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ABSTRACT.--Recordings of dawn singing by male Black-capped Chickadees (Parus atricapil- 
lus) show that each individual sings its fee-bee song at a wide range of frequencies. Males 
tend to repeat songs at a given frequency but on average after every 41 + SE of 8.8 songs a 
male shifts the frequency of its song by a statistically significant amount (>-80 Hz). During 
any given morning, males may appear to shift among a limited set of discrete frequencies, 
but over longer time periods intermediate frequencies also are sung. These results suggest 
that chickadees can vary the frequency of their song more or less continuously over the 
species' frequency range. When songs of one of three widely spaced frequencies (recorded 
in previous years) were played back, males replied with songs that had approximately the 
same frequency as the playback song. Thus, frequency shifting appears, at least in part, to 
be a form of song matching. These results add to a growing body of evidence that some 
species with single-song repertoires have evolved effective matching strategies through ma- 
nipulation of the frequency of their song. Received 14 June 1991, accepted 20 January 1992. 

THE MAJORITY of songbirds possess multisong 
repertoires, in which song types can be easily 
distinguished from each other on the basis of 
several frequency and temporal features. There 
has been considerable effort to understand the 

inter- and intrasexual selective pressures favor- 
ing the evolution of multisong repertoires (e.g. 
Kroodsma and Miller 1982, Searcy and Anders- 
son 1986). In contrast, the conditions that pre- 
dispose species to maintain single-song reper- 
toires have received comparatively little 
attention. By single-song repertoires, we mean 
those in which songs may vary in a graded fash- 
ion (e.g. longer or shorter), but cannot be di- 
vided into groups by discontinuities in any sin- 
gle parameter or combination of parameters. 

Species with single-song repertoires may 
show little variation in song structure because 
of some advantage to stereotypy, for example, 
because low variation within and between males 

in a given area aids the recognition of dialects 
(e.g. Baker and Cunningham 1985). Alterna- 
tively, relatively subtle variations in song struc- 
ture may serve functions that, in a repertoire 
species, would be served by abrupt changes in 
song type. For example, variation in the fre- 
quency of the songs of Kentucky Warblers 
(Opornis formosus; Morton and Young 1986) and 
Harris' Sparrows (Zonotrichia querula; Shackle- 
ton et al. 1991) allow males to match the fre- 
quency of each other's songs as a signal in ter- 

ritorial contests. In species with song types, this 
function is served by males matching each oth- 
er's song types. 

We examined the nature and significance of 
frequency variation in Black-capped Chicka- 
dees (Parus atricapillus), a species typically clas- 
sified as having a single-song repertoire (Hail- 
man 1989). The vocal repertoire of this species 
is one of the best known of any bird, especially 
its "chickadee" (Hailman and Ficken 1986, 
Nowicki 1989) and "gargle" (Ficken and Weise 
1987) calls. In contrast to these complex calls, 
chickadee song is remarkably simple, consist- 
ing of a two-note whistle (fee bee). The form 
of this song is relatively invariant; the lengths 
of the component notes are relatively constant, 
and the frequency of the first note is higher 
than that of the second note by a constant ratio 
(Ficken et al. 1978, Weisman et al. 1990). Males 
repeat their song at a given frequency with a 
high degree of stereotypy. However, males 
sometimes lower or raise the frequency of their 
song by at least 100 Hz; these are described as 
"shifted" songs (Ratcliffe and Weisman 1985, 
Hill and Lein 1987). 

Chickadees sing little during the day, so pre- 
vious studies have sampled only one to three 
"normal" and "shifted" songs from each male. 
In work preliminary to our study, we observed 
chickadees singing the fee-bee song at more 
than two frequencies. We investigated whether 
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chickadee males sing: (a) just one song type, but 
potentially at any frequency within a given 
range (as in Kentucky Warblers; Morton and 
Young 1986); or (b) a fixed repertoire of song 
types, which in this case would be songs of 
essentially the same form at different frequen- 
cies. Chickadees, like many passetines, sing 
persistently at dawn, which enabled us to ob- 
tain a large number of songs from each male 
for analysis. We also conducted a song playback 
experiment to test whether the pattern of fre- 
quency variation we observed might be a con- 
sequence of song matching. 

METHODS 

Our study was conducted at the Queen's University 
Biological Station at Lake Opinicon, Ontario, about 
50 km north of Kingston. Recordings were made from 
I April to 30 June 1989, and from 19 April to 8 June 
1990. Subjects were color banded at winter feeding 
stations before the study began. Territories were 
mapped using song playbacks (Fails 1981) and/or ob- 
servations of territorial interactions. 

