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Abstract
The purpose of this study was to determine if the Japanese quail, a domesticated, gallinaceous bird, could detect infrasound. 
Behavioral thresholds were determined for three birds, two males and one female, ranging from 16 Hz to 8 kHz. The animals’ 
hearing range, at a cutoff of 60 dB SPL (re 20 μN/m2), covers 6.88 octaves, ranging from 59.5 Hz to 7 kHz. All animals 
had the greatest sensitivity to 2 kHz, with an average threshold of 4.4 dB SPL. Although the birds’ threshold at 16 Hz was 
equivalent to that of humans, at no frequency did the birds’ sensitivity ever exceed that of humans. Therefore, the Japanese 
quail does not hear infrasound.
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Introduction

It has long been known that pigeons (Columba livia) are 
sensitive to lower frequencies than humans can detect, i.e. 
they detect infrasound (Kreithen and Quine 1979). Although 
nonbehavioral assessments of the avian auditory system have 
suggested that several different species possess good low-
frequency hearing, recent behavioral research has revealed 
that at least one other bird species also detects infrasound: 
the domestic chicken (Gallus gallus domesticus) (Hill et al. 
2014). The original explanation for the pigeon’s infrasonic 
sensitivity was that they might use this signal as naviga-
tional cue, which subsequent studies showed to be plausi-
ble (Kreithen and Quine 1979; Quine and Kreithen 1981; 
Quine 1982). However, this cannot be the only explanation 
for avian infrasonic sensitivity, because the chicken does 
not home or engage in long-distance flight (Hill et al. 2014). 
Unfortunately, the development of a comprehensive expla-
nation for infrasound sensitivity in birds is not currently 
possible because the low-frequency range and sensitivity of 
most bird species have not been behaviorally determined. 
Indeed, to date only five species have had their sensitivity 
below 250 Hz assessed: the brown-headed cow bird (Molo-
thrus ater) (Heinz et al. 1977), budgerigar (Melopsittacus 

undulatus) (Heffner et al. 2016), bullfinch (Pyrrhula pyr-
rhula) (Schwartzkopff 1949), mallard duck (Anas platyrhyn-
chos) (Hill 2017), and redwing black bird (Agelaius phoeni-
ceus) (Heinz et al. 1977). Furthermore, only the budgerigar 
and mallard duck were tested below 125 Hz, and neither spe-
cies could detect infrasound. Thus, there are currently only 
four species whose full audiograms have been determined 
on which to base a theory of why some birds hear infrasound 
while others do not.

Although psychoacoustic data are lacking, other lines 
of research support the possibility of sensitivity to infra-
sonic signals in several other avian species, especially 
those of the order Galliformes. First, spectral analyses 
of a variety of non-vocal, territorial and mating displays 
have identified four species whose displays produce strong 
low-frequency components (e.g. < 500 Hz): the peacock 
(Pavo cristatus) (Freeman and Hare 2015), ruffed grouse 
(Bonasa umbellus) (Garcia et  al. 2012), ring-necked 
pheasant (Phasianus colchicus) (Heinz and Gysel 1970), 
and capercaillie (Tetrao urogallus) (Lieser et al. 2005). 
Additionally, research by Kane et al. (2018) has identi-
fied vibrotactile receptors coupled to the crest feathers of 
the peacock that are sensitive to mechanical displacement 
at resonant frequencies produced by peacock social and 
mating displays. This provides an alternative, nonacoustic 
mechanism by which peacocks may detect low-frequency 
signals and indicates that detection of these signals may 
occur in multiple sensory modalities. Finally, electrophysi-
ological studies of the guinea fowl (Numida meleagris) 
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midbrain (Theurich et al. 1984), found single units able 
to phase-lock responses to signals as low as 2 Hz. There-
fore, a plausible hypothesis is that all gallinaceous birds 
potentially share a heightened sensitivity to low-frequency 
sounds. Indeed, a morphological analysis of the basi-
lar papilla of seven species of gallinaceous bird (ruffed 
grouse, gray partridge (Perdix perdix), Japanese quail 
(Coturnix japonica), ring-necked pheasant, turkey (Melea-
gris gallopavo), spruce grouse (Falcipennis Canadensis), 
and peacock) found that in all birds tested, greater than 
50% of the basilar papilla was tuned to frequencies lower 
than 1 kHz (Corfield et al. 2013).

