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ABSTRACT Operant conditioning techniques were used
to assess how gender and song familiarity affect song discrim-
ination in adult zebra finches (Taeniopy gultaft). Twenty-
five males and females, divided into five cohorts, were trained
to di te between conspecific songs at different times of
year. Males d atig between their own and another
song from their own aviary reached criterion in the fewest
number oftrials, followed by males discriminating between two
songs from their own aviary, then by males discriminating
between songs they had not heard before. Females dirimi-
nating between two songs from their own aviary required more
trials than males to reach criterion, but, unlike in mades, song
famiiarity did not have a signifiant effect on song dirimi-
nation by females. The number of trials required to reach
criterin was greater in winter than in summer, sug a
photoperlodic effect in what has been regarded as a nonphoto-
periodic species. Gender, season, and fami appear to
affect how zebra finches discriminate between conspecific
songs.

Members of the same species must give different responses
to different stimuli for us to know that these stimuli are
perceived as different. Stimuli that elicit different responses
are said to be discriminated. For example, male songbirds
involved in territorial defense ignore the song of an estab-
lished neighbor but respond vigorously to that ofa newcomer
(1, 2). Likewise, the readiness with which female songbirds
give solicitation displays to song playbacks depends on what
songs are used (3-5). These responses to song occur natu-
rally. They are determined by the stimulus properties and by
the respondent's age, gender, territorial status, experience,
and reproductive condition.

Naturally occurring responses to song that differ, for
example, between males and females, do not tell us whether
all members of a species can discriminate equally well
between the same pair of songs. To answer such a question
the birds to be compared must undergo discrimination train-
ing. During this training all individuals learn to produce a
particular response to one of two stimuli, which thereby
acquires a meaning it did not have before. The response must
be such that all individuals compared produce it readily
regardless of gender and reproductive condition. Birds have
been trained in this manner to discriminate between different
calls, songs, or pieces of songs (6-10). Discriminations that
require many trials before reaching a learning criterion are
said to be difficult; those mastered in fewer trials are said to
be easier.
The use here of terms such as difficult and easy is descrip-

tive and presupposes nothing about the processes involved.
The performance ofan animal in discrimination training is not
likely to reflect a unitary process, but one governed by

variables as diverse as motivation, attention, perception, and
memory. In addition, discrimination training is affected by
the relative ease with which a particular stimulus can be
associated with a particular response (11). Whereas an ani-
mal's ability to discriminate between two stimuli indicates
that it can tell them apart, its inability to discriminate between
them can involve variables other than perception. However,
if two stimuli are readily discriminated by members of one
group, but not of another, and if this situation persists during
other discrimination paradigms, then one wonders whether
members of both groups perceive the stimulus differences
equally well. The comparative study of perception is still in
its infancy, and operant training using a diversity of stimuli
and responses is just one of many approaches to map the
perceptual world of animals and its ability to govern different
behaviors.

Earlier anatomical work showed that the brain pathways
for the acquisition and production of learned song can differ
markedly between male and female songbirds (12, 13). Sub-
sequent physiological observations suggested that male and
female zebra finches process differently the songs they hear
and therefore might also perceive them differently (14, 15).
The present report provides evidence that gender, season,
and stimulus familiarity affect the relative ease with which
adult zebra finches can discriminate between conspecific
songs.

METHODS
Subjects. We trained and tested 15 male and 10 female

zebra finches (Taeniopygia guttata). All birds were adults
(older than 120 days). They were kept in aviaries under
full-spectrum fluorescent illumination that paralleled the nat-
ural photoperiod for Millbrook, New York. Year-round tem-
perature in the aviaries was between 21'C and 270C. A bird
that lived in any one aviary was presumed to know or
recognize the songs in that aviary, and males were presumed
to have acquired their song by imitating the songs of other
males in that aviary (16). At the start of the experiment, birds
were removed from their aviaries and housed in individual
cages in the same room. All birds were experimentally naive
regarding the discrimination task. Birds were food-deprived
4-6 daylight hr before each experimental session. The aviary
diet consisted of dry finch seed along with a mixture of
soaked seed and ground hard-boiled eggs with shell. Dry seed
was used during experimental sessions to reinforce discrim-
ination behavior. Water and grit were available to the birds
at all times.

