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Individuals within social groups commonly combine vocal signals, forming duets. Although these displays have been described across 
taxa, their function is not fully understood. In birds, territory defense is a well-supported function of duetting, but additional functions 
are likely. Extrapair paternity (EPP) is common in birds, and males at risk of cuckoldry are expected to guard paternity in many ways, 
possibly including acoustic guarding with duets. Theoretical models predict species with moderate-to-high EPP rates will invest most 
in paternity-guarding, yet few studies have investigated duet function in such species. We conducted a dual-speaker playback experi-
ment to test duet function in the red-backed fairy-wren, Malurus melanocephalus, which has moderately high EPP rates. Breeding 
groups were presented with 3 playback treatments: male solo, female solo, and duet. The territory defense hypothesis predicts pairs 
will respond aggressively and sing duets during duet playback in early breeding stages but predicts no same-sex bias in response to 
male/female songs. Acoustic paternity-guarding predicts males will duet with mates during male playback and in their mate’s receptive 
stage, and they will bias aggression toward the speaker playing male song. Focal pairs duetted more during playback than controls 
and most during pre-breeding. Males and females responded more strongly to duet than solo playback, especially during pre-breeding, 
but neither showed same-sex response bias. Results most strongly supported the territory defense hypothesis, providing evidence 
that, despite cuckoldry risk, vocal duets were not used primarily for paternity-guarding. This helps us toward understanding the func-
tion of vocal displays across different mating systems.

Key words: acoustic mate-guarding, dual-speaker playback experiment, duet function, red-backed fairy-wren, territory defense, 
vocal communication.

Vocal duets and choruses have been described for mammals, frogs, 
insects, and birds (Thorpe et  al. 1972). In birds, the function of  
duets appears to vary across species, and several non-mutually 
exclusive functions have been proposed (Hall 2004; Dahlin and 
Benedict 2013). Most studies indicate that duets have multiple 
functions that allow them to communicate with mates and indi-
viduals outside of  the pair bond, with 1 common function being 
territory defense (Mulder et  al. 2003; Fedy and Stutchbury 2005; 
Hall 2009; Benedict 2010; Dahlin and Wright 2012; Dahlin and 
Benedict 2013).

An additional hypothesis—acoustic mate-guarding—suggests 
that an individual joins its mate’s song in duet to signal their 
mate’s paired status to rivals and protect paternity or their position 
in the partnership (Stokes 1968; Sonnenschein and Reyer 1983). 
Studies of  several species have found support for the acoustic 

mate-guarding hypothesis for males (Levin 1996; Mennill 2006), 
for females (Seddon and Tobias 2006; Rogers et  al. 2007; van 
den Heuvel et  al. 2013), or for both members of  the pair bond 
(Sonnenschein and Reyer 1983; Marshall-Ball et al. 2006). A subset 
of  the acoustic mate-guarding hypothesis, specific to male-guard-
ing of  females, is the paternity-guarding hypothesis. Though this 
hypothesis has gained support in several previous studies, most 
support is indirect and/or observational (Sonnenschein and Reyer 
1983; Levin 1996; Marshall-Ball et al. 2006). Two studies (Mennill 
2006; Rogers et  al. 2007) provide direct experimental support, 
but the results of  these studies also support a function in territory 
defense. Many other studies do not support acoustic paternity-
guarding (e.g., Hall and Magrath 2000; Gill et al. 2005; Hall and 
Peters 2008a), and overall, this hypothesis has found less direct, 
experimental support than the territory defense hypothesis (Hall 
2009).

However, the function of  duetting likely varies across species 
with different mating systems and levels of  cuckoldry. For example, Address correspondence to J. Dowling. E-mail: jld276@cornell.edu.
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theoretical models (Kokko and Morrell 2005; see also Hall and 
Peters 2008b) predict that males should guard little in populations 
where cuckoldry rates (i.e., extrapair paternity [EPP]) are very low 
or very high. Accordingly, we can predict that males will be most 
likely to exhibit paternity-guarding behaviors, possibly including 
acoustic paternity-guarding, in species with moderately high EPP 
rates (Kokko and Morrell 2005). Because most previous studies 
of  duet function have been conducted in species with either very 
low (e.g., Hall and Magrath 2000; Gill et al. 2005; Hall and Peters 
2008b; Douglas et al. 2012; Hall et al. 2015; but see Benedict 2010) 
or unknown (e.g., Logue and Gammon 2004; Bradley and Mennill 
2009) rates of  EPP, it is perhaps unsurprising that few previous stud-
ies find direct support for the acoustic paternity-guarding hypothesis.

