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Some recent observations on acoustic attrac tion of Pacific Reef shark s

t ( ON . \ L 1 )  R. N H S O N  and R I C H A R D  II . 10115505*

Department of Biology , California State U n i v e r s i t y
long Beach , California 9 (840 , U.S.A .

Received December , 19 7 3

l: rofl~ October 1972 until January 1975 the authors conducted
a shark-rese arch expedition to French Pol ynesia , under sponsorshi p
&~~~ the National Geograp hic Society and the P.S. Office of Naval
kescarch . ‘the study site was Rangiroa , the largest atoll in the
Tuamotu Arc hipelago , loc ated at Latitude 15 0 ((0 5, l ong itude
1 1 7 0 4 0 ’  l’ , approximatel y 300 km northeast of Tahiti. The expedi-
tion ’s objective w a s  field research on the comparative behavior
of the reef sharks of the area , primarily emp hasiz ing socia l
interactions and die l patterns of activity and movement . In add i-
tion to findings in the above primary areas (to be published
elsewhere) , one sound-playback experiment was conducted , and a
number of miscellaneous responses to sound were noted. These acous-
tic observations , with comments upon them , are presented in this
paper .

The existing literature on acoustic behavior of sharks i s
d iscussed in this symposium volume by Myrberg et  al . ( l 9 7 t 0 .
Previous sound-p l a y back experiments at Rang iroa were conducted
in 19b8 b y Brown (1 9 7 3 ) and in 1969 by Nelson and Johnson (1970).
The acoustic play back stud y of Nelson and Johns on (1972) at
Eniwetok (now Enewetak) , Mar s h a l l  I s l a n d s, a l s o  i nvo l ved spec ies
and conditions similar to those of the presen t stud y.

The reef species in which acoustic responses were noted were :
t he  gray reef shark , Carcharhinus ami ly rh gnchos ; the hlacktip
reef shark , . “elanopteru &; the silvertip shark , C. a l~

; and the reef whitetip shark , Triaenodcn o~~esus  ( F i g. 1).
One pelag ic species , the oceanic whiteti p sh ark , C. 1~~~~~ -~~’~~s ,
w a s  also observed during acoustic play b a c k .

RESPONSES TO PLAYBACK OF TEST SOUNDS

One controlled sound-playback experiment was conducted X which
tested the attractiveness to sharks of the following three low-
frequency, pulsed si gnals of differing waveform : (1) 50 Hz sine

* ~ ay e , (2) 50 l I z  souare wave , and (3) 25-100 Hz band of filtered
noise. A ll three sounds had a pulse rate of lO/sec , i. e. , were
sinuso ida l l y amplitude modulated at 10 Hz , and we re presented
as interm i ttent tr ains of pulses using the senuence described
in Nelson and Johnson (19~~2). The acoustic apparatus , p l a y b a c k

* Present address of B. Johnson : S.E.A . Institute , 2018 Pacific
Ave., l ong Beach , California 90806 , U . S .A .

X Several additiona l p layback exper iments were orig ina ll y p l anned ,
u sin~ different test sounds , hut other priorities precluded
t h e s e .
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technique , and experimental design also general ly followed that
of Nelson and Johnson (1972). ‘lhe test sounds were p layed into
the water at a level of St~ dli re: I .har at I m , usin g a liher
400(1 Report-L tape recorder , an A ltec 1594- .\ amp lifier , and a
U . S . Na vy .19 transducer (speaker).

P l a y back  on t h e  ocean ree f

Sounds  w e r e  p l a y e d  h a c k  a t  n i n e  s i t e s  more  or  l e s s  e v e n l y
spaced  a l o n g  t h e  ocean reef  f rom a b o u t  7 km eas t  of A v a t o r u  l a s s
to  a b o u t  3 km wes t  of  A v a t o r u  Pass. i h e  s p e a k e r  was s u s p e n d e d
about 15 m b e l o w  t h e  a n c h o r e d  b o a t  (a  5 -m Avon i n f l a t a b l e )  and
o b s e r v a t i o n s  m ade by a d i v e r  in  t h e  w a t e r  a t  t h e  su r f a c e .  At
each s i t e , one t e s t  sound per day  was  p r e s en t e d , a n d t h e t h r ee
sounds were seouenced among the nine sit e s in a manner w h i c h
evenl y distributed the effects of interdai lv habituation , thus
preventing this from biasing the comparisons between the test
so u n d s .

A total of 27 observations periods were conducted , each con-
sisting of a 10-mm c*ootro l pe r~~.d ( s p e a k e r sub m erged , sound off) ,
and a 10-m m test p~~riod (5-mm sound on , fo ll owed by 5-mm sound
off) . The 5 minutes of post-sound observation was included because
previous studies had shown that approaching sharks often do not
arrive in the vicinity of the speaker until sometime after the
sound h as ended (N e ls on and J ohns on , 1972).

‘l’ ab le 1. Numbers of sharks si ghted during play back of three low-
frequency , pulsed sounds of differing waveform . Based on 9 test
periods and 9 control periods for each sound .

Sound 1 Sound 2 Sound 3
(50 Hz sine (50 Hz square (25-100 II:

wave)  w a v e ) no i se)

N u m b e r  of sh a r k s

Test (sound) 3 1 13

Con tr ol 2 3 2

The numerical results are g iven in Table 1. Th e two main
species attracted were the silverti p shark (t si g htin gs , seen
on ly during or after Sound 3) and the gray reef shark (5 sightings).
One oc e a n i c  w h i te ti p shark w as si ghted just after Sound 3 , appar-
ently attracted from the open ocean beyond the reef.

From the numbers of sharks sig h ted , it is clear that only
Sound 3 could he considered attractive. Furthermore , o n l y  Sound
3 re sul ted in obvi ous acous t ic  a tt rac ti on s , jud ged from s~ immin g
speed , or ien ta t ion , and c losenes s of a p p r o a c h , e.g., a d i rec t ,
hi gh- speed approach to within 1 m of the speaker.

These results are not entirely as expected. In comparison
to p r e v i o u s  p l a y back studies , they are in agreement in regard
to Sound 1 (expected to he unattractive) and Sound 3 (expected
to he attractive). Wi th regard to Sound 2, however , t he l a c k
of resp onse is interesting in view of the findings of Myrherg
et al. (1969) that irregularly pulsed 55 II: ‘ o v e r d r i v e n  s ine
waves ” (es sen ti a l l y  square  w a v e s )  were  h i ghl y attractive to Baha-
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I 1g .  1 .  Some acoust ic a l l y  r es :  n -~i ve ree f s h a r k s  o f  ang iroa ,
F r e n c h  Pol yne s ia . l’ p l’ er  l e f t , r a y  r e e f  shark. l’ ppe r ri g !.t , b l a c k -
t i ’ ~ r e e f  shark. l o s e r  l e f t , r e e f  i h i t e t  i j shark ( s i t u  a t t a c h e d
t~~~~) . l ower ri g ht , s i  l v e r t i e  s h a r k .  P h o t o s  I’ B . . l oh n s o n .

n ian sh a r p n o s e  s h a r k s  , i-.~~ :: n ’ nod i’ ‘a. ’ . .\t p r e s e n t  w e  can
n l v  ~ec~i l a t e  ab o ut  the r e a s o n s  f o r  t h i s  d i f f e r e n c e .  Pe r h a p ’~

t h e  t i o  s o u n d s  were  n e t  as s i m i l a r  as supposed  I f u r t h e r  a n a l y <
m a y  d e t c r n i n e  t h i s ) ,  or  p e r h a p s  t h e  s p e c ie s  d i f t ’e r v ~l i n t h e i r
acou stic pre f e r e n c e s .  I n  a d d i t  i o n , m o t i v a t i o n a l  a c t e r ’~ n a n  h a v e
be e n s i g n  i f i c a n t l v  d f f e r e n t  b e t w e e n  t h e  t w o  e x p e r i m e n t s  , e . g

soc i a l  ac  i i i  t a t  i on  a p p e a r e d  to  h a v e  i n c r e a s e d  t h e  r e s~ (‘f l~~ C t T l t ( ’fl -

s i t y  of t h e  sh a r p n o s e  s h a r k s , i s h i c h  occ u r r e d  in  n eal in  t h e
J a y h a c k  a r c a .

