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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'. 
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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), 
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s t r a i g h t  t r a c k ,  whose  ang le  w i t h  t h e  s u n  var ies  c o n t i n u -  
a l ly  d u r i n g  t h e  course  of day .  T h e  fac t  t h a t  he re  t he  s u n  
is t h e  p r e - e m i n e n t  f a c t o r  of o r i e n t a t i o n ,  as  i t  is in bees  
(v. FRISCH:) a n d  in b i rd s  (KRAMER, MATTHEWS2}, seems  
to  imp ly ,  e v e n  in t h e  case of Talitrus, a c a p a c i t y  for  
t a k i n g  t h e  t i m e  of d a y  i n t o  a c c o u n t  (PARDI a n d  PAPL 
PAPI a n d  PARDI~). I n  t he se  ea r l i e r  paper s ,  t h e  a u t h o r s  
a d v a n c e d  t h e  o p i n i o n  t h a t  t h e  da i l y  a d j u s t m e n t  of t h e  
ang le  of o r i e n t a t i o n  d e p e n d e d  on  a n  e n d o g e n o u s  f a c t o r  
ba sed  on  processes  fo l lowing  a da i ly  r h y t h m  ("Zeitsinn"), 
a n d  a t  t h e  s a m e  t i m e  t h e y  e x c l u d e d  t he  in f luence  of 
v a r i o u s  e x t e r n a l  f ac to r s  on  th i s  a d j u s t m e n t .  

HOFFMANN'S e x p e r i m e n t  was  m o s t  a p p r o p r i a t e  for 
t e s t i n g  t h e  v a l i d i t y  of such  a h y p o t h e s i s  for Talilrus. 

H a v i n g  a s c e r t a i n e d  in some  r e c e n t  u n p u b l i s h e d  ex-  
p e r i m e n t s  t h a t  Talorchestia deshayesei (Audou in )  a lso 
possesses  t h i s  s a m e  m e c h a n i s m  of o r i e n t a t i o n ,  we e x t e n d -  
ed  ou r  e x p e r i m e n t s  to  t h i s  species.  T he  p o p u l a t i o n  of 
Tal~trus saltator of San  Rosso re  (Pisa) ,  whe re  t h e  c o a s t  
l ine  fol lows a p p r o x i m a t e l y  a N.-S.  d i r e c t i o n  a n d  t he  sea  
lies to  t h e  wes t ,  h a s  a n  a v e r a g e  da i ly  l ine  of e scape  
t o w a r d s  263 ° (in M a y  a n d  June ) .  T h e  s p e c i m e n s  of 
Talorchestia deshayesei were  g a t h e r e d  in L a v a g n a  ( E a s t  
R iv ie ra ) ,  w h e r e  t h e  coas t  l ine  r u n s  in a N . \V . -S .E .  
d i r ec t ion .  T h i s  p o p u l a t i o n  ha s  a n  a v e r a g e  l ine of move -  
m e n t  t o w a r d s  216 °, i.e. r o u g h l y  t o w a r d s  S.W.,  as was 
a s c e r t a i n e d  in a l im i t ed  n u m b e r  of t e s t s  ca r r i ed  o u t  t h i s  
spr ing .  

A t  T u r i n  t h e  fo l lowing  e x p e r i m e n t s  were  p e r f o r m e d :  
(1) Talitrus saltator ( M a r c h - J u n e ) .  E x p e r i m e n t a l  

b a t c h :  f rom 12 to  24 h, a r t i f i c ia l  l i g h t  a n d  t e m p e r a t u r e  
24°C;  f r o m  24 to  12 h, d a r k n e s s  a n d  t e m p e r a t u r e  v a r y -  
ing s o m e w h e r e  b e t w e e n  15cC a n d  19°C. C o n t r o l s :  a 
b a t c h  in  n o r m a l  c o n d i t i o n s  of l i gh t  a n d  t e m p e r a t u r e .  

(2) Talitrus saltator ( April- June).Experimental  batch : 
f rom 12 to  24 h, a r t i f i c ia l  l i g h t ;  f r om 24 to  12 h, d a r k n e s s ;  
t e m p e r a t u r e  c o n s t a n t  t h r o u g h o u t ,  2 4 ° ~  0,5°C. Con-  
t ro l s :  one  s ingle  b a t c h  in n o r m a l  c o n d i t i o n s  ot l i gh t  a n d  
t e m p e r a t u r e .  