We conducted an experimental test of  several hypotheses for 
the function of  duetting in the red-backed fairy-wren, Malurus 
melanocephalus, a cooperatively breeding Australian bird species 
with moderately high EPP rates (54% of  young result from extra-
pair copulations [EPCs], Webster et  al. 2008). In this species, 
all members of  the cooperatively breeding group (male, female, 
and auxiliary helpers) sing, and songs are often joined together 
in polyphonic duets (Thorpe et al. 1972; Hall and Peters 2008b; 
Dowling and Webster 2013). Like in other species of  Malurus, 
extrapair matings are rarely observed in red-backed fairy-wrens 
(Webster M, personal communication; Rowley and Russell 1990; 
Karubian 2002). Males of  this species leave their breeding terri-
tories, intrude on territories of  neighboring males, and display to 
females with puff-back displays, food and petal carries, and sexual 
chases (Karubian 2002). EPCs are rarely observed during or after 
courtship displays from extrapair males (Dowling J, unpublished 
data; Karubian 2002). This suggests that EPCs occur at other 
times, and female red-backed fairy-wrens may make predawn 
forays to the territories of  the extrapair mate she chooses based 
on diurnal displays, as in other species of  Malurus (Double and 
Cockburn 2000). Red-backed fairy-wrens males physically guard 
their mates by remaining close during their fertile stage (Dowling 
J, in preparation; Karubian 2002). This and other mate-guard-
ing behaviors, possibly including duetting, may allow a male to 
prevent rival males from intruding and displaying to his mate, 
thereby interfering with the mate’s ability to assess and select an 
extrapair mate, which may in turn prevent females from later 
engaging in extraterritory forays and EPCs.

Duets in this species are composed of  nonidentical songs sung 
with overlap (Thorpe et al. 1972; Hall and Peters 2008b; Dowling 
and Webster 2013), and thus fit a broad definition of  duetting (i.e., 
coordinated singing by 2 individuals so that their phrases alternate 
or overlap, Hall 2009). Overlapping songs in red-backed fairy-wrens 
do not, however, meet all characteristics of  more specific definitions 
of  duetting (i.e., a constant time lag between the contributions of  
the 2 individuals, and a stereotyped structure that occurs repeat-
edly and predictably in time, Langmore 2002) because the time 
lag between song contributions is moderately variable, notes within 
songs are not consistently antiphonally coordinated, and songs sung 
in duets show no apparent differences from solo songs (Dowling 
and Webster 2013). Nonetheless, in this species, song overlap occurs 
much more often than expected if  individuals sing randomly with 
regard to each other (Dowling and Webster 2013). Our under-
standing of  these types of  duets is limited, and functional studies 
are needed for insights into the diversity and evolution of  different 
forms of  coordinated vocal display.

Red-backed fairy-wrens are an ideal system for studying the func-
tion of  vocal duets, particularly the paternity-guarding hypothesis, 
because relatively high cuckoldry rates and pressure from intruding 
rival males predict males will use a suite of  guarding behaviors to 
maintain paternity, possibly including acoustic guarding. Accordingly, 
we designed our experiment and analyses to specifically test the 
paternity-guarding hypothesis, rather than the more general acoustic 
mate-guarding hypothesis. As a result, we did not specifically test for 
female acoustic guarding of  the male in this study, though we address 
this hypothesis to the extent possible with our data.

In this study, we used a dual-speaker playback experiment 
(Logue and Gammon 2004; Rogers et  al. 2004; Mennill 2006) 
to test several hypotheses for the function of  duetting in the red-
backed fairy-wren (Table  1). Specifically, we were able to directly 
determine whether duets in red-backed fairy-wrens function pri-
marily for territory defense, for acoustic paternity-guarding, or for 
some other purpose. The territory defense and acoustic paternity-
guarding hypotheses both assume that the intended receivers of  
duets are individuals outside of  the pair bond (Table 1, i.e., duets 
function for communication with conspecifics on other territories, 
Mennill 2006). The territory defense hypothesis (Seibt and Wickler 
1977)  predicts that because duets are territorial “keep-out” sig-
nals, pair members will respond to a simulated territorial intrusion 

Table 1
Hypotheses for duet function tested and predictions for dual-speaker playback experiment

Hypothesis Focal pair movement response Duet response

Territory defense Male and female response: Duet rate:
Duet to create stronger “keep-out” signal to  
same-sex and opposite-sex rivals

 Stronger response to duet than solo
  Especially in pre-breeding stage
 Response to male speaker = female speaker

  Higher in playback period than pre- or 
post-playback

  Especially in pre-breeding stage
 Higher in duet treatment than either solo
 Higher in pre-breed than other stages

