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Abstract Adaptive social behavior frequently involves

discriminating between classes of individuals such as rel-

atives versus non-relatives, older versus younger individ-

uals, or individuals of different status. In the absence of

spatial cues, this discrimination may be based on signals

that correlate with fitness-related traits (e.g., older or high-

status males may sing higher performance songs) or with

identity, for example, when receivers distinguish and

classify signalers based on their unique signal structure.

Here, we examine vocal age-based discrimination in

western bluebirds (Sialia mexicana), a North American

songbird in which older males have a significant advantage

in obtaining extra-pair fertilizations, and therefore pose a

significantly higher threat to paternity than younger males.

We asked whether western bluebird males showed a higher

response to playback of songs of older males compared to

younger males relative to their own age. We prepared song

stimuli by removing three potential signals of age that have

been identified as important in other species: (1) note

consistency (which was achieved by playing a single

instance of each note repeatedly), (2) note repertoire size,

and (3) singing rate (the latter two were equalized across

conditions). Even in the absence of these potential signals

of age, young males responded more strongly to playback

of older males’ songs than to young males’ songs, sug-

gesting that they are able to discriminate between age

classes relative to the threat they pose. Further research is

required to determine whether this discrimination is based

on individual recognition or signal features that are corre-

lated with age.

Keywords Extra-pair mating � Individual recognition �
Dear enemy effect � Communication networks � Western

bluebirds

Introduction

Most territorial animals live in social networks where their

signals are received by multiple receivers (McGregor

1993, 2005; Peake 2005). In the past two decades, a

number of studies of communication in networks of wild

animals have established that animals often eavesdrop on

interactions among other individuals, and adaptively

modify their behavior in a variety of contexts from terri-

torial defense to mating decisions (Mennill et al. 2002;

Naguib et al. 2004; Otter et al. 1999; Peake et al. 2001).

For instance, individuals may increase or decrease the

intensity of their response to other individuals depending

on the signal features (e.g., Brumm and Ritschard 2011;

Cramer and Price 2007; de Kort et al. 2009; Illes et al.

2006) or based on the identity of the individual. An

example of the latter case is the dear enemy effect, in

which territory owners show reduced aggression toward

neighbors compared to unknown individuals, i.e., strangers

(Fisher 1954; Stoddard 1996; Wiley 2013).

Age is an important trait that has fitness consequences in

social interactions. For instance, in many socially monog-

amous songbird species, age of a male has an effect
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whether he obtains extra-pair matings, with older males

generally being more successful (e.g., Dickinson 2001; Hill

et al. 2011; Richardson and Burke 1999). Indeed, meta-

analyses suggest that across songbirds male age is the only

male trait predicting extra-pair mating success (Akçay and

Roughgarden 2007; Cleasby and Nakagawa 2012; Hsu

et al. 2015). Therefore, it is expected that males should

perceive older males as a greater threat to their paternity

than younger males and should evolve the ability to dis-

criminate between rival males based on their age.

Whether and how song features correlate with age varies

among songbird species. In some species like banded

wrens (Thryophilus pleurostictus) and tropical mocking-

birds (Mimus gilvus), song features like consistency cor-

relate positively with age (e.g., Botero et al. 2009; de Kort

et al. 2009) whereas in others, like willow warblers

(Phylloscopus trochilus) and sedge warblers (Acrocephalus

schoenobaenus), song repertoire size correlates positively

with age (e.g., Gil et al. 2001; Nicholson et al. 2007). In

species where one or more aspects of song covary con-

sistently with age, receivers could assess age based on

those aspects. Another strategy may be to individually

recognize the signaler and encode the signaler’s age with

the recognition template. Such a strategy is viable in spe-

cies with long-term relationships, such as year-round resi-

dent territorial songbirds where individuals encounter each

other in different contexts repeatedly. Previous studies

showed that individual recognition is widespread in birds

(see reviews in Stoddard 1996; Wiley 2013) and individ-

uals are able to attach fitness-related trait values such as

aggressiveness to the individual recognition templates

(Akçay et al. 2009; Godard 1993; Hyman and Hughes

2006). Most of these studies, however, focused on recog-

nition of direct neighbors. It is an open question whether

individual recognition extends beyond immediate neigh-

bors in territorial species.

