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P R O  L A B O R A T O R I O  

P o r o u s  P o l y e t h y l e n e  for  A d s o r p t i o n  C o l u m n s  

Dur ing  work  w i t h  c o l u m n s  n l a d e  f rom p o l y e t h y l e n e ,  
porous discs of t he  s ame  m a t e r i a l  were needed .  Discs 
made a c c o r d i n g  to  t he  fo l lowing  m e t h o d  were found  to 
be sa t i s f ac to ry .  

Powdered  p o l y e t h y l e n e  (e.g. T e l c o t h e n e  Powder ,  The  
Te legraph  C o n s t r u c t i o n  a n d  M a i n t e n a n c e  Co. L td .  
Eng land)  is m i x e d  w i th  s o d i u m  ch lo r ide  in t he  r a t i o  of 
1 to 4 p a r t s  b y  weigh t .  The  m i x t u r e  is p a c k e d  to  a d e p t h  
of a b o u t  ~/i i nch  in  a mould ,  e,g. a sma l l  t i n  lid or an  
evapo ra t i on  dish,  a n d  h e a t e d  in a t h e r m o s t a t  for 15 rain  
at 130°C. A f t e r  cooling,  t he  s p e c i m e n  is r e m o v e d  f rom 
the mould ,  a n d  w a s h e d  for seve ra l  h o u r s  w i t h  w a t e r  in 
order to  r e m o v e  t he  s o d i u m  chlor ide .  Discs  are  t h e n  c u t  
out w i t h  a co rk  drill ,  a n d  freed f rom t r aces  of m e t a l  b y  
soaking in 5 N  h y d r o c h l o r i c  acid.  

B y  c h a n g i n g  t h e  r e l a t i v e  a m o u n t s  a n d  p a r t i c l e  size 
of t he  i ng red i en t s ,  d iscs  w i t h  d i f f e ren t  p r o p e r t i e s  m a y  
be  o b t a i n e d .  

E v e n  in cases  w h e n  p o l y e t h y l e n e  as such  is no t  
necessa ry ,  these  discs  m a y  be a good s u b s t i t u t e  for 
s i n t e r e d  glass discs a n d  p lugs  of glass  wool g e n e r a l l y  
used  as s u p p o r t  a n d  c o v e r  for t he  a d s o r b e n t .  

N.-().  l]ol)lX 

t~zstilule o/ Zoophysiology, lrniversity '4 Uppsala 
(Swedeu), May 27, 1957. 

Zttsamme~ffass~t)~, 

S c h e i b e u  yon  p o r 6 s e m  l ' o l y f i t h y l e n  kl~}Uilen als  
U n t e r l a g e  u n d  l )ecke  fiir A d s t ) r b e n t i e n  in S/iulen ver -  
w e n d e t  werden .  E i n e  M e t h o d e  zu ih re r  H e r s t e l l u n g  wi rd  
b e s c h r i e b e n .  

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 I ) I O R [ ~ M  P R O G R E S S U S  

C h a n g e s  in  A n i m a l  B e h a v i o u r  a R e s u l t  

of C o n d i t i o n i n g  

By J. TEN CAT1..* 

The b e h a v i o u r  of a n i m a l s  can  be  modif ie( t  by  changin:< 
the c o n d i t i o n s  u n d e r  w h i c h  t h e y  live. T h i s  c an  be  a t -  
tained by  t r a n s f e r r i n g  t h e  a n i m a l s  f rom t h e i r  n a t u r a l  to  
an a r t i f i c ia l ly  a l t e r e d  e n v i r o n m e n t .  In  th i s  m a n n e r  i t  is 
possible e v e n  to  c h a n g e  c o n g e n i t a l  r e a c t i o n s  to  s t i m u l i  
rote r e a c t i o n s  c o n d i t i o n e d  b y  t he  new circumstance.+.  