Based on the previous observations of infrasound produc-
tion in numerous gallinaceous species, a common, domes-
ticated bird of this order was selected for investigation in 
the present study: the Japanese quail. Previous research 
indicated that this species has good hearing sensitivity in 
the 500 Hz to 5.6 kHz range, though no frequencies below 
500 Hz were tested (Dooling and Okahonya 1995). We 
tested the hearing range and sensitivity of Japanese quail 
using a conditioned suppression/avoidance paradigm, with 
an emphasis on those frequencies below 500 Hz.

Methods

Absolute, pure-tone thresholds, from 16 Hz to 8 kHz, were 
determined for the Japanese quail using standard behavioral 
procedures (Heffner and Heffner 1995; Heffner et al. 2013). 
Using the conditioned suppression/avoidance procedure, 
three adult quail were trained to peck a key to obtain access 
to food and withhold this response when a tone was pre-
sented to avoid a mild, electric shock. Food reinforcement 
was available to the animal in the following two circum-
stances: on tone trials if they did not peck the key and on 
no-tone trials if they did peck the key.

Animals

Three Japanese quail were obtained from an online vendor 
(Stromberg’s, Pine River, MN), one female (animal A) and 
two males (animals B and C). Testing began when the birds 
were 19 weeks old and was completed at 51 weeks for animal 
A, 76 weeks for animal B, and 70 weeks for animal C. The 
animals were housed in individual cages (61 × 46 × 61 cm) 
and provided free access to water and poultry feed (Country 
Lane: 16% All Flock). During training and testing, food was 
withheld in the animals’ home cages, and provided as a rein-
forcer during sessions. To monitor the animals’ deprivation 
levels and ensure maintenance of a healthy body weight, 
animals were weighed prior to daily testing sessions.

Behavioral apparatus

Testing was conducted in an acoustically controlled 
environment (WhisperRoom Inc., model 8484E; 
2.03 × 1.97 × 1.97  m), with sound-attenuating, acous-
tic foam lining the walls. Animals were tested in a cage 
(31 × 31 × 31 cm) constructed of ½-inch (1.27 cm) mesh 
hardware cloth, mounted 71 cm above the floor on four 
wooden legs. A red LED and transparent 2 cm diameter 
plastic key were attached to the arm of a microswitch, 
allowing for automated recording of responses. This appa-
ratus was then mounted 16 cm above the cage floor and 
illuminated when a response was required from the animal. 
The initial key peck started a 2 s trial, after which the 
LED briefly turned off to signal the end of the trial. Cor-
rect responses resulted in access to poultry feed (Country 
Lane: 16% All Flock), provided by a specially-constructed 
food dispenser that was operated by a high-torque, metal-
gear servo (Tower Pro, model MG995R). When operated, 
the food dispenser removed an opaque, lightweight plastic 
cover from a food reservoir directly under the front of the 
cage. Animals were permitted 2 s access to food before the 
dispenser slowly moved the cover back over the reservoir 
over the course of 0.5 s.

Incorrect responses resulted in a brief, mild shock, 
produced by a constant current shock generator (Coul-
bourn, model H-13–15) connected via bead chain con-
nectors hanging from the top of the cage to bead chains 
around the base of the quails’ wings (Heffner et al. 2013). 
The animals were trained and tested using shock levels of 
0.5 to 1.0 mA (250 to 290 V), 1.0 s duration, with levels 
adjusted on an individual basis to the minimum intensity 
that produced a consistent avoidance response when the 
signal was clearly audible.