Paternity-guarding Male response: Duet rate:
Males duet with their mates to signal their mated 
status and repel rivals who threaten paternity, 
especially when mates fertilizable

 Stronger response to male than female speaker 
 Stronger response to male solo than duet

Higher in playback period than pre- or 
post-playback 

  Especially in female receptive stage
  Higher when female receptive than other stages
Male answer female songs:
 Higher rate in male solo than other treatments
  Higher rate when female receptive than other 

stages
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(playback) by singing duets, will do so most often in the early breed-
ing stages when territories are first being established, and will not 
discriminate among male and female intruders. Pairs also are 
expected to respond with higher aggression and duet rate to duet 
than to solo treatments, especially during the pre-breeding stage, as 
intruders singing duets rather than solos represent a greater threat, 
possibly leading to a territorial claim. However, we point out that 
in some previous studies, authors suggest that equivalent responses 
to all treatments may also support the territory defense hypothesis 
(Benedict 2010; Dahlin and Wright 2012). Pairs are expected to 
respond equally to both the male and female contributions to the 
duet, as both male and female intruders threaten territory owner-
ship in species where both sexes are territorial.

The acoustic paternity-guarding hypothesis (Stokes 1968; 
Sonnenschein and Reyer 1983), on the other hand, posits that males 
duet with their mates as an agonistic signal, intended for same-sex 
rivals, which communicates that the female is paired. Thus, the 
acoustic paternity-guarding hypothesis first predicts that a male will 
respond more strongly to the male than to the female speaker dur-
ing stereo duet playback, because that male’s duet contribution is a 
signal intended for him, a same-sex rival (Mennill 2006). Second, 
this hypothesis predicts that unmated solo territorial intruders 
should elicit a stronger response from same-sex individuals than 
should paired duetting intruders (Templeton et  al. 2011), because 
the relative paternity threat is higher for solo than for paired intrud-
ers (Hall 2004). This hypothesis lastly predicts that a male will sing 
in response to his mate’s songs to form duets more often when a 
male intrusion is simulated (Levin 1996) and during her receptive 
stage, when the threat of  cuckoldry is highest.

Our previous work using correlative approaches (Dowling 
and Webster 2013) suggested that duetting functions in territo-
rial defense and not in mate-guarding in this species, but these 
2 hypotheses are notoriously difficult to separate using observa-
tional data alone (Hall 2009; Douglas and Mennill 2010). This 
study is the first to use a dual-speaker playback design to inves-
tigate the function of  duetting in a species with moderately high 
levels of  EPP and so provides a critical piece of  the puzzle for 
understanding how coordinated displays function across different 
mating systems.

METHODS
General field methods

We conducted a dual-speaker playback experiment in the 
2011/2012 breeding season (October–January). Male and female 
duet contributions were broadcast through different speakers (see 
Logue 2005; Mennill 2006). This setup allowed assessment of  each 
focal pair member’s response to a male and a female song simul-
taneously and allowed us to test a critical prediction that separates 
the territory defense and acoustic paternity-guarding hypotheses 
(Mennill 2006).

Red-backed fairy-wrens are a territorial species and defend rela-
tively large areas for breeding and foraging; territories are on aver-
age 103.4 ± 35 m across (N = 14 territories, Dowling J, unpublished 
data). Males exhibit 2 distinct breeding plumage types: red–black 
plumage (greater than 66% of  plumage is red and black, scored on 
6 body regions) or brown plumage (less than 33% of  plumage is red 
and black) (Karubian et al. 2008). Although some males show inter-
mediate plumage scores, plumage type generally shows a bimodal 
distribution in this species (Webster et  al. 2008). Males in 9 focal 

groups were breeding in red–black plumage (greater than 85% of  
each focal male’s plumage was red and black), whereas males in 7 
breeding groups had brown plumage. Subjects in this study were 
16 breeding groups, 5 of  which had an auxiliary helper (son from 
previous year in all cases). In red-backed fairy-wrens, pair bonds 
between close relatives occasionally form and are associated with 
changes in EPP allocation (Varian-Ramos and Webster 2012). To 
avoid potential biases, we ensured that in all 16 breeding groups, 
the social pairing was between unrelated birds.

Focal birds were captured in mist nets and marked with a 
unique color band combination, allowing individual identifica-
tion. Breeding stages were defined as follows: 1)  the pre-breeding 
stage, before the female began nest building (N = 36 experiments 
conducted an average of  26 ± 6.5  days before first egg was laid); 
2) the fertile stage, between the first observed solicitation or copula-
tion and when the penultimate egg was laid (N = 54 experiments 
conducted an average of  4 ± 5.5 days before first egg was laid); and 
3) the incubation stage, the period when the female was incubating 
her clutch of  eggs (N = 45 experiments conducted an average of  
11 ± 2.4 days after first egg was laid).

