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Perceptual organization of auditory temporal
patterns in European starlings (Sturnus vulgaris)

RICHARD F. BRAATEN and STEWART H. HULSE
The Johns Hopkins University, Baltimore, Maryland

The perception of continuously repeating auditory patterns by European starlings was explored
in seven experiments. In Experiment 1, 4 starlings learned to discriminate between two continu-
ously repeating, eight-element, auditory patterns. Each eight-element pattern was constructed
from different temporal organizations of two elements differing in timbre. In Experiments 2-7,
the repeating patterns were transformed in ways designed to identify the starlings’ perceptual
organization of the patterns. In Experiment 2, the starlings identified patterns beginning with
novel starting points. In Experiment 3, discrimination performance was adversely affected by
reorganizing the elements in the patterns. In Experiments 4 and 5, the pattern elements were
altered. In Experiment 4, the patterns were constructed from two novel elements. In Experiment 5,
the temporal location of the two pattern elements was reversed. The transformations of the pat-
terns in Experiments 4 and 5 affected discrimination performance for some, but not all, of the
starlings. In Experiments 6 and 7, replacing either of the two elements with silent intervals had
no effect on discrimination performance. The results of these experiments identify basic group-

ing principles that starlings use when they perceive auditory patterns.

When a songbird hears a series of acoustic elements,
what does it perceive? Does it perceive a series of un-
related elements, or are the elements organized by per-
ceptual rules? In this paper, we address this question by
studying the discrimination and perceptual organization
of auditory temporal patterns by European starlings.

It is known that human perception makes great use of
perceptual grouping to organize auditory stimulation. This
is apparent, for example, in the way in which frequency
components are grouped in complex tones and in pho-
nemic structures (Bregman, Abramson, Dochring, & Dar-
win, 1985; Chalikia & Bregman, 1989; Dannenbring &
Bregman, 1978; McAdams, 1989), or in which the con-
secutive notes in music are perceptually organized to form
amelody (Attneave & Olson, 1971; Deutsch, 1982; Dowl-
ing & Harwood, 1986). The principles that govern the
grouping of acoustic elements into meaningful structures
has been a topic of a good deal of research in human au-
ditory perception (Bregman, 1990). This research has
pointed to the importance of perceptual grouping for con-
structing meaningful units of perception from acoustic
elements.
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Recently, comparative psychologists have begun to
study animals’ perception of relationships among acoustic
elements. A number of experiments have been conducted
to study the perception of serial frequency relationships
(Braaten, Hulse, & Page, 1990; D’ Amato, 1988; D’ Amato
& Salmon, 1982, 1984; Dooling, Brown, Park, Okanoya,
& Soli, 1987; Hulse & Cynx, 1985, 1986; Hulse, Cynx,
& Humpal, 1984; Hulse, Page, & Braaten, 1990b; Page,
Hulse, & Cynx, 1989). Such studies have generally in-
volved training animals to discriminate among two or
more patterns. The patterns are then transposed, chang-
ing the frequencies of elements of the patterns, but main-
taining the relational frequency structure among the pat-
tern elements. In general, this body of research has shown
that animals show a preference for solving perceptual
problems on the basis of the absolute frequency of pat-
tern elements. Under some conditions, however, espe-
cially when absolute frequency cues are mitigated, per-
ception of relational frequency structure emerges as a
secondary strategy (see Hulse, Page, & Braaten, 1990a,
for a review of this work).

In the experiments on the perception of frequency struc-
ture, animals have been presented with acoustic patterns
with a very definite formal frequency structure. For ex-
ample, many experiments require songbirds to discrimi-
nate sequences in which successive elements increase
monotonically in frequency from sequences in which the
elements decrease monotonically in frequency. The song-
birds are then presented with transpositions of the se-
quences, to determine whether the animals have learned
the formal structure that was available to them.

In the experiments reported here, we used a new ap-
proach to the study of perceptual organization in starlings.

Copyright 1993 Psychonomic Society, Inc.
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This approach was adapted from Garner’s studies of hu-
man auditory perceptual organization (Garner, 1974;
Royer & Garner, 1966, 1970). Rather than present star-
lings with auditory patterns with a definite formal struc-
ture, we presented the birds with sequences in which the
formal structure was ambiguous. Transfer tests were then
designed to determine whether the starlings selected a per-
ceptual organization from among the many possible or-
ganizations of the ambiguous sequences. Before turning
to these experiments with starlings, we first review some
of the work on human perception of ambiguous auditory
patterns.

Human Perception of Continuously
Repeating Auditory Patterns

Many experiments on human auditory perceptual or-
ganization have made use of continuously repeating pat-
terns (e.g., Garner & Gottwald, 1968; Handel, 1974;
Handel & Lewis, 1970; Handel & Todd, 1981; Preusser,
1972; Preusser, Garner, & Gottwald, 1970; Royer &
Garner, 1966, 1970; Warren, Obusek, Farmer, & Warren,
1969). Subjects are asked to listen to and identify a pattern.
For example, consider a continuously repeating, dichoto-
mous auditory pattern such as XXXX0000XXXX0000
..., where X and O represent two distinct elements, such
as two tones of different timbre and pitch. When such a
pattern is repeated for a sufficient duration, people even-
tually perceive a repeating pattern (Royer & Garner, 1966,
1970). A number of organizations of the stimulus pattern
are possible, but people perceive only a few of them. In
the given example, people will usually perceive the re-
peating pattern to be XXXX0OO0OO, rather than another
possible organization, XOOO0OXXX. In the perception
of these patterns, there is structure in the stimulus. Thus,
in the example, nobody perceives the pattern to be
X0OXO0XO0XO. But the structure is also in the perceiver.
People are selective about the structures they will per-
ceive. Although perception is not imposed on a structure-
less world, perception is selected from a number of al-
ternatives. Such experiments have shown that a few simple
rules operate in the determination of perceptual organi-
zation. Among the rules that operate on human percep-
tual organization, those based on grouping by similarity
are most relevant here.

