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Abstract:

Background:

Duet function hypotheses have been mostly studied in bird species that produce duets with male and female solo songs. However, in
order to understand if patterns of duet function are similar across all duetting species, it is highly necessary to test the duet function
hypotheses in species that produce duets with vocalizations other than solo songs.

Objective:

We studied the responses of territorial pairs to each sex’s individual duet contribution and complete duets in a species that produces
duets with a vocalization other than male and female solo songs.

Methods:

We  conducted  a  playback  experiment  where  we  presented  duet  contributions  of  each  sex  to  three  populations  of  White-eared
Ground-sparrows (Melozone leucotis) in Costa Rica, during this species’ breeding season in 2016.

Results:

The responses to complete duets were stronger than those to each sex’s duet contribution, suggesting that complete duets and each
sex’s duet contribution have different functions. Complete duets are used to protect resources from intruders (supporting the resource
defense hypothesis), and to prevent the partner from being usurped by intruders (supporting the mate-guarding hypothesis). Males
used solo songs in response to female duet contributions, and this may work to attract intruder females (increasing the probability of
extra-pair copulation). Males also use solo songs in response to male duet contributions, which may work as a signal to repel intruder
males and guard their female. In this case, where mate attraction occurs with a completely different type of vocalization than used for
duetting, we found a clear pattern of a double agenda for males when a territorial intrusion occurs.

Conclusions:

This study provides strong support for the dual function hypothesis in duets and reveals conflicting selective pressures between pair
members relative to each hypothesis.
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1. INTRODUCTION

Vocal displays coordinated in time and/or frequency between two individuals of the same  or opposite  sex are
 called  duets and  occur in  diverse taxa  [1]. Among  all taxonomical  groups  that produce duets (e.g., insects, anurans,
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birds, and mammals) [1 - 3], birds are the group where this vocal behavior is most commonly reported and studied [1,
4]. This is because duets occur in several different related and non-related bird species in different geographical regions.
Most duetting bird species are found in tropical regions rather than temperate zones because in tropical regions, female
song occurs most commonly [1, 5 - 7], and this is a requirement for vocal duets in the majority of species [1, 4]; with
the exception of Chiroxiphia manakins, another group of tropical species, duets are produced by two males [8, 9].

In birds, there are 12 proposed hypotheses for duet function, which can be split into two main groups [1, 4]. The
first  group  of  hypotheses,  where  pair  members  compete  for  their  own  benefit  (intrapair  conflicts),  include  mate
guarding, paternity guarding, extra-pair mating, and change to partners [1, 10]. The second group of hypotheses, where
pair members cooperate for mutual benefits [1, 4], include joint resource defense, maintaining the pair bond, protection
from  predators,  and  ensuring  reproductive  synchrony  [1].  Although  the  evidence  from  experimental  studies  has
supported  both  groups  of  functions  and  all  hypotheses  proposed,  it  has  also  shown  that  duets  are  sometimes
multifunctional within species [1, 4]. For example, duet studies of Rufous-and-white Wren (Thryophilus rufalbus) [11,
12] support the resource defense, mate guarding, and recognition and contact hypotheses. In Magpie-larks (Grallina
cyanoleuca)  and  California  Towhees  (Melozone  crissalis),  duets  are  used  in  resource  defense  and  mate  guarding
[13-16].

However, the majority of studies on duet function have been conducted in bird species that produce duets using
male and female solo songs (e.g., antbirds, wrens, fairy-wrens, boubous) [4, 5, 10]. However, in order to understand if
patterns  of  duet  function  are  similar  across  all  duetting  species,  it  is  highly  necessary  to  test  the  duet  function
hypotheses in species that produce duets with vocalizations other than solo songs (e.g., towhees, ground-sparrows, or
finches) [17 - 19]. If duets show similar functions in species that produce duets using solo songs, as well as those that
duet with other types of vocalizations, this would provide direct evidence of consistency in duet function across bird
species. In those species that do not use solo songs to create duets, females apparently lack the capacity to produce male
solo songs [18, 20]. Therefore, another type of vocalization, differing structurally from the solo song, is produced by
both sexes to create duets [5, 19, 20]. Additionally, vocalizations used to produce duets are rarely produced alone in
those species and a single individual contribution to the duets produces an incomplete duet [18, 20], confirming that the
main purpose of these vocalizations is to produce duets.

