Conditioned suppression/avoidance as a procedure for testing
hearing in birds: The domestic pggaadiogram. However,

false positives are easily controlled in the method of condi-
tioned suppression/avoidance, in which a pigeon is trained

to peck a key to obtain food and to stop pecking whenever it
detects a sound that signals impending electric shock. Here,
we describe how to determine psychophysical thresholds in
pigeons using a method of conditioned suppression in which
avoidable shock is delivered through a bead chain wrapped
around the base of a pigésrwings. The resulting audio-
gram spans the range from 2 to 8000 Hz; it falls approxi-
mately in the middle of the distribution of previous pigeon
audiograms and supports the finding of Kreithen and Quine
(Journal of Comparative Physiology 12941 1979 that
pigeons hear infrasound.
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Introduction

The comparative study of avian hearing is of particular
interest because some species appear to be unusually sensi-
tive to low-frequency sound. However, how widespread this



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



above the floor on a tripod. Wire mesh fencing was insertedonducted with and without foam pads under the feet of
inside the cage, narrowing the width to 10 cm, which limitedhe tripod on which the test cage was mounted, in order to
a pigeors movement while allowing it to easily turn around.investigate the possibility that the animals might be detect-
Because standard pigeon response keys are large and woinlgl vibrations mediated through the cage floor; thresholds
obstruct the sound field, a response key was constructelitl not change when the tripod was placed on foam pads.
using a set of normally open relay contacts with a plastic The sound pressure level (SPL re 80m?) of the stim-
disk (15-mm diameter, 4 mm thick) containing a green LEDulus was measured and checked for overtones using a 1-in.
embedded in it. The response key was mounted vertical(2.54-cm) microphone (Briel & Kjaer 4145) or a Ya-in.
18 cm above the floor of the cage so that the pigeons coul®.635-cm) microphone (Briel & Kjaer 4939, calibrated
easily peck it to obtain food. The LED embedded in the keglown to 2 Hz), a measuring amplifier (Bruel & Kjaer
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 Hoffmab96Q Stein, Hoffman, &
Stitt, 1971, for its use on small birds, see Hoffman & Ratner,
1974. The animals were trained and tested using shock
levels of 0.140.23 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-
erator), attenuated (Coulbourn S85-08 programmable atten-
uator), and gated on and off (Coulbourn S84-04 rise-fall
gate) at zero crossing, with a 20-ms +idecay for signals
above 250 Hz, and 200 ms for lower frequencies. The sine
wave for frequencies above 4 Hz was filtered with a band-
pass filter (Krohn-Hite 3550) set 1/3 octave above and
below the tones frequency. Finally, the signal was amplified
(Crown D-75 amplifier for frequencies above 16 Hz and an
Adcom GFA 545 amplifier for lower frequencies), moni-
tored on an oscilloscope, and sent to a loudspeaker: The
loudspeakers used were a Motorola KSN1005A piezoelec-
tric speaker for frequencies 4000 to 8000 Hz, a 6-in. RS
2000 Infinity woofer for 250 to 2000 Hz, a Paradigm Servo
15 subwoofer for 8 to 125 Hz, and a TC Sounds Axis 15-in.
(88.1-cm) subwoofer in an unported enclosure (65 x 65 x
120 cm) for 2 to 4 Hz and for rechecking thresholds from
8to 125 Hz. All speakers were placed at least 1 m in front of
the test cage. Testing at frequencies below 250 Hz was






frequencies had been tested, the animals were experiendigdit. The close agreement between individual animals sug-
observers, and a threshold could typically be replicated tgests that the thresholds are valid.
within 3 dB in a single session; thus, the results can be Pigeons A and E were retested following rupture of their
considered accurate to within =3 dB. Absolute thresholdsardrums, a procedure that would be expected to raise thresh-
for the 15 frequencies, which included obtaining a stablelds, especially at low frequencies, but not to entirely abolish
threshold for each frequency for at least three sessions, weheir hearing. To maintain their performance when they could
completed in 85 sessions. not hear a tone, blocks of tone trials were alternated with
blocks of trials that contained both the tone and a broadband
Surgery

To demonstrate that the conditioned suppression/avoidance
procedure is applicable to birds that have been compromised
in some way, two pigeons were anesthetized with isoflorane
(mixed with oxygen), and their eardrums were ruptured with
a double-pronged pick. The animals were then retested to
determine whether they could detect tones from 2 to 63 Hz,
which would also reveal whether the pigeosansation of

the low-frequency tones was auditory or vibrotactile in
origin.

Results

The audiograms of the pigeons are shown in Ejgfour
animals were tested at 2, 4, 8, 16, 31.5, 63, 125, 250, 500,
1000, 2000, 4000, 5600, and 8000 Hz, with a fifth animal
(pigeon D) being tested at all but 2 and 4 Hz. At a level of
60 dB SPL, the mean audiogram extends from 54 Hz to
6400 Hz, with a best sensitivity of about 14 dB at 1000
4000 Hz. This is the first pigeon audiogram in which thresh-
olds were obtained for the same individuals for frequencies
ranging from the infrasonic to their high-frequency upper



There are several of reasons why studies of the sandéference is the way in whita response was defined.
species may report different thresholds. One is the uniformitgpecifically, Kreithen and Quine used heart rate condition-
of the sound field in the vicinity of the aninghead; if an ing in which tones were paired with electric shock, with a
animal is allowed to move around within the sound field, ipositive response defined as an increase in heart rate of 12 or
may not be possible to accurately specify the amplitude of theore beats per minute; any such definition is necessarily
sound at its ears. In the present study, the sound was ordybitrary, and choosing a different definition of a response
presented when an animal was positioned directly in front affould have yielded a different threshold. There is no way to
the response key, and the sound field in that location did ngtrecisely equate thresholds obtained with such a response
vary. Another source of variation is the behavioral procedureyith those obtained with an operant yes/no response without
and indeed, a number of the studies in Rigeported prob- comparing them in the same animals. A second difference is
lems with the pigeons responding in the absence of seundthe attenuation step size; the present study attenuated the
false positives (more on this below). The present study had ound in 5-dB steps, whereas Kreithen and Quine often used
problem with false positives. Finally, it is possible that soméarger step sizes, which would result in slightly lower thresh-
pigeons might have different thresholds due either to inbrealds (Quine 1979. Finally, Kreithen and Quine tested their
genetics or to abnormalities such as ear mites or middle eamnimals in a small pressure box, which makes it difficult to
infection. The pigeons in the present study were the result cbmpare their results with those of other animals tested in
random breeding, and their ears were inspected and foundrtwich larger sound chambers. The pigeons in the present
be free of any signs of mites or infection.

Figure3 illustrates how the present results compare with
the low-frequency audiogram of Kreithen and Quit#&/9.

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 pigeonsbetter 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 Fi§.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






The next study attempted to control the false-positive rate
by adding ar‘observing response and by punishing false
positives with an ETO (Stebbin$970Q Study 4 in Fig.2).
Specifically, pigeons were trained to peck an observing or
“ready key, in order to turn on a tone, and then to peck a
“responstkey whenever the tone was detected. Although it



Conditioned suppression/avoidaneior to the present
study, Dalton {967 demonstrated the applicability of
conditioned suppression/avoidance for testing hearing in
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