time (F1,108 = 3.884, p < 0.001). We 
also detected an interaction between treatment and period 
of time (F2,108 = 9.188, p < 0.001). Green-backed camarop-
tera produced significantly fewer songs after the first song 
of a playback than before the playback. Fewer songs were 
also produced during silence than during the playback of 
similar species. Green-backed camaroptera decreased their 
singing rate after the first song significantly more during the 
playback of similar species than either different species or 
silence (Fig. 3, Table 2).
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Song overlapping

In scaly-breasted illadopsis, we found significant differ-
ences across treatment in the tendency to overlap play-
back songs (F1,33 = 188.935, p < 0.001) and no effect of 
treatment order (F1,33 = 1.897, p = 0.178). The playback of 
acoustically similar species overlapped with an average of 
29% (± 8.4%) of the time, while the playback of acousti-
cally different species overlapped with an average of 61% 
(± 7.6%) of the time (Fig. 4, Table 3).

In green-backed camaroptera, we found no significant 
effects of treatment on the tendency to overlap playback 
songs (F1,35 = 0.667, p = 0.420) or of treatment order 
(F1,35 = 0.738, p = 0.738). The playback of acousti-
cally similar species overlapped with an average of 49% 
(± 7.5%) of the time, while the playback of acoustically 
different species overlapped with an average of 50% 
(± 4.7%) of the time (Fig. 4, Table 3).

Discussion

Our study design aimed to simulate the appearance of new 
and unfamiliar acoustic competitors in our tested species’ 
natal environment. The results experimentally confirmed dif-
ferent species-specific strategies for song masking avoidance 
by tropical songbirds in their natural habitats, free of anthro-
pogenic noise. The scaly-breasted illadopsis was found to 
sing fewer songs during the playback of acoustically similar 
species than during the playback of an acoustically different 
one or the silent control treatment. Such behaviour is con-
sistent with the temporal acoustic partitioning hypothesis, 
which predicts that animals will modify their vocal activ-
ity and sing more often when their song frequency band is 
free of other sounds (Hödl 1977). Such mechanisms have 
been reported for tropical birds avoiding the noise of cicadas 
(Hart et al. 2015), temperate forest birds avoiding song over-
lapping with other bird species (Popp et al. 1985), city birds 

Fig. 2  Differences in the num-
ber of songs sung by a scaly-
breasted illadopsis and b green-
backed camaroptera during the 
three experimental treatments. 
Each trial lasted 20 min and 
contained four 5-min phases. 
Each phase contained 258 s of 
playback (3-s song broadcasted 
every 3 s) and 42 s of silence at 
the end. Mean number (± SE) of 
songs per 5-min phase is given
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avoiding morning peaks of anthropogenic noise (Shannon 
et al. 2016), or noise generated by planes (Gallardo Cruz 
et al. 2021). Moreover, singing rate decreased in successive 
trials and over the course of individual trials. Such results 
are not surprising, since many bird species sing more inten-
sively in the early morning rather than later (Gil and Llusia 
2020), and the duration of song bouts is limited, interchang-
ing with phases of silence (Catchpole and Slater 2008).

Over short time frames, scaly-breasted illadopsis were 
seen to adjust their singing rate to the repeated pattern of 
playback containing 3 s of song and 3 s of silence. During 
the playback of acoustically different species, tested birds 
overlapped playback songs over 60% of the time. Yet, when 
the playback of acoustically similar species was broadcast, 
the test birds overlapped playback songs just 29% of the 
time. Thus, avoiding song overlapping with acoustically 
similar species and singing in the silent intervals between 
songs, while ignoring acoustically different species, can be 
considered another strategy for minimising acoustic signal 
masking (Brumm and Slater 2006; Yang et al. 2014). Moreo-
ver, modifications of singing behaviour only in response to 
acoustically similar species suggest that the effect of the 
appearance of new sounds in the environment—regardless 
of their source—on the species will depend on the level of 
acoustic similarity between the new sound and the species 
vocalisations. Therefore, the same introduced noise should 

have different effects on different species. We note that while 
our study species were unfamiliar with both the acoustically 
similar and acoustically different species, due to geographic 
isolation, we did not control for varying phylogenetic dis-
tances among simulated competitors and the species tested. 
Beyond the potential effect of song similarity or phyloge-
netic affinity on signal masking, birds’ responses to the 
songs of newly arrived species might also be influenced 
by the perception of more acoustically similar signals as 
belonging to a potential competitor sharing a more similar 
ecological niche (similar size, type of environment; Morton 
1975; Mikula et al. 2021) as compared to differently sing-
ing species.