(3) Talitrus saltator ( M a y - J u n e ) .  E x p e r i m e n t a l b a t c h :  
f rom 12 to  24 h, a r t i f i c ia l  l i gh t  ; f rom 24 to  12 h d a r k n e s s  ; 
v a r i a b l e  r o o m - t e m p e r a t u r e .  Con t ro l s  : as in t h e  p r e c e d i n g  
ex icer iment .  

(4) Talorchestia deshayesei (June- Ju ly) .  E x p e r i m e n t a l  
b a t c h :  a r t i f i c ia l  l i gh t  f rom 6 h a f t e r  local  sunr i se  to  6 h 
a f t e r  local  s u n s e t  (Tur in) ,  V a r i a b l e  r o o m - t e m p e r a t u r e .  
Con t ro l s  : a r t i f i c ia l  l igh t  f rom local sunr i se  to  local  s u n s e t  
a n d  v a r i a b l e  r o o m - t e m p e r a t u r e .  

(5) Talorchestia deshayesei ( J u n e - J u l y ) .  Ar t i f i c ia l  
l i gh t  f rom 12 h a f t e r  local  s un r i s e  to  12 h a f t e r  local  
sunse t .  Con t ro l s  : as  in t he  p r e c e d i n g  e x p e r i m e n t .  

T h e  d a y  foI lowing t h e  c o m m e n c e m e n t  of t h e  exper i -  
m e n t ,  a n d  l a t e r  a t  more  or  less r e g u l a r  i n t e r v a l s  in  con-  
n e c t i o n  w i t h  me t eo ro log i ca l  cond i t i ons ,  5 s p e c i m e n s  of 
e ach  b a t c h  ( b o t h  e x p e r i m e n t a l  b a t c h e s  a n d  con t ro l )  were  
exposed  to  t he  s u n l i g h t  a n d  t h e i r  o r i e n t a t i o n  was 
r eg i s t e red  b y  m e a n s  of r epea t ed  coun t s .  T h e  o r i e n t a t i o n  
t e s t s  were all  m a d e  b e t w e e n  15.00 a n d  16.00 for  exper i -  
m e n t s  1 -4 ;  b e t w e e n  16h30 '  a n d  17h30 '  for  e x p e r i m e n t  5. 

T h e  es sen t i a l  conc lus ions  are  t h e  fo l lowing:  
(1) S h i i t i n g  t h e  per iod  of i l l u m i n a t i o n ,  as in exper i -  

m e n t s  1-4, t h e  l ine of m o v e m e n t s  is s h i f t ed  c o n s t a n t l y ,  
t h o u g h  to  a v a r y i n g  e x t e n t ,  in t h e  e x p e c t e d  d i rec t ion ,  
i.e. t o w a r d s  n o r t h .  In  f igure  1 t he  a v e r a g e  l ine of escape  
for  Talilrus saltalor (268 ° b e t w e e n  15 a n d  16 h in t he  

1 K. VON FRISCtI, Exper. 6, I42 (1949}. 
2 G. KRAtaEa, Exper. 94, "265 (1952). - B. V. T. MATTHgWS, 

J. Exp. Biol. 30, 243 (1953). 
a See footnote 2, p. 20"2, loe. eit. 

s p r i n g  m o n t h s  1) c o n s i d e r e d  e q u a l  to  0 °, whi le  all t h e  
r e s u l t a n t  d i r e c t i o n s  o b s e r v e d  f r o m  t h e  f o u r t h  t o  t h e  
26 th d a y  a f t e r  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  a re  s h o w n  
as d e v i a t i o n s  in degrees  f rom t h e  a v e r a g e  l ine of escape ,  
w i t h  pos i t ive  v a l u e s  w h e n  t he  d e v i a t i o n  is t o w a r d s  

I 
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Fig. l.-Talitrus saltator (Montagu). Experiment I-3 (artificial light 
from 12 h to 24 h): observed resultant directions of the control 
(white circles) and experimental individuals (Mack circles) are shown 
as deviation in degrees from the average line of escape considered 

equal to 0% Other explanation in text. 