In the present study, we ask whether western bluebirds

discriminate between males of different ages based on their

songs.Western bluebirds in our population are resident year-

round and live in neighborhoods composed of both related

and unrelated males, often having the same neighbors for

multiple years. Age is an important driver of mating

dynamics in this species in that there is strong behavioral and

genetic evidence that females have a preference for males

older than their social partner as extra-pair mating partners

(Dickinson 1997, 2001; Ferree and Dickinson 2011). Extra-

pair paternity (EPP) is present in 45 %of nests and extra-pair

offspring represent 19–22 % of offspring (Dickinson and

Akre 1998; Ferree and Dickinson 2011). Thus, males are

predicted to perceive males that are older than themselves as

higher threat to paternity and thus should respondwith higher

levels of aggression to these males.

A second aim of our study was to ask whether bluebirds

use acoustic features of song or individual recognition of

singer in determining age. Individual recognition of males

is strongly suggested by our previous studies of western

bluebirds. In particular, we showed that western bluebird

males are able to recognize their relatives from their songs,

even when those relatives are non-neighbors, breeding over

a kilometer away (Akçay et al. 2013). Western bluebirds do

not have distinctive kin signatures and do not share song

types only with relatives (Akçay et al. 2014), suggesting

that kin recognition likely relies on individually distinct

combinations of notes. However, kin recognition is a spe-

cial case of recognition and does not necessarily require

individual recognition; it merely requires recognizing two

classes of birds—kin and non-kin.

To assess whether age discrimination is based on indi-

vidual recognition, we carried out a playback experiment in

which we controlled for song features found to be age-

correlated in other species. These are consistency of

delivery (Botero et al. 2009; de Kort et al. 2009), amplitude

(Nemeth et al. 2012), song rate (Gil et al. 2001), and

repertoire size (Gil et al. 2001; Nicholson et al. 2007). We

therefore played songs of two non-neighbors that differed

in age by 2.6 years on average (range 1–4 years), while

keeping song consistency, rate of delivery, and repertoire

size in the playback tapes constant. Based on the results

from studies of extra-pair paternity in this population, we

expected that males would respond more strongly if the

playback was from an older male than themselves com-

pared to a younger or same-aged male. We further pre-

dicted that the difference in response strength will depend

on subject’s age. This is due to the fact that for many of the

older subjects, the old stimulus bird was in fact the same

age with the subject (see Table 1 for subject and stimulus

bird ages) and thus may not be perceived as a higher threat.

For young subjects, however, the old stimulus bird was

always older than the subject. Thus, we predicted age

discrimination to be stronger in younger males compared to

older males.

Methods

Study site and subjects

We studied a banded nest box population of western

bluebirds at the Hastings Natural History Reservation in

upper Carmel Valley, located in the outer central coast

range of California. This population has been the subject of

behavioral ecology research since 1983; the details of the

long-term monitoring can be found in Dickinson et al.

(1996).
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We conducted the experiments described here in 2013.

All subjects were banded with three colored bands and a

USFWS metal band. All birds were also tagged with a

passive radio frequency ID (RFID) tag (weight approxi-

mately 0.1 g) that was taped with non-toxic electrical tape

onto two color bands. We mapped each territory in the

study area for at least 2 h by following the movements of

the males and females, and entered these maps into an

ArcGIS database (ESRI, Inc.). Subjects (focal males) in

this experiment included 12 banded male western bluebirds

that had an active nest. Subjects’ age (range 2–6 years old)

was known either as a result of the subject being banded as

a nestling or, if the subject was banded as an adult, by the

presence of a molt limit of their secondary covert feathers

indicating that they were yearlings (Shizuka and Dickinson

2005).

Stimulus birds

We used as stimulus birds males that were not immediate

neighbors (non-neighbors) of the focal males, controlling

for the distance of the stimulus birds to the subject. The

stimulus birds were also not related to the subjects. The

average distance (±standard error) between the subject’s

and stimulus bird’s nest boxes was 742 m (±98, range

from 305 to 1556 m) for old stimulus birds and 787 m

(±94, range from 305 to 1427 m, Table 1) for young

stimulus birds and was not different between old and young

birds (paired t-test: t11 = 0.21, p = 0.22). Stimulus birds

were assigned to two categories (young and old) based on

their age with 8 males that were B3 years being assigned

as young and 8 males that were C3 being assigned as old

males. One additional four-year-old male was used as a

young stimulus to a 5-year-old male. A final constraint in

stimulus selection was that a ‘‘young’’ stimulus bird was

never older than the subject and an ‘‘old’’ stimulus bird

never younger than the subject (see Table 1).

Seventeen unique birds were used as stimulus birds.

Recordings from seven of the stimulus birds (three in the

old category and four in the young category) were used

twice with different subjects, although their comparison

stimulus was different in each case such that the dyad was

not pseudo-replicated. The multiple use of stimulus tapes

was necessary as there were not enough stimulus birds

conforming to the criteria listed above. In particular, we

could only record eight young birds (2- and 3-year-olds)

and nine older birds that conformed to age and distance

criteria described above.