Playback stimuli

We created stimulus songs for 3 different treatment categories: 
male solo, female solo, and simultaneous duet. Sets of  stimulus 
songs played to each focal group were unique (16 different male 
solos and 16 different female solos) and were from high-quality 
recordings made during the dawn chorus, following playback pro-
tocols as in Greig and Webster (2013). We used Syrinx PC (J. Burt, 
Seattle, WA) to create all stimuli. Amplitudes of  songs were nor-
malized to 3500u (the highest amplitude possible without waveform 
clipping), and songs were bandwidth filtered so that the entire file 
ranged from 2400 to 17 800 Hz, which left spectral space occupied 
by song elements intact (Greig et al. 2013). We created duet stim-
uli by combining the male and female solos used for solo stimuli 
(matched for length) into stereo files using Audacity 1.2.5 (D.M. 
Mazzoni, Canada, http://audacity.sourceforge.net/, last accessed 
11 September 2015). Male and female duet components were 
combined so that they began at the exact same time for all duet 
treatments. For each treatment type, we combined 14 copies of  the 
same stimulus onto 1 track so that 1 stimulus was played every 20 
s and the total playback length was 5 min. Tracks started with 20 
s of  silence and ended after the 14th stimulus. This song rate was 
chosen because red-backed fairy wrens sing approximately 1 song 
for every 20 s during aggressive interactions and during the dawn 
chorus (Dowling and Webster 2013). Simultaneous duets were used 
because the majority of  red-backed fairy-wren duets are sung with 
complete or near complete overlap; 79% of  duets measured have 
<1 s between the start of  the first bird’s song and the start of  the 
responding bird’s song (Dowling and Webster 2013).

Playback procedure

Each focal group was played with all 3 playback treatments (male 
solo, female solo, and duet) once in each of  3 breeding stages (pre-
breeding, fertile, and incubation). We conducted 135 total playbacks 
on 16 groups. All but 3 of  the groups received playbacks during all 
3 breeding stages; the 3 groups that did not were each missing 1 
playback. We conducted 44 duet treatment, 45 male solo treatment 
and 45 female solo treatment playbacks. Stimuli played to each 
group were recorded from non-neighboring birds from the same 
population that were at least 5 territories away. Playback of  each 
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treatment was separated by approximately 60 min (91 ± 31 min, 
ranging from 40- to 200-min separation). For the duet treatment, 
we balanced the number of  times the female solo was played on the 
left channel and the male solo on the right (N = 22) and vice versa 
(N  =  22). The duet presented to each pair was composed of  the 
same male solo and female solo that was presented to them in the 
solo treatments. A unique set of  playback stimulus songs was pre-
sented to each focal group, and the same set was presented to that 
group in a different order in each of  3 breeding stages (once each 
with male solo first, female solo first, and duet played first, with 
the treatment for the first experiment for each group determined 
randomly).

Experiments were conducted between 05:30 and 12:30, which is 
after the red-backed fairy-wren dawn chorus ends and is an active 
time of  day for singing and other behaviors (Dowling J, unpub-
lished data). At the start of  each experiment, 2 speakers (Pignose 
Legendary 7–100, Pignose-Gorilla, Las Vegas, NV) were set up 10 
m apart, within the focal territory and greater than 10 m from a 
territory boundary. Songs were played from an iPod nano (Apple 
Inc., Cupertino, CA) connected to each speaker via a 30-m cable. 
The first observer stood about 20 m from the speakers, with both 
speakers in clear view, and operated the iPod, whereas the second 
observer kept track of  focal birds. When all members of  the focal 
group were located within 25 m of  speakers, the playback began. 
For solo treatments, the male solo and female solo were played 
from the same speaker, and for duet treatments, the speaker that 
played the male and female contribution to the duet was deter-
mined beforehand and balanced. Songs were broadcast at 90 
dB at 1 m.  Each of  2 observers was equipped with a Marantz 
PMD661 solid-state digital recorder (Marantz America, Itasca, 
IL) and Sennheiser ME67 highly directional long-gun microphone 
(Sennheiser Corp., Old Lyme, CT) with a Rycote softie windshield 
and mount. Observers dictated the bird’s behaviors and details 
about vocalizations into the recorder during the experiment.