Behavioral and Acoustical Apparatus. Birds were trained
singly in six identical operant stations. The test cages were
closed horizontal cylinders of 1.2-cm wire mesh, each mea-
suring 20 cm in diameter and 33 cm in length. One end ofeach
cylinder was mounted on a 20 x 20 cm aluminum panel that
held two food dispensers (with goal lights) 10 cm apart. Only
the right food dispenser was used in experiments reported in
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this article. A speaker (10 cm in diameter) was centered
above the pair of food dispensers.
Perch hopping was the operant behavior. An aluminum

observation perch was placed parallel to the operant panel, 17
cm in front of the speaker. It contained a 2.5-cm infrared
beam detector zone. Hopping elsewhere on the perch had no
experimental consequences. A similarly equipped response
perch was placed at the entrance to the food dispenser.
Earlier research suggested that the general activity levels of
birds (noncontingent perch hopping) can interfere with this
particular opl rant response (17). We therefore placed a
wooden perch 27 cm back from the aluminum panel to allow
the bird to engage in perch hopping activity free of experi-
mental consequences.
The test cages were placed inside sound attenuation cham-

bers with internal dimensions of 40 cm wide x 36 cm high x
59 cm long. All inside surfaces of the chambers were lined
with 1.27-cm embossed acoustic foam. Twenty-five watt light
bulbs mounted in the ceiling fixtures provided illumination.
Behavior was observed via one-way glass windows and
speaker monitors. Stimulus presentation, experimental con-
tingencies, and data collection were controlled on line by a
microcomputer using software written for this purpose.
Three 24-bit parallel interface boards in the computer were
wired through six separate optically isolated relay racks and
then wired to equipment for the experimental chambers.
Three two-channel, 12-bit analog boards digitized and pro-
duced the stimuli at a sampling rate of 20 kHz. Six separate
output lines went to three two-channel power amplifiers, then
to separate bandpass filters (0.2-10 kHz), and finally to the
six speakers.

Stimuli and Procedures. The two stimuli to be discriminated
were single, stereotyped zebra finch songs [also termed song
motifs (18, 19)] of comparable duration (+ 170 ms) and
containing a variety of syllable types. Mean average length of
stimuli was 840 ms (range = 680-1080 ms). The initial
recordings were made with a cassette recorder, digitized, and
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stored on the computer's hard disk. The overall loudness
level ofeach stimulus was measured with a sound level meter
and then set to 70 dB(A) sound pressure level, as measured
at the point in front of the speaker where a bird heard the
sound.
The 25 birds were grouped into five cohorts of three males

and two females each. The birds in each cohort were trained
to discriminate between the same two songs (Fig. 1), and the
majority ofbirds in a cohort was trained at the same time (the
females in two cohorts were trained 1 year later than the
males). Each bird in a cohort had a unique relation to the two
stimuli for that cohort. One bird, a male, was trained to
discriminate between his own song and that of another bird
in its own aviary. Two other birds, one male and one female,
were trained to discriminate between the same two stimuli as
the first pair. We assumed that these birds knew the songs
because they were from the same aviary as the birds who
produced the songs. The last two birds, also one male and one
female, were from other aviaries or were raised separately.
They were therefore discriminating between two unknown
but conspecific songs. The five cohorts were trained at
various times ofthe year. One cohort was trained during 14.5
(May), one during 12 (September), one during 10.5 (January),
and two during 9.5 (December) hr of daylight.
The finches were first taught that hopping to the center of

the observation perch operated the food dispenser. This
shaping procedure taught them how to operate the equip-
ment. When they learned this, they were placed on a go/
no-go procedure, and data collection for the discrimination
experiment began. A bird perching in the detector zone on the
observation perch initiated a trial. The computer randomly
selected a go or no-go stimulus with equal probability. A go
response consisted of moving to the response perch in front
of the feeder within the 3-s go period. A go response to the
go stimulus during the go period produced access to food.
The same response to the no-go stimulus turned offthe house
light for 15 s, signaling to the bird that it had made an error.
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FIG. 1. Stimuli and songs of one cohort (10.5 hr of daylight). Each cohort included three males, whose songs are shown here (A, C, and
D). One of the songs (A) was the go stimulus. The no-go stimulus (B) was the song of a bird that was not used in this cohort but was from the
same aviary as A and C. The go and no-go stimuli were the same for all the birds in the cohort. Thus one male ("self') was presented with
his own song and another song from his aviary, another male ("same aviary") was presented with two songs that were from his own aviary,
and the third male ("other aviary") was presented with two songs that were not from his aviary. In addition, the cohort included two females,
who do not sing, but were matched to the "same aviary" and "other aviary" males in stimulus condition. All songs were recorded from males
as they courted females (18, 19). The time frequency display has an ordinate that ranges from 0 to 8 kHz (Kay sonograph, wide-band filter).
(Bar below A = 100 ms.)
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A no-go response always resulted in the end of the trial after
3 s.