Grouping by Similarity

Several experiments have shown that similarity is a
powerful grouping principle in the perception of auditory
patterns (Garner & Gottwald, 1968; Handel & Buffardi,
1968; Royer, 1967; Royer & Garner, 1966, 1970). Thus
subjects have listened to and identified repeating patterns,
verbally, in writing (as a series of Xs and Os), or with
a motor response (tapping out the pattern). For example,
the subject might hear the pattern OOXX0O0O0000X-
X0O00000XX0000. ... The subject would listen to
the pattern until he/she could identify it. For any n-element
repeating pattern, there are n possible correct responses.
In the example, most people (54%) reported hearing
0O00000XX, but a large minority (30%) reported hear-

ing XX00000O0 (Royer & Garner, 1966). Identifications
of these repeating patterns show that similar elements are
grouped together as much as possible. Only rarely does
the perceived pattern break apart similar elements. In the
example pattern, only .08 % of the subjects perceived the
repeating pattern as XOOOOOOX. Furthermore, subjects
tended to perceptually organize the pattern independently
of its starting point. Identification of the patterns was faster
when they began at the subjects’ preferred starting points
(e.g., OOO0OO0OOXX in the example), and subjects made
fewer errors in such instances (Royer & Garner, 1966).
This shows that perception is an active process in which
the series of elements is reorganized to match the subjects’
preferred perception, as determined by runs of similar
elements.

Auditory Streaming

A common effect of grouping of acoustic elements by
similarity is that one line of the stimulus is perceived as
a figure against the background of the rest of the stimu-
lus (Bregman & Campbell, 1971; Divenyi & Hirsh, 1978;
Preusser et al., 1970). This phenomenon has been termed
auditory streaming (Bregman & Campbell, 1971). For ex-
ample, if X is a 2000-Hz tone and O is a 400-Hz tone,
then, at certain rates, the continuously repeating pattern
X0OX0OXXO0O0 ... will split apart into two perceptual
streams, X-X-XX-- ... and -0-0--00 . .. Attention
can be shifted to the elements of either of the two fre-
quency streams, which becomes the figure, but it is ex-
tremely difficult to attend to both streams at once. The
functional importance of auditory streaming is that it
allows the organism to attend selectively to relevant in-
formation from one sequence while ignoring irrelevant
background noise.

The Present Experiments

The series of experiments reported in this paper was
designed to uncover rules of perceptual organization that
operate in starlings’ perception of auditory patterns. In
all the experiments, starlings were required to discriminate
between two eight-element, dichotomous, continuously
repeating patterns, similar to those used by Royer and
Garner (1966, 1970).

In Experiment 1, we describe acquisition of the base-
line discrimination. During acquisition, the patterns were
presented with seven different starting points in an attempt
to force the bird to rely on the organization between the
elements rather than on any individual pattern element.
The patterns were repeated many times (16), to allow the
bird the opportunity to perceive the temporal structure of
the pattern. Each subsequent experiment represents a
transfer from the baseline discrimination to patterns that
were transformed in some way.

Each transfer test was designed to yield results that con-
verged on the issue of temporal pattern organization. In
Experiment 2, the starlings were presented with 2 start-
ing points that had not been presented during baseline
training, along with the 14 baseline starting points. In Ex-
periment 3, we were concerned with the starlings’ per-
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ception of the overall structure of the patterns. In this ex-
periment, the pattern elements remained unchanged, but
the organization of the elements was altered. In Experi-
ments 4 and 5, we examined the extent to which the dis-
crimination depended on the particular elements that made
up the patterns. In these experiments, the elements of the
patterns were changed, but the organization of the ele-
ments remained constant. In Experiments 6 and 7, we
addressed the possibility that the starlings perceived the
sequences as perceptual streams; here, we were concerned
with the starlings’ discrimination of the patterns when
either of the elements was replaced with a silent interval.

EXPERIMENT 1
Discrimination of the Baseline
Temporal Patterns

The starlings’ acquisition of a discrimination between
two repeating temporal patterns is reported here. The pat-
terns were composed of the same two elements in differ-
ent temporal organizations. These elements were tones
with the same fundamental frequency, but differing in
timbre. Each pattern was eight elements in length and was
repeated 16 times. The patterns could begin at any of
seven starting points. The variable starting point was de-
signed to encourage perception of the organization of the
elements. Because it is possible that the birds could per-
ceive different starting points of the same patterns as be-
ing different patterns, the eighth starting point for each
pattern was not presented initially. This pattern was re-
erved for later testing (see Experiment 2).

Method

Subjects. Four male European starlings served as subjects (G24,
G27, S53, and P64). Starling G24 was experimentally naive.
Starlings G27 and S53 had previous experience in pilot work in
discriminating two repeating patterns other than those in these ex-
periments. Starling P64 had prior experience in a song preference
experiment.

The starlings in these experiments were caught wild. They were
obtained from the Federal Wildlife Preserve in Laurel, MD. The
birds were food deprived to approximately 85% of their ad-lib
weights. They received a diet of Purina Meat Builder (Purina, St.
Louis, MO), chopped dog chow, carrots, and hard-boiled eggs (in-
cluding shells) in the test chambers. They were supplemented with
additional feedings of Purina Meat Builder in their home cages if
necessary, to maintain their deprived weight. Grit was available
in the home cages, and water was available at all times. The birds
were housed in an aviary that contained approximately 50-60
starlings. Fluorescent full-spectrum lights were controlled by a timer
that maintained the light:dark cycle consistent with that in Baltimore.

Apparatus. Acoustic stimulus generation, control of experimental
contingencies, and data recording were controlled by an AT-type
personal computer. The stimuli were generated by computer pro-
grams and stored digitally on disk. A DT2801 Data Translation
(Marlborough, MA) D/A converter with a sampling rate of 20 kHz
fed the signal to a 10-kHz low-pass filter, and then to a Coulborn
(Lehigh Valley, PA) S84-04 rise/fall gate set at a linear rise/fall
time of 6 msec. Output from the gate was sent to a Crown (Elk-
hart, IN) D-75 amplifier, and then to a Jensen (Lincolnshire, IL)
14-cm coaxial speaker mounted in the ceiling of an Industrial Acous-
tics (Bronx, NY) Model AC3 acoustic chamber.
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A standard operant response panel, with internal measurements
of 60x80x60 cm was mounted inside the acoustic chamber. A
three-sided welded wire test cage measuring 28 X30x20 cm was
attached to the response panel, which formed the fourth side of the
bird’s test quarters. The response panel consisted of a row of three
translucent response keys, 2 cm in diameter, and spaced 6 cm apart
(center to center). Pecks on the keys were detected by microswitches.
A food hopper delivered reward to a 6.0 X 4.5 cm opening lo-
cated 4.5 cm below the row of keys. Some birds received rewards
from two hoppers, one located below each of the side keys; other
birds received rewards from a single central hopper located below
the center key. Indirect illumination (houselight) was provided by
a translucent light source mounted on the side of the acoustic cham-
ber. The chamber speaker was located 22 cm above the test cage.