An e x a m p l e  can  be  f o u n d  in t h e  e x p e r i m e n t s  wh ich  I 
made w i t h  ~qmphio.rvs (Bra~2chiosloma lanceolatum), 
1 have  m a d e  o b s e r v a t i o n s  on t h i s  f i s h - s h a p e d  an ima l ,  
4-6 em in l eng th ,  d u r i n g  r e p e a t e d  stay:s on t h e  Med i t e r -  
ranean coas t .  

The a n i m a l  l ives  b u r i e d  in sand ,  f rom w h i c h  o n l y  t h e  
cranial e n d  p r o t r u d e s .  M e c h a n i c a l  s t i m u l a t i o n  of some  
part of t h e  b o d y  of t h e  A unphioxus causes  t he  a n i m a l  to  
wi thdraw i m m e d i a t e l y  i n to  t he  sand,  in which  i t  r a p i d l y  
disappears.  U n d e r  n a t u r a l  c o n d i t i o n s  the  a n i m a l s  are  
but se ldom f o u n d  s w i m m i n g  f ree ly  in t he  w a t e r ' .  

I h a v e  a t t e m p t e d  to  m o d i f y  the  i n n a t e  r eac t i on  of t h e  
.4mphioxus-evasion of stimuli by burying in sand i n to  
a f l ight r e a c t i o n  b y  s w i m m i n g  away .  F o r  t h i s  p u r p o s e  
the c o n d i t i o n s  u n d e r  wh ich  t he se  a n i m a l s  n a t u r a l l y  l ive 
were a l t e red .  T h e  a n i m a l s  were  p l aced  in  sma l l  a q u a r i u m  
tanks, t h e  b o t t o m  of w h i c h  was  cove r ed  b y  o n l y  a t h i n  
layer of s a n d  st) t h a t  t h e  a n i m a l s  cou ld  o n l y  p a r t i a l l y  
bury t h e m s e l v e s .  If  t h e  an in l a l s  are  s t i m u l a t e d  by  
touching t h e m  wi th  a hor se  h a i r  u n d e r  t h e s e  c h a n g e d  
conditions,  t h e y  f i rs t  a t t e m p t  to  b u r r o w  in to  t he  sand ,  
m which  t h e y  fail. T h e y  t h e n  t a k e  f l igh t  a n d  c o n t i n u e  
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to  s w i m  a b o u t  in the  a q u a r i t n n  for s a m e  c o n s i d e r a b l e  
t ime .  

R e p e t i t i o n  of these  e x p e r i m e n t s  wi th  m e c h a n i c a l  
s t i m u l i  u n d e r  c o n s t a n t  c o n d i t i o n s  causes  t h e  a n i m a l s  t o  
lose t h e i r  h a b i t  of b u r y i n g  oll s t i m u l a t i o n  w i t h i n  a few 
d a y s ;  i n s t ead ,  t h e y  i m m e d i a t e l y  sw im a w a y  w h e n  
t o u c h e d .  The  a n i m a l  b e h a v i o u r  t h u s  has  been  a l t e r e d  
b y  m e a n s  of a c h a n g e  in e n v i r o n m e n t .  

Once t he  i n n a t e  r e a c t i o n  of b u r y i n g  in sand  when  
s u b j e c t  to  t a c t i l e  s t imu l i ,  was  r ep l aced  b y  a f l ight  reac-  
t ion  which  c o n s t a n t l y  a p p e a r e d  a f t e r  a n y  s t i m u l a t i o n ,  
the  a n i m a l s  were p laced  in a n  a q u a r i u m  wh ich  was 
p r o v i d e d  wi th  a t h i c k  l aye r  of sand .  T h e  f l ight  r e a c t i o n  
r e m a i n e d  u n a l t e r e d .  I f, howeve r ,  an  .'~ lH/)Ilio.rllS ac- 
c i d e n t a l l y  succeeded  in b u r y i n g - i t s e l f ,  t h e n  t h e  i n n a t e  
f l ight  r eac t i on  t)v s w i m m i n g  was r ep laced  aga in  by  t h e  
c o n g e n i t a l  r e ac t i on  of b u r y i n g ,  which  h e n c e f o r t h  
r e m a i n e d  p r e d o m i n a n t  aga in .  

