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S T U D I O R U M  P R O G R E S S U S  

T r a n s m i s s i o n  of  a F l i gh t  R e a c t i o n  A m o n g s t  
a Schoo l  of  F i s h  and the U n d e r l y i n g  

S e n s o r y  M e c h a n i s m s  

By F. J. VERNEIJEN 1, Utrecht 

Introduction.-During e x p e r i m e n t s  o n  s o u n d  local iza-  
t i on  in fish, a t y p i c a l  f l igh t  r e a c t i o n  of a school  of m i n -  
nows  (Phoxinus laevis) was  o b s e r v e d  b y  v. FRISCK a f t e r  
one  of t h e  f ishes  h a d  b e e n  i n j u r e d .  E l a b o r a t e  s tud ie s  
d e m o n s t r a t e d  t h a t  t h e  o l f a c t o r y  p e r c e p t i o n  of some  
s u b s t a n c e  re l eased  f r o m  t h e  sk in  of t h e  i n j u r e d  f ish 
("Schrecksto//") p r o v o k e s  t h i s  p a n i c k y  r e a c t i o n  a m o n g s t  
t h e  school  ". T h e r e  were  some  casua l  o b s e r v a t i o n s  sug-  
ges t ing  t h a t  f ishes  n o t  exposed  to  t h i s  c h e m i c a l  s t i m u l u s  
m i g h t  be  ca r r i ed  a w a y  b y  t he  p a n i c - s t r i c k e n  b e h a v i o u r  
i n d u c e d  in t h e  o the r s .  No f u r t h e r  e x p e r i m e n t s  were  
p e r f o r m e d  in t h i s  d i r ec t ion ,  howeve r .  

F l i g h t  r e a c t i o n s  s imi l a r  to  t h o s e  in t he  m i n n o w  were  
de sc r ibed  in t a d p o l e s  s. D u r i n g  r e c e n t  e x p e r i m e n t s  w i t h  
t h e s e  an ima l s ,  i t  was  s o m e t i m e s  o b s e r v e d  t h a t  t h e  s t a t e  
of e x c i t e m e n t  s e e m e d  t o  pa s s  f rom one  a q u a r i u m  t o  a n  
adj s c e n t  one  ~. T r a n s m i s s i o n  b y  op t i c a l  s t i m u l i  was  t h e r e -  
fore env i saged .  B u t  d u r i n g  s u b s e q u e n t  e x p e r i m e n t s  i t  
b e c a m e  o b v i o u s  t h a t  t h e  s y n c h r o n i z a t i o n  of t h e  a n i m a l ' s  
r e a c t i o n s  in t h e  2 a q u a r i a  m u s t  h a v e  b e e n  o n l y  coinci-  
den t a l .  O p t i c a l  s t i m u l i  a re  n o t  i n v o l v e d  in t h i s  f l igh t  
r e a c t i o n  of t a d p o l e s  4. 

A l t h o u g h  t h i s  m a y  wel l  be  t r u e  in t adpo les ,  i t  r e m a i n e d  
±o be  seen  w h e t h e r  i t  were  t r u e  for  fish, for  i t  wou ld  s t i l l  
be  a v e r y  usefu l  t h i n g  if o n l y  some  a l a r m i s t s  were  
n e c e s s a r y  to  w a r n  t h e  who le  school  of p r e d a t o r y  dange r ,  
t h e  m o r e  so as t he  c h e m i c a l  s t imu l i  will s p r e a d  on ly  
s lowly f rom t h e  c e n t r e  where  t h e y  a re  l i be ra t ed .  L i t t l e  is 
k n o w n ,  howeve r ,  a b o u t  t h e  schoo l ing  b e h a v i o u r  of 
f i shes  in genera l ,  t o  s a y  n o t h i n g  of m o r e  specif ic  i n t e r -  
ac t ions  b e t w e e n  t h e  i n d i v i d u a l  m e m b e r s  of t h e  school  s . 

A series of e x p e r i m e n t s  were  t h e r e f o r e  se t  up,  in  a n  
a t t e m p t  to  d i s cove r  w h e t h e r  a n  a l a r m i n g  m e c h a n i s m  
f rom fish to  f ish p l a y s  a role in  t h e  f l igh t  r e a c t i o n  and ,  
if t h i s  s h o u l d  p r o v e  t rue ,  to  d e t e r m i n e  which  sense  o r g a n s  
a re  i nvo lved .  

