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The Importance of the Lateral Line System for the Perception of Surface Waves in the Claw Toad, 
Xenopus laevis Daudin 

Claw toads  reac t  to concentr ic  surface waves  wi th  a 
m o v e m e n t  t owards  the  wave-cen t re  ~. I t  was found t h a t  
among  var ious  surface fishes which  behave  in a similar  
way  the  waves  are perce ived by  means  o f  the  la teral  line 
sy s t em ~-~. The fact  t h a t  th is  sys t em in X e n o p u s  is h igh ly  
sensi t ive  to  wa te r  cur ren t s  ~-9 suggested t h a t  i t  m igh t  be 
t he  receptor  organ responsib le  for the  t oad ' s  react ion ~~ 
However ,  expe r imen t s  on Xenopus '  abi l i ty  to localize a 
wave-cen t re  gave a surpr is ing result .  

Bl inded toads  (Xenopus  laevis Daudin)  were kep t  
s ingly in plast ic  conta iners  (ca. '~'6 • 35 cm). Before an 
e x p e r i m e n t  the  wa te r  level was ad jus ted  so t h a t  there  was  
a t  least  5 m m  of wa te r  above a submerged  animal.  In  
t he  exper iment ,  a me ta l  or glass rod (0.5-3 m m  in diameter)  
was d ipped  in to  the  wa te r  a t  a po in t  near  the  ex t remi t ies  
of the  toad  or abou t  10 m m  away  f rom its  body.  For  each 
e x p e r i m e n t  a t  least  3 toads  were used and  at  least  280 
t r ia ls  were conduc ted  for each toad.  

U n t r e a t e d  contro l  toads  t u rned  towards  t he  d ipped  rod 
in 50-80% of tr ials  (Figure 1). These percentages  indicate  
m e a n  posi t ive  react ions  of ind iv idua l  toads  to s t imul i  
f rom all sources (A-H),  whereas  the  columns in Figures  1 
and  2 deno te  m e a n  pos i t ive  react ions  of all (n) toads  to  
s t imul i  f rom the  individual  sources.) In  3 toads  the  la teral  
line sys t em was comple te ly  des t royed  wi th  a t he rmo-  
cauter :  never the less  t he  an imals  stil l  reac ted  to the  s t imu-  
lus ( 5 4 0  of trials,  Figure  1), indica t ing  t h a t  there  m u s t  be 
ano the r  recep tor  responsib le  for t he  pe rcep t ion  of surface 
waves  besides the  la tera l  line sys tem.  Since the  waves  are 
accompan ied  by  pressure  changes,  i nvo lvemen t  of the  

l aby r in th  was suspected.  Af ter  uni la tera l  ex t i rpa t ion  of the  
l aby r in th  in toads  whose la teral  line sys t em had  been  
des t royed,  the  animals  reac ted  only occasional ly (23% 
of cases) to  the  d ipped  rod, depend ing  on which  side of 
the  t oad  the  rod was d ipped  (Figure 2). W h e n  d ipped  on 
the  side wi th  the  in tac t  l abyr in th ,  t he  toad,  if i t  r eac ted  
a t  all (34% of cases), t u rn ed  towards  the  s t imulus.  "When 
the  s t imulus  was on the  o ther  side i t  t u rn ed  in the  wrong  
di rec t ion  as of ten  (10.1% of trials) as in t he  correct  one 
(10.6% of trials).  