P l a y b a c k  i n t h e  l a g o o n

\ f t e r  c o m p l e t i o n  of t h e  o c e a n - r e e f  e x p e  m e n t , sone 1 la y backs
w e r e  c o n d u c t e d  i t  ‘ah u t a  — a r i c h , c o r a l — r e e f  a r e a  a t  t h e  l a g o o n  —--— 

end of  \ v a t o r u  P a s s .  [ m l  i k e  t he o c e a n - r e e f  s i t e s , ~‘ah u t a  s as  
—

s u h i e c t  t o  n u c h  s1 e a r f i s h i n g  act k-ivy; u sually seve ra l h oat l o a ls 1~~’1 l o c a l  d i v e r s  o p e r a t e d  t h e r e  d a i l y  a t  t h e  s l a c k  t i d e s .  ‘ lh e r e f  ore  *

t h e  s h a r k s  o f  t h i s  a r e a  h e r e  n u i t e  a c c u s t r ; n e d  to  h u m a n  a c t i v i t y ,
feed i n k  r e g u l a r l y on the wounded f i s h  i s h i c h  f r e q u e n t l y  b r o k e  o f f
t h e f i s h o r r a n ’ s sp ea r s . I n  a d d i t i o n , e x p e d i t i o n  p e r s o n n e l  r e g u l a r -
l y  s p e a r l i s h e d  and  b a i t e d  at ‘a[iuta t o  a t t r a c t  r e e f  w h i t e t i p

g r a y  r e e l  s h a r k s  for un der w ater t a g gi n g studies .
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P r e v i o u s l y  at ~!ahuta , the authors had seen  m a n y  i n s t a n c e s
o f  s t rong  a c o u s t i c  a t t r a c t i o n  o f  sh a r k s  t o  s p e a r e d  f i s h  ( see
l c w c r i l t i o n s  [selow l . i t  seemed l i k e l y  t h a t  p l a y b a c k  at t h i s  s i te

w a  Id hr i ng the ‘ si ramat i c’ attract ions dc-si red fo r  c i n e m a  tug rap liy
In addition it would provide a good further test of the sound
previ ousl y found un attractive, It was felt that , if sharks were
ever to respond to a n y  particular sound , it w ould he at Mahuta .

The r e s u l t s  w e r e  v e r y  s u r p r i s i n g .  The s h a r k s  m a d e  no discern-
able responses to either Sound 1 or to t h e  n o r m a l l y  a t t r a c t i v e
Sound 3. On arrival at the site , Sound I was played first , result ing
i n  no a p p a r e n t  r e s p o n s e  f rom f o u r  whiteti ps sw imming slowly throu gh
the area. Sound 3 was  t h e n  p layed , and again no a p p a r e n t  r e s p o n s e s
w e r e  seen , thi s time from three w h i  t e t  ips o b s e r v e d .  I t  was  con -
firmed that the speaker sax op erating properly. [luring control
p e r i o d s  f o r  b o t h  p l a y b a c k s  s e v e ra l  w h  i t e t  i p  and  g r a y  r e e f  s h a r k s
w e r e  seen . Sound 3 w a s  l a t e r  r e p e a t e d , a g a i n  with no response .
Sound 2 w a s  not tried .

These  r e s u l t s  are  p u z z l i n g  in  v i ew of t h e  r e s u l t s  of p r e v i o u s
sound p l ay b a c k s at P ah u t a , i . e .  Fr o w n ’ s lOt $ ob servations o f h i g h l y
excited responses from wh I tet i p and gra y reef sharks , and  t h e
a u t h o r ’ s 19 6 9  o b s e r v a t i o n s  of d e f i n i t e , though less intense , at-
traction of whitetips . Ith then did similar responses not occur
during the present ~‘ah uta pla y b a c k s ? Ag a i n , only speculation is
possible , but perhaps the Mahuta sharks had become so conditioned
to human-related feeding, that their ‘norma l acoustic preferences
had becom e altered . Perhaps these sharks differed from those of
o t h e r  a r e a s  in t h e  t i m i n g  of their feeding, having periods of
low motivation (related to satiation) resulting, in a non-
responsiveness to sounds. There was no evidence , however , that
the Mahuta sharks had fed h e a v i l y  j u s t  pr ior to the present p l ay-
b acks.

(inc general conclusion that can he drawn is that even acous-
ticall y responsive species of sharks dc a r ~~ . . ’ r e s p o n d  to
a t t r a c t i v e  s o u n d s , even  w h e r e  h a b i t u a t i o n  to  the sounds t h e m s e l v e s
i s  n o t  a f a c t o r .

RI SP ONS I S TO OT III R SOUNDS

Speared , s t r u g g l i n g  f i s h

‘[‘he a t t r a c t i o n  of  s h a r k s  to  t h e  s t r u g g l i n g  sounds of speared
fish is well known (Nelson , 1 9(s9; Nelson et a ’ ., l9 (~9) and many
such instances were observed during the present expedition . The
f o l l o w i n g i s  a t y p i c a l  e x a m p l e  f r o m  t h e  f i e l d  n o t e s :

“Baiting and tagging at ~Jahu t a , dep th I l l m , v i s i b i l i t y  about
30 a. No sharks in vie w . Near the botto m , . i 3 k g grouper
is speared. The  fish strugg les ( v i [ ’r a t e s ’I v i g o r o u s l y  a g a i n s t
the spear and  dashes rap i d l y  into a c o r a l  cave , s t r u g g l i n g
i n t e r m i t t e n t i  t h e r e a f t e r .  t : i t h i n  5 s~~ ~f t h e s p e a r i n g ,
three whiteti p sharks appear a t  t h e  l i m i t  o f  v i s i b i l i t y ,
approaching from three different directi ons . ‘ [he y  ar e  m o v i n g
a t  m o d e r a t e l y  h i gh speed , and  are oriented directl y towards
the spearin g site. t i t h i n  30 sec , f i v e whit e ti ps are at
t h e  s i t e , e x c i t e d l ~ ’ c i r c i  in g  t h e  cave c o n t a i n i n g  the w o . n d e d
f i xli .”

(‘ [i i I c  all the spec h e x of s h a r k s  t h a t  w e r e  a t t r a c t e d  a p p e a r e d
w e l  I o r i e n t e d  to  t h e  source  of t h e  s o u n d s , b e h a v i o r a l  d i  f l e r e n c es
w e r e  e v i d e n t  when  t h e  s h a r k s  a r r i v e d  a t  t h e  sp e a r i n g  s i t e . Gr a y
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T ’ et ’t  ‘.hat’ ks u s u a l l y a p ~~i’ s a i c [ i e d i’ a ; ’ i d l y ,  a n d i s _ i c ’  v i i ’ s’ ade p t  i t
c l  I ’  ~ s I I 10 ( ‘ 5 [  ‘ n i l p i  L ’s ’ . I [ IL ’ ’ ’ ( i O U  I d  at  t i c k  a i si  on a s p e a r

i t  a n y  l i i i  i n  t h e  w a t e r  c i  umn , Iron t h e  [ i t  tin to vc ’r v n e a r
l i e  s ui’ l as _ i ’ , I u t  ws , i i  Id  n o t  st s i i i  v e r y  I’:i r i n t o  t h e  c o l a  I t o  Si’ s _ I l l I,’
i i ’  . ‘ti e reel wl i  i t  i t  ft s [ l I l t  k it , i n  C s  i t t  i’ ;i t , I s _ r i ’  i n  tact a n t  t o

ul ’ S t le  p i e s ’ m u c h  : i h u i v s _ ’  t h e  l o t  t oni , u t  ‘ l i e d  n b~es i t a t  i o n  i n
e n t e r i n g  d e e p l y  i n t o  c o r a l  e a v e s  and  c r e v i c e s  to  ~e c u r e  wounded
f i s h  t h a t  [ tad  t a k en r e f u g e  t l i e i ’ e .