The  e x p e r i m e n t a l  a n i m a l s  used  were  f r e sh ly  i m p o r t e d  
s p e c i m e n s  of t he  smal l  t r op i ca l  t e l eos t  Rasbora hetero- 
morpha co l lec ted  in  t h e  w a t e r s  a r o u n d  S ingapore" .  T h e y  
were k e p t  in t h e  l a b o r a t o r y  in  s tock  t a n k s  a t  22" 24°C 
a n d  fed da i ly  on  raw,  f ine ly  m i n c e d  or, s t i l l  b e t t e r ,  
s c r aped  m e a t .  

Arrangement and Procedure.-The e x p e r i m e n t s  were 
ca r r i ed  o u t  in  2 sma l l  r e c t a n g u l a r  t a n k s  (30 c m  long,  
20 cm wide a n d  23 c m  deep)  w i t h  t r a n s p a r e n t  glass 
walls, p l aced  side b y  s ide on  r u b b e r  t u b e s  to  m a k e  sure  
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6 The author gratefully acknowledges the facilities received from 
the Royal Dutch Airlines K.L.M. in transporting the freshly col- 
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t h a t  the  f ishes in  one  t a n k  could  e x c h a n g e  on ly  v i sua l  
s t i mu l i  w i t h  t hose  in t h e  o t h e r  one. D u r i n g  c o n t r o l  ex- 
p e r i m e n t s ,  t h e  v i sua l  s t i m u l i  were  i n t e r c e p t e d  b y  a 
sc reen  b e t w e e n  t h e  2 t a n k s .  T h e  c h e m i c a l  s t i m u l u s  cou ld  
b e  a d m i n i s t e r e d  to  t h e  I ishes  in one  of t h e m  t h r o u g h  
t u b e  e n d i n g  in th i s  t a n k .  T h e  a r r a n g e m e n t  is seen in 
t h e  f igures  (film p ic tu res ) .  

T h e  c h e m i c a l  s t i m u l u s  was  p r e p a r e d  b y  sca l ing  one 
f resh ly  kil led fish i n t o  5 c m  3 of wa te r .  T h e  f i l t r a t e  of the  
ju ice  was  used  as s t imu lus .  B y  a d d i n g  I n d i a n  i n k  the  
s p r e a d i n g  of t h e  f i l t r a t e  cou ld  be  fol lowed.  Co n t ro l  ex- 
p e r i m e n t s  p r o v e d  t h a t  t h e  c loud  of i n k  in i tself  d id  no t  
evoke  a n y  v i s ib le  r e a c t i o n s  a m o n g s t  t h e  fishes.  

A b o u t  60 u n s e l e c t e d  f ishes  a v e r a g i n g  25 m m  in l eng th  
were t a k e n  f rom t h e  s u p p l y  t a n k  a n d  d i s t r i b u t e d  equaIIy  
in t h e  2 o b s e r v a t i o n a l  t a n k s .  T h e  f ishes  were  a l lowed to 
b e c o m e  a c c u s t o m e d  to  t h e  more  r e s t r i c t e d  space  of these  
t a n k s  for  some  days .  

T h e n  t h e  e x p e r i m e n t s  were  r u n  as fol lows:  b o t h  
g r o u p s  of f ishes  were  o b s e r v e d  d u r i n g  5 min .  ~ r h e n  the  
f ishes were  s w i m m i n g  a r o u n d  q u i e t l y  a n d  o b v i o u s l y  un- 
d i s t u r b e d ,  t h e  c h e m i c a l  s t i m u l u s  was  i n t r o d u c e d  in to  
one  t a n k  (Fig. 1). T h e  r e a c t i o n s  of t h e  2 g roups  of 
f ishes were  r eco rded  b y  o b s e r v a t i o n  a n d  s o m e t i m e s  
p h o t o g r a p h i c a l l y  or  b y  m o t i o n  p ic tu res .  T h e  r eac t i on  
t i m e s  cou ld  be r ead  f rom a c h r o n o m e t e r  u n t e r n e a t h  the  
2 t a n k s .  

