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Use of the Relative Frequency of Notes by Veeries in Song
Recognition and Production
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*Department of Psychology, Queen’s University, Kingston, Ontario K7L 3N6, Canada

The relative frequency of notes is an important
feature in the perception of tonal sequences by hu-
mans (Deutsch 1982). That is, humans can recognize
a tune despite shifts in frequency (for example, a
change of octave) so long as the ratio between the
frequencies of the notes is preserved. In the music

perception literature, the processing of frequency re-
lationships has been subdivided into two categories:
frequency contour processing, which uses the direc-
tion but not the amount of change, and frequency
ratio processing, which uses both the direction and
amount of change (Deutsch 1982). In principle, hu-
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Fig. 1. A wide band sonogram of a typical Veery
song illustrating the three phrases (A, B, & C) and
five notes (I-V).

mans could use the linear difference between fre-
quencies to recognize a tune, but the overwhelming
evidence is that the log difference (the frequency ra-
tio) is the key feature.

It is not known if other animals recognize sounds
in a similar way. For example, perhaps birds can rec-
ognize conspecific song even when it has been shifted
in frequency, so long as the relative frequency of the
components has been maintained. Until very recent-
ly, the contribution of relative frequency to song rec-
ognition was unexplored. Now, research on two spe-
cies of birds with simple, clearly whistled songs have
indicated that the frequency relationship between
notes is an important feature in recognition (Weisman
and Ratcliffe 1989, Hurly et al. 1990). Black-capped
Chickadees (Parus atricapillus) and White-throated
Sparrows (Zonotrichia albicollis) showed stronger ter-
ritorial response to songs with a normal frequency
ratio than to songs with abnormal ratios.

Detailed studies of how White-throated Sparrows
and Black-capped Chickadees sing their songs have
also pointed towards a strong effect of the relative
frequency of song notes, and specifically the fre-
quency ratio. In both species, the ratio was highly
consistent among individuals over a range of fre-
quency values (Hurly etal. 1991, Weisman et al. 1990).
In other words, regardless of the specific frequency
at which these birds sing one note, the other is sung
at a constant species-typical ratio of it.

These results for the simple tonal songs of the Black-
capped Chickadee and White-throated Sparrow are
intriguing. Operant discrimination experiments on a
bird that produces a more complex song (the Euro-
pean Starling, Sturnus vuigaris) provide evidence that
perception of pitch contour is constrained by absolute
frequency perception; but there is no evidence for
the perception of frequency ratio (Hulse and Cynx
1985, 1986; Page et al. 1989). Veeries (Catharus fusces-
cens) also sing complex songs with many frequency
and amplitude changes within and between song notes
(Fig. 1). Field playback experiments (MacNally et al.
1985, Weary et al. 1986) suggest that a major change
in frequency between the two main phrases in Veery
song is important for song recognition. To determine
the contribution of relative frequency to this change,
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we analyzed song production in a large sample of
songs recorded in the wild, and then we performed
a playback experiment to test song recognition.

Songs of 61 adult male Veeries were recorded from
various locations in North America. Weary recorded
11 birds from St. Andrews, New Brunswick, and 10
birds from Mont St. Hilaire, Quebec. Additional sam-
ples were acquired from the Cornell University Li-
brary of Natural Sounds (19 birds) and the Ohio State
University’s Borror Laboratory of Bioacoustics (21
birds). The Cornell and Borror samples were from a
variety of geographic locations, divided for our anal-
yses into eastern (25 birds) and western (15 birds)
North America. From each bird, three consecutive
high-quality recordings were analyzed, and mean
values were recorded.

The song of the Veery consists of three phrases: an
introductory note (A) about 10 dB quieter than the
rest of the song, a pair of high frequency notes (B),
and a pair of lower frequency notes (C) (Fig. 1). As
the first phrase (A) does not appear to be important
in song recognition (MacNally et al. 1985), we shall
ignore it in this study. We measured the frequency
of greatest energy (i.e. peak frequency on the spec-
trogram) for each note. We chose this measure of
frequency, as we found it the most repeatable.
Throughout this communication we use the term fre-
quency to refer to this specific measure. We analyzed
statistically the frequency relationship between the
last note in phrase B and the first note in phrase C,
as well as the relationship between the notes within
each of the two phrases.