In general , the i t t  ru~’s ’ I i n g  s o u n d s  i t ’ re l i t  i ye I v  I a  r i . ’ f i xl i ,
e . g .  10 — 21 1 kg  t r o u p e r , e v o k e d  m o r e  i n t e n s e  a t t r a c t  i o n  r e s p o n s e s
t h a n  t e s o u n d s  of s i sa l  l e t ’  s p e a r e d  l ’ i s l i , e . m ’ . I k t ’ x u r g n n n f i s [ i :
ev e n  w h e r e  b o t h  appe a  red a u d i b l e  t o  t he s h i : i  r k <  . I i ’  t h a t ’ s  t h e  a c ou s  —

t i c  c h a r a c t e r i s t i c s  o f  t h e  l a r g e  f i s h  s o u n d s  I i n t e n s i t e , f r e q u e n c y ,
p u l s e  r a t e )  were  r c c o g n i : e d  b y t i e  s h a r k s  as in dicat lye of an
unusua l l n ’  good f e e d i n g  o [ sp o r t  un i t  y . .1 [ so , t lie s h a r k s  s _i I p I t t  h a v e
habituated t o  t h e  m o r e  f r c o u e n t  i n  o c c u r r i n g  s o u n d s .  \ t  ‘ab u t a ,
l a r g e  gr o u [se r s  w e r e  o n l y  r a r e l y  s p e a r e d , as t h e s  we re e m s  i d e r e d

‘~ns u i t a b I e  as food b e c a u s e  of  a h i g h r i s k  s i ’ c i g u i i t e r a  p o i s o n i n g .
I’ u r i n ~ s p e a r f i s h i n g  a t  M a [ i u t a , a l ’tei ’ t O n i ’ w r : ~i I I  s u r g e s n f i s h i  h a d
seen t a k e n , t h e  r e s p o n s e  o f  s h a r k s  t i  e a c h  ~t c a r i n g  c o u l d  w a n e
c o n s i d e r a b l y ;  ve t  I I ’ a l a rge  g r o u p e r  l a s  t h i n  s p e a r e d , relatively
i n t e n se a t t r a c t i o n m i g h t  t h e n  o c c u r .

‘ftc i n t e n s i t y  of a t t r a c t i o n  t o  s j ’ e a r e s _ I  f i s h  also ap p e a r e d
t o  he r e l a t e d  to  t h e  l e n g t h o f  t i m e  s i n c e  s p e a r f i s h i n s ’ l a s t  occ u r r e d .
At l I a l i u t a , p a r t i c u l a r l y  v i g o r o u s  r e s I  s T i s c s  w e r e  m i s t  l i k e l y  w h e n
s l e a r l i ” I i e r n v n  i ’ e tu i ’ned  a f t e r  s o s _ i L ’  d a i s  or  w e e k s , t h e i r  a b s e n c e
perha p s being due to  [sad w e a t h e r .  I n c r e a s e d fe e d i n g ‘ ot  i v a t  i n
ts’ i ls ji r o l s a b l  v a t  least p a r t  lv i i ’  s] ons  lb  I c  ( ‘o r  t i  is •

[ lo o k e d , s t r u g g l i n g  i’: no

\ t t r a c t  ion to  a h o o k e d  f i s h  w a s  o b s e r v e d  t h e n  a I I g  s n a i l  s_ ’r
w a s a c c i d e n t a l l y  h o o k e d  ts’ h i  l e  “ ii n d e r i ’. ; i t e r  ang l i n n ” f o r  s i ’ a l  1 t r a y
r e e f  s h a r k s  ( l e n g t h , fl ,~~5 m )  w i t h  b a i t e d h ook a n d  h and  l i n e . p

n t h i i t  o c c a s i o n  a m i x e d  g r o u p  o f  s n a p p e r s  ani [ s h a r k s  h a d  n a t h i e r e l .
t hen  t h e  f i s h  w a s  hooked  and b e g a n  s t r u g l i n t ’  a g a i n s t  t i l e  l i n e ,
t h e  s h a r k s  i m m e d i a t e l y a c c e l et a t e d  i n  t o  a t t a c k . \ l  t b o u h  t h e
s t r u g g l i n g s o u n s _ [ s w’ere s u s p e c t e d o f r e l e a s i n g , t h i i s [ ’ e [ i a v i o r , v i s u a l
cues c o u l d  h a v e  played a r o l e  a t  such  s h o r t  d i s t a n c e s  7 - 10
ml , e s p e c i a l l y  i n  d i r e c t i n g  t h e  f i n a l a p p r o a c h  t o  a t t ; ~c l  . The
r e s p o n s e  to  t h e  hooked  f i s h  did not  a p p e a r  substantiall y di fferent
t r o m  t h e  m a n y  r e sponse s  to  s p e a r e d  f i s h  n o t e d  on other occasions
I ro n  t h e s e  s m a l l  s h a r k s .

S t r u g g l i n g  f i s h  - in  t h e  m o u t h  of  a p r e d a t o r

The following observation is significant bec ause it gives
i n s i g h t  i n t o  one p o s s i b l e  v a l u e  of acoustic attracti on to sharks
under conditions of natural predation , i. e ., w ithout the [tuittan
influence of spear or hook-and-line fishing. [ ron the field notes:

“Observing local divers spearfishing at P a [ i u t a  f o r  y e l l o w
s u r g e o n  f i  sh , A e o n  t s , a r a . ’ a’ t h . ’~~~. i ’  i , .  [ h i  t:h s l a c k  t i d e , v i s  i —

