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s h e a t h  wou ld  be s h o r t - c i r c u i t e d  b y  a r a t h e r  low leak  
r e s i s t ance  (500 D c m  2 as  a g a i n s t  2000,0.cm~ in f r o g s k i n ) .  
There fore ,  whi le  i t  s eems  of i n t e r e s t  to  r e p o r t  t he  abs ence  
of a n y  la rge  p o t e n t i a l  d i f ference ,  i t  wou ld  no t  be  per-  
miss ib le  to  dec ide  for  or a g a i n s t  an  ion " p u m p " .  

The present work was carried out during the tenure of a National 
Science Foundation fellowship. My gratitude is due to Prof. A. YON 
MUR.SLT for hospitality and generous loan of equipment. I also wish 
to thank Prof. R. STK~*eH.~ and Dr. S. WEIDMANN for advice and 
criticism. 

M. NICELY 
Halleriauum, Berne, January 27, 1955. 

Zusammen[assung 

An der  b i n d c g c w c b i g e n  Hfil le des  F rosch i~ch iad icus  
( E p i n e u r i u m  plus  P c r i n c u r i u m )  k o n n t e  ke ine  n e n n e n s -  
w e r t e  P o t e n t i a l d i f l e r e n z  ( <  10 mV) g e f u n d e n  w ( r d c n .  

~ber  einen Bahnungseffekt  bei sukzessiver 
Einwirkung von vestibul~iren und optokinetischen 

Reizen 

B e k a n n t l i c h  kOnnen  ves t i bu l / i r e r  u n d  o p t o k i n e t i s c h e r  
N y s t a g m u s  i n t e r f e r i e r e n  u n d  - bei  R i c h t u n g s v e r s c h i e -  
d e n h e i t  - e i n a n d e r  k o m p l e t t  aus I6schen  ~. D a b e i  h a n d e l t  
es s ich ke ineswegs  u m  eine e in fache  m e c h a n i s c h e  Super -  
pos i t i on  de r  N y s t a g m u s p h a s e n ,  s o n d e r n  u m  eine in te -  
g r a t i v e  V e r a r b e i t u n g  de r  aus  d e n  b e i d e n  S i n n e s s y s t e m e n  
e i n s t r O m e n d e n  E r r e g u n g e n .  Diese  T a t s a c h e  b i l d e t  e ine  
w e s e n t l i c h e  S t i i t ze  ftir die A n n a h m e ,  da s s  be ide  N y s t a g -  
m u s f o r m e n  ein  g e m e i n s a m e s  K o o r d i n a t i o n s z e n t r u m  be-  
s i tzen .  Die  bei  aus sch l i e s s l i che r  V e r w e n d u n g  v o n  Simul-  
t a n r e i z e n  b e o b a c h t e t e n  E f f ek t e  l eg ten  es nahe ,  die Ver-  
h / i l tn i sse  bei  S u k z e s s i v r e i z u n g  zu u n t e r s u c h e n .  

