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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.  
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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. 
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w i t h  a glass  1 a n d  p l a c e d  w h e r e  t h e  s i g h t  of t h e  s ky  was  
no t  o b s t r u c t e d  b y  ob j ec t s  of t he  l andscape .  T h e  an ima l s ,  
as a lways ,  c r o w d e d  u p  in d e t e r m i n e d  sec to rs  t r y i n g  to  
escape.  T h e i r  d i s t r i b u t i o n  was  r e c o r d e d  by  n ine  p h o t o -  
g r a p h s  t a k e n  b e t w e e n  10.38 and  11.05 h ( A r g e n t i n a  m e a n  
so lar  t ime) .  F i g u r e  1 r e p r e s e n t s  t he  t o t a l  d i s t r i b u t i o n  of 
t he  117 pos i t i ons  o b s e r v e d ,  t he  r e s u l t i n g  d i r ec t i on  of 
escape,  a n d  t h e  pos i t i on  of t h e  s un  a t  10.49 h ~ (average  
t i m e  in w h i c h  t h e  p h o t o g r a p h s  were  t a k e n ) .  Conse-  
q u e n t l y  t h e  a n i m a l s  on t he  a v e r a g e  keep  t h e  s un  on  
t h e i r  lef t  s ide b y  38 ° 30'. 

/¢ 

8 

As soon  as t h e  r e su l t s  of t h i s  e x p e r i m e n t  c a m e  to  m y  
k n o w l e d g e  '~, I p e r f o r m e d  a c o n t r o l l i n g  t e s t  in P i s a  w i t h  
t he  s a m e  n u m b e r  of s p e c i m e n s  a t  t h e  I t a l i a n  local  t i m e  
(14.38-15-05 h),  c o r r e s p o n d i n g  to  t h e  t i m e  of t he  a b o v e -  
q u o t e d  e x p e r i m e n t  in A r g e n t i n a .  T he  r e su l t  is s h o w n  in 
F i g u r e  2. T h e  a z i m u t h  of t h e  s un  a t  t h e  a v e r a g e  t i m e  
was a p p r o x i m a t e l y  254 ° , t h e  r e s u l t i n g  d i r e c t i o n  a m o n g s t  
t h e  117 pos i t i ons  of t h e  a n i m a l s  o b s e r v e d  was  291 ° . 
T h e r e f o r e  t he  a n i m a l s  keep  t h e  s un  on  t h e i r  lef t  s ide 
b y  37 °. The  s t a t i s t i c a l  ana lys i s  of t h e  r e su l t s  of t h i s  
e x p e r i m e n t  a n d  t h e  one  p e r f o r m e d  in A r g e n t i n a  show 
t h a t  t h e  d i f fe rences  b e t w e e n  t he  d i s t r i b u t i o n  in r e l a t i o n  
to  t h e  s u n  h a v e  no  s ign i f i cance  ( P  > 0-9). I m u s t  a c k n o w -  
ledge  t h a t  t h e  r e su l t s  agree  more  e x a c t l y  t h a n  was  to  be 
e x p e c t e d ,  cons ide r i ng  t h e  v a r i a b i l i t y  of t h e  o r i e n t a t i o n  
ang le  e v e n  a t  a d e t e r m i n e d  h o u r  of t h e  day .  

A n o t h e r  e x p e r i m e n t  was  m a d e  t o  e s t a b l i s h  w h i c h  
o r i e n t a t i o n  ang le  t h e  a n i m a l s  wou ld  a s s u m e  if t h e y  had  
c o m p e n s a t e d  for d i f fe rence  of l o n g i t u d e .  Nine  more  
p h o t o g r a p h s  were  t a k e n  in P i s a  of a g roup  of a n i m a l s  
p laced  in a ba s in  a t  a p p r o x i m a t e l y  10-03 h ( ave rage  
t ime) ,  i.e, t h e  I t a l i a n  t i m e  a t  w h i c h  t he  e x p e r i m e n t  was  
m a d e  in A r g e n t i n a  r e d u c e d  b y  t h e  d i f fe rence  of t he  t i m e  
b e t w e e n  P i sa  a n d  Rosa r i o  ( a p p r o x i m a t e l y  4.46 h).  T h e  
r e s u l t i n g  d i r e c t i o n  b e t w e e n  t h e  85 pos i t i ons  o b s e r v e d  
was 280 °, t he  ang le  w i t h  the  sun  156 ° (F igu re  3). T h e  
d i f fe rence  b e t w e e n  th i s  d i s t r i b u t i o n  a n d  t he  one  g iven  
b y  t h e  Rosa r io  e x p e r i m e n t  a p p e a r s  to  be  s t a t i s t i c a l l y  
s ign i f i can t  ( P  < 0,00I) .  

: For the experimental methods see L. PARD: and F. PAVl 1953, 
l.c. (pp. 461-463). 

I wish to express my gratitude to Com. ENRICO LAJ Of the 
Accademia Navale of Leghorn for assistance with the astronomical 
caleulation. 

a N. ARRmn:N:, in lit. June '26, 1954. 

The  a n i m a l s  b e h a v e d  t h e r e f o r e  a t  10-49 h in Rosa r i o  
in  t he  s a m e  m a n n e r  as t h e y  would  h a v e  b e h a v e d  in 
P i s a  a t  14-49 h. C o n s e q u e n t l y  i t  is p r o v e d  t h a t  t h e  
Talitrus, t r a n s f e r r e d  to  a d i f f e r en t  l ong i tude ,  a d j u s t  
t h e i r  o r i e n t a t i o n  ang le  w i t h  t h e  sun  a c c o r d i n g  to  t h e  
t i m e  of t h e  p lace  of or igin a n d  n o t  a c c o r d i n g  to  local  
t ime .  Th i s  p h e n o m e n o n  d e m o n s t r a t e s  t he  ex i s t ence  of 
a n  i n t e r n a l  sense  of t i m e L  

F, ]DAPI 

Institute o[ Zoology and Comparative Anatomy, Uni- 
versity of Pisa. October 28, ]954. 

