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Abstract The pure-tone thresholds of four domestic

f
   TJ
0 -1.2462 TD
[(before)-308(their)-309(final)-302.70001(threshol)-10.9(ds)-304.3(were)-302.70001(o)-6.5(btained,)-305(sugges)-8.7(ting)-304.5(that)]TJ
0 -1.2519 TD
[(they)-536.8(may)-536.8(perceive)-541.5(frequenc)-9.7(ies)-531.6(belo)-7.6(w)-533.90002(6)0(4)-331.6(H)0(z)-536.5(differently)]TJ
T*
[(than)-337.70001(highe)-8.4(r)-332.8(frequenc)-9.7(ies.)]TJ
/F2 1 Tf
0 -2.4981 TD
[(Keywor)-9.9(ds)]TJ
/F1 1 Tf
5.3434 0 TD
[(Chicke)-9.9(n)]TJ
/F7 1 Tf
3.6818 0 TD
(�)Tj
/F1 1 Tf
.6089 0 TD
[(Audiogr)-8.3(am)]TJ
/F7 1 Tf
4.8996 0 TD
(�)Tj
/F1 1 Tf
.6089 0 TD
[(Infraso)-8.6(und)]TJ
/F7 1 Tf
4.6719 0 TD
(�)Tj
/F1 1 Tf
.6089 0 TD
(Basilar)Tj
-20.4234 -1.2519 TD
(papilla)Tj
/F7 1 Tf
3.0786 0 TD
(�)Tj
/F1 1 Tf
.6032 0 TD
[(Pigeo)-7.6(n)]TJ
/F2 1 Tf
-3.6818 -3.7501 TD
[(InTn268h3fd4 
    -.0167 Tc
[(quency)-336.1(s)4.1(ounds)-331.6((cf.)-335.8(Dooling)]TJ
0 0 1 scn
11.2559 0 TD
-.0163 Tc
(2002)Tj
0 0 0 scn
1.9348 0 TD
[())3.8(.)-335.3(The)-337.4(o)5.8(ne)-337.4(ex)5.8(ception)-335.6(i)3(s)-336.8(t)3(he)]TJ
-13.1907 -1.2462 TD
-.0161 Tc
[(homin)5.9(g)-176.2(p)5.9(igeon)-170.5(w)-3.7(hich)-170.5(was)-171.7(s)-1(h)5.9(o).2(wn)-170.5(many)-170.5(years)-171.7(a)4.1(go)-170.5(to)-170.5(hear)-172.5(lower)]TJ
0 -1.2519 TD
-.0166 Tc
[(frequency)-284.8(s)-1.5(o)5.4(unds)-286(than)-284.8(humans,)-284.4(i.e.,)-284.4(t)-3.1(h)5.4(e)-2.1(y)-284.8(can)-284.8(hear)-286.8(infrasound)]TJ
25.6075 32.4987 TD
[((Kreithen)-165.3(a)-2.1(nd)-159.6(Quine)]TJ
0 0 1 scn
7.9383 0 TD
-.0163 Tc
(1979)Tj
0 0 0 scn
1.9291 0 TD
[().)-158.8(However,)-158.9(the)-161(a)-1.7(coustical)-162(c)-1.7(on)5.8(ditions)]TJ
-9.8674 -1.2462 TD
-.0168 Tc
[(in)-387.5(which)-387.5(t)-3.3(h)5.2(e)-389.20001(pigeon)-381.8(audiogram)]TJ
12.9801 0 TD
-.016 Tc
[(was)-387.8(obtained)-386.70001(d)6(iffered)-381(fro)6(m)]TJ
-12.9801 -1.2519 TD
-.0164 Tc
[(those)-155.5(o)-.1(f)-155.7(o)-.1(ther)-155.7(au)5.6(diog)5.6(rams,)-153.4(m)2.1(aking)-159.4(d)-.1(irect)-156.5(comparisons)-154.9(difficult.)]TJ
T*
[(Specifically,)-170.5(the)-172.7(p)-.2(igeons)-172.1(were)-172.7(tested)-170.9(in)-170.9(a)-178.4(s)-1.4(mall)-173.7(airtight)-173.7(pressure)]TJ
0 -1.2462 TD
-.017 Tc
[(chamber)-423.8(o)-.7(riginally)-421.8(d)-.7(esigned)-416.1(t)]TJ
12.0241 0 TD
-.0192 Tc
[(o)-424(t)0(e)-4.7(s)1.6(t)-426.8(a)1(l)-5.7(tim)-6.4(et)-5.7(er)-4.9(s)-4.1(,)-417.9(w)-6.8(h)-2.9(er)-4.9(e)-4.7(a)1(s)-425.20001(t)0(he)]TJ
-12.0241 -1.2519 TD
 
