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These  r e su l t s  i n d i c a t e  t h a t  t h e r e  is a d i u r n a l  v a r i a t i o n  
in t h e  a d r e n a l  ascorb ic  acid c o n c e n t r a t i o n .  I t  is i n t e r e s t i n g  
to  no t e  t h a t  t h e  dep le t ion  of  a d r e n a l  ascorb ic  acid occu r red  
a t  1600 h,  s ince o t h e r  i nves t i ga t i ons  h a v e  s h o w n  t h a t  t h e  
cor t ico id  level  in  t h e  b lood  of  t h e  r a t  6, a n d  also of t h e  
m o u s e  4, is a t  i t s  h i g h e s t  a t  t h i s  t ime .  Th i s  t e n d s  to s u p p o r t  
the  t h e o r y  t h a t  t h e  a d r e n a l  ascorb ic  ac id  c o n c e n t r a t i o n  is 
a good i n d i c a t o r  of ad r enoco r t i c a l  a c t i v i t y  a n d  t h a t  i t  m a y  
be  of i m p o r t a n c e  in t he  s y n t h e s i s  a n d / o r  release of cor t i -  
colds 8'n.  F r o m  the  p r a c t i c a l  p o i n t  of view, too,  i t  is useful  
to  k n o w  t h a t  a r e d u c t i o n  of t h i s  o rde r  occurs  in t he  con-  
c e n t r a t i o n  of a d r e n a l  ascorb ic  acid in t h e  a f t e rnoon .  As a 
resul t ,  c r i t ica l  e x p e r i m e n t s  b y  w h i c h  dep le t ion  of a d r e n a l  
ascorb ic  acid is i nduced  shou ld ,  w h e r e v e r  possible,  be  
ca r r i ed  ou t  d u r i n g  t he  morn ing .  

T h e  increase  in  t he  w e i g h t  of t h e  ad rena l s  n o t e d  a t  mid-  
n i g h t  is in  c o n f o r m i t y  w i t h  o b s e r v a t i o n s  t h a t  t h e  n u m b e r  
of mi toses  in  t h e  a d r e n a l  c o r t e x  is h i g h e s t  a t  t h i s  hour* ,L 
E v i d e n t l y  t h e r e  m a y  be  a t i m e  lag b e t w e e n  a d r e n o c o r t i c a l  
a c t i v i t y  ( ind ica t ed  b y  inc reased  cor t i co id  level  of  t h e  
b lood  a n d  b y  a d r e n a l  aseorb ic  ac id  dep le t ion)  a n d  cor t ica l  
h y p e r p l a s i a  ( ind ica t ed  b y  inc reased  n u m b e r  of mi toses  in  
t h e  co r t ex  a n d  inc reased  a d r e n a l  weight ) .  

As for t he  s i m i l a r i t y  b e t w e e n  t h e  d i u r n a l  r h y t h m  of  t he  
a d r e n a l  cor t ica l  f u n c t i o n  in m a n  a n d  in t he  ra t ,  a t e m p o r a l  
d i f ference  is no ted .  The  h u m a n  a d r e n a l  f u n c t i o n  is a t  i t s  
h i g h e s t  in  t he  m o r n i n g  t-3. The  fac t  t h a t  t he  r a t  is a 
n o c t u r n a l  a n i m a l  ha s  b e e n  p u t  fo rward  as a n  e x p l a n a t i o n  
for  t h i s  di f ference 4,s. 

P r ev ious  r epo r t s  sugges t  t h a t  t h e  n e r v o u s  s y s t e m  i s  t h e  
s i te  of t h e  r egu l a to r  p r i m a r i l y  respons ib le  for  t h e  d iu rna l .  
cyc t ic i ty  of ad renocor t i ca l  a c t i v i t y  1,,la 
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Daily change in adrenal ascorbic acid concentration of the rat. 

