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On the Eye C u p - L e n s  Correlation in some 
South African Amphibians  

Dur ing  the  b r eed ing  season of 1949 I h a d  the  o p p o r t u -  
n i t y  of s t u d y i n g  t h e  lens d e v e l o p m e n t  in six S o u t h  
Afr ican  t o a d s  a n d  frogs. To t e s t  t he  ab i l i ty  of t he  ep ider -  
mis  to  p roduce  a lens  i n d e p e n d e n t l y  of t he  eye cup, I 
exc i sed  wi th  a glass need le  t he  e y e - f o r m i n g  region of 
t he  neura l  p la te .  An a t t e m p t  was  m a d e  no t  to  r e m o v e  
the  roof  of t he  a r c h e n t e r o n  u n d e r l y i n g  the  neura l  p la te ,  
bu t  th i s  was  no t  a lways  successful .  The  o p e r a t e d  em-  
b ryos  were  f ixed  a n d  sec t ioned  in t he  ear ly  t a d p o l e  
s t age  w h e n  t h e  n o r m a l  lens h a d  a l r eady  been  fo rmed .  
The  fol lowing t ab le  shows the  resul ts  of t he  e x p e r i m e n t s .  

Species 

Rana angolensis (Bocage) . . 
Pyxicephalus natalensis Smith 
Phrynobatrachus natalensis 

(Smith) 
Bu/o regularis Reuss 
Bu]o carens Smith 
Xenopuslaevis (Daud) . . . 

No. 
of 

opera- 
tions 

3 
15 

5 
8 
6 

17 

Successful Lens pres. 
(Eyes absent in spite of 
or small and 
isolatedfroln absence of 

the skin eye cup 

2 2 
8 0 

3 0 
8 0 
6 0 
9 5 

Of the  five lenses  found  in Xenopus laevis t w o  have  
d i s t i nc t  lens f ibres  (fig. 1). The  lenses  are large, t h o u g h  
smal le r  t h a n  the  n o r m a l  lenses  of cont ro ls .  In  t h e  t h r e e  
r e m a i n i n g  cases  t he  lenses  are  less deve loped ,  s h o w  no 
t r aces  of f ibre  d i f f e ren t i a t ion ,  a n d  resemble  ear ly  lens 
r u d i m e n t s  in t he  s tage  w h e n  t h e y  have  jus t  been  s e p a r a t -  
ed f rom the  ep ide rmi s  a n d  r o u n d e d  off. The  m e c h a n i s m  
of lens d e v e l o p m e n t  in Xenopus laevis con fo rms  t he r e fo re  
to  t h a t  f o u n d  in Rana esculenta w h i c h  h a d  so far  been  
k n o w n  as t he  only  e x a m p l e  of a f a r - r each ing  " i n d e p e n -  
d e n t "  lens d e v e l o p m e n t  (see l i t e r a tu r e  c i t ed  in MANGOLD, 
SPEMANN, NEEDHAM 1). 

The  t w o  r u d i m e n t s  found  in Rana angolensis are v e r y  
smal l  spher ica l  bodies  cons i s t ing  of b u t  a few cells w i t h o u t  
specif ic  d i f f e ren t i a t ion .  This  spec ies  con fo rms  to  t h e  

Fig. 1.-Xenopus laevis. Lens (L) which developed after complete 
removal of the eye cup in the neurula stage. 

1 0 .  MANGOLD, Ergebn. Biol. 7, 193 (1931). - J. NEEDHAM, Bio- 
chemistry and Morphogenesis (Cambridge University Press, 1942). - 
H. SPEMANN, Experimentelle Beitrdge zu einer Theorie der Ent- 
wicklung (Julius Springer, Berlin, 1936). 

t y p e  of d e v e l o p m e n t  found  in Bombinator pachypus- 
Rana/usca .  The  res t  of t he  species  i n v e s t i g a t e d  belong 
to  t he  T r i t o n  t y p e  of lens d e v e l o p m e n t .  