None of the stimulus birds shared a direct boundary with

the subject. A line drawn from the nest box of the subject to

that of the stimulus bird crossed at least one and a median

of two different territories. All but two of the stimulus

birds’ ages were also known (range 2–6 years, Table 1).

The two stimulus birds with unknown age were both

banded as an adult without a molt limit in 2012, making

him at least 4 years old in 2014 and they were used as old

stimuli to two 2-year-old subjects.

Recordings and stimuli

We recorded the males during their pre-dawn chorus which

starts about 40 min before dawn, with most singing hap-

pening in the half an hour before and immediately after

dawn. Although the males sing sporadically during the day,

singing interactions tend to be rare and only in intense and

unpredictable interactions with rival males during intru-

sions. Thus, the pre-dawn chorus is the most reliable period

to record western bluebirds. We used Marantz PMD 660

Table 1 The ages of subject

and stimulus birds and the nest

box distances between the

subjects and the stimulus birds

Subject (Nest box #) Age (years) Nest box Distance (m)

Subject Old stimulus Young stimulus Old stimulus Young stimulus

7 2 5 2 844 832

25 5 5 2 577 609

27 2 A3a 2 736 897

31 5 5 2 316 305

63 2 5 2 564 508

152 6 7 3 817 868

181 4 5 2 651 608

205 2 A3a 2 1556 1427

355 5 5 4 305 468

356 2 4 2 832 1139

386 5 5 3 887 996

389 3 5 2 820 795

a After 3 years, i.e., at least 4 years old
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Digital Solid State recorders and Sennheiser ME66 or

ME87 shotgun microphones for the recordings (frequency

response flat within 3 dB from 500 to 10,000 Hz).

The western bluebird song consists of two note cate-

gories: chucks and pews (Fig. 1). Each male sings a

repertoire of 1 or 2 chuck ‘‘types’’ that can be visually

distinguished using sound spectrograms and 5–14 (me-

dian = 8) pew types (Akçay et al. 2014). The song is a

continuous stream of pew notes delivered at about one note

per second and notes are delivered with immediate variety,

i.e., switching from one note type to another after a single

rendition (e.g., ABCDEDFCAB…). The stream of pew

notes is usually interrupted every 4–5 notes by a chuck

note.

From the recordings of the males, we created a stimulus

tape for each male by using one chuck note and 5–7 distinct

pew notes played at a rate of 1 note per second. The notes

for playbacks were selected only based on the quality of the

recording and we used just one instance of each pew note

type. The stimulus tapes therefore controlled for song rate

and consistency (because a single rendition of each note

type was repeated at a set interval, the stimulus tape had

perfect consistency). This removed song consistency and

rate as potential cues for age discrimination. We also

analyzed the frequency range, the minimum frequencies,

and the maximum frequencies of notes for each note type

to ask whether there were any significant differences

between old and young stimuli in these measures. These

analyses are described below.

Playback procedure

Each trial started with two observers setting up the speaker

5 m from the nest and placing flagging at 5 and 10 m from

the speaker to facilitate distance estimation. A video

recorder was placed 15 m from the speaker with a frontal

view of the nest entrance and the speaker. The speaker

(iMainGo X, frequency response flat within 6 dB from 200

to 18,000 Hz) was connected to an iPod via 20 m of cable.

After the observers were settled, we waited until we sighted

the male and the female again, at which point a 5-min pre-

trial period began. The purpose of the pre-trial period was

to control for natural rates of the response measures

between the 2 days. During this period and the remainder

of the trial, one observer kept track of the male and the

other observer kept track of the female. The experimenters

recorded behaviors using the same recording equipment

above, running a continuous narrative of the trial. After the

pre-trial period, we started the playback. The playback

period lasted 5 min and was followed by another 5 min of

post-playback period. Old and young stimuli were played

back on different days, counterbalancing the order. The

experimenters were blind with respect to which stimulus

bird’s recording was being played.

Response measures and data analysis

Our response measures included the following behaviors of

the males: number of flights, closest approach to the

speaker, time spent within 5 m of the speaker, and number

of chatter calls. The chatter calls are given by the males and

females in aggressive interactions, and in an earlier study,

we showed that birds increased rates of chatter calls in

response to non-kin as compared to kin playback (Akçay

et al. 2013).