Acoustic procedures

Acoustic frequencies ranged from 16  Hz to 8  kHz in 
one-octave steps, with additional testing at 2.8 kHz and 
5.6 kHz. All signals were produced (Agilent function gen-
erator, model 33220A), attenuated (Sound Performance 
Lab, model 2602) and gated on and off (Coulbourn rise-
fall gate, model S84-04) for all frequencies. All acoustic 
signals were pulsed 900 ms on, 100 ms off for 2 s, produc-
ing two presentations of the test signal each trial. Because 
the wavelength of a signal increases as the frequency is 
decreased, different rise-decay times were required prevent 
the speaker from producing a click due to abrupt signal 
onsets. Rise-fall times for signals from 16 to 125 Hz were 
100 ms, 250 Hz was 40 ms, 500 Hz was 20 ms, and all 
signals from 1 to 8 kHz were 10 ms. The acoustic signal 
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was routed through a band-pass filter (Krohn-Hite, model 
3322) with cutoffs set to 1/3-octave above and below the 
test frequency. The signal was then amplified (Gemini, 
model X-01) and monitored visually on an oscilloscope 
(Tektronix, model TBS 1022) before being presented via 
loudspeaker to the animal. Because the frequency response 
of speakers vary, three different speakers were necessary 
to produce all test signals: Signals from 16 to 500 Hz were 
presented using a 15″ subwoofer (Dayton Audio, model 
RSS390HO-4) in an unported enclosure (50 × 50 × 50 cm), 
from 500 Hz to 2 kHz using a 3″ aluminum driver (HiVi, 
model B3N), and from 4 to 9 kHz using a piezoelectric 
speaker (GRS, model PZ1005).

All signal intensities were measured daily prior to test-
ing. The average starting intensities of each acoustic signal 
are presented in Table 1. Starting intensities were varied by 
approximately ± 3 dB from session to session to more pre-
cisely identify each animal’s minimum audible sensitivity. 
Sound pressure levels (re 20 μN/m2) were measured using a 
1/4 in (6.35 mm) microphone (Brüel & Kjaer, model 4954-
A-011, calibrated down to 5 Hz) and measuring amplifier 
(Brüel & Kjaer, model 2610). During sound measurement, 
the microphone was placed in the same location as the ani-
mal’s head during signal presentations, and oriented toward 
the speaker (0° sound incidence). The measuring amplifier 
and microphone were calibrated prior to taking any measure-
ments using a sound level calibrator (Brüel & Kjaer, model 
4230). The spectrum of the signal was checked for the pres-
ence of overtones and distortion using the FFT function of 
the oscilloscope. Overtones and distortion were not present 
in any signal at threshold-level intensities.

Behavioral procedures

Training was begun by shaping each animal to peck the 
response key to obtain access to food. Once an animal con-
sistently pecked the key, the reinforcement rate was incre-
mentally decreased until pecking occurred at a continuous, 
consistent rate for at least 2 s, at which point the 2 s trial 
duration was implemented. The final phase of training con-
sisted of training the animal to only respond during silence 
and withhold their responses during sound presentations. 
This was accomplished by providing the animal access to 
reinforcement in only two instances: (1) when the animal 
responded throughout a 2 s trial in the absence of an acoustic 
signal, and (2) when the animal withheld its response during 
the 2 s presentation of an acoustic signal.

An animal’s performance was determined by comparing 
the proportion of correct responses to sound presentations, 
hits, to the proportion of incorrect responses during silence, 
false alarms, through a series of 5–8 sound trials at the same 
acoustic stimulus intensity. Performance was calculated by 
correcting the animal’s hit rate based on their false alarm 
rate during each block of trials based on the following for-
mula: Performance = Hit Rate − (Hit Rate * False Alarm 
Rate) (Heffner and Heffner 1995). This calculation corrected 
for the animal’s false alarm rate, resulting in scores ranging 
from 0 (no hits) to 1.0 (100% hit rate and 0% false alarm 
rate).