As we saw with scaly-breasted illadopsis, green-backed 
camaroptera decreased their singing rates in the first 30 s of 
playback significantly more when broadcasting an acous-
tically similar species than when broadcasting an acousti-
cally different one or silence, suggesting that both species 
differentiated between these two types of experimental 
sounds. However, when we looked across experimental 
treatments, we found species-distinct patterns of response 
to various kinds of simulated acoustic intruders. Green-
backed camaroptera sang significantly more intensively dur-
ing the playbacks of both acoustically similar and different 
intruders than during the silence. In addition, we did not 
observe a significant decrease in singing rate in successive 
treatments or over the course of treatment phases, which 
could be explained by the species having a more regular 
singing activity pattern throughout the day and producing 
more but shorter song bouts. When we compared the pro-
portion of songs of tested birds which avoided and which 
overlapped the playback songs, in both types of intruders, we 
observed almost perfect random distributions. Such behav-
iour suggests that, regardless of the type of noise, green-
backed camaroptera tried to mask the sounds of intruders 
by increasing the singing rate. This is consistent with the 
signal redundancy hypothesis, which predicts that reprising 
the same information will increase the chance of it reaching 
the receiver (Shannon and Weaver 1949). In our study, we 
did not attempt to test another possible strategy for mitigat-
ing the effect of noise—improving the signal-to-noise ratio 
by increasing the song amplitude (Brumm 2004).

The observed species-specific response towards acousti-
cally similar and different species might be explained in 
part by species differences in song structure. The song of 
scaly-breasted illadopsis contains 2–3 ascending whistling 
notes produced in a very narrow frequency band (Fig. 1). 
This type of acoustic signal can be easily masked by 
sounds covering the same frequency band, as in the song 
of Papuan treecreepers that we used here (Fig. 1). It thus 
makes sense that scaly-breasted illadopsis would avoid 
singing when an acoustically similar species also vocal-
ised, adjusting their singing rate to fit the gaps between 

Table 1  Results of GLMM examining the effects of the type of 
acoustic intruder (acoustically similar or different species) and 
treatment order and 5-min phase order on singing activity of scaly-
breasted illadopsis and green-backed camaroptera

Model term Coefficient SE t p

Scaly-breasted illadopsis
  Intercept 3.366 0.1176 28.614  < 0.001
  Treatment (silence) 0.396 0.0934 4.233  < 0.001
  Treatment (different 

species)
0.307 0.0935 3.283 0.001

  Treatment order [3]  − 0.196 0.0918  − 2.141 0.033
  Treatment order [2]  − 0.210 0.0935  − 2.244 0.026
  5-min phase order [4]  − 0.463 0.1210  − 3.827  < 0.001
  5-min phase order [3]  − 0.368 0.1065  − 3.454  < 0.001
  5-min phase order [2]  − 0.279 0.0948  − 2.948 0.004

Green-backed camaroptera
  Intercept 3.769 0.1609 23.424  < 0.001
  Treatment (silence)  − 0.415 0.1153  − 3.602  < 0.001
  Treatment (different 

species)
 − 0.041 0.1151  − 0.359 0.720

  Treatment order [3]  − 0.052 0.1215  − 0.429 0.668
  Treatment order [2]  − 0.097 0.1105  − 0.881 0.379
  5-min phase order [4]  − 0.290 0.1409  − 2.057 0.041
  5-min phase order [3]  − 0.266 0.1244  − 2.139 0.034
  5-min phase order [2]  − 0.293 0.1411  − 2.079 0.039
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Fig. 3  Mean number of songs 
(± SE) sung by a scaly-breasted 
illadopsis and b green-backed 
camaroptera in the 30 s before 
(blue bars) and 30 s after (red 
bars) the first song of a play-
back. Graph based on first phase 
(5 min) of each treatment

Table 2  Results of GLMM 
examining the effects of the 
type of acoustic intruder 
(acoustically similar or different 
species) and period of trial (30 s 
before or 30 s after the first song 
of the playback) on singing 
activity of scaly-breasted 
illadopsis and green-backed 
camaroptera

Model term Coefficient SE t p

Scaly-breasted illadopsis
  Intercept 1.439 0.0654 21.996  < 0.001
  Treatment (silence)  − 0.082 0.1003  − 0.820 0.414
  Treatment (different species)  − 0.156 0.0946  − 1.652 0.102
  Period (30 s after)  − 0.804 0.2209  − 3.641  < 0.001
  Period (30 s after) * treatment (silence) 0.730 0.2575 2.836 0.006
  Period (30 s after) * treatment (different species) 0.804 0.2428 3.312 0.001

