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Knowledge of the hearing abilities of a épecies will aid
in estimating the importance of sound in its daily»life. The basic
attribute of an auditory system is its sensitivity."Sensitivity im-
poses the main limit on the intensity and frequénéy of detectable
sounds. Two other major abilities are the localization of
sound énd the filtering outbof unwanted sounds. This allows detection
of speéific signals in the presence of background noise. Recent stud-

ies indicéte that the underwater hearing sensivities of Phoca vitulina,

the harbour seal (M#hl 1968a), Pagophilus groenlandicus, the harp seal

(Terhune and Ronald 1972) and Halichoerus grypus, the grey seal (Ridg-

way and Joyce 1974) are similar. These studies are somewhat limited
in that only 4_individual seals have beenbexaminéd. We belieﬁe that
by determining the underwater sensitivity of 2 individuals of anqther
species, we would better be able to estimate whether or not ail phocids
have a similar underwater hearing sensitivity. It seems likely that a
closely related group, having baéically,the same.anatomical étruéturgs
and a similar sensitivity would also have similar heariné abilities.

If this was the case, then-within Phocidea, information determined on
one species should generally be applicable to the others.

A minimum agdible field, underwater audiogram was determined
for each of 2 ringed seals. The mefhod used was yes-no response to var-
iable stimull (Terhune and Ronaid 1972). Each seal was trained to re-
spoqd to sound by pushing a series of switches. ;Through its responses,

the seal could indicate whether or not it detected a sound that may or



ﬁay nét have been produced when it’pushed a "étiﬁulus" switch. The -
seal was présented with an equal chance of beingiexposed to a sound
or‘to a catch trial (no sound). As long as the seal correctlyAde-
tgcted a sound, the loudness of the nexflsound to.be presented was de-
creased by a set amount. This continued-until the seal made a signal
error. As long as the seal contiﬁuéd to make signal érrors, the ioud—
'»nesé of the next sound to be presented was increased. Tﬁus, the soﬁnd
levels decreased until they were below the seal's threshold and then
increased until they were above threshéld. The value of the threshold
was estimated.by avéraging 10 turning points (i.e. the sound level of
the first correct signal deteétion‘follbwing an érror or thevsound
level of the first signal error following a cofrect signal response).
above and below the threshold. .The signals presented were all sine
waves between 1 and 90 kHz. ,Tﬁg frequenciés tested, and the resulting
estimations, are shown in Fig. 1. A more detéiled description of this
work is currently being prepared for publication.

Threshold estimates obtained in the above manner are in-
fluenced by response biases (guessing) on the part of the seal, the
size of the loudness increments and the presence of intensity fluctu-
ations caused by echoes and standing waves. The close agreement be-
tween the audiograms of the 2 ringed éeals indicates that the variabi-
1ity present in the threshold estimates is probably in the order of +
10 dB or less. |

Despite methodological differences, the 4 phocid species



do not exhibit differences in sensitivity (at aﬁj particular frequency).
of greafer fhan 20 4B (frdm 1 to 90 kHz; technical difficulties above |
. and below this range were present in this and some of the other stud-
ies). Fletcher (1940) reports that 50% of a group of humans have an
in-air sensitivity that is within + 10 dB of the average (for any gngn
frequency). Assuming that seals exhibit a similar range, the variébil—
ity.among the 4 phocid species can be attributed to individﬁal and ex-
éérimental differences. It‘appears to be reasonable to talk in terms
of "phocid underwater hearing sensitivity" at the sub-family level at
least.

With a few exceptions (such as the .outer ear) the anatomy
of a phocid ear.is similar.to that of a. typical mammal (Mﬁhl 1968b;.
Ramprashad et al. 1972). Pitch discrimination abi;ities (Mghl 1967),
the critical rﬁ#ios, (the influehce ofAbackground noise), (Terhune and
Ronald 1971) and the ability to localize sounds (Méhl 1964;. Terhune
19?3) are generélly of the same magnitude for sealé as humans. A slight-
1y reduced locational acuity in seals is attributed to the physical dif-
ferences between the alr and water media ana not to significant neuro-
logical differences between phocidé and humans. These "finer pointsh
of hearing are determined by the inner ear and as such, are somewhat
independent of the anatomical influences of the outer and middle ears.
Although differences between various mammals do exiét (such as the upper
frequency limit), in the main, sounds feaching the inner ears are trans-

formed into neural impulses in a similar manner in all mammals. Thus,



the seal's sensitivity underwater is the same as a man in air (Mghl
1968a), except-in the frequency range between 20 and 100 kHz where tbe
seal is Qore sensitive. To but it another way, a seal underwater ﬁears
. as well in the frequency range of 1 (at‘léaét) fo 90 kHz as a human iq
air hears in the frequency range of 0.5 to 15 kHz. Within these iimits,
other hearing attributes are probably the same.