Results.-The fo l lowing  s e q u e n c e  of r e a c t i o n s  c a n  be 
o b s e r v e d  a m o n g s t  t h e  f ishes  in  t h e  t a n k  w h e r e  the  
c h e m i c a l  s t i m u l u s  was appl ied .  (a) As soon  as some 
f ishes  h a p p e n  to  e n t e r  t h e  c loud  w i t h  t h e  s t i m u l u s  t hey  
m a k e  some  a g i t a t e d  j e r k i n g  m o v e m e n t s  whi le  t h e  fins 
are  e rec ted  s t rong ly .  (b) W h i l e  t h e  a g i t a t i o n  sp reads  
a m o n g  t h e  o t h e r  f ishes t h a t  h a v e  n o t  y e t  been  in c o n t a c t  
w i t h  t h e  cloud,  all f ishes  s i nk  to  t h e  b o t t o m  (Fig. 2). 
(c) W i t h i n  some  t ens  of seconds ,  the  r i s ing  a g i t a t i o n  
r e su l t s  in  a genera l  p a n i c - s t r i c k e n  s w i m m i n g  h i t h e r  and 
t h i t h e r  (Fig. 3). (d) A f t e r  some  t i m e  all  t h e  f i shes  are 
s u d d e n l y  c r o w d e d  t i g h t l y  t o g e t h e r  in  a c o r n e r  of the  
t a n k  (Fig. 4). T h e n  t h e  r e a c t i o n  t y p e s  (c) a n d  (d) occur  
a l t e r n a t i n g  each  o t h e r  in  success ion  for  a cons ide rab le  
t ime .  

T h e  f ishes  in  t h e  o t h e r  t a n k  show a s t r i k i n g l y  s imilar  
b e h a v i o u r .  T h e y  are  s u b j e c t e d  to  the  s a m e  wave  of 
confus ion ,  w i t h  t h e  o n l y  d i f f e rence  t h a t  t h e  r e spec t ive  
r eac t i on  t y p e s  in  t h i s  second  t a n k  are  some  t e n s  of 
seconds  b e h i n d  t h e  e v e n t s  in  t h e  f irst  t a n k .  A f t e r  some 
t i m e  the  r e a c t i o n  t y p e s  (c) a n d  (d) are  f r e q u e n t l y  syn- 
c h r o n i z e d  in b o t h  t a n k s .  Af t e r  h a v i n g  d a r t e d  a r o u n d  for 
some  t ime ,  all t h e  f ishes would  o f t e n  p a c k  t i g h t l y  to- 
g e t h e r  i n t o  one  v i sua l l y  c o o r d i n a t e d  c lus ter ,  w i t h  t h e  2 
a d j a c e n t  glass walls  of b o t h  t a n k s  f o r m i n g  a t r a n s p a r a n t  
p a r t i t i o n  r i g h t  across  (Fig. 5). 

C a h n  is r e s to r ed  f i r s t  a m o n g  t h e  f ishes t h a t  were  only 
op t i ca l l y  a roused .  

Discussion.-As a p p e a r s  f rom these  c x p e r i m e n t s  the 
q u e s t i o n  as to  w h e t h e r  a n  a l a r m i n g  m e c h a n i s m  p l ays  a 
p a r t  in  t h i s  f l igh t  r e a c t i o n  c a n  be  a n s w e r e d  in t h e  af- 
f i r m a t i v e .  S igh t  is t h e  p r i m a r y  sense  i n v o l v e d ,  as  i t  is in 
s choo l ing  in genera l .  Moreover ,  m e c h a n i c a l  s t i mu l i  to 
the  t a c t i l e - a u d i t o r y - l a t e r a l  l ine  g roup  of sense  organs 
m a y  p r o v i d e  f i shes  w i t h  a d d i t i o n a l  cues  as to  t h e  s ta te  
of a l a r m  of o t h e r  m e m b e r s  of t h e  school .  ( E x p e r i m e n t s  
f u r t h e r  a n a l y z i n g  t h e  m o d e  of a c t i o n  of t h i s  g roup  of 
s t i m u l i  are  st i l l  in  progress . )  

A s imi l a r  t y p e  of f l igh t  r e a c t i o n  was  o b s e r v e d  amo n g s t  
t h e  f ishes  in  t h e  s tock  t a n k s  a f t e r  m e c h a n i c a l  d i s tu rb-  
ance,  for  i n s t a n c e  if one  b a n g s  on  t h e  t a b l e  c a r y i n g  these 
t a n k s .  Moreover ,  i t  was  o b s e r v e d  s o m e t i m e s  w i t h o u t  any 
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a p p a r e n t  p r o v o c a t i o n .  I t  is t e m p t i n g  to t h i n k  of th re -  
sho ld  lower ing  c u l m i n a t i n g  in " v a c u u m  a c t i v i t y " L  