Riassunto 
II  Cros t aceo  A n t i p o d e  Talitrus saltator (Mon tagu )  

poss iede  u n  m e c c a n i s m o  di  o r i e n t a m e n t o  so lare  che  gli 
p e r m e t t e ,  m e d i a n t e  u n a  v a r i a z i o n e  rego la re  e c o n t i n u a  
d e l l ' a n g o l o  ~i o r i e n t a m e n t o  neI corso  deI  g iorno,  di 
m a n t e n e r e  u n a  d i rez ione  di I u g a  p r a t i c a m e n t e  c o s t a n t e .  
E s e n l p l a r i  del  l i t o ra le  t i r r en ico ,  t r a s p o r t a t i  in  A r g e n -  
t ina ,  h a n n o  a s s u n t o  u n  ango lo  di o r i e n t a n l e n t o  col sole 
c o n f o r m e  a l l ' o r a  i t a l i a n a  nel  m o m e n t o  de l la  esper ienza .  
Ci6 d i m o s t r a  c h e l a  r ego laz ione  d e l l ' a n g o l o  di o r i e n t a -  
m e n t o  b d o v u t a  ad  u n  f a t t o r e  e n d o g e n o  e clog che  es is te  
in Talitrus un senso  del t e m p o .  

1 L. PARDI and M. GRASSI (cfr. this same number) comes to the 
same conclusion, following different method. 

Experimental Modification of Direction-Finding 
in Talitru$ saltafor (Montagu) and Talorchestia 
deshagesel (Aud.) (Crustacea-Amphipoda). 

B y  i n f l u e n c i n g  t h e  t i m e - k e e p i n g  m e c h a n i s m  ( " i n n e r e  
U h r " )  of s t a r l ings ,  K. FIoFFMANN 1 succeeded  in modi -  
fy ing  a g i v e n  d i r e c t i o n - f i n d i n g  t h a t  t he se  b i rd s  h a d  
l e a r n t  in  c o n n e c t i o n  w i th  t h e  pos i t i on  of t h e  sun.  

A f t e r  t r a i n i n g  t w o  s t a r l i ngs  to  f ind  food in  a g i v e n  
d i rec t ion ,  HOFFMANN" p laced  t h e  b i rd s  in  a d a r k  r o o m  
a n d  s u b j e c t e d  t h e m  to  a n  i l l u m i n a t i o n  6 h b e h i n d - h a n d  
in r e spec t  to  n o r m a l  c o n d i t i o n s ,  i.e. t h e  a n i m a l s  were  
k e p t  in  a r t i f i c i a l  l i gh t  f r o m  6 h a f t e r  local  sun r i s e  to  
6 h a f t e r  local  sunse t .  Tile t e m p e r a t u r e  also was  a d j u s t e d  
to  c o n f o r m  w i t h  t h e  new  l i gh t  cond i t i ons .  Af t e r  12-18  
d a y s  of t h i s  t r e a t m e n t ,  t h e i r  s t e e r i n g  b y  t he  sun  Ior  t h e  
d i r e c t i o n  t h e y  h a d  l e a r n t  was  mod i f i ed  e x a c t l y  as 
e x p e c t e d .  F o r  e x a m p l e ,  t h e  b i r d  t r a i n e d  to  f ind  food 
to  t h e  wes t  n o w  s o u g h t  i t  t o w a r d s  n o r t h ,  w h i c h  c a n  
eas i ly  be  a c c o u n t e d  for, on  reco l l ec t ing  t h a t  t h e  " i n t e r n a l  
w a t c h "  of t h e  a n i m a l  was  6 h la te .  HOFFMANN, m o r e -  
over ,  p r o v e d  t h a t  w h e n  t he  a n i m a l s  are a g a i n  s u b j e c t e d  
to  n o r m a l  c o n d i t i o n s  of l i g h t  (in t he  o p e n  air),  t h e y  
r e t u r n  to  t h e  d i r e c t i o n  l e a r n t  in  t h e i r  e a r ly  t r a i n i n g  
w i t h i n  a pe r iod  of h o t  m o r e  t h a n  12 days .  

I t  was  i n t e r e s t i n g  to  a p p l y  t h i s  b e a u t i f u l  e x p e r i m e n t  
of HOFFMANN to  Talitrus, for  t h i s  A m p h i p o d  c a n  s t ee r  
i ts  course  on  the  shore  in re fe rence  to  t h e  a z i m u t h a l  
pos i t i on  of t he  sun  (mi r ro r  e x p e r i m e n t )  (PARu~ a n d  PAPI ; 
AURICH in v o N  BUDDENBROCK; PAPI a n d  I°ARDI2). 

S p e c i m e n s  r e m o v e d  f rom t h e  m o i s t  s a n d  r e t u r n  to  
i t  a t  a n y  t i m e  of day ,  a l w a y s  fo l lowing  a more  or  less 

X K. HOFFMANN, Naturwissensehaften 40, 608 (1953). 
2 L. PARDI and F. PAPI, Naturwissenschaften 39, 16~ (1952); 

Z. vgl. Physiol. 36, 459 (1953), - AURICH in W. yon BUDDENBROCK, 
Sinnesphysiologie, Verlag Birkhfiuser (1952). - F. PAPI and L. 
PARD], Z. vgl. Physiol. 35, 490 (1953), 