DATA ANALYSIS AND RESULTS
The acquisition criterion was set at a mean of 75% correct-
halfway between chance and errorless performance-for 100
trials. Group differences were tested with planned compar-
isons and considered significant only when they exceeded the
P < 0.05 level.

All birds acquired the discriminations. Birds reached cri-
terion in one to eight consecutive daily sessions. An initial
stepwise regression showed that a bird's gender, its previous
exposure to the song stimuli, and the photoperiod corre-
sponding to the time when each cohort was trained accounted
for >90% of the variance. Two other variables, the age of
birds and the differences in duration between song stimuli
used with each cohort, accounted for <1% of the variance.
The latter two variables were therefore excluded from further
analysis.
A multiple regression analysis, supplemented with planned

comparisons, showed that the gender of a bird produced an
overall significant effect, F (1, 13) = 18.34; P < 0.01 (Fig. 2),
but only between males and females discriminating between
songs from their own aviary, P < 0.05. There was no
significant difference between males and females discrimi-
nating between songs from another aviary.
There was also an overall significant effect concerning a

bird's relation to song (self, own aviary, and other aviary), F
(2, 13) = 7.11; P < 0.05 (Fig. 2). This effect was significant
only for males. Males discriminating between their own song
and another aviary song required significantly fewer trials to
reach criterion than males discriminating between two songs
from their own aviary. Likewise, males discriminating be-
tween two songs from their own aviary required significantly
fewer trials than males discriminating between two songs
from another aviary, both P < 0.05.

Finally, there was an unexpected significant difference
between cohorts, F (1, 13) = 42.40; P < 0.01 (Fig. 3). The
cohort trained during 14.5 hr ofdaylight required significantly
fewer trials to reach criterion than any other cohort, P < 0.05,
and the cohort trained on 12.0 hr of daylight required signif-
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FIG. 2. Mean trials to criterion for each of the five stimulus
conditions. Each bar on the abscissa represents the mean + SEM for
five birds, one from each cohort. Filled bars represent males, and
open bars represent females (females do not sing, so they could not
be tested with their own song). The three male groups differed
significantly among themselves, but the difference between the two
female groups was not significant. Males in the "same aviary"
condition required significantly fewer trials than the corresponding
females.

z
0ir
w
Er
C)
0
Cx)
-i
cc

3000 -

2000 -

1000-

L
1 I

* MALE
o FEMALE

{
9 10 1 1 12 13 14 15

HOURS OF DAYUGHT

FIG. 3. Mean number of trials ± SEM needed for the three males
(filled circles, averaging "self," "same aviary," and "other aviary"
conditions) and two females (open circles, averaging "same aviary"
and "other aviary" conditions) in each cohort to reach criterion.
Each cohort is plotted according to the number of daylight hours
available during training. All birds were on a natural photoperiod.

icantly fewer trials than one cohort trained on 9.5 hr of
daylight, P < 0.01. Both males and females showed a
seasonal effect. None of the interactions between the three
factors was significant.

DISCUSSION
Familiarity and Own Song Advantage. Male zebra finches

discriminating between their own song and the song of
another bird in their own aviary acquired the discrimination
in the fewest number of trials, followed by males discrimi-
nating between two songs drawn from their own aviary.
Males discriminating between songs from another aviary
required the greatest number of trials. These behavioral
results argue for a familiarity advantage in males. This
advantage may be related to the fact that males sing and
acquire their songs by vocal learning (20). Our results fall in
line with those of another study that used different operant
techniques. Budgerigars (Melopsittacus undulatus), a spe-
cies that also learns its vocalizations, find their own contact
calls more discriminable than those of their cage mates (21).
There was no significant difference in the number of trials
required by female finches learning to discriminate between
the songs of birds from their own or another aviary. This may
be related to the fact that females do not sing and do not learn
any vocalization (22).
The male zebra finches discriminating between their own