To measure frequency, we used the spectrographic
display generated by MacSpeech Lab 2.0 software on
a Macintosh computer. Songs were filtered (10.5 kHz
low pass) and then digitized at a sampling rate of 22
kHz using a 12-bit D/A converter (MacADIOS 411)
with a dynamic range of 72 dB. Spectrograms were
generated with a 1,024 point FFT. The frequency res-
olution of this system was approximately 20 Hz.

The Veeries sang the pairs of notes within each
phrase with a high degree of similarity. The two notes
of phrase B had mean frequencies of 4,776 Hz (note
II) and 4,774 Hz (note III) (paired t-test: + = 0.50, df
= 60, P = 0.618) and were highly correlated across
subjects (Pearson correlation coefficient r = 0.996).
Similarly, the notes of phrase C had mean frequencies
of 3,749 Hz (note IV) and 3,751 Hz (note V) (t = 0.64,
df =60, P = 0.524) and were also correlated (r = 0.997).
Thus notes within each phrase can be considered
nearly identical, and we can use the relationship be-
tween the adjoining notes of the two phrases (notes
III and 1IV) to characterize the relationship between
the phrases.

The relationship between the frequency of these
notes was strong (Fig. 2). The frequency at which
birds sang note IV (phrase C) was consistently lower
than that of note III (phrase B) (¢ = 63.00, df = 60, P
= 0.0001), but the two were highly correlated (r =
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Fig. 2. A scatter plot of the relationship between
the frequency of note III (phrase B) and note IV (phrase
C). Two theoretical lines are shown. The continuous
line represents the equation Note III = 1.273 (Note
1V) and the dashed lines shows Note III = (Note 1V)
— 1,024. Birds from the four different regions are
illustrated with different symbols, but there were no
consistent differences between regions for either of
the notes alone or the ratio of the notes (all F,;, <
1.25, all P > 0.3).

0.945, df = 59, P = 0.0001). These results demonstrate
a precise relationship between the frequencies of the
two phrases. There are two possible mechanisms by
which the birds may be achieving this relationship.
As the two sets of frequencies are linearly related (the
addition of quadratic and cubic functions provide
negligible improvements in fit) the relationship can
be characterized theoretically from the general linear
equation y = ax + b, or in the current example Phrase
B = a(Phrase C) + b. To test if the Veeries’ production
rule is to produce a consistent frequency difference,
we fitted an equation with the “b” term equal to the
mean difference across our subjects (1,024 Hz) and the
“a” term equal to one. Similarly, we tested if the
production rule was to produce a consistent frequen-
cy ratio by fitting an equation with the “b” term equal
to zero and the “a” term equal to the mean ratio
(1.273). Although both lines appear to provide a good
fit to the observed values (Fig. 2), we performed good-
ness-of-fit tests to determine which provided the
greater explanatory value (the better the fit, the small-
er the Chi-square value). The “ratio” model provided
a better fit (x2 = 153.1) to our data than did the “dif-
ference” model (x* = 201.3).

The above analyses led us to suggest that relative
frequency is an important feature governing how
Veeries sing. To determine if this feature was also
important in song recognition, we performed a play-
back experiment. From our sample of recordings we
constructed two versions of each of four test songs.

Songs were synthesized by combining phrases B and
C from 8 different birds (1-8 in Table 1). A song with
the normal frequency ratio (as determined from the
above analyses) was formed by combining phrase B
from Bird 1 with phrase C from Bird 2 (to form 1B,
2C in Table 1). Another song with normal ratio was
formed in a similar way (3B, 4C), within the criterion
that 2C and 3B were very similar in frequency. Thus,
this second normal song was at a lower frequency
than the first. We used the same phrases from these
songs to form two new songs: one with virtually no
change in frequency (3B, 2C) and one with double
the normal ratio (1B, 4C). In an identical way, we
used the songs from 4 new birds (Table 1) to form
another version of each of these 4 test songs. All
manipulations were performed digitally using
SoundCap, SoundWave, and SoundEdit software. The
formation of the test songs followed Hurly et al. (1990)
and controls for the absolute frequency of the two
phrases. Songs were recorded onto playback tapes at
a rate that approximated natural rates of singing (8
songs/min).

Playback trials were performed between 0630 and
2135 Atlantic daylight savings time in June, 1989, on
a population of territorial male Veeries near St. An-
drews. Subjects were unbanded, but we reduced the
probability of testing the same individual twice by
moving a minimum of 500 m between trials. Our
previous experimental work with known individuals
from this area indicated that the largest territories
were less than half this diameter.