b il tv 4 ( 1  nt , w a t e r d e p t h  [ Ii  — 15 ii . M a n y  s u r g e o n f i s h  a l r e a d y
c a p t u r e d , s e v e r a l  o t h e r s  had [t r o k e n  o f f  s p e a r s  a n d  taken
r e f u g e  in t h e  c o r a l .  S e v e r a l  reef whitet i p sharks i n t I n e
area searching f or wounded  f i sh . One wl iitet i p circles in
towards a 1.5k g surge on f i sh , app arently wouni [cd and bleeding,
ly ing quietly on an open ratch of sand. When the shark’ s
snout contacts it , the fish “rev ives ” and swims aw ,I\’ u [swards .

~~~~~~~ ~~~ 4L~~~.i,i. —~~~- ~~~~~~~~~~~~ - -~~~~—-—— ~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘-~~- --~~~

234

‘I lie sh i n i l  l u r s u s _ ’  s t l i e  ‘ i c e  — sw i c i i i  i n t ,  I ’ i s i n c lox i l  y , s _ i s _ i  I. i
2 ii r 3 p It  s sc’s at  i t , e v i i i  t s_ ia 1 1 v se i i ng i t  . Upo n [ i i ’  i n g ’ ~e i c s _ I
t h e  f i s h  s t r u g g l e s  I v i l ’ r s _ i t e s )  a c t  i v i ’ l v  i n l i i i ’  s i t s _ i r i s at ’ s .
I mmcd i~i t i  lv a I t  er t lie f ’ i i t h  St  s _ i i t s  s t r u p g  I i n g , s i x s i t  l i i i  w It i t e —

t i 1i s  ( ‘s5 h i c l i  h a d  [ ccii s lo i s  l v  c r c  1 i ng, n e a r l y r ap i s_ I l  y s _ i s _ c e  1 c i ’ —
a t e  t o w a rds  the shark h o l d i n g  t h e  f i s h .  ‘[ l ie s h a r k s  s_ ’ i tg , s _ i g e
in a I s r i e l ’ , f r e n z i e d  ‘‘t ’ i g h i t ’ ’ o v e r  t h e  f i s h , e x c i t e d l y c h a s i n g ,

lie f i t ’ s t sh i a i’k t o  a f l e a  i’hnn ’ C o r a l  1u t  cli  s I t e  s_ i ’  t [ i i  s s i t  a
( s t i l l  h o l d i n g  t h e  l’ i s h i )  a pp e a r s  t i  t a k e  refu ge i n  a c a v e .
‘F hie l e vs_ ’ l of ’ s_’ x c i t c r s _ ’ n t  c’ ,x h i j b i  t e d  [ i v  t h e  sh arks s_ luring t h i s

i n c i d e n t  w a s  e q u a l  to t h e  g r e a t e s t  e v e r  o b s e r v e d  f i r  t h i s  s pec  ic’ :.
There  i s  o b v i o u s  a d a p t i v e  v a l u e  i n  one s h a r k  b e i n g  a b l e  I i  l o c a l  i : e
m i n ed i n t l  ey a n o t h er s h i n  r k  t h a t  h a s  st i e c  i’ si t  I ’u I I y i’ s _ i  ~ t t i r ed  I a r g  e
ore v , i . e. , prey t oo  [a i ’ge  t o  hi ’  sw a  I Iow’ed au i e l i  n ’ i n  one  p i e ce .
‘l’hi s second  s h a r k  m l  g h i t  s u c c e e d  i n  t a k  j i n g  t h e  p r s _ ’ y  nn i ’ , :i y f r o m
t h e  f i r st sha r k , o r s _ i t  l e a s t  m i g h t  be a b l e  I i  s i t s _ i s _ i ’  i n  the re t  s _ t i n s
a f t e r t h e  f i r s t  [ s i t e  ha s  been  r e m o v e d .

Sounds  o f  f e e d i n g  sh a r k s

Is f i r s t  p roposes _ h  by [ t a n n e r  (Ib i l i~, l 9 ” ) , i t  i s  ge n e r a l  I v
a c c e p t e d  t h a t  v a r i o u s  sounds  a s s o c i a t e d  i’, i t act i y e  r e d s _ i t  i o n
e . g . ,  t h e  h ys _ ir os _ [y n a i n i c / a c c e l e i ’ a t i o n  x o u n h s  of  act  i v e l y f e e d i n g
f i s h , can be u t i l i z e d  h nv s h a r k s  i n  d e t e c t i n g  s _ u i I l o c s _ i t  i n g  p r e y .
(lne p a r t  i c u l a r  sound  a s s o c i a t e d  i s i t h i  t h e  ‘c e d i n g  of ’ s h a r k s  ( f l
l a r g e  p r e n  m i g h t  b e o f ’ c o n s i d e r a b l e  s i g n i f i c a n c e  — t h s _ ’ r a p i d
[nod e v i b r a t  i o n s  p r o d u c e d  w h e n  ‘‘ s a w  i ng m i tt ’’ a s i t e — s i z e d  ‘i e e e .
‘I l i ese a c t i o n s  a p p e a r  m o s t  i n t e n s e  i n  t h e  f n i s t e r — s w i i ’ i n i i n g ,  i t t i f f e r —
hod ie s _ I  spec  cx such  as t h e  g r a y  r e e f  sh in  rk . M t i n y  i n s t  i n c e ’~ n t
t h n i s  w e r e  o b s e r v e d  an R a n g i  roa  , and nilt [ioug li no ni coust i c  r e c o r d i n g s
w e r e  o ht a  m d , it seemed t h a t  these act iens soul s_ I cen erate the
k i n d s  of  sounds known t o  be a t t r a c t  i vi ’ t i  sb i a i ’ k s  . ‘I b i e s e  b o dy
vibrations during f e e d i n g  m a y , i n  f a c t , he r n i t b i e r  s i m i l a r  t . ’
tIne body vibrat i o n s  d u r  i n g  s t r u g g l i n g ,  e . g .  , of a speared fish .
‘10 t h e o [ s e r v e r , b o t h  a p p e a r  to  con st  i t u t c  a n s _ I~~i n u l ’ I  v i h n r a t i-
e f f o r t ’ ’  b y’ the fish , i . e . ,  the n a x i r i u n ’ i  J n t e n s i t n ’  ‘and i i i  I s _~~~t
f r e q u e n c y  t h a t  t i n e  bod y m u s c u l a t u r e  is  c a p a b le  o f  p r o d u c i n g .

I ’ i i th v o c a l  i z a t  i o n s

One i n c i d e n t  w s _ is  o b s er v e d  i n  w h i c h  a s h a r k  a p p a r e n t l y  r e s t  c u d —
ed to  t ine  v o c a l  sounds  of  a wounded so l d i e r f i s h s _ , ‘ ‘

‘ ‘ ( 1 ’ ’ ’

S [i , ‘ I h i e  s m a l l  f i s h  w a s  sp e a r e d  u n d e r  s _ i c o r a l  l e d ge a t  a de n t ,
o f  ah out  10 in on t h e  ocean r e e f .  ‘l ine f r e e  d i v e r  t h e n  ‘u s h n e d  o
t i n e  b o t t o m  and  b e g a n  si, i n n i n g  h a c k  to  t i n e  s t i r  f a c e , h o l d  i n k  t b ’
i t i p a l e d  f i  sIn on t i n e  ens _ i of  In i s  spell r , A t  t b i  i s  t in c  a ‘‘l v rec

sb ia rk , w [ t i c [ i  h a s  a r r i  l e d  some m i n u t e s  b e f o r e , is’ s _ i S  p a s s i n g b y
abo u t 12 nt aw ’an ’ , ‘ [he  s o l d i e r f i s b n  t h e n  c m i  t t e d  a 2 — s e c  ~e r i e s
o f  g r u n t s , p l a i n l y  a u d i b l e  to  t i n e  d i v e r .  I r ’ m ” e d i a t e l v  a f t e r  t i l e
on s e t  o f  t h i s  sound , t h e  s h a r k  a b r u p t l y  t u r n e d  and  a c c e l e r a t e d
d i r ec t  I v  t i  s _ i r d s  t h e  s o un d  s o u r c e .  I t  t o m es_ h a w a y  ab o u t  S r ’  Fr
t h e  d i v e r .

[in one p r e v i o u s  s t u d y , t w o  f i s h n  c a l l s  I f r o m  t h t e  c a t f i s h ,
n a , ’ 7 I P )  w e r e  s _ m e n u  t i m e  r e c o r d e d  s o u n d s  s h o w n  t i  I e

a t t r a c t i v e  t o  y o u n g  l e m o n  s h a r k s  ( m I s _ i n n e r , 1 9 7 2 ) .  l i k e  t b t e  s i ’ l s _ l i e r —
f i s h  sou nd , b o t h  c a t f i s h soundS consisted of “sc- ye s_ al clo sel y
s [ m a c ed p u l s e s ’’ , s _ i c h i n i r n i c t e r i s t  i c  t h a t  B a n n e r  r e g n i r d c i [  s _ i s  s i g n i  I i —
c s _ m t i n  t h e i r  a t t r a c t i v e n e s s ,

b~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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S o u n d s  ‘s’ s o d o r s

The f o l l o w i n g  o h n s e r v a t i o n  i s  i n t e r e s t i n g  I n e c a u s e  i t  i n v o l v e d
2 - c h t o i ce  st  i m m i u l u s  s i t u a t i o n  is ’h m c r c  a s h a r k  st ov es _ i  , , ‘ ‘ ,‘ f r o m  s_ in

‘ ‘ d m n i ’  so ui- ce to  m o v e  ‘ i i ’ ,) a s o un d  s o u r c e .  ‘ Ihe  m c i d e n t  o c c u r r e i l
i t s _ mh u t ni , w h i l e  u n d e r w a t e r  s_t i n g l i n g  fo r i h i  t e t i p s i t a r k s  w i t h  I n a n d —

ue s _ m o d  baited [n o o k .  h ro iti t in e [‘h e l d  n mn t o  s
‘‘It , , t o h n n son  s p e s _ i r f h s _ i h t i n g  f o r  b a i t , [1 , N e l s o n  h t a n d l  i n g  t h t e

i sit i ng l i n e . Ba i t e ih  h ook 1 v i n g  on a sand y p a t c i t  a t  1 5 — i l l
ibe p t h t  . On e w i n i t e t  i p circlin g t Ine b a i t  ( 1 i ccc of  m o r a y  e e l )
w i tht immoderate interest [nut Inns  no t  v e t  t a k e n  t I n e  [ s a l t ,  V i s i -
b i lit y dropp ing to less than 15 m , necessitating 1). Nelson
r e p e a t e s _ i l y  f r e e - u i  v i n g  to  ah out  a 5-n d e p t h  in  o r d e r  to
see tine Inottom clearly. At a distance of about 3Ii~~

,lIi ni f r om
t h e  h s a i  t (te l I In evond  l i m i t  of v i s i l n i i i  t n )  , P . , Jo innson  s p e a r s
s_i fis h . lf h i Ic sub m e r g e d , I i . N e l s o n  [nea r s  t h e  s p e a rg u n  d ix -
charge , I’ol low’ed by a b su r s t  of s t r u g g l i n g  sounds . W i t h i n
one second of the onset of tIne sound , tIne circ i ing w [nitctip
suddenly turns and accelerates away  in tine direction of time
s [nearcd fis l n . Upon surfacing, P. .hohnnson reports th at two
excited w ’hiteti p sharks bind arrived at tine spearing site
i it hn in several secons_Is of tine spear discharge .
In t he above incident , at tine moment of tine response , the

a t t r a c t i v e v a l u e of t h e  strugg ling sound was c l e a r l  i n i g lne r th i s _ in
t h i ’  a t t r a c t i v e  v a l u e  of t Ine  b a i t  odo r .  Th i s  i s  n ot surprising
cons ider ing the modes of ac t  i o n  o f  t ine  t w o  S t  i i t mu l  i - eac [n [not e f l t  i s _ i l  -
ly i n d i c a t i v e of a feeding opportunity. Sounds norn tall v represent
I’e e d i n y  o p p o r t u n i t i e s  r e q u i r i n g  i m m e d i a t e , bn i g i n - s p e e d  r e s p o n s e
- a de l s _ iy of even a few seconds could mean a great as_hvan ta ge
l o st , e. g. , a s t r u g g l i n g  f i s h  r e a c h n i n g  s h e l t e r . Sounds  a r e  a l s o
v e r y  t r a n s i e n t  stintuli; when source em ini is ion ends , opportunity
for orientation to t h e  s o u r c e  ends . Odors , h o w e v e r , t r a v e l  s i o w ’ l v ,
and  t h n e r e f o r e  u s u a l  In ’ r e p r e s e n t  f e e d i n g  o p p o r t u n i  t i e s  t i n a t  a r e
a l r e a d y  somels ’l ia t  ol d .  There  is  less r e s p o n s e  u r g e n c Y , as  t h e
‘s ounded  prey  itas  p ro hn a ln  l v  s _ i l  r ead) -  r e a c h e d  s h e l t e r  , i I c a p a h n  Ic
of  d o i n g ,  so.  Tine e x t  s_ a e x p e n d i t u r e  of  e n e r gy  f o r  a m a x i m u m  speed
i n p r o a c i t  w o u l d  he l e s s  w a r r a n t e d , u n l e s s  c o m p e t i n g  sb n a r k s  a r e

‘ r e s e t t t . iu r t h s e i -m o r e , cIte s_ tic s_ nI stimuli persist muc in longer ; once
I i t ’ I” e l , s_ in o d o r  c o r r i d o r  does  no t  d i s a p p e a r  i n s t a n t l y .

C o n d i t i o n e d  r e s p o n s e s  to  s p e a r g u n  sounds

Reports frot i t h e loca l spearfi shn er immen of [tangi roa i n d i c a t e s _ i
t b n at  , i n  c e r t a  in h n e a v i  1)’ fis lned ares _ i s such as ylainuta , t i n e  d i s c h n a r g e
sound  of t h e  ‘I ’ aln i t i a n , r uh h e r - p o t 5 e r e d , a r b a l e t e - t v p e  sl e a r g u n
is  s u f f i c i e n t  to  a t t r a c t  s ln a r k s  - even t inoug hn no s t r u g g l i n g  s o u n d s

s _ i s _ t v  o c c u r  (C. ‘lokorag i , pers. coast.). ‘l in e e x p e r i e n c e s  of t I n e
s _ i u t h t o r s  c o n f i r m e d  t h i s , i . e . ,  t h a t  s _ m i s s e d  s h o t s  o f t e n  s t i l l  r e s u l t -
ed i n  s h a ” k s  ( p r i n m a r i l y w lniteti ps) swimming directly in to the
s i t e  of  t i n e s p e a r g u n  d i s c h a r g e . These  a p p r o a c h e s  were  r a t h e r  m i l d ,
h o w e v e r , c o m p a r e d  to  t h o s e  e l i c i t e d  b y a c t u a l  s t r u g g l i n g  f i n s _ in .

B a n n e r  ( 1 9 7 2 )  r e p o r t e d  t h a t  sounds  consistin g of only a single
p u l s e  m ere g e n e r a l  i y u n a t t r a c t  i v e  to  ,, ouog l e m o n  s h a r k s .  Tine s p e a r -
gu n  souns_ i is essentiall y s_i sing le-pulse sound , and wauld therefore
not be expected to e l i c i t  unconditioned attractions. N eit bn e n ’ would
t b t e i’ om ” s_ ’it t a r y  “ t h u m p ” a c c e l e r a t i o n  soun d  of  a d i s h  d a r t i n g  awan -
ni fter I- c ing narro wln- iii sited by s_i spear . hl nl i k e  t h e  v a n  oti s repet  i -

t i v e i n  u lsed souni l s w h i c h  are a t t r a c t i v e  t o  s i n a r k s , a s i n gl e -