Zusammen/assung. Der  t / igl iche R h y t h m u s  des  Ascor-  
b i n s g u r e g e h a l t s  in  d e n  N e b e n n i e r e n  v o n  R a t t e n  w u r d e  
u n t e r s u c h t .  Es  w u r d e  b e o b a c h t e t ,  dass  de r  Ascorb ins~ure -  
g e h a l t  u m  16 h n a c h m i t t a g s  a m  ge r ings t en  ist.  DEs abso-  
lu te  G e w i c h t  de r  N e b e n n i e r e n  w i e d e r u m  is t  in d e r  N a c h t  
gegen 24 h a m  h~chs t en .  Be i  p r a k t i s c h e n  A r b e i t e n  is t  
d ieser  Abfa l l  im  Ascorb ins l iu regeha l t  de r  N e b e n n i e r e n  a m  
N a c h m i t t a g  zu ber f icks ich t igen .  
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M a g n e t i c  a n d  P h o t i c  R e s p o n s e s  i n  S n a i l s  ~ 

Since t h e  f i rs t  r e p o r t  of a m a g n e t i c  response  in t he  m u d  
snai l  Nassarius obsoleta ~ a n u m b e r  of r e m a r k a b l e  cha rac -  
t e r i s t i cs  of th i s  o r i e n t a t i o n  r eac t ion  h a v e  been  disclosed a-s 
a n d  d e m o n s t r a t i o n s  of i ts  occur rence  e x t e n d e d  to  inc lude  
Paramecium 6, Planaria ~, a n d  Drosophila 6. 

I n  t h e  sna i l  s t ud ie s  a n i m a l s  were  p e r m i t t e d  to  emerge  
f rom a n a r r o w  cor r idor  i n t o  a s y m m e t r i c a l  f ield w h i c h  was  
c o n s t a n t  for  f ac to r s  n o r m a l l y  r e g a r d e d  as c a p a b l e  of in-  
f luenc ing  t h e i r  o r i en t a t i on .  U n d e r  these  cond i t i ons  m e a n  
ang le  of o r i e n t a t i o n  of t h e  sna i l  p a t h s  d i sp l ayed  b o t h  so la r  
a n d  l u n a r  va r i a t i ons .  Th i s  ang le  cou ld  be  a l t e r ed  q u a n t i -  
t a t i v e l y  b y  a w e a k  m a g n e t i c  field in  a p r e d i c t a b l e  m a n n e r  
d e p e n d e n t  u p o n  d i r ec t ion  a n d  m a g n i t u d e  of t he  h o r i z o n t a l  
c o m p o n e n t ,  h o u r - a n g l e  of s un  a n d  moon ,  a n d  l u n a r  
e longa t ion .  

More  r e c e n t l y  t he  r e l a t i ons h i p  b e t w e e n  m a g n e t i c  a n d  
p h o t i c  responses  in  snai ls  h a s  been  e x a m i n e d .  T h e  p r e s e n t  
p a p e r  r epo r t s  f u r t h e r  ana lys i s  of some p r e l i m i n a r y  re su l t s  
w h i c h  h a v e  a l r e a d y  been  descr ibed  br ie f ly  ~. 

Materials and Methods, T he  a p p a r a t u s  a n d  p r o c e d u r e  
for o b t a i n i n g  d a t a  h a v e  been  r e c o u n t e d  e lsewhere  a. I n  
brief ,  t h e  a m o u n t  of t u r n i n g  of sna i l s  was  m e a s u r e d  a f t e r  
3 c m  of free m o v e m e n t  fol lowing t h e i r  e m e r g e n c e  f rom a 
n a r r o w  cor r idor  d i r ec t ed  m a g n e t i c  sou th .  T h e  o r i e n t a t i o n  
a p p a r a t u s  Was s i t u a t e d  w i t h i n  a w h i t e  b o x  w h i c h  p r o v i d e d  
t h e  c o n s t a n t  l igh t  field. T h i s  f ield was  m a d e  a s y m m e t r i c a l  
b y  l in ing  t h e  inside r i g h t  or  lef t  ha l f  of t h e  box  w i t h  m a t  

b l a c k  c a r d b o a r d .  W h e n  t h e  c a r d b o a r d  l iner  was  in place  
i n c i d e n t  i l l u m i n a t i o n  in  al l  cases was  150 lux  f rom above ,  
20 lux  f rom t h e  b l a c k  side, a n d  60 lux  f rom the  w h i t e  side. 

