
 

of The Institute of Acoustics

AN WWI“. LIMIT (1| Am AUDITOR! SENSITIVITY 1N
W1Cm

mm R. MARTIN
mamma- OF zooms! AND MIPme PHYSICEDFI. UNIVElBITY OF
31mm! ' ‘ .

There is little consensus as to which factor or factors limit auditory
sensitivity in any vertdzrate. It is prcposed here that anbient noise of
environn-ental origin ultimately limits, at a comm level, the lowest auiitoty
thresholds few-id in both the non-aquatic "annals (including man) and in the
Host sensitive birds. the owls (Strigiformes). Greater sensitivity than that
found in these vertebrates is unlikely to have evolved since it would be of
little or no adaptive value.

The ambient
Determining the factors which may limit any specific sensory capacity is
problematicmmere is no single well defined methodology for such an exercise
but a conparative approach would seem to be of sure utility. Also, it seems
clear that in the case of auditory sensitivity, accmmt must be taken not only
of the ultinate limit upon sensitivity set by the physical properties of
matter and radiation, but also of the environment in which the auditory
system evolved.

The Cornpamtive Data
Both birds and non-amiatic nanmals are included in the analysis. These two
groups are considered together since they differ in the structure of both their
middle and inner ears, min the elaborations of their outer ear structures.
but it seems likely that all of these structures evolved in parallel within
the same acoustic enviromlent.

Table 1 presents data on lowest auditory thresholds (the intensity ctr-ordinate
of the lowest point on the audiog-ram) in 20 avian and 2 namlian species.
Masterton et a1. (1969) concluded that at higher phyletic levels of the
Mamalia lowest threshold varied little across species and man and cat are
considered as representative of this group of mammals.

Interspecific carparisons of absolute auditory sensitivity should take
cognizance of the degree of intersubject-and interlaboratory variability
typically found in this particular paraneter of auditory capacity. This
variability is enenplified in the published audiograns of the pigeon (glivia)
and man (Figure 1).

When account is taken of this variability, analysis of Table 1 leads to the
conclusion that in the owls (Strigifornes) lowest thresholds do not differ
significantly fran those of U19 higher manmals. Individual cat, Odl and human
subjects would appear to be drawn from powlations with similar distributions
of lowest threshold and that this sensitivity is the highest of any vertebrate
testd to date. A further canparison does suggest that 0415 are mre
sensitive than the other avian species considered here.
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Sources of constraint upon absolute auditory sensitivity
Both environmental and physiological noise sources have been proposedas
candidates for limiting the absolute sensitivity of the Inanmalian auditory
system. mum-acoustic agitation of the tympanic nembrane (Sivian and White,
1933), self-noise (waver and Iawrence, 1954; Diercks and Jeffress, 1962) and
thermal agitation within thecochlea (Harris, 1967) have all been discussed
as possible sources of constraint upon the lowest threshold.

It is proposed here that none of these provide an adequate explanation of the
comparative data and it is suggested that a further source ofconstraint -
naturally occuring minimum ambient noise levels - should be considered. This
minimum noise level typically occurs at night. Figure 2 presents a treasure of
the minimum anbient noise. It is hypothesised that the masking level produced
by these mininum sounds inman and birds indicates that auditory sensitivity
beyond that of the W15 and the manuals would be of no adaptive value since
thresholds would always be masked by this minimum anbientsound. Thus it is
suggested that the ultimate limit an auditory sensitivity is determined by the
minimum ambient sound of the aerial environnent.

It is further argued that auditory sensitivity in the diurnal birds, such as
the pigeon. is limited at a higher level than in the WIS because of the higher
levelsof anbient scum typically experierced during the day.  
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A full report of this paper_ is to appear under the same title in Behavioural
Processes 9(2), 1984.
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" ‘ ' ’ ‘ ‘° Figure 1. A. Audiograms of the pigeon (Colunba
livia) determined by behavioural training
techniques in four different laboratories. The

audioq'rans of Harrison and Furumoto (1971)
(°—-°) and Heise (1953) (Om-O) are the mean
audiog'ran's of 6 subjects and the standard
deviations about the man are indicated by
wrtical lines. The audiograms of Heinz et a].

(1977) Phil is the mean of two birds while
those of.Stebbin5 (1970) (“"11 H) Show the

audiog'rans of tuna individual birds.

5. Audiograms of man 0—4) from Sivian and
White (1933, Figs. 4 and 5, table II). This
is the average Binaural Minimum Audible Field

(M.A.F.) of Group B (n=5); subjects facing
the sound source; vertical lines indicate
nean deviation from average.»- - 4 , MJLF.
of Sivian and mite‘s subject R.L.V..;

subject facing sound source.
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Figure 2. The continuous solid
line is the mininum anbient sound
spectrum level (1H2 bandwidthL
recorded on a windless night in a
study of the anbient sound levels
produced under different

atmospheric conditions. Recordings
were made at the Arne Peninsula,
Dorset. England in mid-June, and
are courtesy of the Ministry of
Defence. Promrenent Dcecutive,
and were mmnicated to me by
K. Dixey. A moving coil microphone

minimum mum (51C type 4021) was calibrated
“is. ~ against a standard condenser

microphone in an anechoic room.
Microphone output was anplified

"“""°"=W5“= by a purpose built low-noise
"Dis. battery operated amplifier and the

output recorded in the field by a
Ieevers-Rich battery operated tape

4 _‘ recorder. The overall system was

' 2 ‘ '° 2° ‘0 “'0 m calibrated by injecting knovn
"mm" m voltages in to the nucrophone

circuit so that, from the neasured
sensitivity of the microphone, output voltages could be related to s.p.l.'s at
the microphone. with the microphone replaced by a 20.5 ohm resistor the wideband

output level for the microphone resistance noise and equipment noise ccmbined,

Vedas foxmd'to be equivalent to an s.p.l. of *10dB (re ZOyNnI'Z). The wideband
(.1-8.0 kHz) minimum anbient sound level recorded was equivalent to +38dB s.p.l.
'lhe signals were analysed using a Muirhead-Pamatrada wave analyser with a 5H2

bandwidth. The average level per cycle bandaidrh was calculated from the
analyser readings. I

'lhe Continuous dotted line is the EVE spectrum level of thenno-aooustic noisein

air at; 293°K (Hunt 1957). Solid lines with data points are the auditory masking

levels produced by the minimum anbient and themacoustic noise spectrum for

a bird (MelgEittacus undulatus) (l) and man (A I. The human audiogram (O) is
the average binaural minimum audible field from sivian and White's (1933) group

B and is included here as representative of manmalian sensitivity below about
5kHz. This particular audiogram was recorded under conditions comparable to

those used in recording the other audiograns of Table 1. Masking levels were

calculated using critical ratio (CR) data from the following sources: human.

Hawkins and Stevens (1950), all frequemies except 10.5 and 13.0kl-lz. which were
calculated using the critical bandwidth data of Scharf (Scharf 1970) and the
assumption that C.R.'s are Ada less than critical barmidths. Masking levels
were calculated as equal to the spectrum level of the anbient sound plus the CR
for eadj.species at each frequency. C.R.'s for the bird were taken from Dooling
and Saunders (1975) .
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