~~~~~~~ ~~~~~~~~~ ~~~~~~~ 
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p u l s e  sound s _ m a n ’  Inc i n t e r i m r e t e d  as a f i s h  is-h icb i Its _ i s escaped u s _ i r s_ i
an d1 is t h m e r e f ’ore  a relat iyelv ~~no r c a n i h i d s _ m t e  f o r  a m e a l .  it s e e m ’ s
l i k e l y ,  t h n e r e f o r e , t h a t  t h e s [nark attract ~ U j i S t o  s i - e s _ i  s _ g l u t  s o u n d s
w e r e  conditioned res [ onses , b iased  on t h e  a s s i c i a t i m i n  of t h e s e
sounds  w i t h  t h e  spec i a l  f e e d i n g  op p o r t c i n  i t  i e s  t l s _ s _ m t t h e y  u s u a l  l i
represented .

CONCI ,lJSI ONS

TIne o l n s e r v a t i o n s  d i s c u s s e d  in  t h t i s  p a ’m e r , w i n  i Ic pr i ll s _ mr lv
i n c i d e n t a l  in n a t u r e , do t end  to c o n f i r m  t h i e  i m p o r t a n c e  of n e i l - ;-
t i c  s t i m u l i  in  the  f e e d i n g  I n e h a v i o r  of I’ a c i f i c  r e e f  s h a rk s . ’I’ h i s
i s  n o t  to  s u g g e s t , ho w e v e r , t h a t  t h e  s e n s e  of  h i e s _ t r i n g  in  s i t s _ i r k s
is si gnificant onl y in regard to tIne locating of food . (iti mer
p o s s i l n l e uses  m i gint  i n c l u d e :  ( 1)  d e t e c t i n g  and e s c a p i n g  f rom poten-
tial dangers , e.g., predators , various human act i v i t i e s , (21 de-
tecting and locating other individuals for tIne purpose of socis _ t i
agonistic interaction , anil (3) detecting s_ mc oustic features of
the environment for tine purpose of geograp h i c a l  orientation , e.g.,
l o c a t  i n g  t h e  r e l a t  i v e l v  “n o i s y ” reef  or sb n o r e l  i s _ n e fr c ~i t ine  m m u  i e t e r
o f f s h o r e  w a t e r s  - as s u g g e s t e d  isv S c i a r r o t t a  ( 1 9 7 4 ) .

AC K NO I\ ’[, E B G I2IL N ’l ’  S

The a u t h o r s  are  I n r i n m a r i l v  g r a t e f u l  to t h e  N a t i o n a l  ( d e o g r a p h t i c
S o c i e t y  fo r  s p o n s o r i n g  t i n e  e xp e d i t i o n  f r o m w h i c h  t h i s  15110cr r e s u l t -
ed. Special thnanks are due all the expedition participants , esjie-
c m l  l~ [ . S n m i t h  and V . N e l s o n  wino [ne lped  w i  tin tin e acoustic play-
b a c k s .  T h n a n k s  s_ ire  a l s o  e x t e n d e d  to  t h o s e  in  t h e  g o v e r n m e n t  of
F r e n c h  I’ o ly n e s  ia w h o  c o o p e r a t e d  in the  log i s t i ca l  a s p e c t s  of  t u e
e x p e d i t  ion , p a r t  i c u l a  r l y  C . T o k o r a g i , Se r v i c e  de la  P e c in e , I t a n g i r o a .
The a u t h o r s  a l so  a c k n o w l e d ge t h e  U .S . O f f i c e  of  N s _ m v a l  R e s e a r c h
f o r  s u pp o r t , t h r o u g h c o n t r a c t  N 1 1 0 0 1 4 - 6 8 - C - O S l t S , under  p r o n e c t
N h t - l t i ’ l - 0 ( s 2 , of t h e  program of s h a r k  r e s e a r c h  of w h i c h  t h i s  s t u d y
is s_ i part.