The main objective of this study is to test if territorial pairs respond differently to each sex’s duet contributions and
complete duets in a bird species that produces duets with a vocalization other than solo songs. According to hypotheses
of duet function [1], we predict that (1) if duets function in joint resource defense, duet stimuli would evoke a more
intense  response  from territorial  pairs  than  each  sex’s  contribution  separately,  because  paired  intruders  represent  a
greater threat to resources than a solitary intruder [1, 4]. (2) If duets function in mate guarding (intrasexual conflict),
each  sex’s  contribution  would  evoke  a  more  intense  response  than  a  complete  duet,  because  a  solitary  intruder
represents more threat to a same-sex individual than paired intruders, given the increased probability that same-sex
rivals may pair or copulate with their partner [1, 4]. In this case, we would expect more intense responses towards same-
sex duet contributions than towards opposite-sex contributions, because duet contributions are used for mate guarding
and preventing extra-pair mating.

2. METHODS

We conducted this study in three populations of White-eared Ground-sparrows Melozone leucotis in the Central
Valley of Costa Rica: (1) Getsemani, Heredia province (10°01’N, 84°05’W, 1350 m); (2) Universidad de Costa Rica
Campus,  San  Jose  province  (09°56’N,  84°05’W,  1200  m);  and  (3)  Jardín  Botánico  Lankester,  Cartago  province
(9°50’N, 83°53’W, 1370 m). The study was conducted from 2 to 6 May 2016 during this species’ breeding season, and
from 0600 to  0900  hrs  when  this  species  is  most  vocally  active  [20].  The  number  of  pairs  studied  varied  between
populations: 13 at Universidad de Costa Rica campus, 10 at Getsemaní, and 9 at Jardín Botánico Lankester. In all 32
pairs,  one  or  both  individuals  were  color-banded,  allowing  individual  and  sex  recognition.  White-eared  Ground-
sparrows produce duets using vocalizations other than male solo songs [20], contrary to the majority of studied species
that produce duets [1, 4].

2.1. Playback Stimuli

We  create  a  single-channel  stimulus  using  recordings  obtained  from  previous  years  in  the  three  populations.
Recordings were obtained using a solid-state recorder (Marantz PMD661; sampling rate: 44.1 kHz; accuracy: 16-bit;
file format: WAVE) with a Sennheiser K6/ME66 shotgun microphone. Stimuli were created by isolating vocalizations
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(duets,  male  contributions,  and  female  contributions,  (Fig.  1))  with  a  high  signal-to-noise  ratio  which  was  not
overlapped with other sounds. Selected male and female contributions and duets were filtered to delete background
noise outside of the target vocalization’s frequency range using the FFT filter in Adobe Audition 1.0 (Adobe System
Incorporated); using the same software, we normalized the energy in all stimuli to -1 dB.