For the analyses, we took the difference for these

behavioral response measures between the pre-trial and

playback periods and carried out our analyses on the dif-

ference scores. One exception was the closest approach

distance, which were almost always greater pre-trial than

during the playback period, leading to negative values. We

therefore used the closest approach to the speaker during

the playback period for the analyses. The following three

variables were significantly correlated with each other:

difference in rate of flights, difference in proportion of time

spent within 5 m, and closest approach during the playback

Fig. 1 Sound spectrogram of

the song stimuli from a five-

year-old male (top) and a two-

year-old male (bottom). The first

note in each sound spectrogram

is a ‘‘chuck’’ and the remaining

notes are ‘‘pews’’
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period. Therefore, we carried out a principal component

analysis (PCA) on the three correlated response measures.

The first component of the PCA (PCA1) explained 66.7 %

of variance and we took these scores as our main response

variable for the analyses. Higher PCA1 scores meant a

more aggressive response (for coefficients, see Table 2).

The fourth variable, difference in rate of chatters, was not

statistically correlated with any of the other variables and

thus was analyzed separately. As chattering is done in close

proximity to the female and is given during territorial

intrusions, it appears to be associated with mate guarding,

leading to a secondary prediction, that chattering bout

frequency should be higher in response to old males

compared to young males.

As our prediction depends upon both the focal subject’s

age and the stimulus bird’s age, we carried out a mixed

ANOVA analysis with stimulus age (young vs. old, as a

within-subjects variable) and subject age (young vs. old, as

a between-subjects variable). The analyses were carried out

in R (R Core Team 2012).

Acoustic analyses

In addition to the variables we controlled for in designing

the stimulus tapes, we used Raven Pro 1.4 (Cornell Lab of

Ornithology) to gather the following measures from all

notes in the stimulus tapes: minimum frequency (frequency

below which 5 % of the total energy of the call is con-

tained), maximum frequency (frequency below which

95 % of the total energy is contained), and frequency range

(the frequency range between the minimum and maximum

frequency). For each stimulus bird, we then took the

average for all measurements and compared the old and

young stimuli tapes. These values were compared with

unpaired t tests (two-tailed, with the critical p value at

a = 0.05).

Results

The mixed ANOVA revealed no significant main effect of

subject age (F1,10 = 0.03, p = 0.87) nor a significant main

effect of stimulus age, F1,10 = 0.23, p = 0.65. As pre-

dicted, however, there was a significant interaction of

stimulus age with the subject age, F1,10 = 7.66, p = 0.019.

As shown in Fig. 2, 5 out of 6 young birds (3 years or

younger) responded more strongly to the old stimulus bird,

whereas birds 4 years and older did not show a consistent

pattern. A t test confirmed that 2- and 3-year-old males

showed significantly higher aggressive responses to old

stimuli than young stimuli (t5 = 2.80, p = 0.03; n = 6),

whereas males 4 years and older showed no significant

difference in their responses to young versus old males

(t5 = 1.40, p = 0.22; n = 6). There were no significant

main or interaction effects on the difference in rate of

chatters between pre-trial and playback periods (focal age:

F1,10 = 1.48, p = 0.25; stimulus age: F1,10 = 0.94,

p = 0.36; interaction effect: F1,10 = 2.37, p = 0.15).

Acoustic analysis yielded no significant differences

between the playback tapes (Fig. 3) in either average

minimum frequency (mean ± SD; 2200 ± 82 vs.

2186 ± 90 Hz for young vs. old stimuli, t16 = 0.31,

p = 0.75), average maximum frequency (3290 ± 88 vs.

3258 ± 98, t16 = 0.72, p = 0.47), or the average fre-

quency range of the stimulus songs (1090 ± 127 vs.

1071 ± 151, t16 = 0.29, p = 0.78).

Discussion

In this study, we asked whether male western bluebirds

could discriminate between males of different ages from

their vocalizations. We expected that males would respond

more aggressively to males that were older than they were

based on those older males being a greater threat to their

paternity. Using stimulus birds that were not neighbors, we

found that males indeed responded more aggressively to

old stimulus birds compared to young stimulus birds. This

effect was confined mostly to young males (2 and 3 years

old), who showed higher aggression toward the older

stimulus bird. Older males (4 years and older) showed no

significant differences in their responses to young and old

stimuli. Importantly, this pattern of results was obtained in

the absence of components of the signal that have been

shown to correlate with age in other species.

