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Summary

A p ilo t free field h e a rin g  s tu d y  w a s  c a r r ie d  o u t on  
A tla n tic  W alruses w hich  w ere h a u led  o u t  a t  a  beach  
o n  S v a lb a rd . N o rw ay . F ive  a n im a ls  w ere exposed  
to  tw o  types o f  aco u s tic  sig n a ls betw een  250 H z  and  
4  kH z. T h e  a n im a ls  re sp o n d ed  to  sig n a ls w ith 
so u n d  p re ssu re  levels o f  10-20  d B  a b o v e  a m b ien t 
no ise  levels, a n d  it m a y  be co n c lu d ed  th a t th e  
hearin g  resp o n ses o f  W alru ses d o  n o t seem  m uch 
d ifferen t f ro m  th o se  o f  h u m a n s  u n d e r  s im ilar 
en v iro n m en ta l co n d itio n s . T h e  ex p erim en t show s 
th a t  it is possib le  to  c a rry  o u t ro u g h  a u d io m e tric  
tests in th e  field.

K ey  w ords: W alru s. O dobenus, a co u stics , hearing , 
au d io g ra m , a m b ien t noise.

Introduction

F o r  social in te rac tio n s , a n im a ls  d e p en d  o n  cues 
d e tected  w ith  th e ir  sen so ry  system s. W alru ses a re  
very  soc ial a n d  v o ciferous a n im a ls  (M ille r. 1985), 
a n d  th e re fo re  aco u s tic  sig n a llin g  is p ro b a b ly  a n  
im p o r ta n t fa c to r  in th e ir  eco logy . N o th in g  is kno w n  
a b o u t th e  h e a rin g  sensitiv ity  o f  W alruses. F o r  c o n ­
se rv a tio n  p u rp o ses, it w o u ld  b e  useful to  k n o w  the 
d is tan c e  a t  w hich  W alru ses m ay  d e te c t a  p a r tic u la r  
m an -m ad e  (u su a lly  low  freq u en cy ) noise. M an- 
m ad e  a irb o rn e  a n d  u n d e rw a te r  n o ise  au d ib le  to  
W alru ses m ay  ch an g e  th e ir b e h av io u r, a n d  th u s  
ev en tu a lly  influence th e ir  p o p u la tio n  dy n am ics. T h e  
cap a b ility  o f  th e  W alru s to  d e tec t a  c e r ta in  so u n d , 
how ever, d e p en d s  n o t o n ly  o n  its h e a rin g  sensitiv ­
ity . bu t a lso  o n  th e  m ask in g  effects o f  th e  am b ien t 
noise e m a n a tin g  fro m  n a tu ra l  so u rces , su ch  as 
w ind , w aves, ice, e tc . T h e  h ig h er th e  a m b ien t noise 
level, th e  g re a te r  th e  m ask in g  elfect a n d  th e  less 
sensitive  th e  W alru s is to  m an -m ad e  noise . T h e  a im  
o f  th is  s tu d y  is to  d e te rm in e  th e  in -a ir  low - 
freq u en cy  h earin g  sensitiv ity  o f  W alru ses in the

w ild , m ea su re d  in  th e ir  n a tu ra l  su rro u n d in g s  w ith 
n a tu ra l a m b ien t noise.

M aterials and M ethods

L o ca tion  a n d  conditions
R esearch ers  sa iled  o n  th e  vessel P o la rsysse l a lo n g  
th e  co as t o f  th e  S v a lb a rd  a rch ip e lag o . N o rw ay , 
u n til th ey  saw  a  g ro u p  o f  a b o u t 30  m a le  A tlan tic  
W alru se s  h a u le d  o u t o n  a  n a tu ra l 25 m  w ide 
g rav el sp it in  th e  F o rla n d su n d e t (S a rs tan g en : 78”4 5 ‘ 
N o r th  la titu d e . I T 3 0 ' E ast lo n g itude). A tea m  w ent 
a sh o re  in a  sm all b o a t.  200 m  from  th e  h e rd  a n d  
calm ly  a p p ro a c h e d  th e  W alru ses  o n  fo o t. In o rd e r  
n o t to  d is tu rb  th e  a n im a ls  th e  last 30  m  w as c raw led.