Bei  9 j u n g e n  K a n i n c h e n  (0,4-O,9 kg) w u r d e n  die 
A u g e n b e w e g u n g e n  e l e k t r o n y s t a g m o g r a p h i s c h  aufge-  
n o m m e n .  Das  waehe ,  n u r  m i t  e i n e m  K o p f h a l t e r  f ix ie r te  
T ie r  sass  in n a t f i r l i c h e r  H a l t u n g  a u f  e ine r  kuge lge lage r -  
t en  u n d  m i t  g rossen  M a s s e n  b e l a s t e t e n  D r e h s c h e i b e ,  de r  
d u r c h  eine T o r s i o n s f e d e r  e ine  k o n s t a n t e  YVinkelbe- 
s c h l e u n i g u n g  e r t e i l t  w e r d e n  k o n n t e .  G le i chze i t i g  b e f a n d  
sich das  Tie r  im I n n e r e n  e ines  D r e h z y l i n d e r s ,  de r  e in  
R e i z m u s t e r  yon  s chwarz - w e i s s en  s e n k r e c h t e n  S t r e i f en  
(Bre i te  11 °) t r u g  u n d  d u r c h  e inen  K y m o g r a p h i o n m o t o r  
m i t  v a r i a b l e r  G e s c h w i n d i g k e i t  i m  oder  gegen  den  U h r -  
ze igers inn  r o t i e r t  w e r d e n  k o n n t e .  Auf  G r u n d  yon  Vor -  
v e r s u c h e n  w u r d e  als v e s t i b u l S r e r  Reiz  e ine  \Vinke l -  
b e s c h l e u n i g u n g  yon  11°/s 'a u n d  8 s Daue r ,  fiir den  op to-  
k i n e t i s c h e n  Reiz  e ine S t r e i f e n g e s c h w i n d i g k e i t  y o n  10°/s 
gew~thlt. Die V e r s u c h e  w u r d e n  im v e r d u n k e l t e n  R a u m  
d u r c h g e f i i h r t ,  so dass  die ve s t i bu l / i r e  R e i z u n g  u n t e r  
k o m p l e t t e r  A u s s c h a l t u n g  a l le r  o p t i s c h e r  t~eize gese t z t  
w e r d e n  k o n n t e ,  w g h r e n d  die fo lgende  o p t o k i n e t i s c h e  
R e i z u n g  d u r c h  g le ichze i t ige  E i n s c h a l t u n g  yon  I n n e n -  
b e l e u c h t u n g  und  M o t o r  des  D r e h z y l i n d e r s  b e g o n n e n  
wurde .  Beg inn  und  E n d e  de r  b e i d e n  1Reize w u r d e n  in d e n  
A u f n a h m e n  m a r k i e r t .  Die R e g i s t r i e r u n g  de r  E l e k t r o n y -  
s t a g m o g r a m m e  er fo lg te  in a n a l o g e r  \ ¥e i se  wie in fr i ihe-  
t en  V e r s u c h e n  be im M e e r s c h w e i n c h e n  2. 

De r  o p t o k i n e t i s e h e  N y s t a g m u s  wi rd  b e i m  K a n i n c h e n  
d u r c h  s t i l l s t e h e n d e  K o n t r a s t e  im Ges i ch t s f e ld  st /~rker 
g e h e m m t  u n d  ist  d a h e r  schwie r ige r  a u s z u l 6 s e n  als b e i m  

