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Several species of small w hales have been shown to have cscelknt hearing above 50
kHi( Fig. I) . Making threshold measur ements on cetacean s is very difficult. Apart from the
behav ioral difficulties involved, th e measurement of the acoust ic fie ld nas to be
appr inimated. This is because the ~~periments are , of necess ity , performed in tank s or
lagoons th at arc not ancehoic. Standing w ay es cause the sound level to vary above and below
t he average measured levels. Standing waves increase the detectabilit y of the sound field by a
factor equal to the standing wave ratio (SWR)(Rc f. I) . The SW R is equal to the ratio of the
mni mum field pressure level to the minimum field pressure level . A SW K of a litt le over
three would increase the dctcctabiIit~ oft tone by 10 dB. and SWRs of three or more arc not
diffi cult to achieve under esperimental conditions suc h as those used in the thres hold
cs pc rim ents . Cali brat ions arc made without the animal present and the effect of the animal s
presence on the so und field is never kno wn. So one has ‘,et bccn heroic enough to try to put
earphones on a dol phin In addition. the so und level at the animal s car is impossible to
determine because thc~ have no c ite rnal audito r) meat us. In the past we have just done the
best we could. bel ies ing tha t some not too acc urate data w ere better than none . W e have now
collected enoug h data to show that an interestin g pattern has developed , and t hey may point
th e w j y  tt mor e accurate measurements .

Abo c about 50kM: the noise spect rum underw ater is dominated by t hermal noise
i Rd 2 The slope of the spectrum is always the same for a given absolute temperature and
acousti c impedance . Shown plotted in Fig. I t s  the theoretical thermal noise spectrum in the
cochlcar fluid of an animal w hose deep bod y temperature is ~~‘C 110° K) . assuming that the
coc hkar fluid has the same acoustic impedance as water. The temperature of the cochlear
fluid is ilw a~ s great er and therefo re contribute s more noise than the surrounding wate r
Ilow eser . this spectrum is not very sens itive to temperature because only absolute
temperature ente rs the equation Using a temperature of 10°C (2g3° K only low ers ific
spectrum b~ about I dil

According to I- leicher ’s 1940 cnt ical-band t heory (Ref. 10). only a relativel y narro w
hand of nois e Frequen cies (the critical -band) is effecti ve in masking a tonal signal. l-.ipreucd
in anot her w ay , the limiting threshold at a given frequency due to noise is the sum of the noise
level per hen : and the cn lical ratio c ipressed in decibels The cntical ratios measured for the
Atlanti c hottirnosed porpoise Turs io,’i vnrnc asui (Ref. 4. are shown plotted in Figure 2. A lso
show n in f igure 2 are the values obtained hi Thompson and Herman (Ref. II Ior the
minimum perceptib le frequency change in 7’ :rwicatuj These two sets of data have been
plotted on scales shifted h~ a factor of 20 to show the s imilanty with the results reported by

V Fletcher (Ref lOlfor human subjects. The open cirdes in Figure 2 are the valu es of the
minimum percept ible change in frequencies for the harbor porpoise I P *ocIN’.ua p~ocoeNaI
measured by Sukhoruch cnko (Ref. 1 2). the only other cetacean for wh ich t hese data arc
available

In Figure I the sum of the criti cal ratio and the thermal noise spectrum is shown
plotted as the cross hatche d area in the fugurc The width of the crosshatchcd area
corresponds to the spread in the critical ratio data shown between the dashed lines in Figure
2 Only t w o point s fro m the P p~bocoeme data, thos e at 45 and 90 kHz, fall within the

~~~ frequency range from SO to tOO k Hz. On the assumption that the factor of 20 between critical
rati os and DL~ hold for P. p*ocnena. the thresholds at these two frequencies are plotted in
Figure I .  The two points arc show n connected by a straight line.
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f igu re I Plot of the audito ry thresholds measured using training techniques
For cigh i ondus iduals of fise delph in.d speci es diamonds. 7 sn icaiias (Ref
~j , open squares. 7’ I’uncat .o ( Ref 4), closed squares. 7 :,vn~etw Ref 
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ck,scd cireks.I geo(frrnisi(Ref .opencircles, 7’ tilI, Rcf 7)~closed
iniangk’. P p4o~orna( Ref ~i.open tnianglcs,D IA’wcas(Ref 9). The
crosshatehed area represents the estimated minimum threshold due to
t hermal noose masking using cr it ical ratio s measured for 7 svuncask.o The
two poin ts connected b the solid straight line represent a similar limit
determined from data on P p~ ocnena

While there is considerable variability in the threshold values plotted in Figure I,
almost all points fall below the minimum predicted by adding the thermal noise to the critical
ratio, the average being about 10dB lower , This ,ndudcs the thresholds measured for the
same T. vnancasus used for the cfltical ratio e*peflment. One can only condude that either the
thresholds or critical ratios or both are somewhat in error, at least for T. snmcatw. In the
other species the critical ratios may be smaller . A decrease of 10dB in the critIcal ratios would
be a reduction by a factor often . Unfortunately crit ical ratios have been measured for only
one 1 Inui ’ at us.

In spite of inaccuracies in the data, the evidence is consistent with the conduston that
above 5OkHz. thc thresholds of at least I sn.wanu are maskedby thcrmalnoise.This is an
important conclusion because. if true, a way is available to make accurate threshold
measur ements, at least at frequencies above 50kHz. where thermal noise dominates, and of
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course below the upper hearing limit, where other factors limit hearing. In this case abso lute
thresholds could be determined by measuring critical ratios and estimating thresholds by
means of calculated thermal noise levels. This is an attractive method because the thermal
noise spectrum depends only on the animal’s body temperature, w hich is essentially constant
either in or out of water , and critical ratio measurements do not require absolute sound level
determinations.

The evidence presented here for cetacean hearing thresholds being masked by thermal
noise is circumstantial . Better data are clearly needed. Thus far critical ratios have been
measured on only one animal of one species. They need to be redetermined for I. :rwvca:us
and for other species as well. II these measurements support the present values, a new and
better way may be availab le (or determining absolute thresholds in cetaceans.
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