We observed birds for a 5-min pre-playback period of  silence, 
5-min playback period, and 5-min post-playback period of  silence. 
During these observation periods, both observers immediately 
began to dictate the following behaviors as they occurred: counts 
of  male, female and helper solos, duets and who initiated each, 
distance of  each group member from each speaker throughout 
the entire period, closest approach of  each group member to each 
speaker, number of  flights over each speaker, all group member 
flights and flight following, distance between group members, and 
latency to approach within 5 m of  each speaker. Distance was esti-
mated using the distance between the 2 playback speakers (10 m) as 
a standard. When birds did not approach within 5 m of  speakers 
during the entire period, their latency to approach was coded as the 
total time in the period (the maximum possible latency given the 
period length).

Statistical methods

To test predictions that involved focal pair movements, we deter-
mined how focal birds’ movement response varied during the play-
back period across treatments and breeding stages. We combined 
several movement responses into one principal component response 
score for the breeding male and another for the breeding female of  
the group (Table  2). A  higher response score indicates a stronger 
response to playback (less time to approach closely, closer approach, 
more time spent close, and more flights over speakers). We ran a 
linear mixed-effect model for each response variable (male response 
PC1 and female response PC1) using the lme4 package in R v.3.1.2 

(R Development Core Team 2014) with breeding group number as 
a random effect, and playback treatment, breeding stage, breeding 
male plumage type, and all interactions as fixed effects.

To determine how pair members responded to the male speaker 
versus the female speaker when both were presented simultane-
ously, we calculated the difference in response to one speaker versus 
the other (e.g., number of  male flights over the male speaker minus 
the number of  male flights over the female speaker), just within the 
dual-speaker duet treatment. We used 1-sample t-tests in JMP ver-
sion 10 (SAS Institute Inc., Cary, NC) to determine if  that differ-
ence was significantly different from 0. We did this for each of  the 
4 movement responses. For this analysis, responses were averaged 
across breeding stages to avoid pseudoreplication, because mul-
tiple experiments on the same group were conducted during each 
of  3 breeding stages. Results changed only minimally when tests 
were run on each breeding stage separately, and all differences are 
reported in results.

To test predictions involving vocal responses, we first deter-
mined how focal birds’ duet response varied across trial types (pre-
playback, playback, and post-playback), playback treatments, and 
breeding stages. We ran a generalized linear mixed model (GLMM) 
with a Poisson distribution with number of  duets as the response 
variable and amount of  time as an offset argument. The model 
included breeding group number as a random effect, and trial type, 
playback treatment, and breeding stage as fixed effects. Next, we 
determined how the male’s song answering behavior (the propor-
tion of  female songs the male answered to form a duet) varied 
across playback treatments and breeding stages. We used a GLMM 
with binomial counts as outcomes (number of  times the male joined 
the female’s songs to form a duet) and a weight argument specified 
(number of  female songs) to analyze the proportion of  female songs 
the male answered. The model included breeding group number 
as a random effect, and playback treatment and breeding stage as 
fixed effects.

To test for physical mate-guarding during experiment trials, 
we tested the effect of  playback treatment and breeding stage on 
movements that the male made toward the female (proportion of  
female flights male followed and male–female distance). We ran a 
GLMM either with binomial counts as outcomes (proportion of  
female flights the male followed) and a weight argument specified 
or a Poisson distribution with distance between male and female 
and amount of  observation time as an offset argument.

All models were first run including all interactions, and nonsig-
nificant interactions were then removed in future model iterations. 
All models were also run with the presence/absence of  an auxiliary 
helper, breeding male plumage, and treatment presentation order 
as a fixed effects, which were removed from final models when 

Table 2
Correlations of  4 behavioral response variables with the first 
principle component in a Principle component analysis

Male PC1 Female PC1

Eigenvalue 2.74 2.57
Percent variation 68.5 64.2
Amount of  time spent within 5 m −0.84 −0.86
Closest approach 0.80 0.79
Latency to approach within 5 m 0.93 0.86
Number of  flights over −0.72 −0.69

Response variables describe focal male and female’s strongest response to 
either speaker in a trial.
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nonsignificant (unless specified in results). Periods during the exper-
iment, where either the male or female was absent (off territory or 
at the nest), were excluded from all analyses.