1 E. Ht:~zL~(;.~ nnd P. vAN I}ER MI~CL~.:.V, Ann. Otol. a0, 9~7 
(lf151). 

2 It. BORNSCnE~" und G. SCHtn~EIaT, Z, Biol. 107, 95 (1951). 

M e n s c h e n  ('rER BRAAKI). Wie  A b b i l d u n g  A zeigt ,  en t -  
wicke l te  c r  s ich a u c h  u n t e r  d e n  v o r l i e g e n d e n  Versuchs -  
b e d i n g u n g e n  n u r  al lm~thlich,  wobe i  e r s t  n a c h  m i n u t e n -  
l a n g e r  R e i z u n g  e in  s ta t iong . re r  Z u s t a n d  e r r e i c h t  wurde .  
H i n g e g e n  k a m  es n a c h  e ine r  k u r z e n  D r e h b e s c h l e u n i -  
gung ,  die e inen  k u r z d a u e r n d e n  vest ibul~iren N y s t a g m u s  
c rzeugte ,  zu e ine r  s c h l a g a r t i g e n  E n t w i c k l u n g  der  op to-  
k i n e t i s c h e n  R e a k t i o n  (Abb.  B).  Von b e s o n d e r e r  Be-  
d e u t u n g  is t  d a b e i  die T a t s a c h e ,  dass  d iese r  Bahnung. , : -  
e f fek t  v o m  1~ i c h t u n g s v e r h ~ l t n i s  de r  b e i d e n  Sukzess iv re ize  
p r inz ip ie l l  u n a b h / i n g i g  w a r  u n d  a u c h  n o c h  bei  Reiz-  
h l t e r v a l l e n  yon  5 s rege lmgss ig  a u f t r a t .  Dieser  wesen t -  
l iche U n t e r s c h i e d  gegen i ibe r  den  b e k a n n t e n  i n t e r f e r e n z -  
e f f ek t en  bei  S i m u l t a n r e i z u n g  k o n n t e  d u r c h  B e o b a c h t u n -  
gen  bei  o p t o k i n e t i s c h e r  D a u e r r e i z u n g  u n d  f ibe r l age r t e r  
k u r z e r  D r e h b e w e g u n g  bes t / i t i g t  w e r d e n :  T r o t z  kom-  
p l exe r  t 3 e d i n g u n g e n  u n d  d e m e n t s p r e c h e n d e r  Ver sch ie -  
d e n h e i t  de r  I n t e r f c r e n z b i l d e r  r e su l t i e r t e  als  i i b e r d a u e r n -  
t ier  E f f e k t  n i ema l s  e ine  A b s c h w / t c h u n g ,  h / iuf ig  a b e r  e ine  
Vers t /~rkung  de r  o p t o k i n e t i s c h e n  R e a k t i o n .  D a  de r  be-  
s c h r i e b e n e  B a h n u n g s e f f e k t  a u c h  n a c h  ve rh~ l tn i smXss ig  
l a n g e n  I n t e r v a l l e n  zwischen  den  b e i d e n  h e t e r o g e n e n  
Sukzes s iv re i zen  auszu l6sen  war ,  is t  die Be t e i l i gung  e ines  
Z w i s c h e n n e u r o n e n l a g e r s  a n z u n e h m e n ,  dessen  S y n a p s e n -  
r c i c h t u m  eine  e n t s p r e c h e n d e  P e r s i s t e n z  de r  A k t i v i t g t  
gewghr l e i s t e t .  I n  e r s t e r  L in ie  k o m m t  h ie r f i i r  das  y o n  
H. V¢. MAGOUN aus f f ih r l i ch  u n t e r s u c h t e  re t ikul f i rc  B a h -  
n u n g s s y s t e m  des H i r n s t a m m e s  in F r a g e  2. 
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Elektronystagmogramme (I-2aninchen). - A Optokinetische Reizung 
(Drehzylinder linksdrehcnd). - /30ptokinetisehe Reizung (wie bei 
,4) nach kurzer vestibul~rer Reizung (Reehtsdrehung), ReizintervalI 

etwa 1,5 s. C Vestibut~re Reizung (wie bei B). 

\ V e n n  a u c h  die u n t e r s u c h t e  R e i z s i t u a t i o n  (zei t l iche 
T r e n n u n g  yon v e s t i b u l ~ r e m  u n d  o p t o k i n e t i s c h e m  Reiz) 
in b io logb:cher  H i n s i c h t  e inen  h o h e n  G r a d  y o n  U n w a h r -  
s c h e i n l i c h k e i t  bes i t z t ,  so e r s c h e i n t  doch  der  nachgewie -  
sene  B a h n u n g s e f f e k t  s innvo l l .  D a  bei den  n i c h t  f ix ie ren-  
den  T i e r e n  de r  re in  s u b k o r t i k a l  g e s t e u e r t e  o p t o k i n e t i s c h e  
N y s t a g m u s  u n t e r  N o r m a l b e d i n g u n g e n  n u r  d u r c h  gleich-  
s inn ige  V e r s c h i e b u n g  de r  Ges i ch t s f eh t e r  ausge l6 s t  wird,  
wie  sic p r a k t i s c h  n u r  bei  d r e h e n d e n  E i g e n b e w e g u n g e n  
a u f t r i t t ,  b e s t e h t  in de r  b io log i schen  R e i z s i t u a t i o n  e ine  
zwangsl / iu  fige K o p p e l u n g  m i t  l a b y r i n t h g r e n  R e a k t i o n e n .  