These  e x p e r i m e n t s  wi th  .qmphio.rus show t h a t  an  
i n n a t e  i n s t i n c t i v e  r e a c t i o n  can  be  c h a n g e d  i n to  a 
c o n d i t i o n e d  r e a c t i o n  b y  a c h a n g e  in t h e  e n v i r o n m e n t  in 
which  t h e  a n i m a l s  l ive.  

A n o t h e r  e x a m p l e  of c o n d i t i o n e d  mod i f i c a t i on  of t he  
b e h a v i o u r  of a n i m a l s  b y  c h a n g i n g  e n v i r o n m e n t a l  condi -  
t i ons  is f o u n d  in I)IZZEXWNA'S e x p e r i m e n t s  w i th  h e r m i t  
c r a b s  (Eupa4,umts). 

T h e s e  a n i n l a l s  are k n o w n  to  concea l  t h e i r  sof t  h i n d  
p a r t s  m e m p t y  sna i l  shells,  which  t h e y  leave  on ly  w h e n  
t h e y  grow too  large  for t h e m  a n d  as  soon  as t h e y  h a v e  
found  new a n d  la rger  shells.  T h e  t r a n s f e r  f rom shel l  to  
shell  is e f fec ted  e x t r e m e l y  swif t ly .  

In he r  e x p e r i m e n t s  w i t h  h e r m i t  c r a b s  d e p r i v e d  of 
t h e i r  shells, [)RZEWINA t)laced t h e m  in a n  a q u a r i u m  
c o n t a i n i n g  e m p t y  sna i l  shells,  t he  o p e n i n g  of which  was 
h e r m e t i c a l l y  closed b y  m e a n s  of a cork.  

T h e  an in l a l s  were i n i t i a l l y  re+' less,  t u r n i n g  t h e  shel ls  
ove r  amt  a t t e m p t i n g  to r e m o v e  t he  cork.  Af t e r  c o m p l e t e  
fai lure  of all t h e i r  a t t e m t ) t s  to  e n t e r  t he  shel ls  d u r i n g  a 
few days ,  howeve r ,  t h e y  b e c a m e  c o m p l e t e l y  i n d i f f e r e n t  
a n d  no  longer  t o u c h e d  t h e  shells.  A c c o r d i n g  to 1)RZE- 
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WINA, a new assoc ia t ion  f o r m e d  in t h e  an ima l s  due  to  
the  c h a n g e  in e n v i r o n m e n t a I  cond i t i ons ;  th i s  altere.d 
t he i r  behav iou rK  

Y e t  a n o t h e r  poss ib i l i t y  of caus ing  a change  in an ima l  
b e h a v i o u r  b y  c o n d i t i o n i n g  invo lves  no a l t e r a t i on  of t h e  
e n v i r o n m e n t  b u t  cons is t s  of s t i m u l a t i n g  a p a r t  of  t h e  
b o d y  wh ich  is inaccess ib le  to  th is  p a r t i c u l a r  t y p e  of 
s t imu lus  u n d e r  n a t u r a l  condi t ions .  In  th is  w a y  t h e  
an imal s  can  be forced  to  p e r f o r m  m o v e m e n t s  wh ich  are  
n e v e r  or h a r d l y  ever  o b s e rved  u n d e r  n o r m a l  cond i t ions .  
S y s t e m a t i c  r e p e t i t i o n  of such  s t imul i  for  s o m e  cons ider -  
able  t ime  can  m o d i f y  an  i n n a t e  r eac t ion  of t h e  an imal s  
i n to  a c o n d i t i o n e d  reac t ion .  This  m a y  resu l t  in a m a r k e d  
c h a n g e  in a n i m a l  b e h a v i o u r K  

In  co l l abora t ion  w i t h  Mrs B. TEN GATE i h a v e  m a d e  
s imi lar  e x p e r i m e n t s  w i t h  h e r m i t  c r abs  (Eupagurus 
bernardus) ~. 