E v e r y  e x p e r i m e n t  compr i sed  two  series;  a series con-  
s t i t u t e d  t en  sna i l  emergenc ies  in  each  c o n d i t i o n  of t h e  
fol lowing sequence :  (1) in  the  e a r t h ' s  m a g n e t i c  field i n to  
s y m m e t r i c a l  i l l umina t ion ,  (2) in  t he  e a r t h ' s  m a g n e t i c  field 
in to  a s y m m e t r i c a l  i l l u m i n a t i o n  b l a c k  to  lef t  a n d  w h i t e  to  
r ight ,  (3) s a m e  i l l u m i n a t i o n  as (2) b u t  in  a 5-gauss  hor i -  
zon ta l  m a g n e t i c  f i e l d  o r i en t ed  in r eve r se  to  t h e  e a r t h ' s ,  
(4) s a m e  as in  (1), (5) in  t h e  e a r t h ' s  m a g n e t i c  f ield w i t h  
a s y m m e t r i c a l  i l l u m i n a t i o n  b l a c k  to  r i g h t  a n d  w h i t e  to  left,  
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(6) same i l luminat ion  as (5) bu t  in a 5-gauss hor izonta l  
field or iented as in (3). Be tween  J u l y  14 and 22 (1960), 
e ighteen  such exper iments  were  pe r fo rmed;  six dur ing  the  
mornings,  8 a .m.  to  12 m;  six dur ing  the  af ternoons,  1 :30  
to 5 p.m. ; and  six dur ing  the  evenings,  6 to 9 p.m. F o r  
convenience  in the  fol lowing discussion animals  or ient ing  
in symmet r i ca l  i l luminat ion  will be referred to as controls.  

Results. Severa l  points  are ev iden t  f rom the  d a t a  as 
t h e y  are s u m m a r i z e d  in F igure  1. Firs t ,  the  average  
a m o u n t  of tu rn ing  in controls  varies  t h roughou t  the  day  
in a m a n n e r  en t i re ly  consis tent  wi th  the  mean  dai ly  pa t t e rn  
repor ted  for the  s u m m e r  of 1959, m a x i m u m  left  t u rn ing  
ove r  t he  noon hour  and decreased left  t u rn ing  in t he  la te  
a f te rnoon  and evening.  Second, a m o u n t  of t u rn ing  in t h e  
a symmet r i ca l ly  i l lumina ted  fields var ies  t h roughou t  t he  
d a y  in a like manner .  H o w e v e r  or ien ta t ions  in the  two 
a symmet r i ca l  fields, b lack  to  left  and black to  f ight ,  are  
no t  equ iva l en t  in the  snails, and for this  reason t h e y  will 
be described separately.  

Black to left, white to right. T h e  corre la t ion be tween  
a m o u n t  of tu rn ing  in animals  in a symmet r i ca l  i l lumina t ion  
and a m o u n t  of tu rn ing  in controls  is much  more  specific 
t h a n  for three  average  values  for 91uarters of t he  d a y  
depic ted  in F igure  1. The  re la t ionship  ex tends  to wi th in  
the  ind iv idua l  expe r imen ta l  series and is of h igh s ta t i s t ica l  
significance (Figure 2C). I t  is no tab le  t h a t  the  corre la t ion 
is p a t e n t  wi th in  each of t he  three  groups for quar te r s  of 
the  d a y  and t h a t  the i r  combina t i on  comprises  a homo-  
geneous popula t ion.  The  re la t ionship  is no t  grossly a l tered 
when  the  phot ic  response occurs  in t he  imposed  5-gauss 
field (Figure 2D). 

Black to right, white to left. In  F igure  1 i t  can be seen t h a t  
differences be tween  tu rn ing  of the  controls  and tu rn ing  in 
t he  a symmet r i ca l  field are  no t  so uni form as in the  
previous  case. In  fact  differences for the  twe lve  morn ing  
expe r imen ta l  series are  s ignif icant ly  less t h a n  differences 
for a f t e rnoon  and even ing  series combined,  P < 0.01. 
F u r t h e r m o r e  the  corre la t ion  be tween  tu rn ing  of controls  
and  tu rn ing  in the  a symmet r i ca l  field is cons iderably  
lower wi th in  ind iv idua l  series (Figure 2A). Ingpect ion  of 
the  sca t te r  d i ag ram makes  it  c lear  t h a t  this different ial  in 
corre la t ion coefficients cannot  be a t t r i bu t ed  solely to the  
morn ing  group of va lues ;  ac tua l ly  wi th in  this group the  
corre la t ion is m u c h  higher  t h a n  i t  is among  the  evening  
values.  However ,  in F igure  2 B i t  is seen t h a t  t he  ar t i f icial  
magne t ic  field conspicuously inc reases  the  degree of 
association.  By  appropr ia te  corre la t ion me thods  1° i t  can 
be shown t h a t  pho t ic  response in t he  augmen ted  magne t i c  
field corre la tes  s ignif icant ly  h igher  t h a n  pho t i c  response 
in the  ea r th ' s  magne t i c  field wi th  o r ien ta t ion  of controls ,  
t = 3.06, P < 0.01. 