n o r t h ,  wi th  n e g a t i v e  va lues  w h e n  t o w a r d s  sou th .  T h e  
d e v i a t i o n s  o b t a i n e d  v a r y  for  t h e  s p e c i m e n s  u n d e r  ex-  
p e r i m e n t  f rom a m i n i m u m  of + 45 ° to  a m a x i m u m  of 
+ 146 ° w i t h  an  a v e r a g e  of + 85°; to r  t h e  con t ro l s ,  w h i c h  
a b o  show a s l i gh t  sh i f t i ng  n o r t h w a r d s  in t h e i r  l ine  of 
m o v e m e n t  ( +  17°), t h e  m i n i m u m  a n d  m a x i m u m  va lues  
f o u n d  r e s p e c t i v e l y  are  -- 16 ° ( s o u t h w a r d  d e v i a t i o n )  a n d  

38 ° . T h e  d i f fe rence  ( + 6 8  ° ) b e t w e e n  t he  two  d i s t r i b u -  
t ions  is s t a t i s t i c a l l y  s i gn i f i c an t  ( P  < 0.01). 

O O 

+5 O0 /" - 

+ 180 o 

- 90 ° 

Fig. 2.-Talorchestia deshayesei (Audouin). Experiu~ent 4 (artificial 
light from 6 hours after sunrise to 6 hours after sunset). Explanation 

as in Figure 1. 

F i g u r e  2 shows  t h e  r e su l t s  o b t a i n e d  w i t h  Talorchestia, 
w h i c h  c o r r e s p o n d  e x a c t l y  t o  t h o s e  o b t a i n e d  w i t h  Tall- 

1 I., PARm and F. Pap:, Z. vgl. Physiol. 35,470 (1!i53). 
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trus. While  con t ro l s  p r e s e n t  a smal l  d e v i a t i o n  in t h e i r  l ine 
of  m o v e m e n t  (+  5 ° in average)  t h e  s p e c i m e n s  u n d e r  
e x p e r i m e n t  h a v e  a m a r k e d  n o r t h w a r d  dev i a t i on  (+  86 ° 
in average) .  (Difference b e t w e e n  con t ro l s  a n d  exper i -  
m e n t a l  spec imens  = + 81 °, P < 0.01). 
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Fig. 3.-Taloreheslia deshayesei (Audouin). Experiment 5 (artificiM 
light from 12 h after sunrise to 12 h after sunset). Explanation as in 

Figure l. 

T h o u g h  t h e  causes  of t he  cons ide rab le  v a r i a b i l i t y  
w h i c h  was  n o t e d  are  as y e t  to  be inves t iga t ed ,  i t  is  
de f in i t e ly  a s c e r t a i n e d  t h a t  changes in the period of illumi- 
nation, as desc r ibed  above ,  cause a deviation o[ [light very 
near, in average value, to what was expected (+ 90°). In  
o t h e r  words ,  t h e  an imal s  u n d e r  e x p e r i m e n t ,  exposed  to  
the  a f t e r n o o n  sun,  b e h a v e  as if i t  were  morn ing .  

N 

~3 

Fig. 4a.-Talorchestia deshayesei (Audouin). Experiment 5 (artificial 
light from i2 h after sunrise to 12 h after sunset}. Observed positions 
of the eo**~rol individuals between 17 h 07' and t7 h 12' on 19 th of 
July, 9 days Mter the beginning of the experiment. Each circle: 
5 observed positions of the animals which show a very little devia- 

tion from the average line of escape (216°). 

(2), The  dev ia t ion  in t h e  l ine of escape  t a k e s  place b y  
degrees  and ,  wi th in  t h e  f i rs t  four  d a y s  of t r e a t m e n t ,  
r eaches  its m a x i m u m ,  wh ich  is s u b s e q u e n t l y  m a i n t a i n e d  
w i t h  more  or  less cons ide rab le  f luc tua t ions .  

(3) Also with a c o n s t a n t  t e m p e r a t u r e  ( e x p e r i m e n t  2), 
r esu l t s  were  i n s t r u c t i v e :  a cons ide rab le  sh i f t  of l ine of 
e scape  h a v i n g  been  o b t a i n e d  in t h e  e x p e c t e d  d i r ec t ion  
(average of 1 0 0 ° ) ;  th is  p roves  t h a t  t h e  n o r m a l  da i ly  
va r i a t i ons  of t e m p e r a t u r e  h a v e  no pe rcep t i b l e  inf luence  
on t h e  processes  b y  which  the  angle  of d i rec t ion  is 
r egu la t ed .  