It is probable that hearing plays as important a role in the
life of a seal as it does in other mammalian predators (including man
but excluding known echolocators). Althoqgh it is probably possible,
as it is for humans, for a seal to learn to echolocate, such abilities
have not been demonstrated in the wild. Hearing is probably useful in
prey 1océtion, predator avoidance, navigation (ice and éhallow¥yatér
wave noises) and inter-animal commﬁnication. The relationship between
the seal's underwater‘senéitivity and 1its reaction to.backgrdund noise
is spch that a 0 sea state (Albers 1965) will not interfere but a num-
ber 6 sea state will raise the thresholds of the‘lower frequencies
(Fig. 2), (Terhune and Ronald 1972). Noises introduced into the sea
by man will, however, have é much greater effect because they are many
times louder than natural ones. For example, a side ranging sonar
(model LSS-30(PT) Omni&irec;ional Sonal, C-Tech Ltd., Cornwall, Canada)
has an output pulse at 30 kHz that.has an intensity of 116 dB re lAubar
at 1 m. The operating range of this unit is 4 km. The initial pulse
of this unit is about 140 dB above a seal's threshold. At close range,.

other things being equal, such a sound would be paiﬁful for a human.



In a free field, the sound pressure level drops by 6 dB every time the
distance from the source is doubled (1/R law). Thus, if the output of
a sonar system is 116 dB re 1 pbar at 1 m, it Willkbe 110 dB at 2m,
104 dB at 4 m etc., to 44 dB at 4.096 km. At 4 km, the loss caused by
sound absorption by sea water (for a 30 kHz sound) would cause an ad—‘
ditional 30 dB loss. Thus the sound level 4 km from the sonar set
would be at leaét.IO dB fe 1 ybar. Such a leﬁel would easily be de-
tected by a seal. Other noises such as éeismic explosions, motor and
propeller noiseé etc. will also be audible té phocids. The hearing of
cetaceans is more sensitivie and has a wider freqﬁency range than seals
(Johnson 1967). As such, sounds audible to seals would certainly be
audible to cetaceans. |

In a short field study, we found that 4 of 7 free-sﬁimming,
feral harp seals altered their swimming patterns when they encountered
the beam of a Heath ML~11lA depth sounder. The exﬁosure time was less
~ than 10 sec in all cases. This indicates that; to some degree, the be-
haviour of seals caﬁ be altered by naises.

It is possible that "noiée poilution" will‘adversely affect
the acoustic regime of the seal. Although they may learn to live with-
in, and cope with, a noisy environment, it is possible that they may.
try to seek out quieter areas. In any event, wheh planhing refuge areas
or considering tﬂe effects of human disturbance on phocid populations
and distributions, the acoustic environment must receive some consid-_

eration.



Summary

Audiogram determinations and other psychophysical_énd ana-
tomical studies indicate that all phqcids will have‘similar underwater
hearing abilities. With the additionél‘ability to detect higher fre-
quency sounds, the underwater hearing abilities of sealsbare similar
to those of humans in air. Many man—méde noisgs, sﬁch as sonar sys-
texﬁs, produce. loud, underwater sounds and these may influence the be-

haviour of seals.



References

Albers, V.M, 1965. Underwater acoustics handbook II. Penn.“Staté
Univ. press.

Fletcher, H. 1940. Auditory patﬁerns. Rev. of ﬁod. Physics; 12:47—65.

Johnson, C.S. 1§67. Sound detection thresholds in marine mammals. In
Marine Bio-acoustics. Edited by W.N. Tavolga. Pergamon Press,
New York. |

Mghl, B. 1964. Preliminary studies on hearing in seals. Vidensﬁ( Medd.
fra Dansk Naturh. Foren. 127:283-294.

1967. Frequency discrimination in the common seal and a dis-
cussion of the concept of upper hearing limit. In Underwater
Acoustics,_Vol. 2. Edited by V.M. Albers. :Plenum Press, New
York.

1968a. Auditofy sensitivity of the common seal in air and
water. J. Aud. Res. 8:27-38. | |

1968b. Hearing in seals. In The Behaviour and Physiology of
Pinnipeds. Edited by R.J. Harrison, R.C. Hubbard, R.S. Peter-
son, C.E. Rice and R.J. Schusterman. Appletbn-Century—Crofts,
New York. !

Ramprashad, F., S. Corey and K. Ronald. 1972. Anatomy of the sealis

ear (Pagophilus groenlandicus) (Erxleben, 1777). In Functional

Anatomy of Marine Mammals. Edited by R.J. Harrison. Academic

Press, London.



Ridgway, S.H. and P.L. Joyce. 1974. Studies on seal brain‘by radio-
telemetry. In Symposium on the Biology of the Seal. Aug. 13-
17, 1972. TUniv. of Guelph, Guelph, Canada. (in press).

Terhune, J.M. and K. Ronald. 1972. The harp seal, Pagophilus‘g;pen—

landicus (Erxleben, 1777). 1III. The underwater audiogram.,
Can. J. Zool. 50:565-569. |
Terhune, J.M. 1973." Aspects of hearing and acoustical communicatidn 

of seals. Lic. Scient. thesis, Aarhus University, Aarhus,

Denmark,



dB re 1 ybar

o

80

60

40

N
o

FIG. 1. UNDERWATER HEARING THRESHOLDS OF PHOCID SEALS.
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FIG. 2., EFFECTS OF AMBIENT NOISE ON THE UNDERWATER HEARING THRESHOLDS OF A HARP SEAL.