A f u r t h e r  s imi l a r i t y  b e t w e e n  Xenopus laevis and  Rana 
esculenta (as i n v e s t i g a t e d  by  SPEMANN) lies in the  size 
r e l a t ionsh ips  b e t w e e n  the  eye cup  a n d  the  lens. In a 
n u m b e r  of cases  t he  eye r u d i m e n t s  were  n o t  totally 
r emo v ed ,  a n d  smal l  eyes  were  t he r e fo re  f o u n d  to  have 
deve loped .  In  Xenopus laevis in such  cases  t he  lenses 
are  i n v a r i a b l y  ou t  of p r o p o r t i o n  to  t he  eye -cup  (fig. 2). 
I h a v e  c o m p a r e d  the  re la t ion  in size b e t w e e n  the  eye cup 
a n d  lens in two  species,  Xenopus laevis and  Pyxi- 
cephalus natalensis, by  d r a w i n g  e v e r y  sec t ion  of the  eye 
cup  a n d  lens on c a r d b o a r d ,  c u t t i n g  the  d r aw i n g s  out  and 
we igh ing  t h e m .  U n o p e r a t e d  as well  as o p e r a t e d  eyes 
h a v e  been  t r e a t e d  in th is  way,  and  f igures  3 and  4 show 
the  resu l t s  ob t a ined .  

Fig. 2.-Xenopus laevis. Disproportionate development of the lens(L) 
after partial removal of the eye cup rudiment in the neurula stage. 

E = diminished eye cup. 

The  g raphs  c lear ly  show a d i f fe rence  b e t w e e n  the  two 
species  : whe reas  in P. natalensis t h e r e  is an approx imate ly  
rec t i l inea r  r e l a t i onsh ip  b e t w e e n  the  size of t h e  eye and 
of t he  lens, in X .  laevis t h e  curve  r e p r e s e n t i n g  the  re- 
l a t ion  of lens size to  eye cup  size rises v e r y  sha rp ly  at 
f i rs t  and  a p p r o a c h e s  a ho r i zon t a l  la ter .  To t e s t  t he  data 
s t a t i s t i ca l ly  i t  is n o t  c o n v e n i e n t  to  o p e r a t e  w i t h  the  v01- 
umes  of eye cup  a n d  lens owing  to  t h e  curv i l inear  re- 
gress ion in t he  case of X.  laevis. I t  was  f o u n d  however 
t h a t  the re la t ion  of Log. lens v o l u m e / L o g ,  eye cup vol- 
u m e  is r ec t i l inea r  in b o t h  species .  Accord ing ly  the 
regress ion  of t he  l o g a r i t h m s  of lens a n d  eye cup was 
ca lcu la ted .  The  cases  w i t h  a zero va lue  for e i ther  eye 
or lens had ,  of course,  to  be o m i t t e d .  

F o r  X.  laevis t h e  regress ion  coef f ic ien t  (b) was  found 
to  be  0.21 wi th  s t a n d a r d  d e v i a t i o n  (Sb) = 0.035, in P. 
natalensis b = 0.79 w i t h  s b = 0.258. The  dif ference be- 
t w e e n  the  regress ion  coef f ic ien ts  is 0.57 wi th  s tandard 
d e v i a t i o n  of 0-261. As the  d i f fe rence  b e t w e e n  the  two 
regress ion  coeff ic ients  d iv ided  b y  the  s t a n d a r d  deviation 
of t he  d i f ference  follows the  t d i s t r i b u t i o n ,  we find 
t = 2-186, w h i c h  for 18 degrees  of f r e e d o m  corresponds 
to  a p r o b a b i l i t y  level  of a p p r o x i m a t e l y  0-05. The  differ- 
ence is t he re fo re  s igni f icant ,  a n d  th is  p roves  t h a t  the 
d e p e n d e n c e  of lens size on t h e  eye  cup size is of a differ- 
en t  t y p e  in t h e  two  species.  Se t t i n g  the  I iducial  limits 
a t  t he  p r o b a b i l i t y  level  of 0.05 in X.  laevis we ob ta in  the 
va lues  of 0.14 a n d  0.29. I t  is v e r y  obvious ,  therefore, 
t h a t  t he  regress ion  of lens v o l u m e  on eye  cup  volume 
(wi thou t  l o g a r i t h m i c  t r a n s f o r m a t i o n )  is curvi l inear ,  as a 
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rec t i l inear  r eg ress ion  of v o l u m e s  would ,  in  l o g a r i t h m i c  
t r a n s f o r m a t i o n ,  b e c o m e  a r e g r e s s i o n w i t h  a coef f i c ien t - -  1. 
A coeff ic ient  of 0-79 for  t h e  l o g a r i t h m i c  r eg res s ion  in 
P. natalensis impl i e s  a s l i gh t  c u r v i l i n e a r i t y  of t h e  vo-  
lumes'  regress ion .  H o w e v e r  t h e  s a m p l i n g  e r r o r s  in  t h i s  
species are  r a t h e r  h igh ,  a n d  t h e  f iduc ia l  l im i t s  se t  a t  
P = 0.05 o v e r l a p  t h e  u n i t y  va lue .  I f  t h e  t r u e  regress ion  
coefficient  were  a c t u a l l y  u n i t y ,  i t  wou ld  s ign i fy  t h a t  t he  
i nhe ren t  p r o p e r t i e s  of t h e  e p i d e r m i s  f r o m  w h i c h  t h e  lens  
rud imen t  is d e r i v e d  p l a y  no  p a r t  in  d e t e r m i n i n g  t h e  size 
of the  lens  in  Pyxicephalus natalensis. 
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Fig, 3.-Shows regression of lens size on eye cup size in Pyxicephalus 
natalensis. The lensvolumc (in grams of the cardboard reconstruction) 
is plotted against eye cup volume. The approximated curve has been 
derived by fitting the rectilinear regression of Log. lens/Log, eye cup 