    -.0165 Tc
[(aud)5.5(i)-3(ograms)-251.8(o)-.2(f)-252.6(m)2(ammals,)-250.2(a)3.7(s)-251.8(w)-4.1(ell)-247.7(a)-2(s)-251.8(t)2.7(hose)-252.4(o)-.2(f)-252.6(o)5.5(ther)-252.5(birds,)-250.2(have)]TJ
T*
[(been)-381.5(obtained)-381.5(i)2.7(n)-381.5(f)-2.2(ree-field)-381.5(aco)5.5(ustic)-377.6(c)-2(onditions)4.3(.)-381.1(B).8(ecau)5.5(se)-383.20001(the)]TJ
0 -1.2462 TD
-.0153 Tc
[(pr)4.7(essu)6.7(re)-234.1(ch)6.7(amb)6.7(e)-.8(r)-234.3(w)2.8(as)-233.5(small)-235.1(()4.7(30)]TJ
/F8 1 Tf
12.6785 0 TD
0 Tc
(9)Tj
/F1 1 Tf
1.0926 0 TD
-.0164 Tc
(44.5)Tj
/F8 1 Tf
2.0145 0 TD
0 Tc
(9)Tj
/F1 1 Tf
1.0926 0 TD
-.0165 Tc
[(30)-330.20001(cm),)-233.1(it)-236.3(was)-234.7(n)-.2(o)5.5(t)]TJ
-16.8782 -1.2519 TD
-.0163 Tc
[(possib)5.7(l)-2.8(e)-155.4(t)-2.8(o)-153.6(u)0(se)-161.1(it)-156.4(to)-153.6(determine)-161.1(t)2.9(he)]TJ
12.5989 0 TD
-.0169 Tc
[(low-frequency)-159.9(h)-.6(earing)-159.9(ability)]TJ
-12.5989 -1.2519 TD
-.0164 Tc
[(of)-269.5(humans)-274.4(f)3.6(or)-275.20001(co)5.6(mparison)-273.20001(and)-273.20001(t)-2.9(h)5.6(r)-2.1(esholds)-274.4(were)-269.3(not)-270.3(attempted)]TJ
0 -1.2462 TD
-.0168 Tc
[(on)-199.7(another)-201.6(s)-1.7(mall)-202.4(animal.)-205(T)-.3(hus,)-205(a)3.4(lthough)-199.7(it)-202.4(was)-206.5(und)5.2(eniable)-207.1(t)2.4(hat)]TJ
0 -1.2519 TD
-.0165 Tc
[(pigeons)-411.1(were)-411.70001(sensitive)-417.4(t)2.7(o)-415.6(l)2.7(ow)-413.9(frequencies,)-415.20001(there)-417.4(w)1.6(as)-411.1(some)]TJ
T*
-.0167 Tc
[(question)-387.4(a)-2.2(s)-388.5(t)-3.2(o)-387.4(e)-2.2(xactly)-393(how)-391.3(they)]TJ
13.2647 0 TD
-.0165 Tc
[(wo)5.5(uld)-387.20001(c)-2(ompare)-394.6(with)-387.20001(other)]  
   TJ
-13.2647 -1.2462 TD
-.0161 Tc
[(animals)-268.4(w)-3.7(he)4.1(n)-267.20001(t)-2.6(e)4.1(s)-1(ted)-267.3(i)-2.6(n)-267.3(t)3.1(he)-269(sa)4.1(me)]TJ
12.8777 0 TD
-.017 Tc
[(acoustic)-269.9(c)-2.5(on)5(ditions)-269.3((Heffner)]TJ
-12.8777 -1.2519 TD
-.0147 Tc
[(and)-243.1(H)-2.3(e)5.5(ffn)7.3(er)]TJ
0 0 1 scn
4.8939 0 TD
-.0163 Tc
[(2)5.7(007)]TJ
0 0 0 scn
1.9291 0 TD
-.0143 Tc
().)Tj
-5.6849 -1.2519 TD
0 Tc
[(Recent)-11.7(ly,)-414.4(we)-417(determ)-10.7(ined)-417.3(the)-416.6(audi)-7.6(ogram)-420.8(of)-413.20001(the)-416.6(pige)-7.6(on)]TJ
-1.1381 -1.2462 TD
[(using)-224(the)-217.4(same)-221.9(acous)-8.6(tic)-220.2(environm)-10.5(ent)-217.4(and)-220.3(equi)-7.6(pment)-222.4(used)-216.6(to)]TJ
0 -1.2519 TD
[(test)-529.40002(humans)-528.90002(and)-533.3(other)-528.20001(mammal)-10.1(s)-525.5((Heffner)-533.70001(et)-529.6(al.)]TJ
0 0 1 scn
21.3111 0 TD
(2013)Tj
0 0 0 scn
2.0031 0 TD
().)Tj
-23.3142 -1.2519 TD
[(Altho)-7.6(ugh)-360.8(the)-359.70001(resu)-8(lting)-359.20001(low-f)-8.8(requency)-366.20001(threshol)-10.9(ds)-355.5(wer)-10(e)-355.4(not)]TJ
0 -1.2462 TD
[(quite)-164.8(as)-158.1(low)-162.6(as)-163.8(those)-163.2(found)-165.1(by)-160.9(Kreithen)-169.1(and)-157.7(Quin)-9.8(e)-156.2(()]TJ
0 0 1 scn
19.9852 0 TD
(1979)Tj
0 0 0 scn
2.0031 0 TD
[(),)-162.5(we)]TJ