T h e  a m b ie n t a irb o rn e  so u n d  p ressu re  level n ear 
th e  a n im a ls  w a s  d e te rm in e d  using  a  d B A -filte r as 
w ell a s  8 fu ll-o c lav e  b a n d fille rs  in  th e  ran g e  b etw een  
63  H z a n d  8 kH z. A P h ilip s PM  640 0  so u n d  level 
m e te r  w ith  o c tav e  b a n d  filte r P M  6410 (M e te r  
response : R .M .S ./s lo w ) w as used  fo r these  m easu re ­
m en ts . T h ese  a m b ie n t noise m ea su re m e n ts  w ere  
ta k e n  im m edia te ly  a f te r  th e  h e a r in g  tes ts  w ere  
c o n d u c ted . T h e  a m b ie n t n o ise  f lu c tu a te d  a ro u n d  
4 S + o r - 3 d B ( A )  S P L  a n d  w as m ain ly  c au sed  by 
sm all (10  c m ) w av es o n  th e  beach  (T ab le  1). N o  
o c ea n  sw ell w as d e te c ta b le , a n d  it w as su n n y . 1 
B eau fo rt w in d fo rce , a ir  te m p e ra tu re  w as 14’C . 
re la tiv e  h u m id ity  w as 55% . a n d  a ir  p ressu re  
1012 m  bar.

O n e  re sea rc h er c raw led  to  w ith in  2 m  o f  a 
W a lru s ' h e ad  to  c o n d u c t a u d io m e tric  tests . A n 
a u d io m e tr ic  tech n iq u e  w as used  w hich  w as d evel­
o p e d  to  lest th e  h e a rin g  system  o f  h u m an  b ab ies  
by  w a tch in g  th e ir  re ac tio n s  to  c a lib ra te d  so u n d  
sig n a ls fro m  a  lo u d sp eak e r. T h e  W alru ses  on  
S v a lb a rd  w ere selec ted  fo r  th is  s tu d y , becau se  in 
c o n tra s t to  W alru se s  in m o st o th e r  p a r ts  o f  the 
w o rld . W alru ses  o n  S v a lb a rd  c an  b e  a p p ro ac h ed  
c lose  e n o u g h  to  p o s itio n  th e  lo u d sp e ak e r, w hen 
h a u led  o u t o n  land .
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Table 1. The averaged ambient sound pressure level near the herd o f  30 A tlantic walruses hauled out on a gravel beach 
on Sarslangen, Svalbard (Level in dB re 20pPa, filter bandwidth 1/1-octaves). The ambient noise flueluated+or -  3 dB 
around these averages.

Hz 63 125 250 500 1 k 2 k 4 k 8 k dBA Lin

dB 35 35 40 45 45 45 45 35 45 50

L o u d - s p e a k e r

Sound generato r

Figure 1. Approach towards a herd of male Atlantic Walruses hauled out on a beach at Sarslangen. Svalbard 
archipelago. Norway for free field hearing measurements (Photo: David Griffiths). The drawing shows an overview of 
the siuation during data collection. The generator is placed so that the animal could not sec the button which elicited a 
sound signal being pushed (Drawing: Ron Kastelein).

S o u n d  signals u sed  in audiom etric  tests  
A  cu s to m -b u ilt p o r ta b le  so u n d  g e n e ra to r  w as used 
fo r th e  ex p erim en t w hich co u ld  p ro d u ce  2 types o f  
ca lib ra ted  so u n d  signals:
a )  F ilte red  b a n d  noise . C en te r  freq u en c ies  a ro u n d : 
250. 500. 1000, 2000 a n d  4000 Hz, slope: 24 dB / 
o c tav e , b a n d w id th : 1/1 oc tave.
b )  M o d u la te d  to n e s . C e n te r  frequencies: 500. 1000. 
2000 a n d  4000 H z. T h e  c en te r  frequencies w ere 
m o d u la ted  acco rd in g  to  th e  ‘F req u en cy  sh ift key­
ing ' m e th o d . Sw itch ing  frequency: 12 H z b y  square- 
w ave. m o d u la tio n  d e p th :+ o r  -  4% . c rea tin g  sw eeps 
in th e  fo llo w in g  d isc re te  frequency  ranges: 48 0 -5 2 0 . 
960-1040 . 1920-2080, 3840-4160  H z. B ecause o f  
the sm all m o d u la tio n  d e p th , th e  so u n d  signal h a d  a 
T o n a l ' c h a rac te r.

T h ese  s igna ls w ere chosen  because  in non- 
c o o p e ra tiv e  h u m a n s  (sueli as c h ild ren ), these  s tim u li 
h a v e  a  h ig h er a ro u sa l p ro p e rty  th a n  p u re  sin u s­
sh ap ed  signals. T h e re  w as n o  d a n g e r  th a t the 
an im a l reac ted  to  freq u en c ies  o th e r  th a n  th e  em itted  
le s t freq u en c ies , b ecau se  th e  so u n d  level o f  the 
h a rm o n ic s  w as very low.