by the method of least squares. 
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Fig. 4.-Shows regression of tens size on eye cup size in Xenopus 
laevis. The lens volume (in grams of the cardboard reconstruction) is 
plotted against eye cup volume. The approximated curve has been 
derived by fitting the rectilinear regression of Log. lens/Log, eye cup 

by the method of least squares. 

My e x p e r i m e n t s  do  n o t  g ive  a n y  n e w  i n d i c a t i o n s  as  
to w h a t  causes  t h e  d i f f e rences  in  t h e  c o m p o r t m e n t  of 
the lens r u d i m e n t  in  t h e  v a r i o u s  species  of A m p h i b i a n s .  
In c o n n e c t i o n  w i t h  TEN CATE'S p a p e r  ~ i t  m u s t  be  s t a t e d ,  
however,  t h a t  t h e  eggs of Xenopus were  n o t  coo led  be- 
fore t he  o p e r a t i o n .  A g e n e r a l  c o n c l u s i o n  w h i c h  c a n  be  
drawn f rom t h e  e x p e r i m e n t s  r e p o r t e d  he re  is t h a t  spec i f ic  
differences in  t h e  m e c h a n i s m  of lens  d e v e l o p m e n t  do  
actual ly  ex is t .  B . I .  BALINSKY 

D e p a r t m e n t  of Zoology,  W i t w a t e r s r a n d  U n i v e r s i t y  
J o h a n n e s b u r g  ( S o u t h  Africa) ,  S e p t e m b e r  25, 1950. 

Zusammen]assung 

Das V e r h a l t e n  des  l i n s e n b i l d e n d e n  M a t e r i a l s  n a c h  
E x s t i r p a t i o n  d e r  A u g e n b e c h e r a n l a g e  i m  N e u r u l a s t a d i u m  
ist bei den  seehs  u n t e r s u c h t e n  A r t e n  v e r s c h i e d e n .  Be i  

Pyxicephahts natalensis S m i t h ,  Phrynobatrachus nata- 
lensis (Smi th ) ,  Bu/oregularis Retfl3 u n d  Bu/o carens S m i t h  
wi rd  kein  L i n s e n r u d i m e n t  geb i lde t .  Bei  Rana angolensis 
(Bocage)  w u r d e n  k le ine  r u n d l i c h e ,  u n d i f f e r e n z i e r t e  Zell- 
h a u f e n  g e l u n d e n .  13el Xenopus taevis (Daud)  h a b e n  s ich  
zweifel los I , insen  e n t w i c k e l t  m i t  F a s e r n d i f f e r e n z i e r u n g  
in den  b e s t e n  Ffillen. N a c h  u n v o l l s t ~ n d i g e r  B e s e i t i g u n g  
d e r . A u g e n b e c h e r a n l a g e  waren  die L i n s e n  bei  d e r  l e t z t -  
g e n a n n t e n  A r t  viel  zu grot3 ft ir  d e n  v e r k l e i n e r t e n  A u g e n -  
becher .  Bei  Pyxicephalus natalensis d a g e g e n  w a r  die 
L i n s e n g r 6 B e  de r  A u g e n b e c h e r g r 6 8 e  p r o p o r t i o n a l .  E i n e  
s t a t i s t i s c h e  B e h a n d l u n g  de r  A n g a b e n  h a t  gezeigt ,  d a b  
die R e g r e s s i o n  de r  Linsengr613e zu r  A u g e n b e c h e r g r 6 B e  
bei d i e sen  zwei A r t e n  e ine  s i g n i f i k a n t  v e r s c h i e d e n e  F o r m  
ha t .  Der  M e c h a n i s m u s  de r  L i n s e n e n t w i c k l u n g  bei  Xeno- 
pits laevis i s t  d e m j e n i g e n  bei  RaHa esculenla ghn l i ch .  