-21.9883 -1.2519 TD
[(confirmed)-372.9(their)-371.6(finding)-370.8(that)-368.9(pigeons)-369.6(are)-366.3(mor)-7.8(e)-361.1(sensi)-10.7(tive)-363.20001(to)]TJ
0 -1.2462 TD
[(low-freq)-9.1(uency)-274.8(sounds)-274.4(than)-275.1(any)-271.5(mammal)-277.6(yet)-268.6(tes)-8(ted,)-269(includ-)]TJ
0 -1.2519 TD
[(ing)-494.4(huma)-8.4(ns.)-492.5(Given)-496(thes)-8.8(e)-491.9(results,)-501.1(the)-490.5(n)-6.5(ext)-490.5(quest)-9.6(ion)-494.4(was)]  
   TJ
T*
[(whethe)-9.2(r)-332.8(the)-336.9(abili)-8.2(ty)-334.3(to)-334.3(hear)-338.70001(inf)-7(rasound)-340.3(is)-335.5(a)-338.3(general)-339.8(char)-8.6(ac-)]TJ
0 -1.2462 TD
[(teristic)-285.70001(of)-276.70001(birds)-277.20001(or)-276.6(whethe)-9.2(r)-275.9(i)0(t)-274.5(i)0(s)-278.6(limited)-277.8(to)-277.4(certain)-285.6(lifestyles,)]TJ
0 -1.2519 TD
[(such)-330.4(as)-323.20001(long)-330.20001(distance)-331.20001(navi)-7.6(gation)-324.9(as)-328.9(sugges)-8.7(ted)-325.5(by)-325.9(Kreithen)]TJ
T*
[(and)-271.5(Quine)-274.1(()]TJ
0 0 1 scn
4.7744 0 TD
(1979)Tj
0 0 0 scn
2.0031 0 TD
[().)-270.6(To)-274.5(address)-275(this)-271.5(quest)-9.6(ion,)-267.20001(we)-274.70001(determ)-10.7(ined)]TJ
-6.7774 -1.2462 TD
[(the)-291.4(audiogra)-8.7(m)-288.8(o)0(f)-288(the)-291.4(dome)-8.4(stic)-290.4(chicken,)-298.4(a)-287.1(species)-300.4(that)-289.20001(does)]TJ
0 -1.2519 TD
[(not)-187.1(navigat)-8.7(e)-184.7(long)-187.9(distanc)-9.9(es.)-187(The)-191.7(results)-187.7(show)-8.2(ed)-185.4(that)-186.8(not)-187.2(only)]TJ
T*
[(do)-416.9(dome)-8.4(stic)-421.3(chickens)-425.1(hear)-418.3(inf)-7(rasound,)-420.4(but)-420.5(they)-423(are)-417.6(even)]TJ
0 -1.2462 TD
[(more)-448.5(sensitive)-447.9(to)-442.5(it)-445.20001(than)-440.1(pige)-7.6(ons.)-442(In)-441.70001(addi)-7.6(tion,)-441.4(as)-448.4(testing)]TJ
0 -1.2519 TD
[(progress)-8.5(ed)-378.9(to)-379.9(the)-376.70001(lower)-384.20001(frequenc)-9.7(ies,)-378.3(we)-382.8(noticed)-378.6(an)-378.9(unex-)]TJ
T*
[(pected)-263.1(change)-260.3(in)-254.7(perform)-10.9(ance)-258.8(at)-256.5(32)-331.6(Hz)-251.9(in)-260.4(that)-255.1(the)-257.20001(chickens)]  
   TJ
0 -1.2462 TD
[(require)-9.9(d)-393.4(addi)-7.6(tional)-401.6(training)-405.1(at)-398.70001(this)-402.4(frequenc)-9.7(y)-393.4(b)-6.5(efore)-398.3(their)]TJ
0 -1.2519 TD
[(final)-393.8(threshol)-10.9(ds)-389.70001(emerge)-9.7(d.)-388.1(Th)-7(is)-392.4(observation)-396.20001(sugges)-8.7(ted)-393.8(that)]TJ
ET
51.024 158.570 238.110 .56696 re
f
BT
8.4682 0 0 8.4682 51.0236015 146.6645965 Tm
[(E.)-334.4(M.)-331.20001(Hill)]TJ
0 -1.1783 TD
[(Department)-339.70001(of)-331.9(Psychology,)-333.70001(University)-339.9(of)-331.9(Nebraska)-340.3(at)-336.5(Kearney,)]TJ
T*
[(Kearney,)-334.70001(NE)-335(68849,)-336.3(USA)]TJ
0 -2.3432 TD
[(G.)-337.5(Koay)]TJ
/F7 1 Tf
3.8026 0 TD
(�)Tj
/F1 1 Tf
.6025 0 TD
[(R.)-335.9(S.)-336.1(Heffner)]TJ
/F7 1 Tf
5.8379 0 TD
(�)Tj
/F1 1 Tf
.6025 0 TD
[(H.)-337.5(E.)-327.70001(Heffner)-343.5(()]TJ
/F91 1 TfI0)fner�



their perception of infrasound may have differed qualita-

tively from that of higher frequencies.

Methods

The method of conditioned suppression/avoidance was

used to obtain absolute thresholds for chickens for pure

tones ranging from 2 to 9,000 Hz. Four hens were trained

to peck a key to obtain access to food and to stop pecking

in the presence of a tone to obtain access to food and avoid

electric shock that was delivered through bead chains

around the base of their wings. The tympanic membranes

of one hen were perforated and the animal retested to

determine if it was using its ears or some other modality to

detect low frequencies. A detailed description of the

equipment and procedure can be found elsewhere (Heffner

et al. 2013).

Animals

Four female chickens (Gallus gallus domesticus) were

obtained from a local breeder. Two of them were Black

sex-linked (chickens A and B) and the other two were

Golden Comet (chickens C and D). The chickens were

21 weeks old when testing began, and 36 weeks old upon

its completion. They were group housed in a room with

free access to water. Chicken food (Purina Layena

crumbles) was used as a reward and the animals were

weighed daily to monitor their health and deprivation

level.

Behavioral apparatus

Testing was conducted in a double-walled sound chamber

(IAC model 1204; Industrial Acoustics Co., Bronx, NY,

USA; 2.55 9 2.75 9 2.05 m), the walls and ceiling of

which were lined with eggcrate foam and the floor carpeted

to reduce sound reflections. The chickens were tested

in a cage (50 9 30 9 42 cm) constructed of one-inch

(2.54 cm) wire mesh that was mounted 92 cm above the

floor on a tripod. A response key was constructed using a



when it was pecking the response key and, with the

exception of the two subwoofers, pointing it directly ahead

toward the loudspeaker (08 incidence). The Paradigm

subwoofer (46 9 55 9 51 cm) was placed on the floor of

the chamber in front of the test cage; the TC Sounds Axis

15 subwoofer was placed in front of the cage and turned

180� to prevent the chicken from seeing the movement of

the speaker diaphragm (the microphones used are omidi-

rectional at low frequencies so no correction for orientation

needed to be applied). No overtones were present at the

sound pressure levels used to obtain thresholds and no

spectral splattering was observed during the onset of the

tones. The background noise level in the sound chamber





suppressed by presenting tones in octave steps from

125 Hz to 4 kHz (Gray and Rubel 1985). The thresholds



et al. 1977). Their interest in this issue stemmed from the



pass filter or else have very broad band-pass responses.

Moreover, these low-frequency units receive input from the

apex of the basilar papilla (Warchol and Dallos 1989a), the

tip of which contains hair cells that are thought to be

suitable for the perception of very low frequencies because

they have the morphological characteristics of both ves-

tibular and auditory organs (Lavigne-Rebillard et al. 1985).

A similar situation appears to exist for the pigeon in

which units sensitive to frequencies below 20 Hz respond

differently from ordinary auditory units. Specifically, fibers

http://dx.doi.org/10.2172/15000693
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