Stimuli. Both patterns were constructed from the same two ele-
ments, identified here as X and O. These elements had unique spec-
tral structures, or timbres. Element X contained equal energy at
two harmonics—the fundamental frequency and the fourth harmonic.
Element O contained equal energy at three harmonics—the funda-
mental frequency, second harmonic, and third harmonic. Spectral
structure is an important component of timbre, and starlings easily
discriminate between these two timbres (Braaten & Hulse, 1991).

The elements were created by computer software that summed
sine waves of equal intensity. Both elements were presented with
a fundamental frequency of 1000 Hz. Therefore, Element X con-
tained equal energy at 1000 and 4000 Hz. Element O contained equal
energy at 1000, 2000, and 3000 Hz. The two elements were equated
for overall intensity, and sine-wave components of each element
were produced in phase.

The elements were presented with a duration of 100 msec. Each
tone was passed through a rise/fall gate with a linear onset/offset
time of 6 msec. The elements were presented at an intensity level
that ranged, between sessions, from 72 to 77 dB(A). The sound
level was recalibrated periodically to 75 dB(A), using a Rion
(Tokyo, Japan) NA-20 sound-level meter.

From these two elements, two patterns were constructed. In Pat-
tern A, the elements were organized as XXXXXOOQ0. In Pattern B,
they were organized as OXOXOOXX. The 100-msec elements were
separated by 100-msec interelement intervals, so the patterns were
presented at a rate of 5 elements/sec. The patterns repeated contin-
uously, with no pause between repetitions, for up to 25.6 sec, or
16 repetitions. On any given trial, the patterns could begin at seven
of the eight possible starting points for each pattern. For example,
two versions of Pattern B, with different starting points, were
OXOXO0O0XX and XOX00XXO. Versions XXX000XX for Pat-
tern A and OXOOXXOX for Pattern B were not presented initially.
These versions were reserved for future testing in Experiment 2.

Baseline discrimination. The birds discriminated between the
two patterns in a two-alternative, forced choice procedure. The
starlings were required to withhold responses for a 25.6-sec listen-
ing period. Responses to the side keys during the listening period
turned off the sound and extinguished the houselight for a time-out
period of 10 sec. The offset of sound presentation at the end of the
25.6-sec listening period served as the signal for the bird to respond
to one of the side keys.

It was necessary to train the birds, through the use of a gradual
shaping procedure, to wait until the end of the listening period be-
fore responding. In the shaping procedure, the starlings were pre-
sented with one of two continuously repeating tones on each trial.
These tones were 880- and 1480-Hz sine waves. The birds were
rewarded for responding to the left key in the presence of the 880-
Hz tone, and to the right key for the 1480-Hz tone. Responses to
the incorrect key were punished with a 10-sec time-out period. The
listening period was initially 1.6 sec during the shaping procedure.
Responses prior to the end of this listening period resulted in the
10-sec time-out. As the birds learned to withhold responses, the
listening period was extended. Eventually, the listening period was
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made variable, so that the birds could not simply time a fixed pe-
riod before responding. The exact listening periods that were used
varied between birds, but all the starlings eventually learned to wait
for a mean duration of 25 sec before responding. The shaping pe-
riod continued for a period of about 5 weeks, at which point the
birds were waiting reliably until the end of the listening period be-
fore making a response. At this point, training of the pattern dis-
criminations began.

During discrimination training, each trial began with the center
keylight illuminated. A peck to the center key darkened that key
and initiated presentation of one of the two patterns. The patterns
were selected randomly (p = .5) for each trial, with the constraint
that the same pattern was not presented on more than four consecu-
tive trials. Within each pattern, one of the seven starting points was
also selected randomly (p = .14).

Pattern presentation was followed by a 10-sec response period.
During the response period, responses to the left key following pre-
sentation of Pattern A resulted in 3 sec of access to the raised, left
food hopper. Responses to the right key following presentation of
Pattern B were rewarded with 3 sec of access to the right hopper.
Incorrect responses to either key were punished with a 10-sec time-
out period. A failure to respond during the response period also
resulted in the time-out period. A 5-sec intertrial interval, with the
houselight on, followed either food reward or time-out.

To avoid key biases, correction trials were used throughout the
experiment. When the bird made an incorrect response, it received
the same pattern on the following trial. This procedure was instituted
so that the starling could not simply respond to the same key on
each trial, which would result in food reward on 50% of the trials.
Correction trials followed incorrect responses of any type, includ-
ing a response to the wrong key, a response during the listening
period, or a failure to respond during the response period. Data
from correction trials are not included in any of the analyses.

The starlings worked in daily, 1.5- to 2-h sessions, during which
time they received approximately 50-175 trials.

Transfer tests. The specific transfer tests are described in Ex-
periments 2-7. However, some general features of the transfer tests
can be described here.

Transfers began once the birds were discriminating at a perfor-
mance level of at least 67% correct, averaged over five sessions.
All birds received at least 160 trials for each transfer test (not count-
ing correction trials). The transfer tests followed at least 160 trials
of baseline discrimination. Following the transfer, the birds were
returned to at least 160 trials of baseline. This procedure continued
until all the transfer tests were completed. Transfer tests began the
day following the one on which the bird had reached at least 160
baseline trials. For most transfer tests, this meant that the birds
received two to three daily baseline sessions, followed by two to
three daily transfer sessions. The first 160 trials of transfer for each
bird were analyzed in eight blocks of 20 trials.