RESULTS
Movement responses

Females showed a stronger movement response to the duet treat-
ment than to the male or female solo treatment in the pre-breed 
and fertile stages of  their nesting cycle (LMM: playback treatment 
× breeding stage: χ2 = 12.0, degrees of  freedom [df] = 4, P = 0.018, 
N  =  117 observations of  16 groups, Figure  1a, Supplementary 
Table S1). Males showed a similar pattern, with response to duet 
treatment higher than male or female solo treatments in pre-
breeding and female receptive stages, although the overall pattern 
was not significant (LMM: playback treatment × breeding stage: 
χ2 = 9.2, df = 4, P = 0.056, N = 122 observations of  16 groups, 
Figure 1b, Supplementary Table S1). Overall, within each experi-
mental period, the male’s response did not differ from that of  the 
female (2-tailed paired t-test: t16  =  −0.4, P  =  0.7). These results 
provide partial support for the first 2 predictions of  the territory 

defense hypothesis, albeit with stronger support for females than 
for males. We found a significant interaction between breeding 
stage and male plumage type, such that brown males responded 
more aggressively than red–black males to simulated intrusion in 
their mate’s fertile stage (plumage type × breeding stage: χ2 = 9.2, 
df = 2, P = 0.010).

We found no difference in the response of  each pair member to 
the male speaker versus the female speaker (Figure  2). Responses 
to the speakers did not differ with respect to the proportion of  
time spent within 5 m (1-sample t-test, males: t16 = 0.12, P = 0.91; 
females: t16 = 0.28, P = 0.79), closest approach (males: t16 = −1.19, 
P = 0.3, females: t16 = −2.13, P = 0.051), latency to approach within 
5 m (males: t16 = 0.71, P = 0.49; females: t16 = −0.42, P = 0.68), 
or number of  flights over the speaker (males: t16 = 1.07, P = 0.3; 
females: t16 = 0.18, P = 0.86). These results do not support the criti-
cal prediction of  the acoustic paternity-guarding hypothesis (that 
males will show more aggression to the male speaker) and instead 
support the territory defense hypothesis. Females showed a trend of  
approaching the male speaker more closely than the female speaker, 
but this result was not significant. When we looked at responses 
within each breeding stage, we saw no difference in results, except 
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that during the pre-breeding stage females approached the male 
speaker more closely (t16  =  −3.4, P  =  0.007) and approached the 
male speaker more quickly than the female speaker (t16  =  −2.8, 
P = 0.017). This result does not provide clear support for either the 
territory defense or the acoustic paternity-guarding hypothesis and 
suggests that to females, males may pose a greater threat than other 
females, possibly due to their larger size (Schwabl et al. 2015), but 
the nature of  the threat is unclear.

Vocal responses

Focal pairs sang more duets during the playback period, regard-
less of  treatment played, than in the pre- or post-playback 

control period (GLMM: trial type × breeding stage: χ2  =  17.34, 
df = 4, P = 0.002, Figure 3, Supplementary Table S2). This pat-
tern was similar across all 3 breeding stages, but strongest in the 
female’s fertile stage (Figure 3). Duet rate differed across breeding 
stages (χ2  =  16.05, df  =  2, P  =  0.0003, N  =  114 observations of  
16 groups), but not across playback treatments (χ2 = 0.89, df = 2, 
P = 0.64), and there was no significant interaction between breed-
ing stage and treatment (χ2 = 4.44, df = 4, P = 0.35). Duet rates 
were highest in the pre-breeding stage (post hoc z-test of  GLMM 
least-squares means: pre-breed vs. fertile: z  =  2.5, standard error 
[SE] = 0.3, df = 2, P = 0.0335; pre-breed vs. incubation: z = 3.89, 
SE  =  0.4, df  =  2, P  =  0.0003), intermediate in the fertile stage 
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Variation in mean duet rate (± SE) across 3 playback periods (pre-playback, playback, and post-playback) and across 3 breeding stages. *P < 0.05. 
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(fertile vs. incubation: z = 2.5, SE = 0.3, df = 2, P = 0.0328), and 
lowest in the incubation stage. These results support one prediction 
of  the territory defense hypothesis and may provide partial support 
for one prediction of  the acoustic paternity-guarding hypothesis. 
We also found that in groups with auxiliary helpers, pair members 
sang more duets during experiments than pairs without helpers 
(z = −2.14, SE = 0.63, df = 1, P = 0.0325).

We found no difference in the proportion of  female songs the 
male answered across playback treatments (GLMM: χ2  =  1.08, 
df = 2, P = 0.58, N = 64 observations of  16 groups) or breeding 
stages (χ2  =  0.24, df  =  2, P  =  0.89), which does not support the 
acoustic paternity-guarding hypothesis. We saw different results for 
female duet rates with males. During the female fertile stage, when 
compared with the female solo treatment (experiment treatment × 
breeding stage: χ2 = 10.2, df = 4, P = 0.037, N = 70 observations 
of  16 groups), females answered a higher proportion of  their mate’s 
songs in the duet treatment (post hoc z-test of  GLMM least-squares 
means: z = −2.69, SE = 0.6, df = 2, P = 0.02) and (marginally) in 
the male solo treatment (z = −2.3, SE = 0.7, df = 2, P = 0.056).