A r a t h e r  u n p l e a s a n t  a n d  c o m p l i c a t i n g  f a c t o r  was  m e t  
w i th  in  t h e  w a n i n g  of t he  r e sponses  wh ich  occurs  a f t e r  

7 1,2. LOR~S'Z, Na tu rwissenschaf t en  ~'5, 289, 307, 324 {P~37). 

a n u m b e r  of tes ts .  T h e  m e c h a n i s m  of th i s  w a n i n g  sti l l  
r e m a i n s  to  be  c leared  up,  s ince,  a f t e r  some  weeks  or  
m o n t h s ,  a genera l  d a m p i n g  d o w n  of r e sponses  b e c a m e  
a p p a r e n t  even  a m o n g  s tock  f i shes  n o t  y e t  used  in t h e  
e x p e r i m e n t s .  Th i s  p h e n o m e n o n  m a y  be  r e l a t ed  to  t h e  
fishes b e c o m i n g  more  a n d  m o r e  t a m e .  

Fig, 1. Fig. o. 

Fig, :1, Fig. 4. 

Fig. 5. 

Fig. 1-5 are  t aken  f rom a 16 m m  fihn. The  long hand  of the chronomete r  indicates  one s for each of the 60 scale units,  the short  hand  
indicates 1 rain for each scale unit .  Figure 1 was taken  15 s af ter  the clmmieal s t imulus  was in t roduced into the left tank,  Figure ! about  

30 s a f te r  l*'igure 1, etc. For  fur ther  explanat ion  ~ee text ,  
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A search of t he  l i t e ra ture  revea led  a wide-spread  in- 
t e res t  in t h e  react ions  of fish to  chemica l  subs tances  such  
as po l lu t an t s  f rom the  i ndus t ry  8. The  resul t s  of a g rea t  
n u m b e r  of expe r imen t s  ind ica te  t h a t  subs tances  prob-  
ab ly  perce ived  as odours  and tas tes  do no t  arouse bio- 
logical ly typ ica l  f r ight  reac t ions  a m o n g s t  fishes or  
schools of fishes. S t rong  poisons and  i r r i tan ts ,  however ,  
do evoke v io l en t  react ions ,  as is to  be expec ted .  Ap- 
pa ren t ly  only  one ou t  of t he  m a n y  expe r imen t s  on these  
lines has y ie lded resul ts  g e r m a n e  to  t h e  p r o b l e m  in 
quest ion,  Dur ing  a s tudy ,  u n d e r t a k e n  to  f ind w h e t h e r  
migra t ing  Pacif ic  sa lmon  can be repel led f rom po l lu ted  
r iver  locat ions,  i t  was found  by  acc iden t  t h a t  d i lu te  
wa te r  rinses of  h u m a n  and,  more  general ly ,  m a m m a l i a n  
skin had  a dis t inct ,  repe l len t  act ion.  Di lu te  solut ions  of 
some tens  of subs tances  fai led to  change  the  ra te  of 
migra t ion .  Obv ious ly  an acu te  o l fac to ry  sense enables  
Pacif ic  sa lmon  to de tec t  predator~  like bears,  sea-l ions 
and seals ~. 

I t  m i g h t  be imag ined  t h a t  dur ing  these  t ypes  of f r igh t  
reac t ions  fishes are  i n t e r ac t i ng  in a s imi la r  w a y  as 
descr ibed  before.  I n t e r a c t i o n  of th is  k ind,  however ,  
was  n o t  env i saged  in t h e  e x p e r i m e n t s  j u s t  ment ior ied .  
T h e  d i s t r i bu t ion  of a n u m b e r  of fishes in g r ad i en t  fields 
was  m o s t l y  e v a l u a t e d  as being the  resul t  of i nd iv idua l  
responses  to  t he  app l ied  chemica l  s t imulus .  I t  follows 
f rom the  above  cons idera t ions  t h a t  the  poss ib i l i ty  of 
m u t u a l  i n t e r ac t i on  should  be borne  in m i n d  when  
rev iewing  the  conclusions f rom these  exper iments .  