As p o i n t e d  out ,  h e r m i t  c rabs  concea l  t he i r  h i n d  p a r t s  
in an e m p t y  snai l  shell. I f  t h e  an ima l  is s t i m u l a t e d ,  e.g. 
b y  t o u c h i n g  it w i t h  tweeze r s  or a n o t h e r  objec t ,  it  w i t h -  
d r a w s  in to  t he  shell  so t h a t  on ly  i ts  p incers  are visible,  
o b s t r u c t i n g  t h e  o p e n i n g  of t h e  shell. I t  is d i f f icul t  to  
cause  the  h e r m i t  c rab  to  leave  i ts  shell.  I f  one  of t h e  
e x t r e m i t i e s  is pu l led  too  ha rd ,  t h e n  a u t o t o m y  read i ly  
occurs .  

I t  s e e m e d  i n t e r e s t i n g  to  e s t ab l i sh  h o w  h e r m i t  c rabs  
b e h a v e  if the i r  h i n d  pa r t s ,  wh ich  are  a lways  k e p t  con-  
cealed in  t h e  shell,  are  m e c h a n i c a l l y  s t i m u l a t e d .  In  
o rde r  to  h a v e  access to  t h e  h i n d  p a r t s  in t h e  shell  an  
open ing  was  m a d e  in one of t he  u p p e r  spirals  of t h e  
snai l  shell. I t  was  t h u s  poss ible  to  s t i m u l a t e  t h e  a b d o m e n  
a n d  i ts  a p p e n d i c e s  ( telson and  uropods)  concea led  in 
t h e  shell.  

S t i m u l a t i o n  b y  t o u c h i n g  t i le a b d o m e n  causes  t h e  
h e r m i t  c rab  to  m o v e  t o w a r d s  t he  open ing  of t h e  shell, 
w h i c h  i t  does  n o t  leave;  i t  i m m e d i a t e l y  w i t h d r a w s  aga in  
as soon as t h e  s t i m u l a t i o n  ends .  In  t h e  case of in t e r -  
m i t t e n t  br ief  s t i m u l a t i o n s  of t h e  a b d o m e n  t h e  an ima l  
m o v e s  to  t h e  shel l  ex i t  b u t  i m m e d i a t e l y  a f t e r w a r d s  
w i t h d r a w s  again.  This  p rocess  can  be c o n t i n u e d  in te r -  
m i n a b l y  w i t h o u t  caus ing  the  c r ab  to  leave i ts  shell. 

Con t inuous  s t i m u l a t i o n  of t he  h i n d  p a r t s  for a few 
minu te s ,  however ,  causes  Eupagurus to  leave  i ts  shell  
a f t e r  some to - and - f ro  m o v e m e n t s ;  t h e  an ima l  t h e n  
m o v e s  a b o u t  in t h e  a q u a r i u m  in sea rch  of a n o t h e r  shell.  
H e r m i t  c rabs  can  be  m a d e  to  leave  the i r  .shells, t he re -  
fore, b y  c o n t i n u o u s  m e c h a n i c a l  s t i m u l a t i o n  of t he  h i n d  
pa r t s .  

I n  s u b s e q u e n t  e x p e r i m e n t s  an  a t t e m p t  was  m a d e  to  
cause  Eupagurus to  leave  i ts  shel l  u p o n  the  f i rs t  t o u c h  
on  t h e  a b d o m e n .  In  th i s  w a y  we wi shed  to  f o r m  a 
c o n d i t i o n e d  r eac t ion  to  m e c h a n i c a l  s t i m u l a t i o n  of t h e  
a b d o m e n  in t hese  an imals .  