Fig.  (1).  Sonograms  of  stimuli  used  to  simulate  conspecific  territorial  intrusions  in  White-eared  Ground-sparrows  (Melozone
leucotis) territories. Control duets are Cabanis's Wren (Cantorchilus modestus).
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Male and female contributions to duets were obtained when individuals of each sex sang their contributions and the
other sex did not respond to create the duet (< 29% of occasions when pair members produced duet vocalizations) [20].
We  only  used  male  and  female  contributions  to  duets  when  we  could  visually  confirm  the  identity  of  the  singing
individual because both sexes can produce both contributions and regularly sing from hidden perches [20]; therefore,
identification based only on duet vocalizations is not possible. We obtained two male and two female duet contributions
from  each  population,  for  a  total  of  six  per  sex.  This  low  sample  size  is  due  to  the  low  occurrence  of  lone  duet
contributions and the challenges related to confirming the sex of the individual that produced them [20]. Therefore, each
pair  received  playback  of  a  duet  contribution  from  another  population  to  minimize  the  effects  of  familiarity  with
individuals.  For complete duets,  we used six different  duets (two per population) to match our sample size of duet
contributions and avoid differences in responses caused by using more different types of duet stimuli than individual
duet  contributions.  As  explained  above,  each  pair  received  playback  of  a  complete  duet  from  another  population.
Complete duets of White-eared Ground-sparrows show low pair distinctiveness, as shown in a previous study which
analyzed  582  duets  [20];  therefore,  we  are  confident  that  the  small  set  of  stimuli  of  complete  duets  we  used  are
representative  of  this  species’  duet  variation.  Additionally,  we  used  six  duets  from  Cabanis's  Wren  (Cantorchilus
modestus) as a control, because it is a species that shares habitat and territories with White-eared Ground-sparrows but
is not a competitor due to differences in diet and breeding requirements.

We broadcasted complete duets, each sex’s individual contributions, and control duets at a rate of four vocalizations
per  minute  inside  White-eared  Ground-sparrow  territories  at  5-10  m  from  one  territory  edge.  Each  playback  trial
involved  2  minutes  of  vocalizations  followed  by  5  minutes  of  silence.  Ground-sparrows'  response  behavior  was
observed during the 2 minutes of playback plus the first 3 minutes of the silent period. We used the last 2 minutes of the
silent period to allow the focal pair to resume their pre-playback activities (e.g., leaving the area around the speaker,
foraging, or moving inside the territory). The four stimuli were presented in quick succession during a single day; an
approach used in other playback experiments with territorial birds [21-24]. Stimulus order was selected following a
balanced design, where each stimulus occurs in each possible position and in the same proportion (i.e., duets occurred
in the first position in 7 pairs, in the second position in 8 pairs, in the third position in 7 pairs, and in the fourth position
in 10 pairs).

We used an Anchor Audio Minivox loudspeaker mounted at a height of 1.25 m attached to an iPod Nano portable
audio  player  to  conduct  the  playbacks.  The  observer  that  conducted  the  playback  was  located  at  8  m  from  the
loudspeaker observing and recording the birds’ response behaviors. Playbacks were conducted at a constant volume of
80 dB SPL, measured at 1 m from the speaker using a Sper Scientific digital sound level meter (model NIB -850014,
using fast response and A-weighting). This amplitude is similar to the amplitude of duets heard in the field at the same
distance and is the same amplitude used in another playback experiment with this species [24, 25].

2.2. Response Measures

We measured five behavioral responses during playback experiments: (1) the latency of the first vocalization (in
seconds); if the pair did not vocalize, we assigned a value of 301 s; (2) the latency of approach for the first individual of
the pair within 3 m from the loudspeaker (in seconds); if no individual approached, we assigned a value of 301 s; (3)
total  time inside the 3 m radius  from the loudspeaker  (in  seconds);  if  no individual  was within the 3 m radius,  we
assigned a value of 0 s; (4) total number of vocalizations; and (5) number of individuals of the pair that approached
within 3 m from the loudspeaker (0 - 2). We recorded all vocalizations produced in response to the playback during the
first 5 minutes of the experiment using a solid-state recorder (Marantz PMD661; sampling rate: 44.1 kHz; accuracy: 16-
bit;  file  format:  WAVE)  with  a  Sennheiser  K6/ME66  shotgun  microphone.  For  each  recorded  vocalization,  we
measured (1) the minimum frequency (in kHz), (2) the maximum frequency (in kHz), (3) the frequency of maximum
amplitude (in kHz), (4) the duration (in seconds), and (5) the entropy (in µ), which is the distribution of energy in the
sound (low values mean an equal distribution of energy in the sound time and frequency, whereas high values mean an
unequal  distribution  of  energy  in  the  sound  time  and  frequency).  These  measurements  were  obtained  using  a
combination of the spectrogram (to identify the vocalization), the power spectrum (to measure frequency limits), and
the wave spectrum (to measure time limits), in the sound analysis software Raven 1.4 (Cornell Lab of Ornithology,
Ithaca, NY, USA). The software configuration followed these values: temporal resolution of 5.8 ms and a Hann window
with 256 kHz sampling, and a frequency resolution of 188 Hz with 50% overlap.
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2.3. Statistical Analysis