Baseline performance was not always stable, both because of the
difficult nature of the task, and because transfer tests sometimes
disrupted baseline performance. Therefore, a baseline criterion of
at least 60% correct was instituted. If the first 160 trials following
a transfer were not at least 60% correct, the bird continued the base-
line discrimination until it was at least 60% correct for two con-
secutive sessions. Once this criterion was regained, the following
160 trials were counted as the baseline performance against which
the subsequent transfer performance was measured.

During all transfer tests, reinforcement contingencies remained
in effect.

Here, the experiments will be described in a conceptual order,
not the order in which they were actuaily done. The chronological
order of transfers was the same for all birds: (1) novel starting points
(Experiment 2); (2) novel elements (Experiment 4); (3) reversed
elements (Experiment 5); (4) X element only (Experiment 6); (5) O
element only (Experiment 7); (6) reorganized elements (Ex-
periment 3).

Results

All 4 starlings learned to discriminate between the two
baseline patterns. Figure 1 shows the acquisition curves
for the 4 birds, from the initial session until the time of
the first transfer. Each data point in Figure | represents
the average of five consecutive sessions (the last data point
for G24 and P64 represents an average of four sessions).
The discrimination was difficult for 2 of the starlings. The
other 2 starlings, however, learned the discrimination rela-
tively quickly. G27 learned the task the fastest, reaching
a discrimination level of 67% correct after 30 sessions.
(24 was discriminating correctly on 74 % of the trials after
39 sessions. Two of the birds, $53 and P64, took much
longer to learn the task. S53 reached a performance level
of 69% correct after 165 sessions; P64 reached 67% cor-
rect after 164 sessions. The mean performance of 69.2%
at the time of the initial transfer was significantly greater
than chance (50%) [t(3) = 11.65, p < .01].

Discussion

All 4 starlings were able to discriminate between the
repeating patterns. This was true even though the con-
tinuous repetition of the patterns, the use of the same two
elements in each of the patterns, and the variable starting
points made it unlikely that the starlings could have been
discriminating on the basis of some local feature of the
patterns. The experiment was designed to encourage the
starlings to attend to the global relations among the pat-
tern elements. The difficulty that Starlings S53 and P64
had in learning the discrimination may have resulted from
a difficulty in perceiving the relations among pattern ele-
ments. Starlings very quickly learn discriminations be-
tween single tones (Braaten, 1991) and will solve pitch
pattern discriminations on the basis of the absolute fre-
quency of individual tones when given the opportunity,
rather than on the basis of the relationships among tones
(Hulse & Cynx, 1986; Hulse et al., 1984). In fact, in an
earlier experiment that required attention to global pitch
relationships, starlings were unable to learn a discrimi-

Percent Correct

20 40 60 80 100 120 140 160
Sesslons

Figure 1. Acquisition of the baseline discrimination by the 4
starlings in Experiment 1. Each data point represents the mean dis-
crimination performance of five daily sessions.
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nation between rising and falling pitch patterns (Page
et al., 1989).

There were very large individual differences in acqui-
sition. The discrimination was learned quickly by 2 of the
starlings, and slowly by the 2 others. The source of these
differences is not apparent. G27 and S53 had prior ex-
perience in discriminating other repeating patterns; yet
G27 acquired this discrimination relatively rapidly,
whereas S53 was very slow. Starling G24, which had no
prior laboratory experience, also acquired the discrimi-
nation more rapidly than the 2 slower birds.

It is important to emphasize that the reason for the rela-
tively high percentage of errors in discrimination of the
repeating patterns is not necessarily due to perceptual
deficits in the starling. The nature of the task could very
plausibly have created other difficulties. For example, the
starlings may have had trouble remembering the correct
response from the time at which a response decision was
made until the end of the listening period. The starlings
were quite good at waiting the required 25.6 sec from
stimulus onset until response time. Over the last three ses-
sions of training prior to the transfer tests, the starlings
responded during the listening period on only 2% of the
trials. Although the purpose of the lengthy listening pe-
riod was to give the birds plenty of time to perceive the
structure of the pattern, it is possible that a shorter listen-
ing period would have resulted in higher performance.

EXPERIMENT 2
Novel Starting Points

The starlings may have learned the discrimination on
the basis of the repeating organization of the pattern ele-
ments. Alternatively, the starlings may have been learn-
ing serial lists of elements. That is, the starlings may not
have perceived the periodicity of the repeating patterns.
Rather, the 14 starting points may have been perceived
as 14 separate sequential lists of elements. This seems un-
likely, because it would have required the starlings to learn
14 separate lists. However, animals have been known to
classify large numbers of visual stimuli by rote memory
when much simpler classification schemes seem appar-
ent to human observers (Greene, 1984).

In this experiment, the starlings were presented with
the 2 novel starting points, along with the 14 baseline start-
ing points, of the baseline patterns. It was expected that
if the starlings perceived the periodicity of the pattern or-
ganization, performance with the novel starting points
would be no different than performance with the base-
line starting points. If, on the other hand, the starlings
had learned 14 separate lists of elements, performance
on the novel starting points would be much worse than
baseline.

Method
Subjects. The 4 starlings that acquired the baseline discrimina-
tion served as subjects.
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Apparatus. The apparatus was described in Experiment 1.

Stimuli. In this transfer, the birds received the two starting points
for each of the two patterns that had not been received during base-
line discrimination. These two patterns were the XXXO000XX ver-
sion of Pattern A, and the OXOOXXOX version of Pattern B.

Procedure. The novel starting points were presented in transfer
sessions along with the 14 starting points that the birds had learned.
Therefore, on each trial, the probability of receiving each pattern
remained .5, but the probability of receiving any particular start-
ing point, given a particular pattern, was .125 instead of .14. The
starlings continued with transfer sessions until they had received
20 trials with each of the 16 starting points (for a total of 320 trials).

Results

Performance was no different with the novel starting
points than it was with the baseline starting points. Fig-
ure 2 shows means for the 4 birds on the initial sessions
that included the two novel starting points. The mean per-
formance for the first 20 trials of each of the 14 baseline
starting points and the mean performance of the first 20
trials of the 2 novel starting points are shown for each
starling. For the 4 starlings combined, the mean perfor-
mance of 70% correct out of the 20 trials was not signifi-
cantly better than the 69% correct that the birds achieved
with the novel starting points {t(3) = 0.54, p > .05].