An exp lana t ion  can be offered for the  magne t ic  effect  
in t he  following way.  A measure  of  the  consis tency of t he  
phot ic  response for ind iv idual  exper iments  was go t  by  
corre la t ing the  average  a m o u n t  of t u rn ing  in the  first  ex- 
pe r imen ta l  series wi th  the  average  a m o u n t  of t u rn ing  
under  the  same condi t ion  in the  second expe r imen ta l  
series. The  results of these  i n t r a - expe r imen t  correla t ions  
are depic ted  in F igure  3. I n  a symmet r i ca l  i l luminat ion  
wi th  b lack  to  lef t  consis tency is qui te  high (Figure 3C). 
There  is a suggest ion of reduced cons is tency in the  ar t i -  
ficial magne t i c  field (Figure 3D). To  the  cont rary ,  pho t ic  
response in a symmet r i ca l  i l luminat ion  wi th  b lack to r igh t  
is subs tan t ia l ly  less consis tent  wi th in  ind iv idua l  experi-  
ments  t h a n  wi th  b lack to  left, P = 0.015 (Figure 3A). 
I n  the  5-gauss magne t i c  field the  re la t ionship  is con- 
s iderably augmen ted  (Figure 3B). P r e sumab ly  then,  the  
increase in consis tency of response in the  5-gauss field 
accounts  for the  increased coefficient  of correlati~)n a t t r ib -  

u ted  to  the  m a g n e t  in F igure  2B. The  i n t r a -expe r imen t  
corre la t ion coeff ic ient  of the  controls  for b lack  to  r igh t  
was + 0.71 and for b lack  to  left,  + 0.52. 

Conclusions. The corre la t ion be tween  or ien ta t ion  to  
a symmet r i ca l  i l luminat ion  and c o n c o m i t a n t  o r ien ta t ion  
in symmet r i ca l  i l luminat ion  is of some consequence in the  
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orientation reactions of the snails. I t  reveals that  whatever  
factors are regulating the orientation of snails in a con- 
stant field participate most significantly in the photic 
response of the organisms, I t  has been suggested earlier 
that  the snail orientationai response might  involve a 
compass reaction to the fixed directional component of 
the experimental  light source. More recent studies, how- 
ever, using planarians and eliminating all horizontal 
directional light cues 7 and further studies with snails in- 

0 o 

-10 ° 

-20 ~ 

-30  ° 

- 40 ° 

/ 
A % / 

/ 
/ o 

• . /  ........ % ..... 
e ° .~o ~ 

/ 
o / * 

/ _ o~ r o +0.~3 @ 
,/ P<O.ZO 

_3'0o ' , , _20 o -10 o 0 o +100 

0 ~ 

-510 ~ 

- 20 o 

- 3 0  ° 

- ~0 ° 

/ 
• / 

. B  .o . /  
/ 1/" 

• i75/o 

• 0 /'~ 

;s' Ol/" 
r=+0.68 

, / , P<0.005 

_30 o _~'0 o _10 o 0 ° +10 ° 

+~0 ° 

+ t0  ° 

0 o 

-10 ° 

C 

- /~ ,4  / / ,  
-10 ° 

o•// +20 ° 

sT//ff +10 ° 

0 o 

r=+0.84 -10  ° 
P<O.O01 

t 

0 ° +10 ° +ZO ~ +30 ° -  

.... D . . . .  

-10 o 0 o +10 ° +20 ° +30 ° 

Fig. 3. Consistency of photic response measured by  intra-experiment 
correlations.. Ordinate is average of first ten runs; abscissa, average 
of second ten runs. A. In  ear th 's  magnetic field, black to right. 
B. In  5-gauss magnetic field, black to right. C. In earth 's  magnetic 
field, black to left. D. In 5-gauss magnetic field, black to left. Symbols 

are same as in Figure 2. 

volving only compass-direction changes n have indicated 
that  a simple compass response to light does not ad- 
equately account for the phenomenon. The role of the 
regulating factors may be so great  as to bring about what  
appear to be quali tat ive differences in the light response. 
For  example, in Figure 2C within the range of data  
presented there are controls at  all three times of day turn- 
ing so strongly negatively tha t  the . turn ing  of animals 
associated with them in the asymmetrical  field is appar- 
ently a negative phototaxis.  Furthermore,  the ability to 
account for 50% of the variance in the orientation of 
snails in asymmetrical  light (Figure 2C) in terms of 
orientation of controls clearly points up the methodological 
value of having a reference, or base line, such as is provided 
by the controls in these experiments.  