We conducted a Principal Component Analysis (PCA) to reduce our five behavioral responses into two composite
responses  (principal  components  with  an  eigenvalue  greater  than  1.0)  that  describe  the  response  behavior  of  our
territorial White-eared Ground-sparrow pairs. The first component explained 51.54% of the original variance of five
response variables, and showed a strong relationship with rapid approach to 3 m from the loudspeaker (r = -0.91), more
time  inside  3  m  radius  from  the  loudspeaker  (r  =  0.86),  and  more  individuals  approaching  (r  =  0.85);  but  a  weak
relationship with the time of the first vocalization (r = -0.15) and number of vocalizations (r = 0.06). We called this first
principal component “approach response”, where pairs with higher values approached faster, spent more time close to
the stimulus, and more individuals approached. The second component explained 22.29% of the original variance of
five  response  variables,  and  showed  a  strong  relationship  with  rapid  vocalizations  (r  =  -0.77)  and  number  of
vocalizations (r = 0.80); but a weak relationship with approach to 3 m from the loudspeaker (r = -0.13), time inside 3 m
radius from the loudspeaker (r = 0.06), and the number of individuals approaching (r = 0.17). We called this second
principal  component  “vocal  response”,  where  pairs  with  higher  values  vocalized  faster  and  produced  more
vocalizations. Then, we conducted two linear mixed-effects models to test how the approach and vocal responses varied
according to the stimulus used (four levels: complete duet, male or female duet contribution separately, and control).
We included pair and playback identity as random factors in our linear mixed-effect models.

We also conducted PCA to reduce the five acoustical measurements of each type of vocalization (i.e., calls, songs,
and  duets)  produced  as  responses  to  the  playback  during  the  first  5  minutes  of  the  experiment  into  two composite
responses (principal components with an eigenvalue greater than 1.0). These components described the structure of the
vocalizations  of  White-eared  Ground-sparrow  territorial  pairs.  Each  type  of  vocalization  was  analyzed  separately,
because they are structurally different [20, 24]. The first component for chip calls explained 49.81% of the original
variance of the five response variables, and showed a strong relationship with frequency of maximum amplitude (r =
0.91), minimum (r = -0.96), and maximum frequency (r = 0.86); but a weak relationship with duration (r = -0.07) and
energy entropy (r = -0.08). The second component explained 25.41% of the original variance of five response variables,
and showed a strong relationship with duration (r = 0.80) and energy entropy (r = -0.77); but a weak relationship with
frequency of maximum amplitude (r = 0.11), minimum (r = 0.06), and maximum frequency (r = -0.16).

The first component for tseet calls explained 42.20% of the original variance of the five response variables, and
showed a strong relationship with duration (r = 0.71), maximum frequency (r = 0.83), and energy entropy (r = 0.92); but
a weak relationship with frequency of maximum amplitude (r = 0.05) and minimum frequency (r = -0.10). The second
component explained 34.33% of the original variance of five response variables, and showed a strong relationship with
frequency of maximum amplitude (r = 0.84) and minimum frequency (r = 0.83); but a weak relationship with duration
(r = -0.11), maximum frequency (r = 0.43), and energy entropy (r = -0.13).