Recording and analysis of dawn singing.--Recordings 
of spontaneous song were made between 0415 and 
0600 EST. The songs of one male were recorded on 
each morning. Selection of the male recorded on a 
particular morning was opportunistic, but we did not 
record males that had heard recorded playback songs 
within the last 24 h, and we avoided recording neigh- 
boring males on successive days if possible. We ar- 
rived on the target male's territory before he began 
singing and tried to record his entire dawn perfor- 
mance. Identification of males as soon as there was 

enough light always indicated that they were singing 
well within their own territories. 

In 1989, we analyzed recordings of only one dawn 
performance from each of 15 males. Unfortunately, 
males changed perches, and it took us some time to 
relocate them, so we missed many songs. In 1990, with 
the help of a field assistant, we recorded complete 
performances on two different days from each of eight 
males. Sample sizes vary among analyses because re- 
cordings from 1989 were incomplete for some anal- 
yses. Most of the analyses presented below are based 
on the eight males recorded in 1990. We knew the 
breeding status of seven of these males; none was 
nesting or excavating nestholes on the first recording 
date, but by the second recording date four had mates 
laying eggs. Except where noted each datum repre- 
sents one dawn performance by one male. Means and 
standard errors (SE) are reported. 

Males were recorded using a Sony WM D6 cassette 
recorder and a Sennheiser MKH816 microphone, or 
a Panasonic RQ-330 cassette recorder and a Realistic 

microphone mounted in a Sony PBR330 parabola, at 
distances ranging from 3 to 50 m (median 10 m). A 

standard tone from a pitch pipe was sounded during 
about 90% of recording sessions, and indicated no 
measurable variation in tape speed. The frequencies 
of the two notes in this species' song ("fee" and "bee") 
are highly correlated (r = 0.95, Weisman et al. 1990). 
The frequency of the first note, fee, changes by about 
200 Hz from beginning to end, but the second note, 
bee, usually changes less than 20 Hz (Weisman et al. 
1990). Therefore, we report measurements of bee. We 
used the "power spectrum between cursors" function 
on a Kay Elemetrics DSP Sonograph (Model 5500) to 
display the average spectrum of the entire note, and 
measured the frequency at its peak. This method pro- 
vided nearly 100% repeatability, even in recordings 
with high background noise. We used a band width 
of 29 Hz, a transform size of 1,024 points and a Ham- 
ming window. The frequency cursor for this display 
provided frequency measurements at 20-Hz intervals, 
well above the resolution of the sonograph (_+0.05%, 
or 1.7 Hz at 3,400 Hz). 

Song playback experiment.--Playback songs were re- 
corded on the study site in 1987 and 1988 using a 
Sony WM D6C cassette recorder and a Sennheiser 
MKH816 microphone. Three frequencies were se- 
lected for playback: the mode of "shifted" songs (3,133 
Hz), the mode of all songs (3,381 Hz), and the mode 
of "normal" songs (3,628 Hz; Weisman et al. 1990). 
To ensure that song frequency effects would not be 
due to the peculiarities of particular tapes or individ- 
uals, two songs from different individuals were used 
to represent each song frequency. Also, each of these 
songs was made by joining the fee of one individual 
with the bee of another. Small sample sizes prohibited 
us from testing whether different tapes within a given 
treatment elicited different responses. We chose song 
notes that kept the frequency ratio of fee to bee con- 
stant, at approximately the species' mean (1.13), and 
the temporal separation of fee and bee constant at 1 I0 
ms. Playback songs were constructed at a work station 
consisting of a Macintosh SE computer and SoundCap, 
SoundWave, and MacSpeech Lab software, using 8-bit 
A/D and D/A conversion. We standardized the am- 

plitudes of the playback tapes at 80 dB with an SPL 
meter (slow setting). 

This experiment was performed between 1 and 30 
April 1989, between 0700 and 1700 (usually between 
I000 and 1200). Each male received one playback trial. 
Order of presentation of the playback songs was ran- 
domized in blocks of six birds. The male to be tested 

on a given day was selected randomly, and neigh- 
boring males were not tested on the same day. One 
trial consisted of a l-min playback of one song that 
was repeated at a rate of 10 songs per min (the mean 
song rate in our dawn sample). Songs were broadcast 
from a Sony WM D6C cassette recorder and a Sony 
SRS-35 speaker. The speaker was placed 2 m above 
the ground roughly in the center of the subject's ter- 
ritory, and the observer was stationed about I0 to 15 
m from the speaker. Responses were recorded with a 
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TABLE 1. Mean frequencies (+SE) of songs sung in 
response to playback of three different frequencies. 
Results of one-sample comparisons of playback with 
response frequencies also shown. 