I t  is also evident from this analysis that  phototaxis in 
Nassarius may be remarkably asymmetrical.  Roles of 
physiological asymmetries in various photic responses of 
animals have been recognized for a number of years ~2. In 
Nassarius the asymmetry  is of a labile nature and can be 
significantly altered by a weak magnetic field. This 
relationship is currently under investigation. 

Zusammen/assung. Das Ausmass, in dem sich die 
Schnecke Nassarius obsoleta asymmetrischem Licht zu- 
wendet, ist einer frtiher beschriebenen Orientierungs- 
reaktion iibergeordnet, die selbst bei symmetrischer Be- 
leuchtung eintritt .  Ausserdem l~sst diese Lichtreaktion 
eine physiologische Asymmetric erkennen, die durch ein 
schwaches magnetisches Feld ge~indert werden kann. 
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F o r m  u n d  Z e l l z a h l  d e r  a k u s t i s c h e n  N e r v e n z e n -  

t r e n  i n  d e r  M e d u l l a  o b l o n g a t a  v o n  E u l e n  ( S t r i g e s )  

V o n d e r  Annahme ausgehend, dass die Ausbildung 
eines nervSsen Zentrums in Beziehung zu den darin ab- 
laufenden Prozessen steht, wurden die Kerngebiete im 
Einstrahlungsbereich des H6rnerven yon Eulen unter- 
sucht. Der untere Tell der H0rbahn yon V6geJn besteht 
aus dem prim~iren Ggl. cochleare, den sekund~iren Nucl. 

• magnocellularis und Nucl. angularis sowie dem tertHiren 
Nucl. laminaris. Der letztgenannte Kern wirc~ yon den 
Nuclei magnocellulares beider Seiten mit  Fasern versorgt. 
Ventral  yon den genannten Zentren liegt der Nucl. oli- 
varius superior, an den vermuttich sowohl sekund~ire wie 
terti~ire Fasern herantreten 1-~ 

Insgesamt wurden 12 Gehirne von 5 Eulenarten histo- 
logisch verarbei tet  und zum Vergleich auch mehrere 
Singvogel-Gehirne herangezogen (Tabelle). Nach Serien- 
schnitten yon 10 bis 20 ~ wurde die Anzahl der akusti- 
schen-Nervenzellen best immt und 30fach vergrSsserte 
Modelte hergestellt. Auf Grund yon Kontrollen wird ein 
Z~ihlfehler yon 4- 15% angenommen. 

Schon ~iusserlich l~isst das Einstrahlungsgebiet des H6r- 
nerven vor und unter den Kleinhirnschenkeln bei den 
Eulen eine st&rkere Anschwellung als bei tagakt iven 

V6geln erkennen, durch die der 4. Ventrikel eingeengt 
wird. In Schnitten zeigt sich die starke Auspr~gung des 
dorso-lateral die (,Ecke~> der Medulla formenden Nucl. 
angularis, der eine ventrale LAngsfalte bildet (Figur). 
Etwas caudal von diesem Kern t r i t t  auch der Nucl. 
magnocellularis dorsal an die Aussenkante der Medulla 
heran und zieht dann schr/ig nach rostro-medial. Seine 
Hauptmasse liegt im caudalen Abschnitt  der LXngen- 
erstreckung, umgekehrt  wie beim Nucl. angularis. Inner- 
halb des Nucl. magnocellularis wird ein lateraler und 
medialer Tell durch GrSsse und Anffirbbarkeit der Zellen 
unterschieden. 

Auch der Nucl. laminaris ist bei allen Eulenarten sehr 
umfangreich; die Ausbildung 1/isst Unterschiede innerhalb 
der Ordnung erkennen. Bei Athene und Bubo, die schon in 
der D~mmerung aktiv werden, liegen die Verh~ltnisse 
noch &hnlich wie bei den untersuchten Oscines. So finden 
wir am lateralen Rande der caudalen Kernh/~Ifte eine 
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