The first component for solo songs explained 36.92% of the original variance of the five response variables, and
showed a strong relationship with duration (r  = 0.86),  frequency of  maximum amplitude (r  = 0.64),  and maximum
frequency (r = 0.73); but a weak relationship with energy entropy (r = 0.12) and minimum frequency (r = 0.26). The
second  component  explained  28.82%  of  the  original  variance  of  five  response  variables,  and  showed  a  strong
relationship with energy entropy (r = -0.83) and minimum frequency (r = 0.84); but a weak relationship with duration (r
= 0.15), frequency of maximum amplitude (r = 0.18), and maximum frequency (r = -0.27).

The first component for duets explained 30.04% of the original variance of the five response variables, and showed
a strong relationship with maximum frequency (r = 0.82) and energy entropy (r = -0.70); but a weak relationship with
duration  (r  =  0.43),  frequency  of  maximum amplitude  (r  =  0.32)  and  minimum frequency  (r  =  -0.04).  The  second
component explained 25.65% of the original variance of five response variables, and showed a strong relationship with
duration  (r  =  -0.68),  frequency  of  maximum amplitude  (r  =  0.67)  and  minimum frequency  (r  =  0.60);  but  a  weak
relationship with maximum frequency (r = 0.15), and energy entropy (r = 0.14). Then, we conducted two linear mixed-
effects models to test whether PC1 and PC2 varied according to the stimulus used (four levels: complete duet, male or
female duet  contribution separately,  and control).  We included pair  and playback identity as random factors in our
linear mixed-effects models.

We used a chi-square goodness-of-fit test to compare if the sex of individuals that approached within 3 m radius
from the speaker (i.e., male, female, or both) varied according to stimulus type. We used another chi-square goodness-
of-fit test to compare if the type of vocalization (i.e., calls, songs, and duets) produced in response to the stimuli varied
according to stimulus type. All tests were two-tailed, and values are reported as means ± SE. All statistical analyses
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were conducted in JMP (version 10.0; SAS Institute, Cary, NC, U.S.A.).

3. RESULTS

We found that territorial pairs of White-eared Ground-sparrows responded strongly to playbacks of complete duets
as well as to playbacks of each sex’s duet contribution, approaching and producing vocalizations as responses. The
approach response summarized by the first principal component was similar between complete duets and each sex’s
duet contribution, and higher towards all conspecific stimuli than to control duets (F3,6 = 6.39, P = 0.03) (Fig. 2). The
vocal response (PC2) was similar between all playback stimuli (F3,7 = 2.69, P = 0.13) (Fig. 2). Chip calls produced in
response to complete duets and male duet contributions had a higher frequency of maximum amplitude and maximum
frequency,  but  lower  minimum  frequency  than  those  produced  in  response  to  control  duets  and  female  duet
contributions (PC1: F3,6 = 4.31, P < 0.001) (Fig. 3). Duration and energy entropy were similar between all stimuli (PC2:
F3,7 = 0.58, P=0.65) (Fig. 3). Tseet calls produced in response to female duet contributions had longer duration, and
higher maximum frequency and energy entropy than those produced in response to complete duets (PC1: F3,31 = 10.03,
P < 0.001) (Fig. 3); however, frequency of maximum amplitude and minimum frequency were similar in response to all
stimuli (PC2: F3,31 = 1.09, P = 0.59) (Fig. 3). Solo songs produced in response to all stimuli showed no differences in
duration, frequency of maximum amplitude, and maximum frequency (PC1: F3,6 = 0.12, P = 0.94) (Fig. 3); however,
solo  songs  produced  in  response  to  female  duet  contributions  had  lower  minimum  frequency  and  energy  entropy
compared to those produced in response to control duets (PC2: F3,7 = 85.94, P < 0.001) (Fig. 3). Duets produced in
response to all stimuli showed no differences in maximum frequency and energy entropy (PC1: F3,8 = 0.90, P = 0. 84)
(Fig. 3), or duration, frequency of maximum amplitude, and minimum frequency (PC2: F3,8 = 0.35, P = 0.81) (Fig. 3).