E v e r y  d a y  a t  l eas t  t en  e x p e r i m e n t s  were  m a d e  for 
this  purpose ,  in wh ich  t h e  a b d o m e n  was  s t i m u l a t e d  
suff ic ient ly  long to  cause  the  an ima l  to  leave  i ts  shell.  

Af te r  a few d a y s  t h e  an imal s  were  found  to  leave  
the i r  shells sooner  t h a n  before.  A f t e r  a b o u t  t e n  days  
( there  were  ind iv idua l  differences} t h e  h e r m i t  c rabs  lef t  
t h e i r  shells i m m e d i a t e l y  a f t e r  t h e  a b d o m e n  was  t o u c h e d ,  
a n d  s u b s e q u e n t l y  even  t h e  s l igh tes t  t o u c h  was  suf f ic ien t  
to  cause  f l ight  f rom t h e  shell.  A c o n d i t i o n e d  r eac t i on  
h a d  been  formed.  

A. DRZEWENA, Arch. Zool. exp. gdn. 5, 47 (1910). 
3 J. TEN CATE, Arch. n6erl. Physiol. 15, o42 (1930). 
4 B. TEN CATE, Arch. n6erl. Physio!. 19, 502 (1934). 

Experiments with stimulation of the abdomen of hermit crab 

Number of 
experiments 

12/viii 
1 
2 
3 
4 
5 
6 
7 

15/viii 
31 
32 
33 
34 

19/viii 
65 
66 
67 
68 

Start of 
stimulation 

9 h 12 min 
9 h 45 min 

10 h 35 min 
11 h 40 min 
4 h  10min 
5 h 02 min 
5 h 35 min 

9 h 05 min 
9 h 35 min 

10 h 30 min 
11 h 10 min 

10 h 30 min 
10 h 45 min 
11 h 15 min 
11 h 45 rain 

Moment of flight 
from the shell 

9 h 24 min 
9 h 55 rain 

10 h 42 rain 
11 h 49 min 
4 h  19. min 
5 h 12 rain 
5 h 42 rain 

9 h 09 min 
9 h 39 rain 

10 h 32 ~z min 
11 h 111/2 rain 

10 h 301/2 rain 
10 h 45 rain 
l l h  1 5 ~ m i n  
1t h 46 min 

Moment 
of return 

to the shell 

9 h 38 min 
10 h 12 min 
10 h 57 rain 
12 h 12 Inin 
4 h 44 min 
5 h 27 min 
6 h 05 min 

9 h 19 min 
9 h 48 rain 

10 h 40 min 
11 h 19 min 

10 h 32 min 
10 h 48 min 
11 h 22 rain 
11 h 47 min 

An interesting feature was the fact that the animals 
initially moved round the shell which they had left in 
search of a new shell, whereas subsequently they sat 
near the shell which they had left and re-entered the 
same shell after a relatively short time (see the Table). 

These experiments show that the reaction of with- 
drawal into the shell, which dominates the behaviour of 
hermit crabs under natural conditions, gradually di- 
minishes and is replaced by a reaction of flight from the 
shell, which after some time occurs at the first touch on 
the abdomen. The experiments demonstrate that, under 
ce r t a in  cond i t ions ,  an  inborn ,  i n s t i n c t i v e  reac t ion  of 
Eupagurus can  be modi f i ed  to  a c o n d i t i o n e d  reac t ion  by 
s t i m u l a t i o n  of a p a r t  of t h e  b o d y  which  is n o r ma l l y  not 
accessible  to  s t imul i .  I n  th i s  m a n n e r  t h e  animal ' s  be- 
h a v i o u r  is c o m p l e t e l y  a l te red .  