song and another song from their own aviary reached crite-
rion in as few as 200 trials. We do not know how much of the
training effort was necessary for the birds to master the
training paradigm, memorize the song stimuli, and associate
each stimulus with a go or no-go response. However, such an
acquisition rate is, to our knowledge, more rapid than any
reported for songbirds using other natural or arbitrary audi-
tory stimuli and operant techniques (9, 23-25). This suggests
that the use of conspecific song, and particularly use of a
bird's own song, can provide an experimenter with a rapid
and reliable assessment of whether anatomical or physiolog-
ical manipulations alter song discriminations (26-29). We do
not know whether the bird's own song is easier to discrim-
inate because it is very familiar or because the bird has
learned to produce it and therefore might process it differ-
ently.
There are some similarities between our results and those

obtained with electrophysiological methods. Brain nuclei
that are part of the song motor pathway respond to auditory
stimulation (15, 30). Maximal responses in males often occur
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when the bird hears a playback of its own song (31, 32).
However, physiological studies do not reveal whether the
neural activity has behavioral correlates. Field studies sug-
gest some correlates. For example, behavioral responses to
song playbacks to chaffinches and song sparrows in repro-
ductive condition are maximal when the song played is the
bird's own (33, 34). In other cases, countersinging birds use
songs that best resemble the stimulus song (35). These
examples suggest that a bird's own song, encoded in its song
system, helps it to discriminate between conspecific songs
and influences the nature and strength of a response. Pre-
liminary observations offer partial support for this interpre-
tation. Male zebra finches with lesions in their song system
fail to discriminate easily between their own song and that of
a conspecific (26, 28, 29).
Gender Differences. Females required more trials than

males to discriminate between songs from their own aviary.
This could have come about because ofdifferences in how the
two sexes process song or because of social factors.
Most ofthe nuclei ofthe song system are larger in male than

in female zebra finches (12) and certain connections that exist
in males appear to be absent in females (13, 14). Moreover,
parts of the motor pathway that respond to sounds in male
zebra finches do not respond in females (14, 15). If these
anatomical and physiological differences affect the way in
which the two sexes attend to and perceive conspecific song,
then this could be the basis for gender differences in song
discrimination.
We do not know if the song system of female songbirds

responds selectively to conspecific song, as has been de-
scribed for males (31, 32). Electrophysiological recordings
from the song system of females have been limited to
responses to arbitrary stimuli (14). Our results (and results
presented in ref. 36) suggest that these female data would be
particularly interesting to have. Does the ability of females to
discriminate between conspecific songs require, as in males
(26, 28, 29), the presence of the nuclei used by males for song
production?

Juvenile male and female zebra finches may interact dif-
ferently with adult males, and this social factor may favor the
recollection of aviary songs by males but not by females.
Adult female zebra finches remember and respond preferen-
tially to their father's or mate's song (37, 38), and therefore
females might find discriminations that included the song of
their father or mate particularly easy to master.

In this article, we assumed that the ability to produce the
operant response should not differ between the sexes. This
assumption seems supported by the fact that males and
females required a comparable number of trials to discrimi-
nate between the songs of males from another aviary.

Seasonal Effects on Song Discriminations. Zebra finches are
characterized as opportunistic breeders (39, 40). The term
implies that the reproductive biology of zebra finches is not
affected by seasonal changes in day length. Our study pro-
vides evidence that song discrimination in male and female
zebra finches is influenced by season. We have found a
similar seasonal effect in other song discrimination experi-
ments (28). Another report suggests that the seasonal effect
on song discrimination results from hormonal variables and
that it is specific to zebra finch song (27).

Conclusion. The prominence of the song system ofbirds for
neuroethological studies of learning has been based primarily
on experiments that focused on song as an acquired motor
skill. However, recent evidence suggests that the production
and perception of song may be closely related (15, 31, 32, 41).
The results presented here are a first attempt to identify the
kinds of song stimuli that are readily discriminated and the
variables that affect the process of discrimination. All mem-

bers of a species may not attend to or perceive song in the
same manner. Instead, these functions may differ between
individuals depending on their gender, song, and time ofyear.
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