Our prediction that age-based discrimination would be

stronger in younger males than in older males was based on

prior behavioral and genetic evidence, which showed that

females in our study population have an extra-pair prefer-

ence for males older than their social mates (Dickinson

2001; Ferree and Dickinson 2011). In behavioral trials,

receptivity of females to repeated copulation attempts

increased with the age difference between their own mate

and older males that attempted these copulations, while

their own mate was detained. Genetic data suggest, how-

ever, no evidence that the absolute age difference predicted

extra-pair success of older males beyond the fact that

Table 2 Loading coefficients of the three variables on the first

component of the principal component analysis (PCA1)

Variable Coefficient

Difference in flights 0.59

Difference in proportion w 5 m 0.58

Closest approach -0.57
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successful extra-pair males were older than the males

mated to their extra-pair partners (Ferree and Dickinson

2011). Together, these results suggest that although

females are capable of fine-scale discrimination of age,

what matters from the perspective of a male protecting his

paternity is whether or not the intruder is older than him-

self. The fact older subjects did not appear to discriminate

old from young stimulus birds may also indicate that our

older subjects did not perceive a higher threat in older

stimulus birds as the old stimulus birds were often the same

age as the subjects (Table 1). In this case, other factors

(e.g., long-term familiarity, aggressiveness of the stimulus

bird) rather than age differences may play a more signifi-

cant role in determining the aggressive response to the

stimulus bird.

In our experiment, we controlled several features of the

stimulus tapes that were good candidates for an age signa-

ture, including amplitude, consistency, repertoire size, and

song rate. These song features have been suggested to

correlate with age in other species as reviewed in the intro-

duction. We also failed to detect differences in several

acoustic variables between the young and old stimulus tapes.

Despite that, a caveat of our study is that it remains possible

that there are song features we have not controlled for or

measured in this study that correlate with age of the singer

and are used by receivers in age discrimination. A longitu-

dinal study ofwestern bluebird songs has not been carried out

yet, and whether song features change with age in a predic-

tive fashion remains a question for future studies.

If there is no age signature in the songs of western

bluebirds, the discrimination we see in the current experi-

ment may rely on individual recognition of the stimulus

birds. We have already shown that western bluebirds have

an individually unique repertoire composition that is used

in kin recognition (Akçay et al. 2014, 2013). If age dis-

crimination relies on individual recognition, males would

also need to attach age information to the individually

specific vocal templates they remember and use for

recognition. This could be achieved by cross-modal inte-

gration of the vocal templates with visual information on

plumage, as has been shown in crows (Kondo et al. 2012).

Western bluebird males also show plumage differences

with age such that older males have a brighter head plu-

mage and a reduced rufous patch (more blue) on their

backs compared to younger males (Budden and Dickinson

2009). During the interactions when individuals learn each

other’s vocalizations and form a template, they may also

include visual information on plumage characteristics with

the vocal information they encode. This possibility war-

rants further experimental investigation.

Implications for the extent of social networks

In the current experiment, we used stimulus birds that

were unrelated to the focal male as well did not share

direct territory boundaries with him (i.e., non-neighbors).

Fig. 2 The PCA scores of old

(a) and young (b) subjects.
Lines represent individual

subjects. There was a significant

two-way interaction between

focal age and stimulus age, such

that young subjects responded

more strongly to old stimuli

than to young stimuli, whereas

there was no difference between

the responses of old males

between the two stimulus

categories
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If western bluebirds can recognize individuals beyond

their immediate neighbors, this would extend our view of

social networks in territorial animals. An extended social

network in western bluebirds where individuals recognize

each other would be consistent with two separate lines of

evidence. First is the fact that western bluebirds are year-

round residents that form winter groups that are family-

based, such that members of the same family group

defend a common territory from fall to spring (Kraai-

jeveld and Dickinson 2001). These winter family territo-

ries can be subdivided to allow sons to bud off a portion

the following spring. If family members maintain con-

nections to each other, as western bluebird males tend to

do, they may learn the identities of non-relatives through

bridging relatives. Preliminary RFID data in our study

population indicate that western bluebirds occasionally

visit each other’s nests; sometimes traveling across sev-

eral territories to visit a box of another pair (Smith et al.

unpublished data). These lines of evidence suggest that

individuals would indeed have ample opportunities for

learning each other’s individually distinct vocal signatures

and associating those with age information, possibly

gained from plumage.

Recent research on social networks in other territorial

animals also suggests existence of networks in which

individuals interact frequently with non-neighbors. For

instance, in a study on great tits, Snijders et al. (2014)

mapped social networks using miniaturized proximity

loggers and found that male territory owners interacted

with non-neighbors regularly, although the existence of

links in the social network does not automatically mean

that the individuals recognize each other. We believe that

studies such as ours, coupled with extensive mapping of

social networks through novel technologies, will provide a

more complete understanding of how animals learn about

and navigate their complex and ever-changing social

environments.
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