One-sample 
Frequency (Hz) t-test 

Playback Response n t P 

3,130 3,310 + 64 7 2.80 0.03 
3,380 3,410 + 54 7 0.56 0.59 
3,630 3,580 _+ 35 10 -1.77 0.11 

Sony ECM-155 microphone and WM D6C cassette re- 
corder. Trials were excluded from analysis if the sub- 
ject did not sing within 30 s of the end of playback, 
or if a male from a neighboring territory sang first. 
This yielded a total sample of 24 usable trials (Table 
1). 

We measured the bee of the first song elicited by 
playback, using the same methods as those described 
above for naturally occurring songs. Again, we mea- 
sured the playback song immediately preceding the 
response song, and used its deviation from the orig- 
inal playback tape to correct the frequencies of re- 
sponse songs for variations in the tape speed in the 
playback or the recordings of responses. 

RESULTS 

Dawn singing.--Males spent approximately the 
first third of their dawn chorus near the center 

of their territory, and then sang at scattered 
perches throughout the territory. Because their 
neighbors were usually singing at the same time, 
the males we were recording rarely sang solo 
for more than 20 songs at the beginning or 50 
songs at the end of their dawn performance. 

Figure 1 shows the frequencies of songs sung 
by four males, comprising their entire dawn 
performances for a single morning in 1990. 
These four birds sang the longest dawn cho- 
ruses of the eight males recorded in 1990. The 
average length of dawn chorus for all eight 
males was 284 _+ 59 songs. Individuals usually 
repeated songs at close to the same frequency 
before switching to another frequency (Fig. 1). 
Occasionally, individuals shifted frequency a 
large amount in small successive steps (e.g. Fig. 
1D), but this was uncommon. 

To quantify the tendency to shift song fre- 
quency, we analyzed the distribution of all fre- 
quency shifts between successive songs on a 
particular morning. For each male recorded in 
1989, the shift in frequency between successive 
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Fig. 1. Frequencies of all songs sung at dawn by 
four males. Males recorded on separate mornings, and 
each panel represents one male. Songs arranged along 
X-axis in order in which they were sung. 

songs was less than 80 Hz in 95% of the in- 
stances. Figure 2 shows the results of a similar 
analysis performed on frequency shifts pooled 
across the eight males recorded in 1990; in this 
sample, 94.7% of shifts were less than 80 Hz. 
Using the common practice of regarding the 
95% level as indicating a difference unlikely to 
have arisen by chance (i.e. statistically signifi- 
cant), we focused our analyses on shifts of 80 
Hz or more. For the eight males recorded in 
1990, the mean number of songs between shifts 
of 80 Hz or more was 41 + 8.8. 

It is important to ask whether, when males 
sing, they shift among a limited set of discrete 
frequencies (analogous to frequencies playable 
on a bugle), or among an unlimited set of fre- 
quencies (analogous to frequencies playable on 
a slide trombone). That is, can the mean fre- 
quencies of each series of repeated songs oc- 
curring after one shift and before the next (e.g. 
the first 50 songs in Fig. 1A) be sorted into a 
limited set of significantly different means? To 
evaluate this query, we treated the first five song 
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high, medium, and low playback frequencies, 
so we assume that males in the playback study 
could do likewise. A regression analysis showed 
that the frequency of songs sung by males in 
response to playback was significantly and pos- 
itively related to the frequency of the stimulus 
song (F1.22 = 19.68, P = 0.002), although re- 
sponses to playback of the low stimulus were 
significantly higher in frequency than the play- 
back frequency (Table 1). 

200 

Frequency Shift (I-Iz) 

Fig. 2. Distribution of frequency shifts (Hz) in 
dawn choruses of eight males (n = 2,262 songs) re- 
corded in 1990. 

measurements after each shift of 80 Hz or more 

in an individual's morning performance as a 
separate sample in a Scheffe's multiple-com- 
parisons test, which tests whether means can 
be sorted into significantly heterogeneous 
groups (Sokal and Rohlf 1981). Because males 
tended to repeat each frequency, successive 
songs are not statistically independent points. 
However, recall that every tenth song was mea- 
sured (Methods), which would reduce the ef- 
fects of such sequential dependence. Also, any 
effect of nonindependence would bias our re- 
suits against grouping the means together (i.e. 
towards finding discrete frequencies). 