E xp erim en ta l procedure
T h e  so u n d  p re ssu re  level co u ld  be  v a ried  in 9 
ca lib ra te d  10 dB  s te p s  by  3 a m p litu d e  settings 
(30 d B  difference  betw een  each ) a n d  by  v a ry in g  the 
d is tan c e  be tw een  th e  lo u d sp e a k e r  a n d  th e  W alru s ' 
m ea ta l orifice in 3 s tag es (10. 33 a n d  100 cm ), 
g iv in g  10 d B  a tte n u a tio n  s tep s. T h e  lo u d sp eak e r 
w as p o sitio n ed  in  a h o r iz o n ta l p lan e  w ith  th e  head .
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Figure 2a and lí.
Figure 2. The hearing sensitivity data o f  5 Atlantic Walruses hauled out on 
Svalbard for filtered band noise and modulated tone signals between 250 Hz and 
4 kHz. The lowest amplitudes that the animal responded lo  arc connected by lines

a t a n  ang le  o f  a b o u t 10 0  degrees to  th e  sag itta l 
p lan e  o f  th e  h ead  m easu red  fro m  th e  ro s tru m . T he 
lo u d sp e a k e r  w a s  a lw ay s  p lac ed  n ex t to  th e  rig h t car 
o f  a  W alrus. F o r  sa fety  p u rp o se s  a n d  in o rd e r  no t 
to  elicit resp o n ses to  n o n -a co u s tic  s tim u li, w hich 
m igh t hav e  been  m is tak en  a s  re ac tio n s  to  the

so u n d s  from  th e  g e n e ra to r , th e  lo u d sp e ak e r w as 
o n  a  3 m  long  p o le  (F ig . I) . T h e  g e n e ra to r  w as 
p o sitio n ed  in  su c h  a w ay  th a t  th e  an im a l c o u ld  no t 
o b ta in  v isual cu es f ro m  its o p e ra tio n .

T h e  so u n d  p re ssu re  level o f  th e  first s ig n a l 
w as ch o sen  to  be  be low  th e  expected  sensitiv ity
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th resh o ld  (b ased  o n  la b o ra to ry  m easu rem en ts  by 
K aste le in  e t al., in  p rep .) . E ach  so u n d  w as p ro d u ced  
fo r a b o u t  3 seconds. I f  a f te r  2 a tte m p ts , th e  an im al 
d id  no t sh o w  a  re sp o n se  w ith in  th e  p e rio d  the 
so u n d  w a s  p ro d u c ed , o r  im m edia te ly  a fte rw a rd s , 
th e  so u n d  p re ssu re  level w as in creased  b y  10 dB. 
T h is  w a s  d o n e  e ith e r  b y  c h an g in g  th e  a m p litu d e  
se ttin g  o n  th e  a p p a ra tu s  o r  be  d ecreasing  th e  d is ­
tan ce  betw een th e  so u n d  sou rce  a n d  th e  a n im a l's

m ea ta l o rifice  b y  a  fa c to r  o f  3. T h is  p ro c e d u re  w as 
c o n tin u e d  u n til th e  a n im a l re sp o n d ed  to  th e  so u n d . 
I f  th e  a n im a l re sp o n d ed  to  2 id en tica l s igna ls w ith 
a n  in te r  signal lim e d e lay  o f  a b o u t  IO seco n d s , th is 
level w as c o n sid e red  a s  th e  h e a r in g  re sp o n se  u n d e r 
these  e n v iro n m en ta l c ircu m stan ces . T h e  nex t s tep  
d ep en d ed  o n  th e  reac tio n  o f  th e  an im al: i f  the 
W alru s re laxed  a f te r  th e  re ac tio n  to  th e  so u n d , 
a n o th e r  freq u en cy  w a s  tes ted  o n  th e  sam e an im al;
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Figure 2. The hearing sensitivity data  o f  5 Atlantic Walruses hauled out on 
Svalbard for filtered band noise and m odulated tone signals between 250 Hz and 
4 kHz. The lowest amplitudes that the animal responded to  are connected by lines.

if  th e  an im al rem ain ed  very  a le r t, a n d  k e p t sc a n n in g  
its su rro u n d in g s , a n o th e r  a n im a l w as  se lected .