However ,  t he  la teral  line sys t em is no t  w i t h o u t  signi- 
f icance for the  local izat ion of the  s t imulus  : 1. Toads  wi th  
an in tac t  la teral  line sys t em bu t  w i th  1 l aby r in th  des t roy-  
ed tu rned  in the  correct  d i rect ion in near ly  all t r ia ls  
regardless  of which side the  s t imulus  occurred (0.3% 
incorrec t  to  43% correct  ' responses);  2. E lec t rophys io log-  
ical expe r imen t s  on isolated toads '  skins showed t h a t  the  
sens i t iv i ty  of t he  la teral  line sys t em can be marked ly  
reduced by  dry ing  the  neuromas t s  w i th  a s t r eam of air, 
t h e r eb y  mak ing  the  cupula  and  sense hairs  adhere  to the  
skin. I m m e d i a t e l y  af ter  th is  t r e a t m e n t ,  t he  organ does 
no t  show any  a l te ra t ion  of t he  spon taneous  ac t iv i ty  on 
s t imula t ion  wi th  a wa te r  current ,  and  only  af ter  abou t  2 h 
do weak react ions  begin to  indica te  recovery.  Behavioura l  
expe r imen t s  d e m o n s t r a t e  a s imilar  effect:  toads  were 
anaes the t i zed  and the i r  la tera l  l ine s y s t em dried.  W h e n  
the  animals  came round 2 h la ter  t h e y  stil l  r eac ted  to  the  
s t imulus  bu t  less f r equen t ly  t h a n  did un t r ea t ed  animals  
(55% in t rea ted ,  69% in u n t r e a t e d  animals :  P < 0.001). 
Sens i t iv i ty  was comple te ly  res tored  2 to  6 days  af ter  t he  
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Fig. 1. White columns or the horizontal line in the grey columns, 
reactions of 17 blinded toads to a dipped metal or glass rod. 10831 
trials. Grey columns, reactions of 3 blinded toads after destroying all 
neuromasts. 851 trials�9 Letters indicate sources of stimulation (see 
insert). 
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Fig. 2. Reactions of 3 blinded toads after destroying all neuromasts 
and after extirpating the left labyrinth. The black part of a column 
indicates reactions to a side opposite to the stimulus. 2993 trials. 
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d r y i n g  t r e a t m e n t .  D r y i n g  of the  skill n e x t  to  t he  l a te ra l  
l ine  s y s t e m  did  no t  affect  t he  r eac t ion  ( P  = 0.8). 

These  e x p e r i m e n t s  show t h a t  b o t h  t he  l a te ra l  l ine 
s y s t e m  a n d  v e r y  p r o b a b l y  t he  l a b y r i n t h  are essent ia l  for 
t he  ]~erception of surface  waves.  

The  p a r t  of t he  l a b y r i n t h  where  t he  s t imu lus  is perceiv-  
ed seems to be  t he  o rgan  of hear ing .  Af te r  r e m o v a l  of b o t h  
columellae,  t he  an im a l s  r eac ted  in on ly  52% of t r ia l s  
c o m p a r e d  w i t h  68% before  t he  ope ra t i on  ( P  < 0.001). I t  
is no t  ye t  c lear  w h e t h e r  i t  is t he  sound  of t he  surface  waves  
w h i c h  is h e a r d  or t he  noise m a d e  b y  d i pp i ng  t he  rod. Our  
p rev ious  e x p e r i m e n t s  (made p a r t l y  in  co l l abora t ion  w i t h  
P. MOLLER) s u p p o r t  t h e  fo rmer  poss ib i l i ty  : t h e  t i m e  before  
t he  an ima l ' s  r eac t ion  increases  s ign i f i can t ly  w i t h  increased  
d i s t ance  of t he  s t imulus ,  and,  as f i lm s tudies  show, t he  
r eac t ion  does no t  t a k e  place  before  t he  m a x i m u m  of t he  
wave  t r a i n  ha s  r eached  t he  toad .  However ,  s ince t he  noise 
i n t e n s i t y  caused b y  d i pp i ng  t he  rod  would  decrease  w i t h  
increas ing  d i s t ance  f rom t he  t o a d  a n d  m i g h t  t h u s  cause 
g rea te r  l a t ency  of reac t ion ,  we st i l l  c a n n o t  exclude  t he  
poss ib i l i ty  t h a t  i t  is t he  ac tua l  d ipp ing  of the  rod which  is 

perce ived  r a t h e r  t h a n  t he  surface waves  caused b y  the  rod. 
The  e x p e r i m e n t s  con t inue  n 

