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A c o u s t i c  l o c a l i z a t i o n  i n  a n  o s t a r i o p h y s i a n  f i s h  

A. Schuijf ,  C. Visser,  A. F. M. Wil lers  a n d  R. J. A. B u w a l d a  1 

Laboratory o/Comparative Physiology, Jan van Galenstraat 40, NL-Utrecht (The Netherlands), 14 December 1976 

Summary. U n d e r  a p p r o x i m a t e  free field cond i t ions  acous t ic  loca l iza t ion  could  be d e m o n s t r a t e d  in a n  o s t a r i o p h y s i a n  
fish, t he  ide (Leuciscus idus).  The  eff ic ient  v i b r a t i o n  l inks  of b o t h  saccul i  w i t h  t h e  u n p a i r e d  s w i m b l a d d e r  (via t h e  
W e b e r i a n  ossicles) do a p p a r e n t l y  n o t  p rec lude  d i rec t iona l  hea r i ng  in th i s  i m p o r t a n t  g roup  of f r e shwa te r  fish. 

I t  h a s  been  p r o v e d  t h a t  m a n y  sha rks  2 e a n d  severa l  
teleostsT-10 are  able  to  localize a sound  source, even  if i t  
is a t  a cons iderab le  acous t ic  d i s t ance  n.  A t  leas t  in  cod 
(Gadus  morhua ) ,  2 i n t a c t  l a b y r i n t h s  are r equ i red  for  
d i r ec t iona l  hear ing ,  as follows f rom e l i m i n a t i o n  exper i -  
ments10,12. Record ings  of t he  saccular  mic rophon ic s  in  
p e r c h  h a v e  s h o w n  t h a t  t h e  lef t  and  r i g h t  saccula r  o t o l i t h  
c o n s t i t u t e  a b i l a t e ra l  pa i r  of acce le ra t ion  de t ec to r s  w i t h  
d i f fe ren t  axes  of o p t i m a l  s ens i t i v i t y  13. W h e n  t h e  b o d y  of 
t he  f ish is car r ied  a long  w i t h  t h e  par t ic le  d i s p l a c e m e n t s  
in t he  i n c i d e n t  sound  wave,  t h i s  v e c t o r - d e t e c t i o n  s y s t e m  
m i g h t  c o n v e y  t he  d i rec t ion  of these  par t ic le  d i s p l a c e m e n t s  
in  a process  t h a t  is t e r m e d  ' vec to r i a l  weighing ' .  I n  t h e  
p a s t  m a n y  a u t h o r s  h a v e  a rgued  t h a t  t h e  p resence  of a 
s w i m b l a d d e r  would  exc lude  such  a d i f fe ren t ia l  s t imu la -  
t i on  of t he  l a b y r i n t h s  because  each  o f  t he  l a b y r i n t h s  
would  be i den t i ca l l y  s t i m u l a t e d  b y  t he  near- f ie ld  f rom the  
p u l s a t i n g  swimbladde r .  I f  suf f ic ien t ly  s t rong,  such  a 
coup l ing  of t he  ears  w i t h  t h e  s w i m b l a d d e r  would  re su l t  
e f fec t ive ly  in a single p ressure  rece iver  t h a t  is n o t  direc-  
t i ona l l y  respons ive  because  t he  acous t ic  p ressure  i tself  
does  n o t  c o n t a i n  i n f o r m a t i o n  on  t he  bea r i ng  of t he  sound  
source.  However ,  e lec t rophys io logica l  e x p e r i m e n t s  on  
i n t a c t  cod b y  one of us  14 h a v e  shown  t h a t ,  a t  leas t  in t h i s  
species, p a r t  of t he  ear  r e sponds  d i rec t iona l ly  to  a k ine t i c  
sound  var iab le ,  even  w h e n  a t  t he  same  t ime  sub j ec t ed  to 
p re s su re - induced  r a d i a t i o n  of t he  swimbladder .  
Cod lacks a special  l ink  b e t w e e n  s w i m b l a d d e r  a n d  tl le 
l a b y r i n t h s .  I n  os t a r iophys i ,  however ,  t he  W e b e r i a n  
ossicles t r a n s f e r  t he  s w i m b l a d d e r  v i b r a t i o n s  to  t he  t i n y  
saccu la r  o to l i ths ,  so t h a t  one expec t s  a m u c h  s t ronge r  
coup l ing  b e t w e e n  t he  l a b y r i n t h s  a n d  t he  swimbladde r .  