Green-backed camaroptera
  Intercept 1.809 0.1256 14.395  < 0.001
  Treatment (silence)  − 0.434 0.1735  − 2.499 0.014
  Treatment (different species)  − 0.172 0.1688  − 1.020 0.310
  Period (30 s after)  − 1.767 0.3132  − 5.642  < 0.001
  Period (30 s after) * treatment (silence) 1.628 0.4086 3.984  < 0.001
  Period (30 s after) * treatment (different species) 1.465 0.4009 3.653  < 0.001
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the songs of similar species while effectively ignoring the 
vocalisations of acoustically different species which do 
not cover the frequency band. In contrast, green-backed 
camaropteras produce short, broad-band frequency notes 
repeated multiple times in a single song (Fig. 1). This type 
of redundant signal is resistant to masking by biological 
sounds, and the chances that all notes sung by green-
backed camaroptera would be masked by a song similar 
in structure, such as that of a marsh tit (Fig. 1), are mar-
ginal. It thus makes sense that green-backed camaroptera 
would sing as often during the playback of acoustically 
similar and acoustically different intruders and also did not 
avoid song overlapping by the playback song. What was 
surprising was that green-backed camaroptera sang signifi-
cantly more during the playback of both types of intrud-
ers than during the silent control playback, thus singing 
more in potentially the most unfavourable conditions for 
signal transmission. Similar patterns have been observed 
in canaries (Serinus canaria) examined in aviaries, where 
males were seen to start singing during bursts of noise 

Fig. 4  Proportion of songs 
(mean value ± SE) of a 
scaly-breasted illadopsis and 
b green-backed camaroptera 
which overlapped playback song 
relative to the total number of 
songs the bird sang during the 
treatment. Graph is based on 
four 258-s phases in which play-
back song was broadcasted in 
each trial. Duration of playback 
song and interval between songs 
was equal (3 s); therefore, the 
probability of singing during 
silence and playback song was 
the same

Table 3  Results of GLMM examining the effects of the type of 
acoustic intruder (acoustically similar or different species) and play-
back order on the proportion of songs which overlapped the playback 
song

The proportion of songs which overlapped the playback to the total 
number of songs recorded during experiment was set as dependent 
variable. The duration of playback song and the interval between 
songs were equal

Model term Coefficient SE t p

Scaly-breasted illadopsis
  Intercept 0.270 0.0249 10.857  < 0.001
  Treatment (different 

species)
0.326 0.0237 13.745  < 0.001

  Treatment order [2] 0.035 0.0256 1.377 0.178
Green-backed camaroptera

  Intercept 0.496 0.0199 24.899  < 0.001
  Treatment (different 

species)
0.015 0.0183 0.816 0.420

  Treatment order [2]  − 0.018 0.0205  − 0.859 0.396
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rather than during silent gaps (Goto et al. 2023), or in the 
wild population of serins (Serinus serinus) in which males 
sang more in areas with noise pollution (Díaz et al. 2011). 
Such behaviour supports the redundancy of signal hypoth-
esis, which assumes that in a noisy environment, the same 
information should be sent more times in order to reach the 
receiver (Shannon and Weaver 1949). Alternatively, sing-
ing by other species may be a cue of optimal conditions for 
vocalising, because of low predation risk (Møller 1992).

Scaly-breasted illadopsis and green-backed camarop-
tera differ not just in their songs but also in their habitat 
specialisation (primary forests vs. forests, woodlands, and 
thickets respectively) and in their distribution range (2 mln 
vs. 25 mln  km2; respectively; Collar and Robson 2020; Ryan 
2020). According to the acoustic niche hypothesis (Krause 
1993), in mature ecosystems, we are more likely to observe 
highly specialised species that should strongly avoid acous-
tic competition by singing in unique and narrow frequency 
bandwidths or at different times. In contrast, more open or 
disturbed ecosystems should contain acoustic generalist spe-
cies, with a less organised acoustic community structure pro-
ducing songs with wide frequency bands without restrictions 
on the time of day. Our results suggest that acoustic special-
ists and acoustic generalists may also respond differently to 
new sources of noise in their natal environments and may 
be variously affected by new acoustic competitors. However, 
more studies are needed to reach more general conclusions.

In conclusion, our study showed that a single-point noise 
source, in the form of simulated competing species, modified 
the singing behaviour of two tropical, sedentary songbird 
species. The responses towards acoustically similar and dif-
ferent intruders were species specific, suggesting that novel 
sounds in an environment can affect different species in 
different ways. Scaly-breasted illadopsis on the one hand 
avoided singing during the playback of acoustically similar 
species and modified singing rate to minimise song overlap-
ping by acoustically similar species, indicating the use of 
temporal avoidance strategy to minimise signal masking. 
Green-backed camaroptera, on the other hand, sang signifi-
cantly more during the playback of both acoustically similar 
and different intruders and did not avoid song overlapping 
by both playback types. Such outcomes are consistent with 
the signal redundancy hypothesis. The observed species-
specific responses towards various kinds of intruders might 
be explained by differences in song structure and acoustic 
specialisation. Further studies examining the adaptation abil-
ities of various species to new acoustic conditions—both in 
natural as well as modified habitats—are needed, to predict 
the effects of ongoing changes in acoustic community struc-
ture on the effectiveness of acoustic communication. This 
is especially important as habitat destruction and climate 
change lead to new, previously allopatric species coming 
into contact with each other more than in previous years and 

given that it is unknown how natal species will react to novel 
community members.
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