R E F I I R E N  CII S

B a n n e r , A .: ‘Attraction of young lemon sharks , Negaprion
h n reviro str i s, by sound . Copeia 1968 , S7l -S 2 (lIi i S)

- [bite of sound in predat ion [n>- n-oung l etnong sharks , N egap ri on
hnre v ir o st i s (Poe)-) . Bul l .  Par . Sci. 22 , Sl-285 ( I 2 ~~21’

Brown , T’.I’S . : Sharks - t ine sea rch  for  a ref ~ I l e n t .  pp .  13, 1 . Sy d n ey :
Angus and Robertson 1973

t v r i s e r g ,  ‘.1., Jr ., Ban ner , A ., and R i cha rd , .1 ,1).: SInar k attraction
using a vi s_ ieo-acoustic sn-stem . P a r .  B i o l .  2 , 2 64-2Th (ip tI m )

- , (lo s_ don , C . R .,  s _ m d  K l i m l e y ,  A . P . :  ,- \ t t r a c t i 5 i n  of f r e e - r a n g i n g
sh arks h’n- low frequency snmitnd s , w i t h  c o im m e n t s  on i t s  h i  o l o g i c a l
s i gnificance. This volunte.

N e l s o n , h . P . :  The s i l e n t  s a v a g e s .  Oceans  1 , ‘l- 2 2  ( l l o 9 )
- and ,Johnnson , P.O.: Acoustic studies on s’Tnarks , Rang iron Atoll

J u l y  1969 , i sp.  15. O f f i c e  of  N a v a l  R e s c a r c b n , ‘l e c h .  R e p .  2
( 1 9 7 u )  —

- and J ohnson , R .ii. : Acoustic attraction of Pacific reef sharks:
E f f e c t  o f  p u l s e  i n t e r s _ m i t t e n c y  an d  v a r i a h i ]  it n- . Coals . itioche mn .
Ph nys i ol. _

~c (’1~ 
55-95 (1972)

~~~~~~~~ Ts_~: ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

~~~~~~~~~~~~~ ~~~~~~~~ ‘L ~~~~~~~~~



237

— , b c m [ n n s o i s _ , 11 .11 .,  s _ in s _ h Is_ a ls_ Iorp , [ , , t I . : Responses in Ib abn tm m u ian sharks
s _ m u d  g r o u p e r s  to  l os_ ’ — fn ’ e qc i enc n’ , pu l s e d  s o u n d s .  Itu l . S . Cs _ i l if.
lead . Sc i , m N , 13 1 -  137 ( 11 1 1 I t )

S c i a r r o t t a , .(T’: ‘1 teleimmetric stud)’ of time i ehts _ m vior of t h e  hnI uc ’
shn ai ’k , l r i o m n a c e  l au c a ,  n e a n ’  ‘( s _ m a t s _ i  Catalina Island , (a l i fi t’s_m i s_ i .
pp . 178. P’asters t bm esis , Cal i f. State Univ ., i~ong B e a c i m  l i ’ h

I i I S C l l s s I m N  OP 01(101 NM. i,bi C ’I’[bht L 1)1 hi . it. N [ i , SON

C . 1 - (~it ap s_ ian : O i v  i ous ly  s_ cu s_ i t t  r ac t e s _ i  te  I e o s t s  s _ ms w e l l  s _ ms  s h a r k s
h i d t ine  t e l e o s t s  s l m o w  t i ne  saimie s o r t  of  h e h a y i  our  and  d i r e c t  l v
r ove to  t h e  souns _ h s o u r c e ?

H .P. Nelson: N o t  in chu te t I n e  s s _ m m e  n m a n n e r , They  s _ h i d  no t  s _ m p p e a r
t o  ex h t  ibi t t i m e  r a p id , s t r a i g l t t —  in  a l l i m r o a c h  ty ~s i c s _ i l  of t ine s I n s _ i r k s
b n s t e a u h  t b t e y  g r s _ ’ s d u s _ ml 1)’ g a t i n e r e d  in  t i n e  v i c i n i t y  of  t ine  s p e a k er ,
Im roh aln l y cot iming in m y store circuitous routes down among the coral.
h s p e c i a l l v  w i t h  t i n e  s n m a l l e r  g r o u p e r s  , w e  were  somet  imes  no t  a i ’ a r e
of  t h e m m i  u n t i l  t h e y  w e r e  q u i  te  n e a r  - per h aps sonic of thne nn had
s is _ s p in ’ co i mme ou t  of t ine  c o r a l  c a v e s  n e a r  t i n e  s p e a k e r . (“ r o u p e r s
usus _ m il y remained at or near t h e i r  point of closest approach ,
usus _ mil y [non’ering )ust off tine inotto n i facing the transducer . This
often resulted in s_ I distinct upm s-ard inclination of the bod y axis
- a posture we called ‘‘ tail-standing ’’ . Whether this orientation
i n d i c a t e d  t r u e  soun d l o c a l i z a t i o n  c o u l d  no t  be d e t e r m i n e s _ I , of
c o u r s e , b e c a u s e  tin e sh e a R e r  (a “ n o v e l ”  ohs ) ect  in t h e i r  cn n - i r o n n i e n t )
s u s p e n d e d  a few m above tIne bottom was in plain si ght.

C . . J .  Cinapt im an: [‘so shin s_ ks nornma lly feed on health)’ fish? ‘iou sai d
t ine) ’  w e r e  a t t r a c t e d  to  w o u n d e d  f i s h , h u t  do t h e y  feed  on h e a l t b n y
f i s i n  and  do t h e y  o r i e n t  to t h e  sw’ i n t m i n g  s o u n d s  of t b n e s e  f i s h ?

l’s . R .  Nelson : Altho u gh ’ I know ~f rio specific data on this , it
seems that there are not enoug h w ounded or unhealth y fisin to
support tn-p ical populations of sharks . I personall y lnelieve that
most sharks routinel y feed on health y prey - and not alway s very
l a r g e  p re - e i t h e r . Sb n a r k s , however , have  den -e loped  s e n s o r y  sn ’s t ems
to detect and take immediate advantage of prey  indivi s _ huals in
distress - and nm ost of tine sounds used inn playback studies to
data [nave resemh sled distress sounds (i.e ., strugg lin f sounds)
r a t h e r  t b n a n  n o r m s _ i l s w i m m i n g  s o u n d s .  S h a r k s  a l s o  respond  to  t ine
souunds of sudden turns and a c c e l e r a t i o n s , such as_n during excited
or frenzied feeding of predatory species , or of the “stampeding ”
of fri g htened schools of fishs . I do no t knots’ if sharks can detect
or orient to the normal sounds of unexcited lv swim nming fis h .
I knots’ of no data on this.