(4) W h e n  t h e  ind iv idua l s  used in t hese  e x p e r i m e n t s  
were  r e t u r n e d  to  n o r m a l  condi t ions ,  i.e. to  n a t u r a l  l ight  
or even  to  ar t i f icial  l igh t  s y n c h r o n i z e d  w i t h  local  day -  
l i g h t - t i m e  (i.e. f rom d a w n  to  sunset )  t h e y  all r e t u r n e d  
g radua l ly ,  w i th in  t he  space  of 4 days ,  to  t he i r  n o r m a l  
line ol  escape .  

(5) W h e n  l igh t  is g iven  in per iods ,  w h i c h  are  12 h 
b e h i n d  n o r m a l  d a y l i g h t  t i m e  ( e x p e r i m e n t  5 w i t h  Tal- 
orchestia), t h e  c h a n g e  of t h e  l ine of m o v e m e n t  in  t h e  
fo reseen  d i r ec t ion  is st i l l  more  m a r k e d  (average o f +  162 °) 
(Fig. 3 a n d  4) ; t h e  an ima l s  e x p o s e d  to  s u n l i g h t  la te  in t h e  
a i t e rnoon ,  b e h a v e  as if i t  were  ea r ly  m o r n i n g L  
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Fig. 4b.-Talorchestia deshayesei (Audouin). Experiment 5 (artificial 
light from 12 h after sunrise to lg h after sunset). Observed positions 
of the experimental individuals between 16 h 5!~' and I7 h 00 on 19 th 
of July, 9 days after the beginning of the experiment. Each circle: 
5 observed positions of the individuals which show a very great 
deviation from the average line of escape (Ig16°). The line of escape 
of the controls (~37 °) and the deviation from the controls is also given 

(6) T o g e t h e r  w i t h  o r i en t a t i on ,  r h y t h m  of sur face  
a c t i v i t y  also c h a n g e s :  In  e x p e r i m e n t  1, r e p e a t e d  c o u n t s  
of  t h e  n u m b e r  of an ima l s  on t h e  sur face  s h o w e d  t h a t  
t h e  curve  of  a c t i v i t y  was r e t a r d e d  b y  a b o u t  5 h as 
c o m p a r e d  w i t h  t h a t  of con t ro l s  k e p t  in n a t u r a l  l ight .  

These  are  t h e  resu l t s  of t he  "HOFFMANN e x p e r i m e n t s " .  
I n  t h e  p r e s e n t  e x p e r i m e n t ,  an a t t e m p t  has  also been  
m a d e  to  m o d i f y  t h e  l ine Of m o v e m e n t  by  ra is ing  a n d  
lower ing  t e m p e r a t u r e .  D u r i n g  18 h p r eced ing  t h e  exper i -  
m e n t  in sun l igh t ,  t h e '  an imal s  (Talitrus saltator a n d  
Talorchestia deshayesei) were s u b j e c t e d  to  t e m p e r a t u r e s  
of + 35 ° to  37 ° or of + 4 ° to  6°C. The  e x p o s u r e  to  low 
t e m p e r a t u r e  gave  no va luab le  resu l t s ;  b u t  t he  h igh  
t e m p e r a t u r e s ,  in b o t h  t h e  e x p e r i m e n t s  ca r r ied  out ,  
c aused  a l imi t ed  b u t  s ign i f i can t  c h a n g e  in t he  l ine of 
e s c a p e :  when exposed to sunlight, the individuals which 
were subjected to high temperatures move with a sharper 
angle than the controls. F o r  Talilrus sMtator a n d  Tat- 
orchestia deshayesei, a di f fe rence  of 31 ° a n d  of 46 ° 
r e spec t i ve ly  was a sce r t a ined  b e t w e e n  con t ro l s  a n d  

1 Corresponding results have been obtained this summer with a 
different population of Talitrus saltator (line of escape = ~0l ° ca.). 
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spec imens  sub j ec t ed  to  h igh  t empera tu re s .  The  in- 
ference m a y  be d r a w n  t h a t  the  h igh  t e m p e r a t u r e  ac- 
celerates ,  to  a s l ight  degree,  t he  in te rna l  process  by  
which  the  angle  of o r i en ta t ion  is d e t e r m i n e d :  the  in te rna l  
t i m e - m e a s u r i n g  a p p a r a t u s  of t h e  an imals  sub jec t ed  to 
high t e m p e r a t u r e s  is t hus  in a d v a n c e  w h e n  c o m p a r e d  
wi th  t h a t  of t he  controls .  