Thresholds were determined by starting each session 
with the acoustic signal at a clearly audible level, typically 
30–35 dB above their suspected threshold, and reducing the 
signal intensity in 5 dB steps until the animal no longer reli-
ably responded to the signal. Threshold was defined as the 
intensity corresponding to a corrected performance score 
of 0.50, which typically needed to be determined by inter-
polation. Testing was repeated daily at each frequency until 
thresholds obtained from each animal were stable and at 
least three sessions were within 3 dB of each other.

Results

Testing began at 1 kHz, progressing in octave steps until 
the high-frequency limit of the animal’s hearing range was 
determined, and then systematically assessed the lower fre-
quencies in octave steps starting at 500 Hz until their low-
frequency limit was determined. After the full hearing range 
had initially been determined, retests of multiple frequen-
cies were conducted to ensure the reliability of the original 
scores. At this time, additional thresholds were determined 
at intermediate frequencies, 2.8 kHz and 5.6 kHz, to verify 
the slope of the animal’s high-frequency cutoff. As is shown 
in Fig. 1 and Table 1, the absolute thresholds of the three 
quail show close agreement. At an intensity of 60 dB SPL, 

Table 1  Individual and mean pure-tone thresholds (in dB SPL) of 
three Japanese quail (A, B, and C)

Animal B did not ever respond to signals at 32 and 16 Hz above the 
chance level (a corrected score of 0.50). Animal A perished before it 
could be tested at 2.8 kHz

Frequency 
(Hz)

Starting 
intensity 
(dB SPL)

A (female) B (male) C (male) Mean

16.0 107.8 83.3 82.2 82.7
32.0 92.2 71.9 74.3 73.1
64.0 80.7 55.2 62.7 57.5 58.5
125.0 75.1 49.2 52.2 48.1 49.8
250.0 71.2 36.1 41.6 41.0 39.6
500.0 59.2 29.4 30.5 30.5 30.1

1.0 k 48.7 17.5 17.6 13.4 16.1
2.0 k 43.4 5.7 4.4 3.1 4.4
2.8 k 38.1 6.1 3.7 4.9
4.0 k 47.3 8.1 5.1 6.5 6.6
5.6 k 52.4 18.6 18.2 19.3 18.7
8.0 k 98.7 83.8 82.6 85.7 84.1
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the mean hearing range extends from 59.5 Hz to 7 kHz, 
a range of 6.88 octaves. Each of the three animals were 
observed to have a best sensitivity of 2 kHz, with thresholds 
ranging from 3.1 to 5.7 dB SPL. As is typical of most bird 
species, beginning at 5.6 kHz the sensitivity of all three of 
the animals decreased rapidly to a mean threshold of 84.1 dB 
SPL at 8 kHz.

Behavioral thresholds were not able to be determined for 
animal B at 32 and 16 Hz, or for animal A at 2.8 kHz. Ani-
mal B proved to be a difficult test subject from the outset, 
requiring six additional weeks of training before meeting the 
criteria to establish its first stable threshold (i.e. a minimum 
of three sessions within 3 dB of one another). Beginning at 
32 Hz, this animal never reliably responded to the acoustic 
signal above the chance level (i.e. a corrected performance 
score of 0.5). Retraining using previously tested stimuli did 
not yield responses above the chance level at 32 or 16 Hz, 
despite the animal replicating previous thresholds on the 
retrain stimuli. This may suggest that this animal had a hear-
ing loss at the very low end of his hearing range, though no 
appreciable differences were observed between this animal’s 
thresholds and the other birds at any other frequency. Animal 
A was unable to be tested at 2.8 kHz because this animal 
perished of coccidiosis before the study concluded.