Fig.  (2).  Comparison  of  responses  displayed  by  White-eared  Ground-sparrow  pairs  to  different  duet  stimuli  used  to  simulate
territorial  intrusions.  The  responses  summarize  variation  in  approach  response  (PC1)  and  vocal  response  (PC2)  according  to
principal components scores (see text for details). Post hoc statistically significant differences are represented by different letters, and
lack of letters on top of the whiskers mean that no significant differences were found in the post hoc tests.

We found differences in the sex of the individuals that approached within a 3 m radius from the speaker according
to the playback stimulus used (Χ2 = 15.92, df = 6, P = 0.01). When we played back complete duets, both individuals of
the pair were more likely to approach the stimulus than each sex alone (Fig. 4). When the stimulus was from a female
duet contribution, the female of the pair was most likely to approach the stimulus (Fig. 4). Finally, when the stimulus
was from a male duet contribution, the male of the pair was most likely to approach the stimulus (Fig. 4). The number
of vocalizations produced in response to the stimuli varied by the type of vocalization (Χ2 = 15.86, df = 6, P = 0.02).
Calls (chip and tseet grouped together) were produced in a similar quantity in response to complete duets and each sex’s
contributions, and were produced more in response to all conspecific stimuli than to control duets (Fig. 5). Solo songs
were produced more in response to male and female duet contributions than to complete and control duets (Fig. 5).
Duets were produced more in response to complete duets and male duet contributions than to female duet contributions
and control duets (Fig. 5).
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Fig. (3). Comparison of acoustic characteristics of White-eared Ground-sparrow vocalizations produced in response to different duet
stimuli used to simulate territorial intrusions. The responses summarize variation in PC1 and PC2 according to principal components
scores (see text for details). Post hoc statistically significant differences are represented by different letters, and lack of letters on top
of the whiskers mean that no significant differences were found in the post hoc tests.
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Fig. (4). Comparison of the number of pairs, females, and males of White-eared Ground-sparrow pairs that approached within 3 m
from the speaker in response to different stimuli used to simulate territorial intrusions.

Fig. (5). Comparison of the number of each vocalization type produced by White-eared Ground-sparrow pairs in response to different
stimuli used to simulate territorial intrusions.

4. DISCUSSION

We found a strong approach to complete duets and duet contributions of each sex by territorial pairs of White-eared
Ground-sparrows. The characteristics (i.e., frequency, duration, and entropy) of vocalizations that birds produced in
response to each type of playback vocalization were different, suggesting that even in the highly overlapped duets of
Melozone species [17, 18, 20], duets and each sex’s contribution may have different functions, which is a similar pattern
to that found in species where duets are produced from solo songs [1, 4].
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Both  individuals  of  each  territorial  pair  approached  faster  and  spent  more  time  close  to  the  speaker  for  all
conspecific vocalizations. In our case, the degree of threat is apparently indicated by the number of intruders because
playback simulating a duet incited a stronger response than an individual male or female duet contribution. This agrees
with the joint resource defense hypothesis because both individuals of the pair responded most aggressively towards an
intruder in tandem to jointly defend resources [1, 4], which for White-eared Ground-sparrows could be food, territories,
or nesting sites [20]. A similar intensity of coordinated approach responses has also been reported in Barred Antshrikes
(Thamnophilus doliatus), Tropical Boubous (Laniarius aethiopicus), and Magpie-larks when responding to playback
simulating a pair of duetting intruders [19, 26, 27]. These species all produce duets with male and female solo songs
[19, 26, 27], contrary to White-eared Ground-sparrows that produce duets with a separate type of duetting vocalization
[20, 24]. However, despite the taxonomic differences between species and the manner of producing duets, functions
appear to be similar across most species that have been studied [1, 4, 19, 26, 27].