Physical mate-guarding

We found no difference in the proportion of  female flights that 
the male followed across playback treatments (GLMM: χ2 = 1.61, 
df = 2, P = 0.45, N = 79 observations of  16 groups) or breeding 
stages (χ2 = 3.97, df = 2, P = 0.14) and no significant interaction 
between the 2 (χ2 = 3.69, df = 4, P = 0.45). Likewise, we found no 
difference in the distance between the male and female across play-
back treatments (χ2 = 2.48, df = 2, P = 0.29, N = 98 observations 
of  16 groups), though the pair stayed closer during the female’s 
fertile stage than during incubation (post hoc z-test of  GLMM 
least-squares means: z  =  −3.11, SE  =  0.14, df  =  2, P  =  0.0054). 
In groups with helpers, males followed their mate less than males 
without helpers in the incubation stage (helper presence × breeding 
stage: χ2 = 8.8, df = 2, P = 0.012). In addition, brown males fol-
lowed their mates more than red–black males, across all stages and 
treatments (χ2 = 6.8, df = 1, P = 0.0097).

DISCUSSION
We used a dual-speaker playback design to distinguish between 
the territory defense and acoustic paternity-guarding hypotheses, 
which are difficult to separate using behavioral observations or a 
traditional single-speaker playback experiment (Hall 2009; Douglas 
and Mennill 2010). Our results suggest that the primary function 
of  duets in the red-backed fairy-wren is territory defense (see also 
Dowling and Webster 2013).

Our results support 4 out of  5 predictions of  the territory 
defense hypothesis. One prediction, that duet rate will be higher 
in the duet treatment, was not supported, but it is important to 
note that we may see no difference in duet rate across playback 
treatments because pairs respond to duet playback with physi-
cal aggression and that may prevent or distract them from duet-
ting simultaneously. Our results do not support the one prediction 
of  the acoustic paternity-guarding hypothesis that differs critically 
from predictions of  the territory defense hypothesis (same-sex bias 
in response to playback speakers, Table 1), meaning that the pair’s 
behavior was not in line with the predictions of  the paternity-
guarding hypothesis.

We found that pairs responded to a simulated territorial intru-
sion (playback, all treatments) by singing duets, particularly during 
the female’s fertile stage. This may suggest that males use duets to 

repel rivals, particularly when the risk of  paternity loss is at its high-
est. On the other hand, total duets included both those initiated by 
males and those by females, and if  paternity-guarding is a function 
of  duetting, we would also expect that males would answer their 
mate’s songs more in the fertile stage, a pattern we did not see. We 
also find no support for female acoustic guarding of  males because 
females did not show more aggression to the female speaker or 
female solo treatment and did not answer more of  their mate’s 
songs in duet when an intrusion from a solo female was simulated. 
Taken together, these results suggest that duets in this species func-
tion primarily as a keep-out signal meant for individuals outside of  
the group.

Our results complement those from other studies: across bird 
species, territory defense seems to be a main function of  duetting, 
but duetting also seems to have evolved for multiple functions (Hall 
2009; Dahlin and Benedict 2013). Duets create a strong signal that 
is loud and easy to locate and may serve as a stronger signal of  ter-
ritory ownership than does solo song (Hall 2009). Indeed, several 
studies show that duets are more threatening territory displays than 
are solo songs (Hall 2009). In addition to being louder and easier to 
locate, duets also provide more information to the receiver about 
the senders than do solo songs: a duet signals when both members 
of  the pair are present and ready to attend to a threat and provides 
information about the quality and condition of  each duet contribu-
tor as well as information about the quality of  their pair bond (Hall 
2009).

We chose to investigate the acoustic paternity-guarding hypoth-
esis because duetting has been primarily studied in species where 
EPP rates are low (e.g., Hall and Magrath 2000; Gill et  al. 2005; 
Hall and Peters 2008b; but see Benedict 2010) and/or details of  
cuckoldry and EPP rate are unknown (e.g., Logue and Gammon 
2004; Bradley and Mennill 2009). Investigating vocal strategies 
across a wide range of  mating systems is crucial to understanding 
how they evolve. Theoretical models predict little mate-guarding 
when pair members are very faithful or very unfaithful (Kokko and 
Morrell 2005). Because red-backed fairy-wrens show an intermedi-
ate level of  cuckoldry (54% of  young result from EPCs, Webster 
et al. 2008), we predicted that red-backed fairy-wren males would 
guard mates heavily and possibly use duetting as part of  a larger 
suite of  paternity-guarding behaviors. Despite the fact that mate-
guarding should be important to species with moderately high rates 
of  EPP, our results do not support the predictions of  the acoustic 
paternity-guarding hypothesis, including the critical prediction of  
the hypothesis (same-sex bias in response to playback of  male and 
female duet contributions).