Discussion

Comparison to previous Japanese quail audiogram

Dooling and Okaonya (1995) previously assessed the audi-
tory sensitivity of the Japanese quail in half-octave steps 

from 500 Hz to 8 kHz using a two-choice procedure. This 
two-choice procedure consisted of training birds to peck an 
observing key to initiate trials and peck a separate reporting 
key in the presence of a tone. Like the current study, ani-
mals were reinforced with brief access to food for correctly 
reporting signals. However, they were not reinforced for cor-
rectly reporting the absence of tones, and a false positive 
resulted in a brief time out where the chamber lights were 
turned off. Additionally, the signal intensity for any given 
presentation was varied randomly between one of seven dif-
ferent intensities in a range of up to 60 dB. The results of the 
current study are compared to this previous work in Fig. 1. 
As is evident from Fig. 1, the behavioral thresholds obtained 
using two different methodologies are quite similar. Both 
studies found a high-frequency cutoff at 8 kHz and a range 
of maximal sensitivity in the 2–4 kHz range. These results 
indicate that the high-frequency hearing and greatest sensi-
tivity of the Japanese quail do not deviate from the typical 
hearing of most bird species (Dooling 2002).

Comparison to bird low‑frequency 
sensitivity

Prior to this study, the full auditory range and sensitivity 
have only been determined using psychoacoustic methods 
for four avian species: the budgerigar (Heffner et al. 2016), 
domestic chicken (Hill et al. 2014), homing pigeon (Kreithen 
and Quine 1979; Heffner et al. 2013), and mallard duck (Hill 
2017). Figure 2 compares the results of the current study to 

Fig. 1  Comparison of Japanese quail thresholds obtained in the cur-
rent study to those reported by Dooling and Okanoya (1995). SPL is 
the sound pressure level re 20 μN/m2. Horizontal dashed line denotes 
the 60 dB sound pressure level cutoff. Note: This figure was gener-
ated using SigmaPlot 13

Fig. 2  Behavioral thresholds for three animals in the current study 
compared with the four bird species whose low-frequency sensitiv-
ity and range is known. To reference the definition of infrasound (i.e. 
more sensitive than humans to signals 16 Hz and below) the human 
audiogram (Jackson et  al. 1999) is also included in gray. The Japa-
nese quail’s low-frequency sensitivity does not meet the criteria for 
infrasound detection. SPL is the sound pressure level re 20 μN/m2. 
Note: This figure was generated using SigmaPlot 13
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these four species. The current results closely resemble the 
typical bird audiogram in two ways. First, it is well known 
that birds typically do not hear much above 10 kHz (Dooling 
et al. 2000; Heffner and Heffner 2016). The Japanese quail 
is no exception to this trend, with a high frequency, upper 
limit to its hearing range occurring at 8 kHz. Second, the 
Japanese quail’s frequency of maximal sensitivity occurs 
at 2 kHz, with all frequencies from 1 to 5.6 kHz having 
thresholds lower than 20 dB SPL. Again, this closely resem-
bles what has been observed in previous studies, though the 
peak sensitivity varies from 1 to 5 kHz depending on species 
(Dooling 2002).

The more important outcome of this study is the low-
frequency limit of the quail hearing range. Beginning at 
64 Hz, and extending to their lower limit of hearing, the 
sensitivity of those species that detect infrasound begins to 
diverge from those that do not. While this divergence is not 
as pronounced as was observed in the chicken and pigeon, 
the quail do have better sensitivity in this range than the 
budgerigar and mallard duck. However, the average quail 
threshold at 16 Hz was 82.7 dB SPL, which is not lower 
than the human threshold of 82.4 reported by Jackson et al. 
(1999). Therefore, the Japanese quail does not detect infra-
sound and these results do not support the hypothesis that 
infrasound sensitivity is characteristic of all gallinaceous 
species.

Implications for future research

The purpose of infrasonic sensitivity is not currently under-
stood. To use infrasound as a navigational cue, an animal 
would need to be able to locate the source of the acoustic 
signal. However, localizing these signals using binaural cues 
is unlikely due to the long wavelengths of infrasonic signals, 
which would result in negligible differences in the acous-
tic signal arriving at each ear (Quine and Kreithen 1981). 
The addition of the current study brings the number of birds 
whose low-frequency hearing range and sensitivity is known 
to a total of five, of which two detect infrasound. Evaluating 
these five species there are two identifiable trends emerg-
ing from the data that can help guide the selection of future 
species to further clarify the functional role of this ability.