F u r t h e r  e x p e r i m e n t s  are being car r ied  out .  A t  p re sen t  
t he  resul ts  ob ta ined  appea r  to p rove  the  fo l lowing 
po in t s  : 

(a) As had  been  assumed,  and in accordance  wi th  
w h a t  HOFFMANN has es tab l i shed  for Birds, the  ad jus t -  
m e n t  of t he  angle  of o r i en ta t ion  in Talitrus and Tal- 
orchestia is based on an endogenous  factor ,  i.e. on phys io-  
logical  processes h a v i n g  a dai ly  r h y t h m  (" inhere  U h r " ,  
" Z e i t s i n n " )  L 

(b) I t  is possible, also in t he  case of Talitrus and 
Talorchestia, to  inf luence these  processes by  a l t e r ing  the  
per iod  of i l l umina t i on ;  and  this  a l t e ra t ion  t akes  p lace  
even  if t e m p e r a t u r e  condi t ions  r emain  unchanged .  

1 F. PAPI, following a different nlethod, comes to the same 
conclusion (vide this same volume). 

(c) I t  is possible to  d e t e r m i n e  a percept ib le  change  
in the  line of escape  by  expos ing  the  animals  to compa r -  
a t ive ly  h igher  t e m p e r a t u r e s  before i nves t i ga t i ng  the  
di rect ion in which  t h e y  escape.  

L. PARDI and N[. GRASSI 

Zoological Institute o/ the University o/ Turin (Italy), 
October 29, 1954. 

Riassunto 

Talitrus saltator (Montagu)  e Talorchestia deshayesei 
(Aud.) (Crns tacea-Amphipoda) ,  a l l o n t a n a t i  dal la  sabb ia  
u m i d a  del ia  spiaggia, sono in g rado  di r i to rna rv i ,  m a n -  
t enendo  una  direzione di fuga  p r a t i c a m e n t e  cos t an te  in 
base alla posizione az imu ta l e  del  Sole. La  regolaz ione  " 
de l l ' angolo  di o r i e n t a m e n t o  col Sole nel  corso del  g iorno 

basa t a  sul senso del t empo,  c o m e  d i m o s t r a n o  esper ienze  
s imil i  a quelle r ecen t emen te  esegui te  da HOFFMANN per  
gli Storni .  I); possibile o t t ene re  una  s ign i f i ca t iva  dev ia -  
zione del la  direzione di fuga, s o t t o p o n e n d o  gli a n i m a l i  
a t e m p e r a t u r e  r e l a t i v a m e n t e  a l te  p r i m a  di saggiare  il  
loro o r i en t amen to .  

I n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

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

l ~ b e r  die Genauigkeit der B r e n z t r a u b e n s i i u r e -  

B e s t i m m u n g  als 2,4-Dinitrophenylhydrazon 

Vergleich der direkten kolorimetrischen mit der quantitativ- 
chromatographischen Methode 