The  pu rpose  of t he  p r e s e n t  e x p e r i m e n t s  is to  show t h a t  
t h i s  coupl ing  does n o t  p rec lude  d i rec t iona l  hea r i ng  in t he  
os ta r iophys i ,  t h e  b u l k  of t h e  f r e sh -wa te r  fish. Di rec t iona l  
hea r i ng  was s tud ied  for 2 special  bea r ings  of t h e  sound  
p ro jec to r s  on ly :  ' in  f r o n t  of'  or ' b e h i n d '  t he  fish, respec-  
t ive ly .  
W e  h a v e  chosen  for a food cond i t i on i ng  in t he  orfe 
(Leuciscus idus  L i n n 6 :  Cypr in idae) ,  t he  golden  v a r i e t y  of 
t he  ide. The  f ish was k e p t  in  a n e t t i n g  cage 3.5 m below 
t h e  surface  of a large 26 m deep r ec rea t i on  lake nea r  
Maa r s seveen  (Neth.) .  T he  cage ( ~ 1 m) h a d  2 d i a m e t r i -  
ca l ly  opposed  feeding places,  A a n d  B ;  t he  l ine A B  was 
para l le l  to  a n d  s t r a i g h t  u n d e r  t he  long side of a r e c t an -  
gu la r  r a f t  of 4 • 6 m. Ver t i ca l  n e t t i n g  screens a r o u n d  t he  
cen t r e  of t he  cage in t h e  con f igu ra t ion  ~ se rved  to  guide 
t h e  f ish t o w a r d s  t he  cen t re  of t he  cage w i t h  t he  b o d y  pa r -  
allel to  AB.  Sound  was on ly  p r e s e n t e d  w h e n  t he  f ish was in 
t h e  cor rec t  pos i t ion  para l le l  to  AB.  T he  f ish was t r a i n e d  to 
sw im t o w a r d s  t h e  sound  p ro j ec to r  t h a t  e m i t t e d  t he  sti-  
m u l u s :  i t  was  r e w a r d e d  if i t  m o v e d  t ow ar ds  t h e  feeding 
place closest  to  t h e  sound  source.  B o t h  sound  p ro jec to r s  
were  a t  a r ad i a l  d i s t ance  r of 1.75 m. F o r  t he  obse rve r  on  
t he  raf t ,  A was t he  r i g h t  feeding place, co r r e spond ing  to  
s t i m u l a t i o n s  f rom d i rec t ion  I ( a r b i t r a r y  des igna t ion) ,  etc.  
P u r e  tones  of 75 Hz  were swi t ched  on  a n d  off b y  m e a n s  
of pho tores i s to r s .  T he  acous t ic  p ressure  was 5.0 ~bar .  
S t i m u l a t i o n s  i m p i n g i n g  on  t he  h e a d  a n d  on  t he  ta i l  were 
d iv ided  in to  d i f f e ren t  categories .  F u r t h e r m o r e  s t imul i  
were d iv ided  accord ing  to  t he  i d e n t i t y  of t he  sound  pro-  

j ec to r  used (1 or  2), a n d  to p r o p a g a t i o n  d i rec t ion  of t he  
sounds :  I or I I .  Af te r  e v e r y  10 t r ia l s  t he  pos i t ions  of t he  
sound  p ro jec to r s  were i n t e r c h a n g e d .  The  f ish r e sponded  
to t he  s t imul i  b y  d a r t i n g  t owards  t he  feeding place e i t he r  
d i r ec t ly  (ahead)  or a f t e r  h a v i n g  t u r n e d  t h r o u g h  180 ~ 
( turn) .  A n e g a t i v e  f ac to r  in  scor ing responses  to  ta i l  
s t i m u l a t i o n s  was t h a t  t h e  f ish f r e q u e n t l y  swam to  t h e  
cor rec t  feeding place, n o t  b y  t u r n i n g  a r o u n d  inside t he  
n e t t i n g  screens,  b u t  b y  t a k i n g  t h e  rou t e  i m m e d i a t e l y  ou t -  
side t he  n e t t i n g  screens:  such  a response  fell i n to  t he  
ca t ego ry  ahead .  On a r r i va l  a t  t he  feeding place, t h e  f ish 
would  wa i t  for food if i t  was  p u t  to  a t e s t :  this ,  however ,  
was  no t  r equ i r ed  as response  cr i ter ion.  The  d a t a  15 are  
a r r a n g e d  in 4 2 • 2 t ab l e s  accord ing  to  t he  fol lowing 
scheme : 