Discussion

Performance with the novel starting points provides evi-
dence that the starlings perceived the organization among
the elements of the baseline patterns. These patterns were
identified as accurately as were the patterns with the 14
familiar starting points. Apparently, the starlings did not
perceive the patterns that started at different points as be-
ing different. Rather, they perceived some constant prop-
erty of the patterns that emerged through the repetition

100

Baseline

Novel Start Points

Percent Correct

Chance

G27 P64 S53 All Birds
Starling

Figure 2. Baseline and transfer discrimination performances for
the starlings in Experiment 2. Baseline data are the mean perfor-
mances on the first 20 trials of the 14 baseline starting points pre-
sented during transfer sessions. Transfer data are the mean per-
formances on the first 20 trials of the 2 novel starting points presented
during transfer sessions.
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of the patterns. The exact nature of this constant prop-
erty was investigated in subsequent experiments.

EXPERIMENT 3
Reorganization of Elements

This experiment was designed to explore the nature of
the starlings’ discrimination. One possibility is that the
starlings were attending to the relative proportion of the
elements in each of the patterns, and not to the pattern
organization. In this experiment, that proportion was
maintained, but the organization of the elements within
the pattern was changed. In the baseline patterns, Pat-
tern A contained five Xs and three Os, and Pattern B con-
tained four Xs and four Os. It was expected that if the
starlings were attending simply to the relative proportion
of the elements in each of the patterns, this transfer would
not cause a change in discrimination performance, because
that feature would be maintained. If, however, the star-
lings were attending to the organization of the elements
within the patterns, performance would be disrupted sub-
stantially.

Method
Subjects. The same 4 starlings served as subjects.
Apparatus. The apparatus is described in Experiment 1.
Stimuli. The same two elements were used in this transfer. The
X and O elements were presented in the same proportion as base-
line for each pattern (five Xs for Pattern A, four Xs for Pattern B).
The elements were reorganized to form two new patterns. Pattern A
became XXOXO0XXO, and Pattern B became XXXXO000O. The
new patterns could begin at any of the eight possible starting points.
Procedure. Each bird received at least 160 trials with the new
patterns, as described for the transfer tests in Experiment 1.

Results

The starlings were unable to identify the transfer pat-
terns with the reorganized elements. The discrimination
of 46.9% on the transfer patterns was much worse than
the baseline discrimination of 71.3% [¢(7) = 13.34,p <
.01]. Figure 3 shows that this drop in performance was
consistent. Three of the birds, G24, G27, and P64,
showed a significant drop in discrimination [ts(7) =
10.68, 3.82, and 3.75, all ps < .01]. S53’s drop from
65.6% to 54.4% was not significant [t(7) = 2.11, p >
.05], but neither was the transfer performance better than
chance [t(7) = 1.51, p > .05].

None of the birds identified the two transfer patterns
at a level higher than chance. Starlings G27, P64, and
S53 were no different from chance [rs(7) = —0.55,
—0.57, and 1.51, respectively, all ps > .05]. Star-
ling G24’s performance of 36.9% was actually worse than
chance [t(7) = —2.54, p < .08].

Discussion

The results of this transfer provide strong evidence that
the starlings perceived the organization among the ele-
ments in the patterns. Reorganizing the elements of the
two patterns seriously disrupted the ability of the starlings
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Figure 3. Baseline and transfer discrimination performances for
the starlings in Experiment 3. Baseline data are the mean baseline
performances on the eight blocks of 20 trials preceding the transfer
test. Transfer data are the mean transfer performances on the eight
blocks of 20 trials with the stimulus elements reorganized.

to identify the patterns. This was true for all the birds.
Simply perceiving the relative proportion of the elements,
which differed between the two patterns, could not ac-
count for the poor performance in this transfer test.

It is interesting that Starling G24’s performance suffered
the most on this transfer test. This starling consistently
had the highest baseline level of performance, yet, with
the reorganized patterns, this starling was the worst of
the 4 birds at identifying the patterns. This suggests that
the reason for G24’s rapid acquisition and high level of
baseline discrimination is that it, more than the other
starlings, learned to attend to the organization of the pat-
tern elements (this suggestion is also supported by the re-
sults of Experiments 4 and 5).

(G24’s performance also gives a clue to how the patterns
were organized perceptually, at least for that 1 starling.
In the baseline patterns, Pattern A consisted of two runs
of identical elements, XXXXXOO0O. Pattern B had six
runs of identical elements, OXOXO0XX. With the trans-
fer patterns, Pattern A had six runs of identical elements,
XXO0X0XXO, and Pattern B had two runs of identical
elements, XXXX0O0OO. In the transfer test, G24 treated
Pattern A as though it was the baseline Pattern B, and Pat-
tern B as though it was the baseline Pattern A. This re-
versal of performance strongly suggests that G24 was
grouping identical elements perceptually. Humans also
group identical elements in patterns such as these; descrip-
tions of the repeating patterns rarely break up groupings
of identical elements (Royer & Garner, 1966, 1970).

EXPERIMENT 4
Novel Elements

The starlings were able to learn the baseline discrimi-
nation despite the variable starting point. Furthermore,
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they were able to identify patterns with novel starting
points and were not able to identify patterns in which the
elements were reorganized. This suggests that the discrim-
ination was not based on features of individual pattern
elements, but on the organization of the elements in the
patterns. In Experiment 4, we tested more directly the idea
that the discrimination was independent of individual pat-
tern elements. In this transfer test, the two pattern ele-
ments were replaced with novel elements. To the extent
that the baseline discrimination was independent of the
elements, it was expected that the starlings would main-
tain the discrimination with the novel elements.

Method

Subjects. The 4 starlings from Experiment 1 served as subjects.

Apparatus. The apparatus is described in Experiment 1.

Stimuli. The frequency and timbre of the elements were changed.
The X element was changed to a sine wave with a fundamental fre-
quency of 1200 Hz. The O element was changed to a complex tone,
also with a fundamental frequency of 1200 Hz. The sine wave con-
tained energy at the fundamental frequency only. The complex tone
contained energy at the fundamental frequency and at the third and
fifth harmonics. The amount of energy in the respective harmonics
of the complex tone decreased with increasing frequency. The third
harmonic was 6 dB less intense than the fundamental frequency,
and the fifth harmonic was 11 dB less intense than the fundamental
frequency. Intensity and duration of the elements were unchanged.