Zusammen/assung. Bl inde  Kra l lenf r6sche  reagieren  
auch  d a n n  auf  konzen t r i s che  Oberf lgchenwel len ,  w e n n  
das  gesamte  Se i t en l i n i ensys t em zers t6r t  wird.  We i t e r e  
A u s s c h a l t v e r s u c h e  zeigen, dass  der  Reiz  ( E i n t a u c h e n  
eines Stabes)  sehr  wah r sche in l i ch  fiber das  L a b y r i n t h  
pe rz ip ie r t  wird. Ob die Oberil /~chenwelle se lbs t  oder  (und) 
das  Gergusch  b e i m  E i n t a u c h e n  des S tabes  w a h r g e n o m -  
m e n  wird,  is t  noch  n i c h t  s icher  en t sch ieden .  
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Neurohumoral  Regulation of Motility and Blood Flow in the Colon 

The  ext r ins ic  ne rvous  con t ro l  of colonic m o t i l i t y  a n d  
b lood flow has  r ecen t ly  been  s tud ied  1. E lec t r ica l  s t imula -  
t ion  and  ref lex a c t i v a t i o n  of t he  pelvic  ne rves  p roduce  a n  
in tense  f lush ing  of t he  m u c o s a  in t he  d i s ta l  two t h i r d s  of 
t he  colon. Cor responding  in t i m e  w i t h  th i s  mucosa l  f lush 
t he re  is a m a r k e d  b u t  t r a n s i e n t  increase  of venous  out f low 
and  c o n c o m i t a n t l y  w i th  the  v a s o d i l a t a t i o n  a muco id  
secret ion.  I n t r a v e n o u s  a d m i n i s t r a t i o n  of a t rop ine  (1 rag/  
kg) d id  n o t  s ign i f i can t ly  in te r fere  w i t h  t he  vasod i l a t i on  
and  t he  m o t i l i t y  response  i nd i ca t i ng  t h a t  b o t h  m i g h t  be  
b r o u g h t  a b o u t  b y  a non-cho l inerg ic  m e c h a n i s m  largely  
seconda ry  to an  a u g m e n t e d  secret ion.  T he  release of 
k in in- l ike  subs t ances  s imi la r  to  t hose  i nvo lved  in t he  
a t r o p i n e - r e s i s t a n t  v a s o d i l a t a t i o n  in t he  s a l iva ry  g lands  
and  t he  panc rea s  2, a is suggested.  

I n  t he  p r e sen t  s t u d y  t h e  effects of b r a d y k i n i n  a n d  
pelvic  ne rve  s t i m u l a t i o n  on  colon m o t i l i t y  a n d  b lood flow 
were c o m p a r e d  in a n  a t t e m p t  to  o b t a i n  ev idence  for 
b r a d y k i n i n  as a possible  m e d i a t o r  in  t he  pelvic  ne rve  
response.  

Methods. B y  record ing  t i ssue  v o l u m e  and  t o t a l  venous  
e f f luen t  s imul taneous ly ,  t ire res is tance,  t h e  capac i t ance  
a n d  t he  p recap i l l a ry  s p h i n c t e r  s egmen t s  of the  c i rcu la t ion  
of t he  ca t  colon were s tudied .  This  p l e t y s m o g r a p h i c  
m e t h o d  was descr ibed in de ta i l  in  a p rev ious  work  1. I n  
some e x p e r i m e n t s  colonic m o t i l i t y  and  b lood f low were 
recorded  s imul taneous ly .  Mot i l i ty  was  recorded  b y  a 
vo lume t r i c  m e t h o d  keep ing  in t ra -co lonic  pressure  c o n s t a n t  
a t  a b o u t  10 cm H20.  The  pelvic  ne rves  to  t he  colon were 
cu t  c en t r a l l y  and  m o u n t e d  on  r ing fo rmed  e lect rodes  for  
s u b s e q u e n t  g raded  e lec t r ica l  s t imula t ion .  S y n t h e t i c  
b r a d y k i n i n  was a d m i n i s t e r e d  c lose- in t ra-ar ter ia l ly .  

Results. As is shown  ill F igure  1, close i n t r a a r t e r i a l  
in fus ion  of b r a d y k i n i n  in a large dose (1  >g/ml) p roduced  a 
m a r k e d  a n d  sho r t l a s t i ng  b lood  f low increase  and  con- 
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Fig, 1. The effect of supramaximal, intraarterial doses of bradykinin (left panel) and supramaximal pelvic nerve stimulation (right panel). 
Note the almost identical responses.. 