Cbna pman : [ins _ I l l y , d i d  you say that it didn ’ t m atter hots
loud t h e  sound las played [‘sack , tinat t h ey still were attracted?
And did sound level affect [now’ close the y moved in to the speaker ’?

lm .R. Nelson : hfh iat I said was that I know of no instance w h ere
p l a y b ack level ws_m s so hi gh t h at approac h ing sharks were unwillin g
to con~’1ete t h e i r  approach ri g hnt up to tine speaker . We did not ,
h o w e v e r , stud y speci fically tIne effect of pl ayback ampl i tude on
acoustic attraction . The sound level we played back at Rang iroa
in 1972 , and at i - niwetok in 1971 , wa s about If dB re: I gbs ar
s_ mt I a b roadhan ui measurement) , a rather hi gh leve l , I su spec t ,
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coi s_ ips _ i res_ I to s one ins _ i t ors _ m 11 y o c c u r  i ng sounds . let im m s_ I n y of t h i ’ e
sbis _ t n’ks w o u l d  conme s _ il l  time way in , sos _ m e i ’s_ en st i i  k ny or Is _ it i ng
time spes _ il em’ . lie dl i ii s_ i iso ob serve s_ m le t imtoi m mcnt s _ i s_ v  St s_i rt I I,’ i’ d’ 5 1- O il  ‘- ( ‘ 5

( s ui dde in d a r t s  s _ mw ,Iy fn ’ mm ns _ t h e  speaker) very m nes _ m r tIne s~ e ;m l s _ ’ r —

I tin i n k  t h i s _ - s e  o c c u r r e d  w h e n , in n- c i n a u n c e , a m s _ I l l s _ o s _ I  i i i  imig s I ; s _ m i ’ k
h n s _ i p p e n e d  t o  e o v eu ’ t bm e l s _ m s t  10 mi t o r  so o f  i t s  s_ ipp i ’os _ m c h i  (lur i n bl
s _ I n i o i s _ m e n t s _ m r y  q u i e t  1m e i ’ i o u i  ( s_ i l l  i n t e n ’ v s _ m l h i e t w ’ e e n  p u l s e  t r s _ m i n s  I , t l i u i s _
i ’ s _ ms  s _ c n n ’  nes _ i l’ t h e  s [ m e s _ m k e r  ‘ss’b ien p l a y b a c k  r d ’ s u y ; d ’ d .  T h e s e  t e n d ’  s _ c r y
is _ l o im l en t  a m ’  r e s p o n s e s  t i t  Ii t I n e  sita s_ k ~~U c h i n ’  r e s u m  i ny  i n  t en d ’ s  t i s _ i
t Ine  s p e a k e r .

S. l )i) k graaf: ‘this h orning in tIne fil m p lay back of s t s _ s _ t p y , i ins’
sou nds  t h e  s h a r k s  cs_m imic s t r a i g ht t  t o  t i m e  s p e s _ m k e r  s _ m d  one even  c a u g h t
i t .  I t  i s  q u i t e  c l e a r  thts _ m t thiere was s_tn acoustic s_ mttract b i t  s _ n ,
t h e s e  shi a r k s  , [n u t  to  t his _ i t e x t e n t  i s _ m s t h e  l o c a t i o n  of  tin e ~i e s _ i k e r
p u r e l y  s _ m c o u s t i c a l l y s _ l e t e r i m i i n e d , or c o u l d  v i s i o n  h a v e  ~‘ l a y s _ ’ i s_ i

role? h ow’ could you seperate tinese iinf iuences ?

I). P. Nelson : We are not certa in w’hethner I or s_ it wI ts _ n t di S t  s_ m nce I
vision i s  in v o l v e u l  isec s_ muse  we don ’t kn ot 5’ e noug h a b sout  t u e  h r  v i  so s_ i l
ac uu i  ty . In p l ay i sacks  w ’inere t in e s p e a k e r  is  su s [ i e n (h e d  i n  I s l a  h i
s i  g ist I w o o l  d m s _ i k e  ) u s t  s_i guess  this _ i t v i s i o n  i s  used  b y t i m e  s _ i b p t ’ i s _ i C It —

i ng s h s _ m r k  w i  t i n i n  p e r i n s _ m p s  t i ne  f i n a l  10 a .  C e r t s _ i i n l  n’ n o t  m s _ o r e  t I , s _ m t
s_ m b o u t  2 0 a , s_ ma y In c miu c h n  c l o s e r .

F . , t . \‘e r h m e  i j e n : I b i d  y ou ever  use a d u m m y  s p e a k e r  or second  s b ’ e s _ m k e r ?
‘l b s_ en y o u  nt i gitt see sometining ahsout ti ne role of vision .

i ( . h t .  N e l s o n : We ih i uhn ’ t inave  an o p p o r t u n i t y  to  se t  up a d t m :~n ’v
s p e s _ m k e r  i n  our  e x p e r i m e n t s . I l o w e v e r  t h e  A u m s t r a l  i a n  r e s e a r c h e r
‘b ’ h n e o h( ro ’ss’n I n n s  p e r f o r n i e d  p l a y h n s _ m c k  ex p e r i s _ m e n t s  a t  R s _ m n g  i ro s _ m i n  ‘ s h i c i t
t h e  sp e a k e r  ws _ m s h i d d e n  d o w n  u n d e r  t in e c o r a l  f o r m a t i o n s .  Tine s i n s _ i s _ k s
w e r e  s t i l l  a i sl e  to  l o c a t e  tin e e x a c t  sou rce  of  t i m e  so u un d s _ s_ . bi n
f a c t  in c r e p o r t s  one i n s t a n c e  w h e r e  s e v e r a l  ree f w - h i t e t  i p sIts _ irks

‘ 1 ’ ?, ; - s_’ . s: ~ L e , n i ’ , hecame  s t u c k  in t ine  e a t s _ s _ m a c e  of  s_ I e on s _ i l cav e
a f t er ja ms _ s _ mm j a g  t l n e m a s e l v e s  i n  t r y i ng to  ge t  a t  t ine  s p e s _ i k e r  i n s i d e .

[ . 1 . V e r [ t e i j  en :  I wonder  a b s _ o u t  t ine  e f f e c t  of p u l s e  r a t e  h s e c s _ t u s e
you  s u g g e s t e d  t h e  isest  w a s  20 ru l s e s  pe r  second . T h i s  s e e m s t e
ste r a t i n e r  f r e q u e n t  f o r  f i s h  t a i l  m o v e m e n t s .

h . P . Nelson : TIne onl y e x p e r i m i m e n t  t i n u s  f a r  s p e c i f i c a l l y  i n v e s t  i s _ i t -
i ng  p u l s e  r a t e  ti - s _ is  )h y r h s e r g s  s t .  ( 1 9 7 2 )  s t u d y in w i t  i c i t  t b e v
compared  t h e  a t t r a c t i v e n e s s  of 1 , 5 , 10 , and 2 0 p u l s e s  er sec  s _ h ,
and found tI n e 20 pe r  s ec .  s i g n s _ i l s _ s _ o a t  a t t r s _ i c t i v e .  i s _ m g r e e  is’ i t i s _
y -ou t in a t  t b n i s  r s _ m t e  scents  b i g ht fo n a n a t u i r a l s t  t’s _ tyg l i i i  s_ s _ t m l i
— p e r in a p s  i t  r e i s r e s e n t s  sos _ m e k i n d  of s u p e r n c r m ” s _ m  I St  m r m i h i m s  , but
thu s is only c o nj e c t u r e .  In o u r  p ] a y b n a c k  e x p e n i l ’ l c ’n t s  i N  c I s c - tn s _ m d
, i o innson , 19 7 2 )  s_ m t Eniw-etok we uh hd not test pulse rate - -‘c- ‘c ,
instead we tested pulse-train intermittenc ;’ , s _ m d  c i n s t s _ i n t  ve rsus
va rying pulse rate. Tine most imports _ t nt fs _ i ctor appeared to be
interm i ttency.

P. 1 . Verhnei i en : Wh a t would happen if your sound source ms _ m s not
sts _ it ionar y inut actua l l y moving around?

ii . P . Nelson : I suspect that the sins _ m s_ k s would be attr acted ,i ust
as well . in fact , somlie of our p l a y binck s ‘s-crc w i  tin a i t ]  ow l v  ‘i on ’ hn g
s o u r c e  — t i m e  s p e a k e r  s u s p e n s _ I e d  f ron t  s_ i s_ I n ft ing b - c i t .  