Von S. MARKEESI~ Basel 

Die W i c h t i g k e i t  zuverl~tssiger N a c h w e i s m e t h o d e n  fiir 
die B r e n z t r a u b e n s ~ u r e  (BTS) ist  bei  B e t r a c h t u n g  der  in 
den  l e t z t en  J a h r e n  gewal t ig  angewachsenen  Zahl  yon  
Arbe i t en  fiber dieses S to f fwechse lp roduk t  u n v e r k e n n b a r .  
Dabe i  muss  da ran  e r inne r t  werden ,  dass ffir die frf iher 
u n t e r  die Gruppe  der  ( (bisulf i tbindenden Substanzen))  
ge rechne te  und  als so lche  q u a n t i t a t i v  b e s t i m m t e  S/iure 
ers t  1939 yon Lu~ ein p rak t i s ch  b rauchba res  Bes t im-  
m u n g s v e r f a h r e n  fiir das B l u t  en tw icke l t  worden  ist, das 
nach  d e m  Pr inz ip  der  U m s e t z u n g  mi t  d e m  2 ,4-Dini t ro-  
p h e n y l h y d r a z i n  arbe i te t .  D u r c h  FRIEDEMANN und  HAU- 
Grin a, nach  deren  A n g a b e n  die B T S  heu te  z ieml ich  all-  
geme in  b e s t i m m t  wird,  is t  dieses Ver fah ren  nur  hin-  
s ich t l ich  des E x t r a k t i o n s m i t t e l s  - To luo l  s t a r t  Essig-  
es ter  - abge/ inder t  worden .  Das  m i t  der  B T S  gebi lde te  

1 Aus den Medizinischen Laboratorien der F. Hoffmann-La 
Roche & Co. AG., Basel. 

2 G. D. Lv, Biochem. J. as, 249 (1939). 
S TH. E. FRIEOEMANN und G. E. HAUGEN, J. Biol. Chem. 147, 

415 (1943). 

2 , 4 - D i n i t r o p h e n y l h y d r a z o n  ist in a lka l i scher  L6sung  
ro t  gef~,rbt und gut  kolor imet r ie rbar .  Diese R e a k t i o n  ist  
naturgem~iss unspezif isch,  da  alle ~-KetosAuren und  te i l -  
weise auch  einige f l -Ketosl iuren sich mi t  d e m  R e a g e n s  
umse tzen .  ~Iber die Ausscha l tung  der  wesen t l i chs t en  
Fehle rque l le ,  der  Azetessigs~ture, durch  kurzf r i s t iges  E r -  
h i t zen  des B lu t f i l t r a t e s  vor  dem Zusatz  des 2, 4 -Din i t ro -  
p h e n y l h y d r a z i n s  haben  wi t  Ir i iher be r i ch te t  1. D e n  mi t  
dem A u f k o m m e n  der  P a p i e r c h r o m a t o g r a p h i e  in der  
L i t e r a t u r  z a u f t a u c h e n d e n  Zweifeln an der  Genau igke i t  
der  ko lo r ime t r i s chen  B e s t i m m u n g  der B T S  als 2,4- 
D i n i t r o p h e n y l h y d r a z o n  sind wir  dann  g e m e i n s a m  mi t  
GEY S in einer  Arbe i t  en tgegenge t re ten ,  in der  das di- 
r ek te  ko lor imet r i sche  Verfahren  mi t  d e m  q u a n t i t a t i v -  
c h r o m a t o g r a p h i s c h e n  verg l ichen  worden  ist. Es  h a t  sich" 
damals  eine ausre ichende  i 3be re in s t immung  der  gefun-  
denen  A b s o l u t w e r t e  ergeben.  N a c h d e m  a b e t  neue rd ings  
in der  L i t e r a t u r  4 dart iber  be r ich te t  worden  ist, dass  bei 
V e r w e n d u n g  einer  f e rmen tchemischen  Me thode  m i t  
Milchs~iure-Dehydrogenase,  die als spezif isch angespro-  
chen  wird,  niedrigere Wer t e  ftir die B T S  ge funden  wet -  
den  als mi t  der  2 , 4 - D i n i t r o p h e n y l h y d r a z i n - M e t h o d e ,  
haben  wi t  es ftir e r forder l ich  geha l ten ,  dieses Ve r f ah ren  
noch  e inmal  sehr  e ingehend auf  Genau igke i t ,  bzw. seine 
Spezilit~tt zu fiberpriifen. Dabe i  h a t  sich vo r  a l l em die 
N o t w e n d i g k e i t  herausges te l l t ,  die p a p i e r c h r o m a t o g r a -  
ph ische  Methode  g rund legend  neu zu b e a r b e i t e n  und  sie 

i S. MARKEES, Exper. 7, 314 (1951). 
2 D. CAVALLINI, N. FRONTALI und G. ToscHI, Nature 16,5, 568 

(1949). 
s S. ~[ARKEES und F. GEY, Helv. physiol. Acta 11, 49 (1953). 
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