The new elements were created with the Digidesign (Menlo Park,
CA) Softsynth additive synthesis software program on a Mac-
intosh IIx computer.

Procedure. The starlings were transferred to the patterns with
the novel elements for at least 160 trials, as described in the proce-
dure for the transfer tests in Experiment 1. The temporal organi-
zation of the elements in the patterns remained unchanged.

Results

The 160 transfer trials were analyzed as eight blocks
of 20 trials and compared with the eight blocks of 20 base-
line trials that immediately preceded the transfer. These
data are represented in Figure 4. The starlings were able
to discriminate the patterns with novel elements. The aver-
age of 61.4% for the 4 birds was significantly above
chance [1(7) = 7.18, p < .01]. Performance was not as
good as that with the baseline patterns, however. Discrim-
ination dropped from an average of 70.9% correct for the
4 birds on the baseline trials to an average of 61.4%
correct on the trials with novel elements [1(7) = 3.55,
p < .01].

Figure 4 shows that the results are not consistent for
the 4 birds. The performances of G24 and G27 were not
significantly reduced by the novel elements [ts(7) = 1.17
and 0.00, respectively, ps > .05]. However, the novel
elements clearly disrupted the discrimination of P64
[t(3) = 5.34, p < .01}. Although the drop in perfor-
mance for S53 was not statistically significant [¢(7) =
1.97, p > .05], neither was the performance with the
novel elements different from chance for that bird [#(7) =
2.24, p > .05].

Discussion
Two of the starlings showed that their discrimination of
these patterns was independent of the elements that made
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Figure 4. Baseline and transfer discrimination performances for
the starlings in Experiment 4. Baseline data are the mean baseline
performances on the eight blocks of 20 trials preceding the transfer
test. Transfer data are the mean transfer performances on the eight
blocks of 20 trials with the novel stimulus elements.

up the patterns. The present results, along with those of
Experiments 1-3, strongly suggest that these starlings per-
ceived the organization of the elements in the patterns.
The other 2 starlings’ discrimination did depend on the
particular elements used in baseline training. The 2 star-
lings that were unaffected by the transfer, G24 and G27,
were those that acquired the discrimination relatively rap-
idly in Experiment 1. Perhaps the rapid acquisition was a
result of these birds’ attending to the overall structure of
the pattern; attention to the elements may have interfered
with acquisition of the task for Starlings P64 and S53.

EXPERIMENT 5
Reversed Elements

Experiment 4 showed that novel elements did not dis-
rupt performance for 2 of the starlings. Experiment 5
tested the limits of the independence of perfomance from
the pattern elements. In this transfer test, the pattern ele-
ments were reversed. The X elements were replaced with
the O elements, and the Os were replaced with the Xs.
As in Experiment 4, this transfer maintained the overall
temporal structure of the patterns.

Reversing the pattern elements was a very strong test
of the starlings’ perception of the relational organization
of the elements. If the starlings perceived the relation of
the elements to each other, independently of the elements
themselves, reversing the elements would not result in a
decrement in performance.

Method
Subjects. The same 4 starlings served as subjects.
Apparatus. The apparatus is described in Experiment 1.
Stimuli. The same two elements were used in this experiment.
However, the organization of the elements was reversed. The lo-
cations of X elements in the pattern were replaced by the O ele-
ment, and the locations of the O elements were replaced by the X
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element. Thus, the baseline Pattern A, XXXXX0O0O, became
OO0000XXX, and the baseline Pattern B, OXOX00XX, became
X0OX0XX00.

Procedure. Each bird was transferred to the patterns with the
reversed elements for at least 160 trials, as described in the proce-
dure for the transfer test in Experiment 1.

Results

Reversing the pattern elements was more disruptive to
the starlings’ discrimination performance than were the
novel elements. The performance of the starlings on the
baseline patterns and the transfer is shown in Figure 5.
The 56.4% performance for the 4 birds on the transfer
was significantly better than chance [#(7) = 4.64, p <
.01]; however, this was entirely due to the 71.2% per-
formance of G24 [1(7) = 7.20, p < .01]. None of the
other 3 starlings was above chance on the transfer pat-
terns [ts(7) = 1.39, —1.59, and 0.94 for G27, P64, and
S53, respectively, all ps > .05].

The discrimination of 67.0% on the baseline patterns
was significantly better than the 56.4% correct on the
transfer patterns [#(7) = 5.15, p < .01]. This drop in
performance was consistent for the individual starlings.
G24 and P64’s performance was worse with the transfer
patterns [t(7) = 6.42 for G24,p < .01, and #(7) = 3.20
for P64, p < .05]. Starling S53 was not significantly
worse with the transfer patterns [t(7) = 0.94, p > .05],
but neither was discrimination above chance with these
patterns [t(7) = 0.94, p > .05]. Starling G27’s data
could not be interpreted, because discrimination was not
better than chance with the baseline patterns [(7) = 1.42,
p > .05].

Discussion
Reversing the pattern elements was an even stronger
test of the idea that the starlings were attending to some

100
Baseline
B
13
=
o
L -4
§ ool
o
T
b4
50 Chance
40_ e KXY .........| B o ¢ B—
30
G24 G27 P64 S53 AllBirds
Starling

Figure 5. Baseline and transfer discrimination performances for
the starlings in Experiment 5. Baseline data are the mean baseline
performances on the eight blocks of 20 trials preceding the transfer
test. Transfer data are the mean transfer performances on the eight
blocks of 20 trials with the reversed stimulus elements.

local feature of the patterns than were the novel elements
of Experiment 4. Once again, Starling G24 showed strong
evidence of perceiving organization among the elements.
That starling was still able to discriminate between the
patterns even when the elements were reversed. For 2 of
the birds, S53 and P64, reversing the elements adversely
affected discrimination performance. Unfortunately,
G27’s baseline performance was not above chance, so it
is not known how the element reversal affected its dis-
crimination.

