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There is little consensus as to which factor or factors limit auditory
sensitivity in any vertebrate. It is proposed here that ambient noise of
environmental origin ultimately limits, at a common level, the lowest awditory
thresholds fouwrd in both the nonaquatic mammals (including man) and in the
most sensitive birds, the owls (Strigiformes). Greater sensitivity than that
found in' these vertebrates is unlikely to have evolwed since it would be of
little or o adaptive value.

Tha Problem

Determining the factors which may limit any specific sensory capacity is
problematic. There is no single well defined methodology for such an exercise
but a comparative approach would seem to be of some utility. Also, it seems
clear that in the case of auditory sensitivity, account must be taken not only
of the ultimate limit upon sensitivity set by the physical properties of
matter and radiation, but also of the envircnment in which the auditory
system evolved.

The Comparative Data

Both birds and non-aquatic mammals are included in the analysis. These two
groups are considered together since they differ in the structure of both their
middle and inmer ears, arndin the elaborations of their ocuter ear structures,
but it seems likely that all of these structures evolved in parallel within

the same acoustic environment.

Table 1 presents data on lowest auditory thresholds (the intensity co-ordinate
of the lowest point on the audicgraml in 20 avian and 2 manmalian species.
Masterton et al. (1969} concluded that at higher phyletic levels of the
Mammalia lowest threshold varied little across species and man and cat are
considered as representative of this group of mammals.

Interspecific comparisons of absolute auditory sensitivity should take
cognizance of the degree of intersubject.and interlaboratory variability
typically found in this particular parameter of auditory capacity. This
variability is exemplified in the mblished awdiograms of the pigeon (C.livia)
and man {Figure 1}. . )

When account is taken of this variability, analysis of Table 1 leads to the
conclusion that in the owls (Strigiformes) lowest thresholds do not differ
significantly from those of the higher mammals. Individual cat, owl and human
subjects would appear to be drawn from populations with similar distributions
of lowest threshold and that this sensitivity is the highest of any vertebrate
tested to date. A further comparison does suggest that owls are more
sensitive than the other avian species considered here,
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TAHLE 1 7 |
Order Faally Species No. of Lowest Threshold 2 Fafarence \
subjects  [dB SPL te 2’;101’ ] \
QuASS VIS 1
Calubifoymes  Columhidas Colurba ] 1 Herr i and Purumes (1971} ‘
- - 2 1 Belms, Shrowt erd Sachs (1973)
- - . - & 14 Helza (1953
- - - - i1 ;3 Stebbiny (1970)
i1 .
Passariforoes  Qorvidae %% Exiatata 2 n.s Cohen, Stabbine and Mooy IW’E
- loeeridse [173 L] 18 Helna ev al. [19T7)
- - Elgll&l &1@.\3 L] 16 Helm et al. [1977)
- Fringillidae TIMUS CATALIUS 4 L] Docling, Mulbigan &nd miller 1Y871)
- S 2 &2 boaling, 2oloth asd Baylis {1973)
- .= Tells EAIII 2 4.8 Cooling, Peters ard Searcy 11979
Pelrtacidae [ TLHCUS undulats 4 0 tooling and Ssurders (197%)
Heleage idldae El%lm 1 1% Paiseans ard Sehleide (19721
Tytenidae ?lﬂ alba 1 =15 Ronishl (19781
- Serigidae TriK aluco [ =17 nm {19930
- - 10 otus 6 -2
M - Wycten scardisca 1 -19 -
- - Ketuoa Tcneais 1 -9 -
- . EEETE E‘-— 1 -20 -
M - Babo nipalensis 1 -5 -
- - m Ieuenus 1 -5 “
- - H 3 .
- - = nx_r_nu 1 -1 -
- - Serix selosato 1 -12 -
Fromares Heminidee Hero samiens 5iGroup BY -12 Sivian and white (1%13)
Cariniate. P lidog &‘a gibargta; " Mg ot “_(ﬁ-‘;)