T h e  d esigned  m easu rin g  tech n iq u e  co u ld  not 
a lw ay s be fo llow ed ; becau se  th e  lo u d sp e ak e r’s 
m o v em en ts  so m etim es h a d  to  be  lim ited  in o rd e r 
n o t to  d is tu rb  th e  a n im a l, s igna ls o f  a  h ig h er level 
(c rea ted  b y  c h an g in g  th e  a m p litu d e  se ttin g  o n  the 
so u n d  g e n e ra to r)  th a n  th e  low est level th e  an im a l 
re sp o n d ed  lo  w ere a lso  o tte re d , a n d  th e  u su a lly  very 
s tro n g  re ac tio n  o f  th e  a n im a l w as reco rded .

T h e  h earin g  d a ta  a n d  a m b ien t n o ise  levels w ere 
co llected  in o n e  session  o n  Ju ly  14. 1992 betw een 
16.00 a n d  18.00 hrs.

R esults

It w as po ss ib le  to  safely  a p p ro a c h  a n d  test the 
h earin g  o f  5 m ale  W alruses, ly ing  a lo n g  th e  p e rim ­
e te r  o f  th e  h e rd . A ll a n im a ls  w ere  d ry . w h ich  m ean t 
th a t th ey  h a d  been  h a u led  o u t  fo r  so m e  tim e. T h e  
an im als  tes ted  w ere  w ith in  2 m  o f  o th e r  W alruses. 
T h ey  w ere a w ak e , b u t o ften  a p p e a re d  d ro w sy . A fte r  
so m etim es liftin g  th e ir  h ead s fo r 10 to  30 seconds, 
th ey  slow ly  low ered  th em  a g a in  to w a rd s  th e  s u b ­
s tra te . W h en  te s te d , th e  h e a d s  o f  th e  s tu d y  an im als  
w ere  e ith e r  vertical (rig h t-s id e  up ), o r  h o rizo n ta l, 
b u t n ev er upsid e  d o w n , a  p o s tu re  o ften  seen  in 
sleep ing  W alruses.

T h e  m o st freq u en tly  seen  resp o n se  to  th e  so u n d  
signa ls w as o p en in g  o f  th e  eyelids fo llow ed  by 
ro llin g  o f  th e  eyes (p e rh a p s  in d ic a tin g  th a t th e

a n im a l w as sea rch in g  fo r  th e  so u n d  so u rce). I f  th e  
so u n d  w as lo u d  (i.e. IO d B  o r  m o re  a b o v e  th e  low est 
a m p litu d e  th e  a n im a l reac ted  to ), th e  a n im a l w ould  
ra ise  its h ead , a n d  lo o k  a t  th e  lo u d sp e ak e r. I f  the 
s o u n d  signal w as p ro d u ced  a t  th e  level th e  an im a l 
first re ac ted  to . it h a d  to  be  p ro d u c ed  fo r m o re  th an  
I sec. to  elicit a re sponse . O n ly  a f te r  p ro d u c in g  
th e  signal fo r  2 to  3 seco n d s  w a s  a  reac tio n  seen. 
T h e  a n im a ls  so o n  h a b itu a te d  to  th e  so u n d s , a n d  
u sually  d id  n o t reac t w hen  th e  sam e so u n d  w as 
p ro d u c ed  th e  th ird  tim e in succession  w ith in  20 
seconds.

T h e  resu lts  f ro m  th e  5 W alru ses a re  sh o w n  in  Fig. 
2. It w as  im p o ssib le  to  d e riv e  a  co m p le te  d a ta  set 
fro m  all 5 a n im a ls . A n im al 1 ( tu sk  leng th : 50  cm ) 
w as  restless a n d  a f te r  2 test s igna ls a tta c k e d  th e  
lo u d sp eak e r. A n im al 2  ( tu sk  leng th : 30  c m ) w as a t 
ease  a n d  a llo w ed  all freq u en c ie s fo r  b o th  ty p es  o f  
so u n d  signals lo  be  tested . H e  seem ed in te res ted  in 
th e  lo u d sp e ak e r, a n d  held  h is h e ad  c lose  to  it. He 
even d ro v e  W alru s 3 (tu sk  leng th : 20 cm ) aw ay  
fro m  th e  lo u d sp e ak e r w hen  th a t a n im a l w as  being 
tested . T h is  resu lted  in  a  p a r tia l  te s t o f  W a lru s  3. 
A n im al 4 (tu sk  leng th : 30  cm ) w a s  a t  ease, a n d  
a llo w ed  all freq u en c ie s o f  b o th  so u n d  types to  be  
tested . A fte r  th e  filte red  b a n d  n o ise  s ig n a ls  w ere 
tested , a n im a l 5 ( tu sk  leng th : 65 cm ) b ecam e re s t­
less. a n d  m oved  in to  th e  h e rd , o u t  o f  reach  o f  the 
lo u d sp e ak e r. T h e  y o u n g  a n im a ls  in th e  h e rd  w ere 
cu rio u s , a n d  so m e tim es a p p ro a c h e d  a n d  th rea te n e d  
th e  re sea rch er a n d /o r  th e  lo u d sp eak er.
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Figure 3. The lowest levels o f  filtered band noise and m odulated tone signals 
Walruses 2. 4 and 5 responded lo. the I/I-octave averaged ambient noise 
level + and -  3 dB (mainly caused by wind and the surf), and an  audiogram derived 
from free field measurements on good hearing hum ans under laboratory conditions 
(ISO/CD 226-1. N838. I992).