Although altering the elements did affect discrimination
performance of some of the starlings, it does not follow
from the results of Experiments 4 and S that the starlings
did not perceive the organizational structure of the ele-
ments. Starlings G24 and G27 still were able to discrimi-
nate the patterns with novel elements in Experiment 4,
as was Starling G24 in Experiment 5. Furthermore, it is
possible that the other 2 starlings also attended to the pat-
tern organization as well as the pattern elements. Revers-
ing the pattern elements also reversed the temporal organ-
ization associated with each of the elements. If the
organization of one of the elements was perceived as a
figure against the background of the other elements—that
is, if the elements were perceived as two separate auditory
streams—then reversing the elements might be expected
to affect performance. This idea was explored further in
Experiments 6 and 7.

EXPERIMENT 6
Auditory Streaming: X Element as Figure

Continuously repeating auditory patterns are sometimes
segregated perceptually into separate streams (Bregman,
1990) by human listeners. This happens when attention
is focused on one of the elements. The element that is at-
tended to becomes the figure, and the other element be-
comes the background. The perceptual organization con-
sists of the relationships between the figural element and
the interelement intervals. The pattern is perceived as a
continuously repeating rhythm.

To find out whether the starlings perceived the patterns
as rhythmic streams, all instances of one of the elements
were removed from both patterns and were replaced by
silent intervals. If the starlings had been perceiving the
patterns as rhythmic streams, this alteration of the pat-
terns would not affect identification. On the other hand,
if the starlings were attending to the relationships between
the successive pattern elements, this transfer would dis-
rupt performance.

In this experiment, all of the 100-msec O elements were
removed from the patterns and were replaced with 100-
msec silent intervals.

Methed
Subjects. The same 4 starlings served as subjects.
Apparatus. The apparatus is described in Experiment 1.
Stimuli. The X element remained the same as in the baseline pat-
terns. The O element was replaced with a 100-msec silent interval.
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Thus, Pattern A in this transfer was XXXXX-~-, where the dash
represents a silent interval, and Pattern B was ~-X-X--XX.

Procedure. Each starling received 160 trials of the transfer pat-
terns, as described in the procedure for the transfer tests in Ex-
periment 1.

Results

Baseline and transfer performance for the 4 starlings
are shown in Figure 6. The difference in performance be-
tween the baseline and the transfer patterns was not sta-
tistically significant {t(7) = 2.18, p > .05]. This result
was consistent for the 4 birds; removing the O elements
from the patterns did not significantly disrupt performance
for any of the starlings [rs(7) = 2.12, 1.87, 2.12, and
—0.18, all ps > .05, for G24, G27, P64, and S53,
respectively].

Transfer performance was significantly better than
chance [ts(7) = 7.76, 4.07, and 8.27 for G24, G27, and
S53, respectively, ps < .01, and ¢(7) = 2.96 for P64,
p < .05].

The starlings did notice that the patterns were different
from baseline patterns, however. On the first session of
transfer, the starlings responded before the end of the
listening period on 30% of the trials. The birds very rarely
responded too early with the baseline patterns. These early
responses for the transfer patterns were undoubtedly a re-
sult of the offset of sound presentation serving as a cue
for the bird to respond. The transfer patterns had long
pauses in them, and the birds must have perceived these
pauses as signaling the beginning of the response period.

Discussion

Removing the O element from the patterns and replacing
them with silence did not affect the starlings’ identifica-
tion of the patterns. This is consistent with the hypothesis
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Figure 6. Baseline and transfer discrimination performances for
the starlings in Experiment 6. Baseline data are the mean baseline
performances on the eight blocks of 20 trials preceding the transfer
test. Transfer data are the mean transfer performances on the eight
blocks of 20 trials with the O element replaced by a 100-msec silent
interval.
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that the starlings perceived the patterns as separate groups
of X and O elements. The identical elements may have
been grouped together to form perceptual streams (Breg-
man, 1990).

It is not clear from these results whether attention could
be shifted between the two streams. If the starlings could
perceive only the X stream, but not the O stream, they
would be unable to identify patterns with the X elements
replaced by silent intervals. Alternatively, the starlings
might have been able to identify the patterns by attend-
ing to either the X or the O element. This question was
addressed in the next experiment.

EXPERIMENT 7
Auditory Streaming: O Element as Figure

In this experiment, the X elements were replaced with
100-msec silent intervals. If the starlings could identify
the patterns by the rhythmic stream of O elements, this
change in the patterns would not cause much of a decre-
ment in performance. However, if the starlings attended
only to the X element in the baseline discrimination, dis-
crimination performance would be disrupted.

Method
Subjects. The same 4 starlings served as subjects.
Apparatus. The apparatus is described in Experiment 1.
Stimuli. The O element remained the same as in the baseline pat-
terns. The X element was replaced with a 100-msec silent interval.
Thus, Pattern A in this transfer was ----- 000, where the dash
represents a silent interval, and Pattern B was O-0-00--.
Procedure. Each starling received 160 trials of the transfer
patterns, as described in the procedure for the transfer tests in
Experiment 1.

Results

The results for the 4 starlings are shown in Figure 7.
Replacing the X element with silent intervals did not af-
fect the ability to identify the patterns. Average discrimi-
nation performance was 66.9% on the baseline patterns
and 70.5% on the transfer patterns [#(7) = —1.06,p >
.05]. This result was consistent for the 4 birds; there were
no significant differences between performance in the
transfer condition and baseline {ts(7) = —0.56, —2.22,
0.91, and —1.18 for Starlings G24, G27, P64, and S53,
respectively, all ps > .05].

All of the starlings performed better than chance with
the transfer patterns [ts(7) = 9.96, 6.32, and 4.51 for
G24, G27, and S53, ps < .01, and ¢(7) = 3.21 for P64,
p < .05].

Discussion

The performance of the starlings was unaffected by
when the X elements were replaced by silent intervals.
Thus, the starlings were able to identify the patterns at
greater than chance levels when either of the elements was
removed. This implies that the starling’s attention could
shift to either of the two rhythmic organizations of the
patterns. Either pattern could be perceived as a figure
against the background of the other.
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Figure 7. Baseline and transfer discrimination performances for
the starlings in Experiment 7. Baseline data are the mean baseline
performances on the eight blocks of 20 trials preceding the transfer
test. Transfer data are the mean transfer performances on the eight
blocks of 20 trials with the X element replaced by a 100-msec silent
interval.