response 
ahead turn 

stimulus head 
arriving on 

tail 

x m - , x  

y n - y  

C N - C  

i n  

n 

N 

I 1  

12 1 13 

3 13 16 

15 14 29 

I 2  

8 2 10 

6 4 10 

14 6 20 

9 1 10 13 2 15 
II 1 II 2 

4 6 10 8 9 17 

13 7 20 21 11 32 

The  u n k n o w n  p r o b a b i l i t y  of a response  to 'head  s t imu la -  
t ion ' ,  be ing  classified in t he  f i rs t  c o l u m n  of a 2 • 2 t ab le ,  
is d e n o t e d  b y  p ; p '  deno te s  t h e  same  p r o b a b i l i t y  for  ta i l  
s t imu la t ions .  The  n u l l h y p o t h e s i s  Ho reads :  t he  p r o b a -  
b i l i ty  of s w i m m i n g  a h e a d  on  s t i m u l a t i o n  is i n d e p e n d e n t  
of t he  loca t ion  of a s o u n d  pro jec tor ,  hence  p = p ' .  The  
a l t e r n a t i v e  h y p o t h e s i s  H I which  ind ica tes  d i s c r im ina t i on  
of t he  d i rec t ions  I and  I I  r eads :  p > p ' .  W e  can  combine  
t he  effects  d e t e c t e d  in each  of t he  4 2 • 2 t ab l e s  b y  t e s t i n g  
s i m u l t a n e o u s l y  Ho : P i  =< P~ aga in s t  H 1 : P i  > P~, where  
i = 1, 2, 3, 4 deno tes  a n  i ndex  for t he  d i f fe ren t  2 •  
tables .  The  c o m b i n a t i o n  t e s t  re jec ts  Ho for large va lues  

4 
of t he  s t a t i s t i c  T = 2~ xi, g iven  t he  m a r g i n a l  t o t a l s  of t he  

i = 1  
va r ious  2 • 2 t ab les  16. U n d e r  Ho t he  cond i t iona l  d is t r i -  
b u t i o n  of T is a p p r o x i m a t e l y  n o r m a l  w i t h  m e a n  17 tz = 
30.07 a n d  v a r i a n c e  17 g2 = 6.013 hence  

Prob { T ~ 42 [ Ho is true} < 10 .4 . 