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - 
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n ’ s _ mn Il o o f i : h id - tm i t s _ i nc t :;e i l l  s _ n t i e s  of t h e  s u is_ d s
c s _ s _ s _ i m’ s_~? I not s  s [ie s_ m red [‘i s ; ’,’ \ne t p c ,  s _ i r s _ m e t  e l  ~ t i c u t  50 ’  e s_ ic-

lu mcli d i g  l it Is_ i’ C (Si ’ i’e i s _ I  ti’ib I tbt b ite ‘H s_ i t  h i ’ S s _ I  ) ‘Oi I i ’  n s _ o s t  s_ mt  t i ’ s _ l i ’ —

I i s _ i ,’ ‘ i s _ t i  f i c  i s _ t i s s _ m s _ i i i d ’,’

i N e l s o n :  Y e s , t h i u ’v a r e  c s _ m r r e l s _ m t e d  u t  t I s _ s _ m t they s_ m m - c p s _ s _ H I s _ i n s _ i c - b  -

1o~, f r e q u c u n c ; ’  s _ m i s _ i l  t h e n ’ a no u l  s_ n ed

. \ .  ..\ . (‘b . va in  I l o i f i :  W i t s _ i t w’o m , m l d  ‘c a non ’m: i s _ i l p u l s s_ ’ fnc’i1uc’n cv
an s _ I  slid’s _ i red f i sit ’?

It . Nd son : ‘lbs _ mt c L ’ r t s _ I  l i i i 
~ 

s_ Ic - i - e ns _ Is cnn tb t e fi sit ’ s s i n e  s _ I n i h  i t s
n’ c iCs . \ O l I  i o U  Id e s s_ - e ct this _ mt tine larger l ishi , the l o i s _ n  t h e

‘ 
n i’ u yp h m s _ p  p u l s e  r a t e .  l l t bio u g it m e  his _ i s _ c m m c i i i ’  i’e m n e s _ i m ’  a s  a u d i

, i  I s  we s _ - i s_ i ii like , (uim’ reco n s_ i i is_p s o b ’ < s _ es _ m s _ e d  fi s h r : m n l - eJ
I’ l l I se ns _ m t e fs _ os _ s _ aisout S - lb / see ~~m 12 - 1 ~b / sec , IsI t l Id ’  s _ i s t  s _ m i s _ s _ H

‘ s_ si s_ 5 1lmm l :mp p es _ l ne ih to hi s_ ive s_I m s _ m o m ’ e  i r r e b ’u  ba r ’ s _ s _ i  t e  of - 3 1  / <s _ c -
‘ el < i S  and m u n s o n  , 19711 )

1 . Piddin g ton : b litat is tbi ~ s _ i m b l i t u d e  of s _ h is 1 iacem :ient of tI,e
1 , ~~~~~~~ 

re l s _ m t i v e  ti tbs _ e s _ i s _ ’i j ’ l i t u i l e o f  t a i l  b e s _ i t s  of  s _ I m ounded
‘ i sh i ’ I w ould suspect this _ mt you s_ ire gett in k s_i r e latively b i g g e r

m’ s_ ’ss um ne cos_ iponent s_ mnd ss _ : is _ i ll e r nean’fie ld t ’itbn t u e  
~1 c’s _m u m .

i .bi . Nelson : lie bts _ m ve never imiade su ci s_ ni e asu m ’d’ r d ’ms _ ts , I l m t I would

~ tend t i agree msi t i s _ coo. lte i ” ei~s _ h er , of course , thnat ms _ lost of tine
sl ,s_ irks s_ lb s_ penned to h e  s_ mt trs _ I c tes _ l (‘rots _i out in tI ,e fs_ tm field.

It . P . I’ I dd 1 ng tom : ito (“ 00 h is _ m v e s_ I m p i den of t lie s _ mm’ s _ h i i  t u f t  at time
point where tine sIts_ irk ms _ is _ lies the detect i s_sun , on’ s _ m m ny i d e s _ i s  s _ i l  -u t
time n i edi i s _ Iniss _ s _, by m ’ hic i t it imi s_ -mkes tIn e ang le ih i s crits _ s _ ins _ mt mu-n ; b - I ’
instance is i t w it b n pressu re on displacem ne nt?

1~ it . Nelson: 1 can g Ice ; ‘os_ l aol  i’ s_ m noug ht c - s t i l l s _ s _ I t e , since we don ‘ t
hive enoughn data on the di sts _ im nces front wIn i cm tine <Is _ a nks s_ Is _ C s _ itt ns _ i ct —

ed. All we kmnow is t h at it is at least 2 (19 m aver de1 tI ,s of
10—15 m , and s_ n t les _ mst b OO ni over iheel’ ocean . b t s _ m s e d  ‘ m u s u n s _ I s l e
i s_ tn-f i eld c a l cu b s _ mtions , tine ulisp lacements s _ it t i tesed is ts _ n un ces ni i g int
he s _ i t  l e a s t  f i v e  or ten ,‘\ngstn cs_ n s — [nut timis ca l ctm la ti o n is s s _ iI ’ ,i e c t
t o  s _ i t c h ;  e r r o r  f r o m  t h i e  u n c e r t a i n t i e s  of  s p r e a s _ i i n y  s_ s_ o de I s h s b s _ e u ’ i ca l
or n o n — s p i n e r  h e a l )  , s_ nail e f f e c t s  of  t b s _ e  n e a r  s u n f s _ i c e  s _ m d  l e t  t a r .

P.  C O n n e r :  I l o e s  t i s _ e  t ing l e b e t w e e n  t i t e  s _ m s i s  ci t I n e  s ou n d  l’ro ,i e c t o r
s _ i ns _ b t i n e  l o c a t i o n  o f  t i n e  s h a r k  i n a n e  a ny  e f f e c t  on s _ i t t r : n c t i r n ?

11 . 11 . N e l s o n :  Tn  t u e  f a n ’ f i e l m i I wo u ld tb nin k n o t  b a i t  a l l  d u t y  I s _ c e —
r e n t s  I r e  m d  i s _ i l )  , e x c e p t  as i t  a f f e c t s  tb n e  s o s _ m n u h  s _ l m ” b ’ h I t u d e
I n t i c ’  n e a r  ( ‘ h e i d i , i t  I ’ ’ i b ’ [ n t , bu t  un i o n ’ t u n a t e l y I l t s _ t v e  mu d s _ n t s _ i
on t i  i s  h e c s _ u i s e  it mi l ul not occur  t o  me y e a r s  ago  w h i e n  I i s _ i s  r~e s _ m s u r i n g
ill nect ms _ s _ I l n’es_ iponses i us trained I es_ton simark s in a 12— foi ’t p o o l
h i u m n’ im m ’ ’ tbi o<e exb lei ’ i m l ’e t t ts I s_i l m says bias _ i tH e s l e s _ I k en ’ s _ I s i s  a i s _ - ed
d i r e c t l y  at tine h is _ l int s _ i t  w i n  icb n time sitanl5 was s_ I s ked t i -  s_ is _ ike a
direct i s _ I s _ i l response. ‘l bs_us tine responses s _ i li s _ i ys I c c - I t t’s _ ed in tine
tix is cl tbte II sl ’es _ ikc m’ . I s _ ms _ n  sorry now’ thi s_m t I i l l  I t s ’ t tn ’ V sos_s_ u’

otis _ er s 1 - e s _ mk er orients _ it ions. I [man e tIne feeling this _ mt tI;e s h a r i ,
s_ - s _ l I d  s t i l l  hs _ mv e s _ s _ s _ s _ m d e  tlte correct c imoice , I ’ s _ tt t h i s  is ju u st s_ tn

- in ion s _ m d  n e e d s  to h i  con I’ i nt:ie U .

~ 
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axnblyrhynchos; the blacktip reef shark , C. inelanopterus; the
silver tip shark , C. albimarginatus; and the reef whitetip shark ,
Triaenodon obesus. One pelag ic shark , the oceanic whitetip, C.
longimanus , was seen during acoustic playback.

The playback experiment involved ‘the following ’ three test
sounds (of 10/sec pulse rate) : ( 1) 50 Hz sine wave , (2 )  50 H z
squar e wave , and (3)  25— 100 Hz band of noise. Only Sound 3
resulted in clear attractions , based on numbers of sharks sigh tec
and their behaviors . At other times throughout the expedition ,
attraction responses were observed to the following types of
sounds : (1) speared , struggling fish ; (2) hooked , strugg ling
fish; (3) strugg ling fish -‘ in the mouth of a predator , (4) fish
vocalizations , and (5 )  speargun—discharge sounds — - t h e  latter
being a conditioned response observed at a site where native
spearfishermen operate daily.
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