Overall, the songs of a male on a given morn- 
ing did not sort into a few discrete frequencies 
(i.e. song types). In 7 of 16 dawn choruses, 
Scheffe's tests revealed four or fewer discrete 

groups of means (P < 0.05). However, there 
were significantly fewer shifts of 80 Hz or more 
in those choruses than in the nine remaining 
choruses (Mann-Whitney U; day 1, U = 16, n = 
8, P = 0.002; day 2, U = 14, n = 7, P = 0.05). 
That is, the gaps between frequencies fill in the 
more a bird shifts frequency. For example, re- 
cording 90 songs from the male depicted in 
Figure 1D would make one think he sang only 
three discrete frequencies, but after recording 
over 500 songs, one finds he sings most fre- 
quencies between 2,960 and 3,500 Hz. 

Song playback experiment.--All males in the 
above analyses sang songs within 120 Hz of the 

DISCUSSION 

Species are said to possess song types if dis- 
continuous variation in frequency or temporal 
characters allows their songs to be divided into 
discrete types (e.g. McGregor and Krebs 1982, 
Horn and Fails 1988). In this limited sense, some 
Black-capped Chickadees, at least within the 
course of one morning, may be said to possess 
a repertoire of song types. However, Black- 
capped Chickadees differ from species with 
multisong repertoires in that, on different days 
and across the population, frequency variation 
appears to be continuous. Thus, we conclude 
that variation in Black-capped Chickadee song 
more nearly approximates that of species with 
a single fixed song type than a multisong rep- 
ertoire. 

Our results add to a growing number of stud- 
ies (Morton and Young 1986, Shackleton et al. 
1991) that suggest there is not a sharp distinc- 
tion between species with a single song type 
and those with multisong repertoires. The case 
of Black-capped Chickadees is especially inter- 
esting, because this species displays at least two 
features once thought to be peculiar to species 
with song repertoires: (1) repetitive delivery of 
stereotyped songs punctuated by sudden shifts 
in song parameters; and (2) a form of song 
matching (discussed below). 

The results of our playback experiment sug- 
gest that song matching plays an important role 
in determining what frequencies chickadees 
sing. In addition, field observations suggest that 
neighboring males match each other much of 
the time (Horn unpubl. data). This evidence 
suggests that the number of frequencies sung 
by each male could be determined by the num- 
ber of neighbors he has and the frequency of 
interactions he has with each of them. Repeti- 
tions at a given frequency might reflect an on- 
going vocal interaction with one neighbor, with 
shifts occurring when an interaction with an- 
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other neighbor is started. The quality of those 
interactions among males might also play a role. 
One way in which this might happen is sug- 
gested by the lower rate of matching to our 
lowest-frequency playback song. If songs at 
lower frequencies convey a stronger territorial 
message than songs at higher frequencies, as 
suggested by Hill and Lein (1987), then males 
might be more reluctant to match a lower song. 

However, there may also be individual dif- 
ferences in singing behavior. Although the pre- 
cise frequencies sung by each male may vary 
from one day to another, the total range of fre- 
quencies sung appears to be consistent within 
males (Spearman rank correlation of day 1 val- 
ues with day 2 values by male: rs [corrected for 
ties] = 0.81, n = 8, P < 0.05). Also, the number 
of significantly different subsets of frequencies, 
as identified by Scheffe's tests, is consistent 
within males (rs = 0.87, n = 8, P -< 0.05). If 
singing patterns among neighbors are relative- 
ly constant, then matching might account for 
this consistency. Individual differences in song 
structure other than repertoire size have re- 
ceived little attention, so this possibility de- 
serves further study. Differences in song struc- 
ture in the related Great Tit (Parus major) have 
been related to various measures of male quality 
(Lambrechts and Dhondt 1986). 

Studies of the dawn chorus in other species 
suggest that dawn singing is at least partly di- 
rected to the singer's mate (Mace 1987, Cuthill 
and McDonald 1990). The different frequencies 
sung by Black-capped Chickadees, therefore, 
might be used in intersexual communication, 
even though the behaviors of song matching 
and of patrolling territory boundaries during 
the chorus in this species suggest an intrasexual 
function as well. Recordings of complete dawn 
performances from different nesting stages 
would be valuable; changes in the length of the 
dawn chorus in Great Tits in relation to laying 
date have been attributed to an increase in the 

risk of cuckoldry (Mace 1987). We found little 
difference in singing patterns between prelay- 
ing and laying stages, but our sample size was 
small. 

The song of the Black-capped Chickadee was 
thought to be one of the simplest among song- 
birds (e.g. Ficken 1981, Hailman 1989). Al- 
though the structure of individual songs is sim- 
ple, we have now shown that each male sings 
several frequencies and can match the frequen- 
cies of playback songs. To date there have been 

relatively few examples of continuous variation 
in species with single-song repertoires (e.g. 
Morton and Young 1986, Shackleton et al. 1991). 
Our results confirm the common idea that 

chickadees have a single song type, and at the 
same time suggest frequency variation has an 
analogous function to multiple song types. 
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