We tested 28 subjects. Subjects were randomly as-
signed to one of the two versions of the test songs,
and then to a counterbalanced order of the test songs.
Each trial consisted of 9 periods. Trials began with a
2-min pre-stimulus silent period. The 4 test songs
were then broadcast for 2 min each, separated by
4-min silent periods. Songs were played using a Ma-
rantz C-205 tape recorder, Toa amplifier, and Huber
Cal 26 loudspeaker placed ca. 1.5 m off the ground.
Maximum song intensity was standardized to 90 dB
at 0.3 m from the loudspeaker.
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Fig. 3. Responses (mean *+ SE) to the four types
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mal ratio (Larger). The response measure illustrated
is latency to approach within 7 m of the speaker. The
patterns were similar for the three other response
measures.

We evaluated the response to playback during each
2-min stimulus period by four response measures: (1)
the number of songs, (2) the number of movements,
including hops and flights, (3) latency of approach to
within 7 m of the loudspeaker, and (4) the minimum
distance between the subject and the speaker. Mea-
surements were recorded by three observers located
at least 7 m from the loudspeaker. We conducted sep-
arate two-way (song version x frequency ratio) with-
in-subject ANOVAs for each response measure.

Songs with the natural frequency ratio elicited a
stronger territorial response than songs with either
type of abnormal ratio (i.e. those songs with either
no change in frequency or those with an abnormally
large change in frequency) (Fig. 3). The Veeries sang
more (F = 5.67; df = 1, 83; P < 0.02), made more
movements (F = 12.71; df = 1, 83; P < 0.001), ap-
proached sooner (F = 14.26; df = 1, 83; P < 0.001),
and approached closer (F = 7.01; df = 1, 83; P < 0.01)
when songs with the natural ratio were played. We
found no significant differences in response to the
two versions of test songs for any of our measures,
nor were the interactions between ratio and version
statistically significant.

We conclude, from the analysis of natural songs
and from the playback experiment, that Veeries use
the relative frequency of notes to sing and recognize
their songs. The data from our song recordings im-

Short Communications

[Auk, Vol. 108

ply that Veeries sing songs with a constant fre-
quency ratio over the range of absolute frequencies
that naturally occur in their songs. The recognition
experiment indicated that birds are sensitive to more
than just the frequency contour, as the songs with
the larger than normal frequency ratio elicited weak-
er responses. These playback results do not allow us
to differentiate between the “difference” and “ratio”
models. Indeed, the subjects may have been respond-
ing to any correlate of our independent variable, fre-
quency ratio. However, our analyses of the song re-
cordings demonstrated that Veeries produce a
consistent frequency contour and that the precise re-
lationship is best described by a consistent ratio of
frequencies.

Our study indicates that relative frequency is im-
portant in song perception, but in no way rules out
the importance of other song features. In fact, other
experiments have shown that Veeries use a variety
of song features to recognize songs (MacNally et al.
1985, Weary et al. 1986).

Our results are consistent with those from Black-
capped Chickadees (Weisman and Ratcliffe 1989,
Weisman et al. 1990) and White-throated Sparrows
(Hurly et al. 1990), but not European Starlings (Hulse
and Cynx 1985, 1986; Page et al. 1989). Veeries (which
sing quite complex songs) seem to use relative fre-
quency in song recognition and production. This ar-
gues against the possibility that the relative frequency
of notes is important only to species that sing rela-
tively simple songs. Our study, and those cited on
Black-capped Chickadees and White-throated Spar-
rows, used territorial responses to natural songs to
investigate perception. In contrast, the work on Eu-
ropean Starlings employed an operant procedure and
synthetic tones. We feel that it is unlikely that the
difference between the studies relates to the use of a
food-related task as opposed to a territorial one. Other
tests of song perception in birds that have used both
operant and playback techniques have indicated that
these methods can produce similar results (see Weary
1989 and Weary et al. 1990, respectively). Also, a re-
cent operant test on Black-capped Chickadees has
shown a strong effect of relative frequency (Weary
and Weisman 1991).

We thank Ann-Katrin Richter and Stephane Per-
reault for assistance in the field, Ingrid Johnsrude for
assistance in the lab, Laurene Ratcliffe for advice at
various stages of this research, and Andy Horn, Vi-
vian T. Anderson, and David S. Dobkin for their in-
sightful comments on the manuscript. Financial sup-
port was provided by FCAR Quebec and NSERC
Canada post-doctoral fellowships to Weary, and by
NSERC Canada operating grants to Weisman and
Lemon.
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