Zusammen]assung 

B e i m  kle inen  t rop i schen  Schwarmf i sch  Rasbora he- 
teromorpha 16st ein Schrecks to f f  aus v e r t e t z t e r  I-Iaut 
chemisch  Ala rm-  und  F l u c h t v e r h a l t e n  aus. Es  zeigte  
sich, dass das  rasche  l~bergreifen der  S e h r e c k w i r k u n g  
auf  al le S c h w a r m m i t g l i e d e r  du t ch  opt i sche  (und wohl  
auch  mechanische)  Reize  bed ing t  ist, die yon  den berei ts  
a l a rmie r t en  I n d i v i d u e n  ausgehen.  

s j .  R. E. JONES, J. exper. Biol. 2S, °~61 (t951). - R. W. HIATT, 
J. J. NAr0GHTON, and D. C. MATTHEWS, Biol. Bull. 104, 28 (1953), and 
others. 

9 j .  R. BRETT and D. Mac KINNON, Fish. Res. Bd. Canada, 
Pac. Prog. Rept. No. 9o, ~1 (195~) ; J. Fish. Res. Bd. Canada tl, al0 
(1954). 

Corrigendum 

Z. SUPEK and  S. M~LKOVI~: Quantitative Biological 
Determination o] 5-Hydrox ytryptamine, Expe r i en t i a ,  ro t .  
X I I ,  fase. 2, p. 71 (1956). 

The  las t  p a r a g r a p h  on page  72 reads :  87 / ,g /ml  and 
26 #g /ml ,  b u t  i t  should  read :  ng /ml ,  i.e. "nanogram", 
which  is 1/1,0 ~ of a g  (see C. S~,nTH, Biomathematics, Lon- 
don  1954, p. 438). 

C O N G R E S S U S  

U . S . A .  

First International Congress on 
Developmental Biology 

R h o d e  Is land,  J u l y  23-26, 1956 

U n d e r  t he  auspices  of t he  I n s t i t u t  In te rna t iona l  
d ' E m b r y o l o g i e  a congress  on d e v e l o p m e n t a l  b io logy  will 
be held  in Brown  Univers i ty ,  P rov idence ,  R.  I., USA.  

I t  will  be fo l lowed b y  a conference  on Cytodi f ferent ia-  
l ion,  sponsored  by  the  I .U .B .S .  ( J u l y  27-31). 

T h e  r eg i s t r a t ion  fee for t he  congress  will  be  $ 5.00. Ac- 
c o m m o d a t i o n  can  be p rov ided  a t  a f la t  r a t e  of $ 7.00 per 
d a y  for r o o m  and  boa rd  to  those  who  r ema in  for the 
du ra t i on  of the  congress  or  t he  conference  or  both .  Ap- 
p l ica t ions  m u s t  be  sent  as soon as possible to  Prof. 
J. WALTER WILSON, D e p a r t m e n t  of Biology,  Brown 
Unive r s i ty ,  P rov idence  12, R. I.,  U S A .  Correspondence 
a b o u t  t he  congress  and  conference  can  be sent  to  Mr. 
G. A. NORTON, A d m i n i s t r a t i v e  Ass i s t an t ;  Deve lopmen-  
ta l  B io logy  Conference  Series 1956, N a t i o n a l  A c a d e m y  
of Sciences,  N a t i o n a l  Resea rch  Council ,  Div is ion  of Bio- 
logy, 2101 Cons t i tu t ion  Avenue ,  W a s h i n g t o n  25, D.C., 
U S A .  

B E L G I Q U E  

Congr6s international de cybern6tique 
26 au 29 ju in  1956 

La  P r o v i n c e  de  N a t a n t  organise,  sons le H a u l  Pa- 
t r onage  du Minis t6re  de l ' i n s t r uc t i on  pub l ique  et  de 
I ' U N E S C O ,  e t  sous la Pr6s idenee  d ' H o n n e u r  de Monsieur 
le G o u v e r n e u r  de la P rov ince  de N a m u r ,  un  congr6s in- 
t e r n a t i o n a l  de  cybe rn6 t ique  qu i  se t i end ra  ~ Namur  
(Belgique).  

Les personnes  qui  au ra i en t  l ' i n t en t i on  de part iciper  
au congr6s au t i t re  d ' aud i t eu r ,  d ' a u t e u r  de communi-  
ca t ion  ou d ' e x p o s a n t  de mat6r ie l ,  son t  pri6es de se faire 
connMtre  en ~c r ivan t  au Sec re t a r i a t  du congr~s inter- 
na t i ona l  de cybern~t ique ,  13, rue  Basse-Marcel te ,  Namur 
(Belgique).  Des  i n fo rma t ions  d6taill6es leur  se ront  en- 
voy6es.  E .  STtEFEL 