D iscussion and conclusions

T h e  low est levels th e  a n im a ls  reac ted  to  fo r  the 
l / l -o c ta v e  filtered  no ise  b a n d  signals a n d  th e  m o d u ­
la ted  to n es  a re  ra th e r  s im ila r (see W a lru s  2 , 4  a n d  5 
in F ig . 2). T h ere fo re  these  d a ta  a re  co m b in ed  in 
F ig . 3. T h e  h earin g  sen sitiv ity  o f  W alru s  3 seem s 
w o rse  th a n  th a t o f  W alru ses 2 . 4  a n d  5, so  its d a ta  
a re  o m itted  in  F ig . 3. T h e  p o o led  d a ta  in F ig u re  3 
in d ica te  th a t th e  a ro u sa l c h a ra c te r  o f  n o ise  ban d  
sig n a ls a n d  m o d u la ted  to n es  is s im ila r in W alruses 
a n d  hu m an s.

It is re m a rk ab le  th a t  th e  re sp o n se  th re sh o ld  fo r 
th e  l / l -o c ta v e  b a n d  no ise  s ig n a ls  a r e  a t  th e  sam e 
level a s  th e  response  th resh o ld  fo r  th e  m o d u la ted  
to n e  signals, a lth o u g h  th e  m ask in g  effect o f  th e  
a m b ien t noise (sim ila r to  w h ite  noise) is less fo r 
m o d u la ted  to n e  s igna ls th a n  fo r filtered  b a n d  n o ise  
signals.

T h e  so u n d  p ressu re  levels o f  th e  p ro d u c ed  so u n d  
signals to  w hich  th e  a n im a ls  re sp o n d ed  w ere  IO to  
2 0 d B  a b o v e  th e  a m b ien t ( l / l -o c ta v e )  n o ise  level 
(F ig. 3). A m o re  precise  h e a rin g  m easu rem en t cou ld  
n o t be d e te rm in e d  u n d e r  th e  n o n - la b o ra to ry  c ir­
cu m stan ces o f  th e  p re sen t s tu d y . In  h u m a n s  one  
m igh t a lso  expect re sp o n ses  a t  s igna ls o n ly  a p p ro x i­
m ately  15 d B  a b o v e  th e  av erag ed  a m b ien t noise 
level.

T h e  p resen t p ilo t s tu d y  show s th a t it is poss ib le  to  
d o  ro u g h  a u d io m e tr ic  m easu rem en ts  in  th e  field, 
p ro v id ed  en v iro n m en ta l c o n d itio n s  (i.e. w eather, 
w aves a n d  b io lo g ical so u n d s )  a re  n o t extrem e.

B ecause th e  a n im a ls  d id  n o t like th e  lo u d sp e ak e r 
be ing  m o v ed  w ith in  a b o u t  4 0  c m  o f  th e ir  heads 
(un less they  them selves m oved  th e ir  h ead s c lo ser to  
it), fu tu re  s tu d ies  sh o u ld  b e  d o n e  w ith  a  lo u d ­
sp e a k e r  w hich  is c a lib ra te d  in such  a  w ay  th a t  the 
d is tan c e  betw een  th e  lo u d sp e a k e r  a n d  th e  m ea ta i 
o rifice  co u ld  a lw ay s be  50 c m . a n d  th a t  th e  so u n d  
level can  be  v a ried  by  a m p litu d e  se ttin g s o n  the 
so u n d  g e n e ra to r  (s te p s  o f  10 d B  s te p s  o r  less).
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