If  mate-guarding strategies should be well developed in species 
with moderate levels of  cuckoldry, why did we find little support 
for the acoustic paternity-guarding hypothesis? There are several 
potential explanations. First, it is possible that red-backed fairy-
wren males rely mainly on nonvocal forms of  mate-guarding, such 
as mate following or physical aggression. Physical mate-guarding 
has been studied in 2 other fairy-wren species, one where pair 
members are extremely faithful (purple-crowned fairy-wrens) and 
one where pair members are extremely unfaithful (superb fairy-
wrens), and neither guard mates heavily (Mulder 1997; Hall and 
Peters 2008a), as predicted by theoretical models. In this study, 
we found that male red-backed fairy-wrens showed some physical 
guarding behaviors during simulated intrusions, but males did not 
target physical aggression on intruding males, as one would expect 
if  they were guarding their mates from rivals. Male red-backed 
fairy-wrens do show physical guarding of  fertile mates (Dowling 
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J, in preparation; Karubian 2002), but the behavior was not pro-
nounced during experimental trials. Another explanation is that 
acoustic guarding may not be favored in this species because it 
has little impact on EPP rates, which may be the case if  females 
engage in EPCs regardless of  male-guarding efforts. We expect 
male-guarding may prevent neighboring males from intruding and 
displaying to their mates, which is expected to reduce cuckoldry. If  
this is the case, guarding does not necessarily eliminate a female’s 
opportunities to obtain EPCs, because in the closely related superb 
fairy-wrens, females sneak out for EPCs under cover of  darkness 
(Double and Cockburn 2000) and it is possible that female red-
backed fairy-wrens may do the same.

Another possible reason we see little acoustic and behavioral mate-
guarding in our study is that EPP rates may be too high to favor 
acoustic mate-guarding in this species, and they may exhibit the 
behavior predicted by Kokko and Morrell’s (2005) model for species 
with high cuckoldry rates (i.e., low levels of  mate-guarding). This also 
seems unlikely because red-backed fairy-wrens are faithful to one 
another almost as often as they are unfaithful (given that EPP rates 
are 54% of  young), which predicts they should show maximal levels 
of  mate-guarding. One last possibility is that we may have missed a 
finer-scale pattern, as some males within our study population may 
have reduced need to guard their mates. Specifically, theoretical mod-
els (Kokko and Morrell 2005) predict that unattractive males should 
guard their mates at high levels, because they are vulnerable to cuck-
oldry and have a low probability of  siring extrapair young of  their 
own, whereas attractive males should guard their mates little, because 
they will receive a higher payoff from seeking EPCs (i.e., their attrac-
tiveness both protects them from cuckoldry and increases success with 
additional females). In our study species, red–black males appear to be 
relatively attractive, compared with males that breed in brown plum-
age (Karubian 2002; Webster et  al. 2008). We would expect more 
mate-guarding behavior (including acoustic guarding) from brown 
than red–black males. Indeed, we found that during experimental tri-
als, brown males showed more aggression to intruders than red–black 
males during their mate’s fertile stage, and they followed their mates 
more across all treatments and stages. Future studies will be tailored to 
address the possibility that duet function differs between attractive and 
unattractive red-backed fairy-wren males.

CONCLUSION
Our study joins the majority of  studies to date on the function of  
avian duets in supporting the territory defense hypothesis (Hall 
2009; Dahlin and Benedict 2013). Given the substantial empiri-
cal support for this hypothesis, duetting and chorusing may have 
evolved multiple times in various groups primarily to serve a ter-
ritorial defense function. Duets, whether antiphonal or overlapping, 
are often louder, longer, and easier to locate than solo songs, and 
also signal when more than 1 individual is present and attending 
to the threat (Hall 2009), which may make them ideal keep-out 
signals. This study is the first to investigate the function of  duet-
ting in a species known to have moderate levels of  cuckoldry and 
thus helps to fill an important gap in our knowledge on the role of  
the mating system in the evolution of  coordinated vocal displays. 
This and other empirical research into the function of  duetting in 
taxonomically diverse systems help to further our understanding of  
the evolutionary underpinnings of  complex vocal signals when the 
pressures of  defending a territory, coordinating breeding, and suc-
cessfully guarding a mate vary across species with different mating 
systems.
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