O t h e r  i n s t ances  of mod i f i ca t i on  of an imal  behaviour 
can be seen  du r ing  e x p e r i m e n t s  w i t h  cond i t ioned  re- 
f lexes  b y  t h e  P a v l o v  m e t h o d .  An  e x a m p l e  which I 
shou ld  like to  discuss  is found  in t he  changes  in the 
b e h a v i o u r  of ca t s  in w h i c h  I f o r m e d  a cond i t i oned  con- 
t r a c t i o n  of t i le pupi l s  r e su l t i ng  f rom s t imula t ion  by 
m e a n s  of an e lec t r ica l  bellK 

I t  is an  e s t a b l i s h e d  f ac t  t h a t  i n t e n s i v e  acous t i c  stimuli 
cause  f r igh t  r eac t ions  in cats ,  wh ich  are  b a s e d  on excita- 
t ion  of t he  ce rebra l  co r t ex .  I h a v e  b e e n  able  to  demon- 
s t r a t e  th is  b y  e x p e r i m e n t s  i nvo lv ing  ex t i rpa t ion  of 
d i f f e ren t  p a r t s  of t he  cor tex .  The  e x t e n t  to  which the 
t h a l a m u s  a n d  the  re t icu la r  s u b s t a n c e  are  involved in 
th i s  process  has  n o t  h i t h e r t o  been  d e t e r m i n e d ,  Excita- 
t ion  of t he  o r t h o s y m p a t h e t i c  s y s t e m  occurs  simultane- 
ous ly  w i t h  cor t ica l  exc i t a t ion ,  as i n d i c a t e d  by  the 
fol lowing p h e n o m e n a :  d i l a t a t i on  of t h e  pupi l s  is the  most 
cha rac t e r i s t i c  a n d  c o n s t a n t  s y m p t o m .  Acce le ra t ion  of the 
ca rd iac  r h y t h m  a n d  of r e sp i r a t i on  can  be demonstra ted  
in a d d i t i o n  as can  also be  an  inc rease  in  t h e  adrenaline 
sec re t ion  b y  the  a d r e n a l  g lands .  

In  these  e x p e r i m e n t s ,  changes  in t h e  w i d t h  of the 
pupi ls  were  used  as an aid in t h e  accu ra t e  determination 

5 j .  TEN GATE, Arch. n6erl. Physiol. 19, 408, 417 (1934). 
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of the  occur rence  and  d i sappearance  of f r ight  react ions.  
In a few cases the  card iac  r h y t h m  was regis tered  in 
addition. 

In  order  to a t t a i n  a cond i t ioned  ref lex in the  form of 
pupil lary con t r ac t ion  in response  to  t h e  r inging of an 
electrical be l l - . a  s t rong  acous t ic  s t i m u l u s - - t h e  effect  
of this bel l  (condi t ion ing  s t imulus)  was combined  wi th  
the effect  of a b e a m  of l igh t  d i rec ted  a t  t h e  animal .  The  
bell was set  r inging first,  and  the  l igh t  was a imed  a t  t he  
animal 15 s later .  The  combined  ac t ion  of bo th  s t imul i  
lastet t rain. As m a n y  as six of these  combined  s t imula -  
tions were  ef fec ted  e v e r y  day,  a t  in te rva l s  of 5-30 rain. 

Dur ing  the  f irs t  few days  the  pupi ls  i nva r i ab ly  d i l a ted  
when the  belt  was set  r ing ing;  th is  d i l a t a t ion  changed  
into a con t r ac t ion  on ly  when  the  l igh t  was b r o u g h t  to  
bear. I t  was n o t  un t i l  a f ter  a b o u t  a week  t h a t  t he  bell  
no longer  caused d i l a t a t i on  of t he  pupils. Only  a f te r  100 
repeated s t imu la t ions  using bell  and  l ight  in combina -  
tion was pup i l l a ry  con t r ac t ion  seen i m m e d i a t e l y  a t  t he  
onset of t he  acoust ic  s t imulus .  A condi t ioned  ref lex was 
formed. 