The finding that either of the elements could be removed
without disrupting performance is remarkable. Any the-
ory of stimulus generalization would predict that distort-
ing the stimulus as greatly as was done in Experiments
6 and 7 should greatly affect discrimination. That discrim-
ination was not significantly affected strongly indicates
that the repeating patterns were organized perceptually
by grouping identical stimulus elements.

The data from Experiments 6 and 7 point to two possi-
ble explanations for the starlings’ performance. One is
that the starlings perceived the elements as splitting into
two distinct perceptual streams. The starlings could at-
tend to either of the two streams, and this ability would
account for the lack of performance decrement on the
transfer tests in Experiments 6 and 7.

A second explanation, however, can account for the data
equally well. The starlings may have been discriminating
on the basis of the run length of identical elements (Albert
Bregman, personal communication, May 22, 1992). In the
baseline patterns, the longest run in Pattern A was five ele-
ments, and the longest run in Pattern B was two elements.
In Experiment 6, the longest run lengths did not change
in the transfer patterns, so good performance would be ex-
pected. In the transfer patterns of Experiment 7, the lon-
gest run length of Pattern A was three, and the longest run
of Pattern B was two. Thus Pattern A maintained the lon-
gest run from the baseline patterns to the transfer patterns.
As would be expected from the longest run hypothesis,
there was no decrement in performance.

Both the streaming hypothesis and the run-length hy-
pothesis can account for the data in all the experiments.
It is important to point out that both hypotheses assume
that the starling groups identical elements perceptually.
The question is how the starlings make use of the grouped
elements. We will return to this question below.

GENERAL DISCUSSION

The results from these experiments with starlings pro-
vide some answers to the question of what a songbird per-
ceives in a series of acoustic elements.

Perception of Pattern Structure

There is evidence that the starlings did select from
among the possible organizations of the acoustic elements.
In Experiment 2, the starlings discriminated the patterns
with the novel starting points as easily as they did the base-
line training starting points. Furthermore, the reorgani-
zation of the elements in Experiment 3 severely disrupted
the ability to identify the patterns. The transfer in this ex-
periment actually caused 1 of the starlings to reverse its
responses to the two patterns in a way that was under-
standable from the organization of the patterns. Two of
the starlings were not affected at all by the introduction
of novel elements in Experiment 4, and 1 of the starlings
was still able to identify the patterns even when the posi-
tions of the elements were reversed in Experiment 5. The
results of Experiments 1-5 indicate that for starlings, per-
ception is an active process in which a perceptual organi-
zation is selected from among a number of alternatives.

Perception of Pattern Elements

The starlings did perceive and remember features of
the two elements that formed the patterns. That is, the
perception of these patterns was not entirely abstract. The
first evidence of this was found in acquisition. The dis-
crimination between the repeating patterns was extremely
difficult for 2 of the starlings. The experiment was de-
signed to make it impossible to discriminate between the
patterns on the basis of the features of individual elements.
Both patterns were constructed from the same two ele-
ments, and both could begin at any of several starting
points. Any features of the elements were irrelevant to
the task. The slow acquisition of the patterns is indirect
evidence that, in spite of the design of the experiment,
2 of the starlings initially attempted to solve the discrimi-
nation on the basis of features of the elements. Support-
ing evidence comes from studies with pitch patterns, in
which starlings have been shown to discriminate more
readily on the basis of pattern elements than of pattern
structure (Braaten et al., 1990; Hulse & Cynx, 1985, 1986;
Hulse et al., 1984; Hulse et al., 1990b; Page et al., 1989).

More direct evidence that the starlings perceived and
encoded features of the pattern elements comes from the
results of Experiments 4 and 5. In those experiments,
some of the starlings’ performance was affected adversely
by altering the pattern elements. This was especially true
for the starlings that had difficulty learning the discrimi-
nation, and it was especially true when the positions of
the elements in the patterns were reversed. If the starlings’
representation of the patterns had been entirely abstract,
these alterations would not have affected their discrimi-
nation performance.
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Perception of Auditory Streams

The results of Experiments 6 and 7 indicate that the
starlings may have perceived these patterns as perceptual
streams. Removing either of the two elements and replac-
ing them with silent intervals did not eliminate discrimi-
nation. The starlings may have attended to the figural
stream formed by either of the two elements, while the
other element was perceived as background. If so, this
would be the first demonstration of auditory streaming
by a nonhuman animal.

However, the hypothesis that the starlings were discrim-
inating on the basis of the run length of identical elements
accounts for the data equally well. The present studies
leave this question unresolved. Future research could ad-
dress this problem in two ways. First, starlings could be
trained with patterns that contain identical run lengths of
elements, with the order of the runs rearranged between
the patterns. Better still, starlings could be trained to dis-
criminate patterns with more than two elements. For ex-
ample, Bregman and Campbell (1971) presented humans
with patterns consisting of three different high-pitched
tones and three different low-pitched tones. The high-
pitched tones were perceived as forming one stream, and
the low-pitched tones formed another.

The study of stream segregation in animals remains a
potentially fruitful area for investigation. The features that
cause elements to form separate streams have been a sub-
ject of great interest in human auditory perception (Breg-
man, 1990). Perhaps other relationships among the ele-
ments, such as frequency similarity or proximity, could
be used by starlings to group the elements into streams.

The functional importance of auditory streaming is that
it allows an animal to attend selectively to a sequence in
the face of background noise. For a songbird, streaming
could enable the bird to perceive a particular song against
the raucous background of other sounds. The streaming
of elements in more natural settings is also an important
area for future investigation.

Of course, the grouping of acoustic elements could also
play a role in parsing meaningful units of perception
within a song. A good deal is known about the stimulus
dimensions that are utilized by songbirds in making song
discriminations (see, e.g., Brooks & Falls, 1975; Emlen,
1972; Nelson, 1988), but little is known about function-
ally important groupings of elements within song (but see
Cynx, 1990). Studies such as those reported here, but with
the use of continuously repeating natural song syllables
rather than artificial acoustic elements, could yield im-
portant information relevant to this question.
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