Sources of congtraint upon absolute auditory sensitivity

Both environmental and physiological noise sources have been proposed as
camdidates for limiting the absclute sensitivity of the mammalian auditory
system. Thermo-acoustic agitation of the tympanic membrane (Sivian and White,
1931), self-noise (Wever and Lawrence, 1954; Diercks and Jeffress, 1962} and
thermal agitation within the cochlea (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 of constraint -
paturally occuring minimum ambient noise levels - should be considered. This
minimum noise level typically occurs at night. Figure 2 presents a measure of
the minimum ambient noise. It is hypothesised that the masking level produced
by these minimum sounds in man and birds indicates that auditory sensitivity
beyond that of the owls and the mammals would be of no adaptive value since
thresholds would always be masked by this minimum ambient sound. Thus it is
suggested that the ultimate limit on auvditory sensitivity is determined by the
minimum ambient sound of the aerial environment.

It is further argued that auditory sensitivity in the diurnal birds, such as
the pigeon, is limited at a higher level than in the owls because of the higher
levels of ambient sound typically experienced during the day.
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Figure 1. A. Audiograms of the pigeon (Columba
livia) determined by behavioural training
technigues in four different laboratories. The
awdiograms of Harrison and Furumoto (1971)
(—>o} and Heise (1953) (®-—¢) are the mean
audiograms of 6 subjects and the standard
deviations about the mean are indicated by
vertica) lines. The audiograms of Heinz et al.
{1977} (=---m) is the mean of two birds while
those of Stebbins {1970) (A&, ¥—¥} show the
audiograms of two individual birds.

B. Audiocgrams of man w—) from Sivian and
white (1933, Figs. 4 and 5, table 1II}. This
is the average Binaural Minimum Audible Field
(M.A.F.) of Group B (n=9); subjects facing
the sound source; vertical lines indicate
mean deviation from average.®---¢ , M.A.F.
of Sivian and White's subject R.L.V.,;
subject facing sound source.
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Pigure 2. The continvous solid
line is the minimm ambient sound
spectrum level (1Hz bandwidth}.
recorded on a windless night in a
stidy of the ambient sound levels
produced under different
atmospheric conditions. Recordings
were made at the Arne Peninsula,
Dorset, England in mid=June, ard
are courtesy of the Ministry of
Defence, Procurement Executive,
and were communicated to me by

K. Dixey. A moving coil microphone
(STC type 4021) was calibrated
against a standard condenser
microphone in an anechoic room.
Microphone cutput was amplified

by a purpose built low-noise
battery operated amplifier and the
output recorded in the field by a
Leevers-Rich battery operated tape
recorder. The overall system was
calibrated by injecting known
voltages in te the microphone
circuit so that, from the measured

sensitivity of the microphcne, cutput voltages could be related to s.p.l.'s at
the microphone. With the microphane replaced by a 20.5 ohm resistor the wideband
output level for the microphone resistance noise and equipment noise cambined,
was found to be equivalent to an s.p.1. of +10dB (re 20uNm™=2) . The wideband
{.1-8.0 kHz) minimum ambient sourd level recorded was eguivalent to +38dB s.p.l.
The signals were analysed using a Muirhead-Pamatrada wave analyser with a 5SHz
bandwidth. The average level per cycle bandwidth was calculated from the

analyser readings.

The continuous dotted line is the RMS spectrum level of thermo~acoustic noise in
air at 293°K (Hunt 1957). Solid lines with data peints are the auditery masking
levels produced by the minimmm ambient and thermo-acoustic noise spectrums for
a bird {Melopsittacus undulatus) (4 ) and man (4 ). The human audiogram (©) is
the average binaural minimum audible field from Sivian and White's {1933) group
B ard is included here as representative of mammalian sensitivity below about
SkHz. This particular audiogram was recorded under conditions comparable to
those used in recording the other audiograms of Table 1. Masking levels were
calculated using critical ratio (CR) data from the following sources: human,
Hawkins and Stevens (1950), all frequencies except 10.5 and 13.0kHz, which were
calculated using the critical bandwidth data of Scharf (Scharf 1970) and the
assumpticn that C.R.'s are 4dB less than critical bandwidths. Masking levels
were calculated as equal to the spectrum level of the ambient sound plus the CR
for each species at each frequency. C.R.'s for the bird were taken from Dooling
and Saunders {1975).