1 j .  ~,.V.G. TV:R BRAAK, Arch. N(terl, Pilysiol. 21, 3o9 (1936). 
2 D. B. IAND,~LEV, Res. Publ. Ass. nerv .  ment .  Dis. ,70, 174 (1952). 
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Dies 1/isst a n n e h m e n ,  dass die o p t o m o t o r i s c h e  R e a k t i o n  
bei d iesen Tieren nu r  eine kon t ro l l i e rende  Hi l f s funk t ion  
da r s te l l t ,  die im Bedar fs fa l l  d u r e h  vestibul~ire Reak t io -  
nen  sch laga r t ig  ak t i v i e r t  wird.  

H .  BORNSCHt~2IN u I l d  F .  K R E J C I  

Physiologisches tnst.itut der Universitiit Wien und 
1. Universitiitsklinik /iir Ohren-, Nasen- "und Kehlkop/- 
hranhheiten, Wien, den l J. Dezember 1954. 

S u y ~ , ~ a f  y 

In  the  r a b b i t  r o t a t o r y  ve s t i bu l a r  s t imu la t i on  fol lowed 
by  o p t o k i n e t i c  s t i m u l a t i o n  has  a pe r s i s t ing  fac i l i t a to ry  
effect  on t h e  la t te r .  The fac i l i t a t ion  is i n d e p e n d e n t  of 
t he  d i rec t ion  of the  second  s t imulus  re la t ive  to the  f i rs t  
one.  I t  can  t he r e fo re  no t  be e x p l a i n e d  on the  basis  of the  
we l l -known  a d d i t i o n  ef fec t  in s i m u l t a n e o u s  s t imu la t ion .  
The  neu rophys io log i ca l  a n d  biological  a spec t s  of the  
p h e n o m e n o n  are d iscussed .  

E x p e r i m e n t s  o n  the  S e n s e  of  T i m e  in  Talitrus 
saltator ( M o n t a g u )  ( C r u s t a c e a - A m p h i p o d a )  

R e c e n t  r e sea rches  h a v e  shown  t h a t  the  a m p h i p o d  
Talilrus saltator (Montagu)  has  a na tu r a l  o r i en t a t i on  
m e c h a n i s m  based  on the  pos i t ion  of the  sun, which  
p e r m i t s  it  to  m a i n t a i n  a d e t e r m i n e d  c o n s t a n t  d i rec t ion  of 
escapeL The  o r i e n t a t e d  escape  reac t ion  is re leased when  
an ima l s  l iv ing on  the  d a m p  sand  of t h e  beach  are t r an s -  
fe r red  to  a d r y  place,  w h e r e u p o n  t h e y  a t t e m p t  to  r e t u r n  
to  t he  sea, fo l lowing a line a p p r o x i m a t e l y  a t  r igh t  angles  
to  t he  coast .  The  p o p u l a t i o n  which  was the  p r inc ipa l  
ob jec t  of the  a foresa id  research  live a t  S. RossoR~,  n e a r  
Pisa,  on a coas t  which  runs  a p p r o x i m a t e l y  in a N o r t h -  
Sou th  d i rec t ion  wi th  the  sea ly ing wes twards .  The escape  
d i rec t ion  of the  ind iv idua l  m e m b e r s  of th is  p o p u l a t i o n  
osci l lates  the re fo re  a r o und  an a z i m u t h  of 270 °2. 

To m a i n t a i n  th is  c o n s t a n t  escape  di rec t ion,  the  ani-  
nlals a s sume  an angle wi th  the  sun which var ies  dur ing  
the  course  of t h e  day  f rom be tween  a p p r o x i m a t e l y  180 ° 
and  0% The  o r i en t a t i on  angles  decrease  f rom m o r n i n g  till  
sunse t  w i t h  t h e  decreas ing  of the  d i s t ance  of the  sun 
f rom t h e  \Vest .  The an ima l s  in the i r  escape  a lmos t  a l w a y s  
keep  the  sun  on the i r  lef t  side, e x c c p t  w h e n  the  sun is 
b e t w e e n  E a s t  a n d  N o r t h  or b e t w e e n  W e s t  a n d  Nor th .  