There  was an  unmis t akab l e  change in t he  b e h a v i o u r  
of the  cats  s imu l t aneous ly  w i t h  the  fo rma t ion  of t he  
condit ioned ref lex  (pap i l l a ry  con t rac t ion  due  to  t he  
ringing of an  electr ical  bell). Dur ing  the  first  few days  t h e  
cats r eac ted  to  the  r inging by  tu rn ing  the  head  and  
displaying genera l  restlessness.  W h e n  the  pupi ls  no 
10ngcr r eac t ed  to  t he  r inging by  d i la ta t ing ,  i.e. a f t e r  a 
week, a m a r k e d  change  was observed  in t he  b e h a v i o u r  
of the animals .  T h e y  qu ie t ly  sat  t h rough  the  r ing ing  of 
the bell, r eac t ing  to  t he  sound mere ly  by  m o v i n g  the  
ears. 

The f r igh t  reac t ion  d i sappeared  as a resul t  of r epea t ed  
s t imulat ion b y  means  of t he  bell  sound.  This  disap-  
pearance of t he  f r igh t  reac t ion  of cats  comp le t e ly  
corresponds w i t h  t he  d i sappea rance  of the  so-called 
orientat ion re f lex  descr ibed b y  PAVLOV 6 as assoc ia ted  
with the  f o r m a t i o n  of cond i t ioned  ref lexes  in dogs. This  
orientat ion ref lex  (a ce r ta in  e x c i t e m e n t  in t h e  dogs as 
soon as t he  cond i t ioned  s t imulus  is p roduced)  d isap-  
peared w h e n  e x p e r i m e n t s  w i th  t he  same  s t imulus  were  
repeated. 

PArLOr obse rved  t h a t  t he  d i sappea rance  of the  orien-  
tation ref lex  . (ext inc t ion  of t he  reflex,  to  use his own 
designation) is based on inh ib i t o ry  processes which  arise 
in the cerebra l  co r t ex  a f te r  r epea t ed  app l i ca t ion  of the  
same cond i t ion ing  s t imulus .  

Since the re  is comple te  ana logy  be tween  the  occur-  
rence and the  d i sappea rance  of the  f r igh t  reac t ion  
described and PAVLOV'S o r i en ta t ion  reflex, the  conclu-  
sion can be  reached  t h a t  t he  d i sappea rance  of the  f r ight  
reaction m u s t  be  based on the  occurrence  of i nh ib i t o ry  
processes in t he  brain.  Besides  a process of exc i t a t ion  
which resul ts  in a t r ans i en t  connec t ion  (association) 
between the  cent res  s t i m u l a t e d  by  the  acoust ic  s t imulus  
and the cent res  gove rn ing  con t r ac t ion  of the  pupils,  in- 
hibition of t he  f r ight  reac t ion  occurs. The  conclus ion 
therefore seems jus t i f ied  t h a t  t he  change  in  t he  be- 
haviour of cats  is l ikewise a t t r i b u t a b l e  to  the  occur rence  
of inh ib i to ry  processes in t he  brain.  

I t  is h igh ly  p robab l e  t h a t  t he  changes  descr ibed  above  
in the b e h a v i o u r  of i n v e r t e b r a t e s  are  l ikewise based on 
the occurrence  of t r a n s i e n t  i nh ib i t o ry  processes in t he  
central ne rvous  sys t em b y  which  t h e  i nna t e  reac t ions  
are t e m p o r a r i l y  abol ished.  

J. P. PAVLOV, Lectures on conditioned reflexes. London 19~8. 

Conclus ions  

(1) The  expe r imen t s  descr ibed above  showed t h a t  
a n i m a l  b e h a v i o u r  can be modif ied  by  changing  condi-  
t ions of life. 

(2) B y  a l t e r a t i on  of t he  e n v i r o n m e n t  of the  an ima l  
a change  in i ts  b e h a v i o u r  can  be condi t ioned  (experi-  
m e n t s  w i th  A m p h i o x u s ) .  