W e  re j ec t  Ho a n d  conc lude  t h a t  t h e  f ish ach ieved  a 
h i g h e r  score of cor rec t  choices t h a n  could be expec t ed  if 
t he  f ish r e s p o n d e d  non -d i r ec t i ona l l y  to  th i s  t y p e  of 
sound.  Th i s  f o r m u l a t i o n  is a consequence  is of r e j ec t ing  
Ho. Ce r t a in ly  th i s  f i sh  f avou red  swimming  fo rward  
t h r o u g h  t h e  ex is t s  in  t he  n e t t i n g  screens,  b u t  t h e  de- 
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scr ibed combina t ion  t es t  enables  us to re ject  the  hypo-  
thes is  t h a t  t he  fish s imply  swims forward  on sound.  
Direc t ional  hear ing  has been  shown a t  least  for the  coarse 
d i sc r imina t ion  of bear ings  180 ~ apar t .  This abi l i ty  alone 
has  (already) biological meaning.  I t  is qui te  p robab le  t h a t  
t he  orfe possesses a m u c h  be t t e r  angular  resolut ion.  We 
did no t  t e s t  th is  d i rec t ly  owing to the  risk of ano the r  act  
of willful h inder ing  'S in the  field. 
Von  Fr isch  and  Di jkgraaf  x9 and  R e i n h a r d t  ~~ have  been 
unable  to  show acoust ic  local izat ion in Ostar iophysi ,  
excep t  when  the  fish were wi th in  a d m  range f rom the  
sources.  We t e n t a t i v e l y  a t t r i b u t e  the i r  nega t ive  resul ts  
to  i nadequa te  qual i t ies  of the  appl ied  sound fields (too 
few low-f requency  c o m p o n e n t s  ?). Since in our  exper i -  
m e n t s  there  was no corre la t ion be tween  the  po la r i ty  of 
t he  acoust ic  pressure  a t  the  onse t  of t he  sounds  and  the  
locat ion of t he  sources, we conclude t h a t  the  discr imina-  
t ion  canno t  be based on de tec t ion  of the  initial  po la r i ty  
of t he  acoust ic  pressure :  a sensory  ab i l i ty  d e m o n s t r a t e d  
by  P idd ing ton  ~x for goldfish. We  t h i n k  t h a t  in our  experi-  
m e n t  a phase  analysis  b e t w e e n  acoust ic  pressure  and 
par t ic le  d i sp lacements  as shown  for cod. *z expla ins  the  
d i sc r imina t ion  of oppos i te ly  t ravel l ing  waves.  
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Summary. High  dens i ty  l ipoprote in  cholesterol  concen t ra t ions  were s ignif icant ly  lower in ischaemic h e a r t  disease 
p a t i e n t s  t h a n  in h e a l t h y  subjec ts  w h e n  age and sex-matched .  This difference was, however ,  no t  observed  in the  older  
age group ( >  60 years).  

I schaemic  hea r t  disease due  to co ronary  atherosclerosis  
(obs t ruc t ion  of the  co ronary  a r t e ry  as a resul t  of l ipid 
depos i t ion  in t he  ar ter ia l  wall) is a m a j o r  world p rob lem 
a t  the  p re sen t  t ime  3, 4. There  are m a n y  risk factors  for 
i schaemic  h e a r t  disease. Hypercho les t e ro l aemia  5,s a n d  
hype r t r ig lyce r idaemia  ~ are known  to be associa ted wi th  
i schaemic  h e a r t  disease. The role of l ipoprote ins  in t he  
aeti01ogy of i schaemic hea r t  disease has,  however ,  no t  
been  fully explored.  Recen t ly  i t  has  been  ind ica ted  t h a t  
h igh  dens i ty  l ipoprote in  is an an t i a the rogen ic  agen t  8. The 
mode  of ac t ion  of h igh  dens i ty  l ipoprote in  as an ant i -  
a therogenic  agent  is not ,  however ,  comple te ly  unders tood .  
Sugges t ions  have,  a t  any  ra te ,  been  made  as to t he  means  
b y  which  h igh  dens i ty  l ipopro te in  could ac t  a s a n  ant i -  
a therogenic  agent .  One of these  ~ bel ieves t h a t  h igh  
dens i t y  l ipoprote in  has  t he  abi l i ty  to  solubilize exogenous  
cholesterol  in add i t ion  to i ts  own choles terol  conten t ,  t hus  
p r e v e n t i n g  inf lux of cholesterol  in to  t he  ar ter ial  wall. 
The  local izat ion of ApoA-1 in a therosclerot ic  lesions 1~ 
m a y  also indicate  t h a t  h igh  dens i ty  l ipoprote in  has the  
abi l i ty  to  t r a n s p o r t  lipids f rom the  ar ter ia l  wall  to the  
p lasma.  
A n o t h e r  mode  of ac t ion of h igh  dens i t y  l ipoprote in  is 
bel ieved 11 to  be due to  i ts  abi l i ty  to inh ib i t  up t ake  and 
deg rada t ion  of low dens i ty  l ipoprote in ,  and  depress  ne t  

i nc remen t  in cell sterol  conten t .  Low dens i ty  l ipoprote in  
is the  main  carrier  of cholesterol  and inhib i t ion  of i ts  
degrada t ion  m a y  p r e v e n t  accumula t ion  of cholesterol  in 
the  ar ter ial  wall. 
Material and methods. H e a l t h y  subjects .  These were made  
up of 99 whi te  Br i t i sh -born  men  and  women  be tween  the  
ages of 20 and  69 years  l iving in t he  L o n d o n  area. Subjec ts  
were selected on the  basis of absence  of clinical or ECG 
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