According to the joint resource defense hypothesis, the structure of a vocalization (frequency and time) is expected
to change [1] because it needs to transmit an aggressive signal to intended receivers. In our case, vocalizations used by
birds in response to playback simulating a pair of duetting intruders, such as chip calls, showed a higher frequency of
maximum amplitude and maximum frequency, but lower minimum frequency, in responses to complete duets than to
individual duet contributions. These characteristics have been associated previously in White-eared Ground-sparrows
with higher aggression, because they were the characteristics of vocalizations produced when they defended territories
against conspecifics and congeners compared to allopatric closely related species or sympatric non-competitor species
[24]. Additionally, in birds and other animals such as frogs, lower minimum frequencies are also associated with more
aggressive signals [28 - 30]. Although it has previously been reported that chip call functions in this ground-sparrow,
such  as  contact  and  mobbing,  are  encoded  in  the  rate  and  not  in  the  time  and  frequency  structure  of  calls  [25],
production of calls with lower minimum frequency may signal that the pair was more motivated to defend the territory
against the intruder [10, 22, 31, 32].

Simulated  intrusions  with  incomplete  duets  of  each  sex  of  White-eared  Ground-sparrows  showed  that  pairs
responded as predicted by the mate-guarding hypothesis, because each individual within the pair perceived same-sex
intruders as more threatening than intruders of the opposite sex [1, 4]. Additionally, although duets were produced most
often in response to playback of complete duets, they were also produced in response to playback of individual duet
contributions.  The  same chip  calls  that  are  used  at  low rates  to  communicate  within  pair  members  in  this  ground-
sparrow [25] were also produced in response to these types of stimuli, as were tseet calls that are also used to promote
duet creation [20, 33]. This suggests that each individual of the pair is trying to create duets with its partner to signal its
mating status and prevent its partner from being usurped [34] or leaving the partnership [1, 35]. Both types of responses
may indicate a pair’s status and pair bond strength to a same-sex intruder,  as has been found in Eastern Whipbirds
(Psophodes olivaceus) and Bay Wrens (Cantorchilus nigricapillus) [36-39] when responding to same-sex individual
duet contributions.

However,  our  results  also  showed  that  males  are  using  the  male  solo  song,  a  vocalization  also  used  for  mate
attraction  [20,  24],  to  respond  to  individual  duet  contributions.  In  this  case,  the  male  may use  the  solo  song  as  an
aggressive signal towards male duet contributions to deter rival males from the territory and prevent the partner from
being usurped as is predicted by the mate-guarding hypothesis [1, 4]. However, White-eared Ground-sparrow males
may use the solo songs in response to female duet contributions as a signal to attract the female and achieve extra-pair
copulation [20]. This male behavior may create a conflict because females can deter the male from approaching the
female intruder as we observed. This behavior contrasts with other species where duets are produced with male and
female solo songs, and females are more willing to sing to create duets and signal pairing status [26, 40]. Our results
suggest more clearly than for other species that males have a double agenda for territory intrusions according to the sex
of the intruder. If the intruder is a male, their main goal is to defend their mate, but if the intruder is a female, males
attempt to attract the intruder and increase the probability of obtaining an extra-pair copulation.

CONCLUSION

In conclusion, White-eared Ground-sparrow territorial pairs use duets in two main ways; first, to protect resources
from intruders, supporting the resource defense hypothesis, and second, to protect their partners from being usurped by
intruders, supporting the mate-guarding hypothesis. However, our data also showed that males use solo songs both as a
signal  to  attract  intruder  females  and  increase  their  probability  of  obtaining  extra-pair  copopulations  and  to  repel
intruder  males  and guard their  female  mates.  In  our  study species,  where mate  attraction occurs  with  a  completely
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different  type  of  vocalization  than  used  for  duetting,  we  found  a  clear  pattern  of  a  double  agenda  for  males  when
territorial intrusion occurs. Finally, the study of species which use unique vocalizations to produce duets may provide
stronger support for the dual function hypothesis,  and show more clearly the conflict  between individuals of a pair
relative to each hypothesis.
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