(3) A change  in b e h a v i o u r  can be effected by  app ly ing  
a s t imu lus  to  a p a r t  of t he  b o d y  which  is n o r m a l l y  in- 
accessible  to  such s t imul i  ( expe r imen t s  w i t h  h e r m i t  
crabs).  

(4) The  fo rma t ion  of cond i t ioned  ref lexes  is a lso 
assoc ia ted  wi th  a change  in behav iour ,  s imu l t aneous  
w i t h  t he  fo rma t ion  of  t he  cond i t i oned  ref lex  (experi-  
m e n t s  w i t h  cats).  

(5) The  ex t i nc t i on  of the  f r ight  reac t ion  in cats  
resu l t ing  f rom exposure  to  m a r k e d  acous t ic  s t imul i  
(electr ical  bell) is ana logous  to  the  ex t i nc t i on  of t he  
o r i en t a t i on  ref lex as descr ibed  by  PAVLOV. In  b o t h  
cases ex t inc t i on  is caused by  the  occur rence  of inh ib i to ry  
processes in t he  brain.  

(6) The  changes  in the  b e h a v i o u r  of i n v e r t e b r a t e s  as 
a resu l t  of cond i t ion ing  should  l ikewise be a t t r i b u t e d  to  
t he  occur rence  of i nh ib i t o ry  processes in t he  cen t ra l  
ne rvous  sys tem.  

Z u s a m m e n / a s s u ~ g  

Auf  dre i fache  ~Veise konn te  im T i e r e x p e r i m e n t  du t ch  
VerXnderung der  Lebensbed ingungen  das  Verha l t en  
va r i i e r t  werden  : 

1. D u r c h  VerAnderung  der  U m g e b u n g s b c d i n g u n g e n .  
2. D u r c h  Re i zung  yon  KOrpertei len,  die normate rweise  

fi~r solche Reize  unzug~ngl ich  sind. 
3. D u r c h  die A n w e n d u n g  der  P a v l o v s c h e n  Methode  bei  

de r  B i ldung  b e d i n g t e r  Ref lexe .  
Alle V e r h a l t e n s ~ n d e r u n g e n  werden  auf  K o n d i t i o n i e r u n g  
zur t ickgef t ihr t .  
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I m  iRahmen der  Biologic  ist  fiir das F a c h g e b i e t  de r  
Vere rbungswissenschaf t  eine ungew6hnl iche  Al lgemein-  
g i i l t igkei t  der  g rund legenden  Erkenn tn i s se  cha rak t e r i -  
stiseh. D a m i t  sind auch die Vorausse tzungen  gegeben,  
die zu einer  Theor ie  der Genet ik  ffihren k6nnen.  Ans~ttze 
zu einer  zu sammenfa s senden  Theo r i enb i l dung  l i nden  
sich in v ie len  ~ilteren und mode rnen  Arbe i t en .  Mit  
GOLDSGHMIDTS B u c h  abe t  wird e r s tma l s  ve r such t ,  eine 
theore t i sche  Gesamtda r s t e l l ung  der  gene t i s chen  Gesetz-  
m~issigkeiten und Ersche inungen  zu en twicke ln .  Dabe i  
kann  sich der  Verfasser  auf  seine frf iheren Bi icher  und  
auf  seine zahl re ichen Or ig ina lun t e r suchungen  stf i tzen,  
die bere i t s  nach  P rob lems te l l ung  und  vo r  a t lem in ihrer  
Auswer tung  s te ts  ausgesprochen  theo re t i s ch  ausge r i ch te t  
waren.  Uns  Lesern  aber  wird  bewuss t ,  auf  wiev ie len  
Gebie ten  der  Verfasser  wicht ige  P ion ie ra rbe i t  gelei- 
s t e t  hat .  Seine ers ten  gene t i schen  Arbe i t en  gehen auf  
das  J a h r  1911 zuri ick,  und  berei ts  1920 en twicke l t e  
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