N u m e r o u s  e x p e r i m e n t s  h a v e  been  m a d e  to  d i scover  
w h a t  m e c h a n i s m  the  an ima l s  use to  modi fy ,  in a 
regular  and  con t inuous  m a n n e r ,  t he i r  o r i e n t a t i o n  angle 
w i th  t he  sun dur ing  the  course of the  day  3. Since the  
inf luence  of all p r inc ipa l  e x t e r n a l  fac to rs  on the  ad-  
j u s t m e n t  of the  o r i en t a t ion  anglG as for e x a m p l e  
the  v a r i a t i o n  of t h e  sun ' s  he igh t  on the  hor izon,  were  
exc luded,  it was  jus t i f iab le  to  conc lude  t h a t  the  reac t ion  
d e p e n d e d  on an in t e r io r  physio logica l  m e c h a n i s m  or, in 
o t h e r  words,  on a p r o pe r  sense of t ime  in the  animals .  

To th i s  series of ind i rec t  proofs  of t he  ex i s t ence  of a 
sense of t ime,  I can  now a d d  a d i rec t  p roof  g iven  by  a 
new e x p e r i m e n t ,  t he  logic p r e suppos i t i on  of which is as 

t I.. PARDI and F. Pare,  Na tu rwissenschaf ten  39, 262 (195~2); Z. 
vgl. Physiol .  3~, 459 (1953). 

2 The azimuths and resulting directions are in degrees from 
North through East-South-West. 

3 F. PAPI and L. PARDI, Z. vgl. Physiol. 85, 49() (195.~J). 

follows: Since the  Talilrus makes  a d i f fe ren t  angle 
wi th  the  sun at  each hour  of t he  day,  if it were t r ans -  
ferred to a t a n g i b l y  d i f f e r en t  longi tude ,  would  it behave  
according  to  t he  t ime  of t h e  place of origin, or acco rd ing  
to local t ime  ? In  t he  fo rmer  case,  t h e  ex i s t ence  of an 
in te rna l  t i m e - k e e p i n g  m e c h a n i s m  will be d e m o n s t r a t e d ,  
while  the  l a t t e r  case would  s h o w  t h a t  t he  w id th  of 
the  angle wi th  the  sun  is a d j u s t e d  accord ing  to  e x t e r n a l  
fac tors .  Similar e x p e r i m e n t s  h a v e  been p l a n n e d  long ago 
by FR~SCH ~ for bees bu t  no t  ve t  ca r r ied  out .  

• ":" ' i: 

V/ 

s 1 

Las t  J u n e  as N. ARRIGttlNI (P ie t r a san ta ,  Lucca) h a d  
to  go to  A r g e n t i n a  he k indly  offered to make  the  exper i -  
m e n t .  I wish to  express  h e r e w i t h  my  sincere a p p r e c i a t i o n  
of his in t e res t  and  of the  accuracy  wi th  which  he  per-  
fo rmed  th i s  e x p e r i m e n t .  

N 

A group  of Talitrus of S. Rossore  (be longing  to  tile 
s a m e  popu la t ion  of which t h e  escape  d i rec t ion  has 
been  descr ibed  above)  was  co l lec ted  on the  10n~ of 
J u n e  and  kep t  ill t he  da rk  unt i l  t he  t i m e  of t he  exper i -  
m e n t  made  in Rosar io  de S a n t a  1:6 on the  folh)wing 24 TM 
of June .  Th i r t een  Talilrus were p u t  in a basin covered  

1 K. VON FRISCII, .4US dem Leben der B ieue ,  (Springer-Verlag 
Berlin,  1941), pp. 123-1'21. 


