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Abstract Although the domestic pigeon is commonly used
in learning experiments, it is a notoriously difficult subject
in auditory psychophysical experiments, even those in
which it need only respond when it detects a sound. This
is because pigeons tend to respond in the absence of sound
—that is, they have a high false-positive rate—which makes
it difficult to determine a pigeon’s audiogram. However,



training a pigeon to peck a key to obtain food and to stop
(suppress) its pecking whenever it detects a sound that
signals impending electric shock. False positives, in this
case, are kept low by adjusting the level of the shock and/
or by increasing the rate of the reward. Although condi-
tioned suppression has been used to test hearing in a wide
variety of mammals (e.g., Heffner & Heffner, 1995), it has
never been used on birds by other researchers, perhaps
because the procedure used by Dalton administered the
shock via surgically implanted electrodes, which was done



above the floor on a tripod. Wire mesh fencing was inserted
inside the cage, narrowing the width to 10 cm, which limited
a pigeon’s movement while allowing it to easily turn around.
Because standard pigeon response keys are large and would
obstruct the sound field, a response key was constructed
using a set of normally open relay contacts with a plastic
disk (15-mm diameter, 4 mm thick) containing a green LED
embedded in it. The response key was mounted vertically
18 cm above the floor of the cage so that the pigeons could
easily peck it to obtain food. The LED embedded in the key
was normally on and provided feedback that the key had
been depressed by turning off momentarily when a pigeon
depressed the key and made contact closure. Access to
pigeon food was provided by a solenoid-operated food tray
that, when operated, would come up underneath the bottom
of the cage in front of the response key so as to allow an
animal to eat from it for 1.65 s; the entire feeder mechanism
was below the level of the cage floor so that it would not
interfere with the sound field.

Finally, electric shock was provided by a shock generator
that was connected via alligator clips hanging from the top
of the cage to the bead chains worn by the pigeons (for a
description of the bead chain procedure for administering
shock to pigeons, see Hoffman, 1960; Stein, Hoffman, &
Stitt, 1971; for its use on small birds, see Hoffman & Ratner,
1974). The animals were trained and tested using shock
levels of 0.14–0.23 ma for a 1-s duration, with the level
adjusted for each animal to the lowest level that produced a
consistent avoidance response to an obviously audible sig-
nal. A 25-W light bulb, placed above and behind the cage,
was turned on whenever the shock was on.

Acoustical procedures

Pure tones were generated (Agilent 33220A function gen-



(Hienz et al., 1977). We were able to obtain apparently
reasonable thresholds with shorter error time outs and ses-
sions of an hour or less, but the thresholds often varied by as
much as 20 dB between individual pigeons, indicating that
the results were probably not valid. Therefore, after 5 months
of training, we abandoned the go/no-go procedure and
turned to the method of conditioned suppression/avoidance
that we have used to test hearing in mammals (Heffner &
Heffner, 1995).

Conditioned suppression/avoidance

The pigeons were trained to peck the response key to obtain
access to food on a variable-ratio schedule of 10 (VR 10).
They were then trained to stop pecking whenever a tone was
presented in order to avoid a mild electric shock. A session
consisted of a series of 2-s trials with a minimum intertrial
interval of 1.5 s, following which the next trial was begun
when the pigeon pecked the key. Because a trial was initi-
ated by a keypeck, the length of the intertrial interval would
exceed 1.5 s if the pigeon stopped to eat a reward or had just
received a shock, but it was typically less than 10 s. The VR
10 was in effect during the entire 2-s trial and the intertrial
interval. The LED in the key was on during both the trial
and the intertrial interval, going off momentarily only when
the pigeon pecked the key; thus, the animals pecked contin-
uously throughout the session, stopping only when they
detected a tone, received a shock, or the food hopper came
up. The response of a pigeon was defined by whether or not
it pecked during the last 300 ms of the trial, giving the
animal sufficient time to react to the signal. Requiring an
animal to suppress pecking for only 300 ms reduced the
response cost to the animal and allowed a lower level of





There are several of reasons why studies of the same
species may report different thresholds. One is the uniformity
of the sound field in the vicinity of the animal’s head; if an
animal is allowed to move around within the sound field, it
may not be possible to accurately specify the amplitude of the
sound at its ears. In the present study, the sound was only
presented when an animal was positioned directly in front of
the response key, and the sound field in that location did not
vary. Another source of variation is the behavioral procedure,
and indeed, a number of the studies in Fig. 2 reported prob-
lems with the pigeons responding in the absence of sound—
false positives (more on this below). The present study had no
problem with false positives. Finally, it is possible that some
pigeons might have different thresholds due either to inbred
genetics or to abnormalities such as ear mites or middle ear
infection. The pigeons in the present study were the result of
random breeding, and their ears were inspected and found to
be free of any signs of mites or infection.

Figure 3 illustrates how the present results compare with
the low-frequency audiogram of Kreithen and Quine (1979).
We found that pigeons are indeed sensitive to very low
frequencies. As compared with humans tested under the
same acoustic conditions (Jackson, Heffner, & Heffner,
1999), the pigeons’ better low-frequency hearing emerges
for frequencies below 32 Hz. Thus, as first noted by
Kreithen and Quine, pigeons do hear infrasound, defined
anthropocentrically as low-frequency sounds that are inau-
dible to humans at intensities exceeding 60 dB SPL.

It can also be seen in Fig. 3 that the thresholds that we
obtained are noticeably less sensitive than those of Kreithen
and Quine (1979), which may be due to differences in the
ways that the two audiograms were conducted. One

difference is the way in which a response was defined.
Specifically, Kreithen and Quine used heart rate condition-
ing in which tones were paired with electric shock, with a
positive response defined as an increase in heart rate of 12 or



case the auditory brainstem response may be substituted
(Noirot et al., 2011). Although the authors do not say
what species were untestable, a review of the published
pigeon audiograms reveals that most investigators have
found pigeons to be difficult subjects. Therefore, it is
worth reviewing the four procedures used to test pigeon
hearing for insight into any critical differences in the
methods.

Double-grill box avoidance The earliest pigeon audiogram
appeared in an unpublished dissertation, along with the
audiograms of six other species of birds (Trainer, 1947;
Study 1 in Fig. 2). The pigeons were tested in a double-
grill box in which an animal was required to move from one
compartment of the box to the other whenever it heard a
tone, to avoid electric shock delivered through the floor
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