First, it appears that there is considerable variability in 
the low-frequency sensitivity of birds. The lowest frequency 
at which data are available from more than two species is 
16 Hz. Among the available data, there is a 35 dB range 
from the least to the most sensitive species. Although there 
are only five species represented at this point, the trend 
resembles that which has been observed in mammals, where 
some species have good low-frequency sensitivity and oth-
ers, even those within the same phylogenic group, have 
poor sensitivity (Heffner and Heffner 2003). This variation 
suggests that sensitivity to low-frequency sounds may have 

considerably greater survival valuable for some species than 
it does for others. Comparative research evaluating similari-
ties and differences between birds and mammals with good 
low-frequency hearing may yield clues as to why such vara-
tion exists in this ability.

Second, the ecological niches occupied by the two spe-
cies capable of infrasound detection are dramatically dif-
ferent. The homing pigeon, which descended from the 
rock dove (Columba livia), is thought to use infrasound as 
a mapping mechanism in navigation (Hagstrum and Man-
ley 2015; Kreithen and Quine 1979). Rocky coastal areas, 
where the rock dove nests, are known to produce an abun-
dance of infrasonic noise due to water interacting with land 
(Bedard 1978). Therefore, this signal could be a reliable 
navigation cue for this species. Chickens, on the other hand, 
are believed to have descended from several subspecies of 
the red jungle fowl (Gallus gallus) (Liu et al. 2006), which 
primarily inhabit areas where densely vegetated forests meet 
open grasslands. It would not be expected for infrasound to 
be as readily produced in these areas and coupled with the 
red jungle fowl’s lack of long-distance flight; this species 
would not likely use this cue for navigation. This suggests 
that there may be multiple purposes for sensitivity to very 
low-frequency sounds, including infrasound detection via 
other sensory modalities, similar to what has been observed 
in the peacock (Kane et al 2018). Further research is needed 
to determine if this ability is the result of convergent evolu-
tion, or if it originated from a common ancestor and was 
repurposed for multiple functions.

Another important consideration for future investigations 
of low-frequency hearing is whether it is appropriate to clas-
sify species dichotomously based on anthropomorphically 
defined labels (i.e. those that detect infrasound and those that 
do not). Infrasound is regarded as those frequencies below 
the lower limit of human hearing, which is defined by the 
American National Standards Institute (2013) as occurring 
at 20 Hz. A lower limit of 16 Hz is also frequently reported, 
as this frequency is in line with the preferred frequencies 
typically used by acousticians (ISO 1997). However, evolu-
tion did not drive the development of this ability based on 
human hearing. Rather, it is likely more accurate to con-
sider low-frequency hearing as occurring along a continuum. 
Indeed, it is well established that high-frequency hearing in 
mammals is driven by head size and the ability to use the 
interaural intensity cue for localization (Heffner and Hef-
fner 2003), with many species hearing acoustic signals that 
extend well into the anthropomorphically defined acoustic 
space of ultrasound. Until such time as the mechanism, or 
mechanisms, that drive the need for infrasonic sensitivity are 
determined, we should use caution in categorizing species 
based on the presence of this ability.

The results of the current study reveal that the Japanese 
quail does not detect infrasound. While these results do not 
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clarify the functional role of infrasound sensitivity, they do 
highlight the need for a larger survey of bird low-frequency 
hearing. Although more than 40 avian species have had their 
high-frequency hearing assessed, less than 10% of these have 
been tested below 125 Hz. Some, but not all, of those who 
have been tested are capable of detecting infrasonic sound. 
Until such time that a sufficiently large sample of birds have 
had their low-frequency hearing assessed, the origins and 
purpose of this ability remain unclear.
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