Veri inderungen der Kerngr613en bei Molch larven  
nach A m p u t a t i o n  und N a r k o s e  t 

G u t  v e r g l e i c h b a r e ,  w e n n  a u c h  n u r  r e l a t i v e  \ V e r t e  d e r  
Kerngr613en w u r d e n  e r h a l t e n ,  i n d e m  an  f i x i e r t e n  (Bou in )  
u n d  g e f ~ r b t e n  ( saures  H i i m a l a u n  n a c h  P. MAYER) 
S c h w a n z s p i t z e n  g l e i c h a l t r i g e r  u n d  im g le ichen  E n t w i c k -  
l u n g s s t a d i u m  t )e f ind l i cher  L a r v e n  v o n  Triton alpestris 
die E p i d e r m i s k e r n e  m i t t e l s  A b b e s c h e m  Z e i c h e n a p p a r a t  
h e r a u s g e z e i c h n e t  u n d  ansch l ie /3end  die Fl{iche de r  so 
e r h a l t e n e n  I ,~e rnpro jek t ionen  p l a n i m e t r i s c h  a u s g e m e s s e n  
wurde .  D a  alte v e r w e n d e t e n  E i n r i c h t u n g e n  d a u e r n d  die-  
se lben  waren ,  die M o l c h h a u t  e in  e i n s c h i c h t i g e s  E p i t h e l  
d a r s t e l l t  n n d  n u r  an  T o t a l p r / i p a r a t e n  g e a r b e i t e t  wurde ,  
s ind  die mOgl ichen  F e h l e r  s e h r  s t a r k  r eduz i e r t .  

Z u r  B e s t i m m u n g  de r  N o r m a l g r 6 B e n  w u r d e n  5 T i e r e n  
(Kon t ro l l e ) ,  die als ganze  d i r e k t  f ix i e r t  w o r d e n  waren ,  
n a c h  e t w a  15 M i n u t e n  u o c h  in  d e r  F i x i e r l 6 s u n g  die 
S c h w a n z s p i t z e n  a b g e s c h n i t t e n .  Zu r  IZerngr{i l3enbest im- 
m u n g  k a m e n  hier ,  wie a u c h  bei  den  w e i t e r e n  V e r s u c h e n ,  
n u r  t,~erne zu r  V e r w e n d u n g ,  die m i n d e s t e n s  ein bis  zwei 
Ze l l r e ihen  you  de r  S c h n i t t f l ~ c h e  e n t f e r n t  w a r e n .  Bei  
j e d e m  Tie r  w u r d e n  100 n e b e n e i n a n d e r l i e g e n d e  K e r n e  
a u s g e w e r t e t ,  u n d  zwar  je  50 yon  d e r  do r sa l en  u n d  50 y o n  
de r  v e n t r a l e n  Sei te .  

In  e i n e m  ersten Versuch w u r d e n  we i t e re  5 Tiere  l e b e n d  
in H o l f r e t e r s c h e  LOsung g e b r a c h t  u n d  i h n e n  n a c h  e i n i g e n  
M i n u t e n  die S c h w a n z s p i t z e n  a m p u t i e r t .  Diese  t iber-  
l e b e n d e n  S p i t z e n  b l i eben  20 M i n u t e n  in H o l f r e t e r s e h e r  
L 6 s u n g  u n d  w u r d e n  d a n n  f ix ie r t .  Die  K e r n g r 6 g e n -  
b e s t i m m u n g  e r fo lg te  wie oben .  

I n  e i n e m  zweiten l'ersuch w u r d e n  die a m p u t i e r t e n  
S c h w a n z s p i t z e n  16 S t u n d e n  in H o l f r e t e r l 6 s u n g  g e h a l t e n  
u n d  d a n n  f ix ie r t .  

I m  dritten Versuch w u r d e n  die a m p u t i e r t e n  S c h w a n z -  
sp i t zen  25 M i n u t e n  i i b e r l e b e n  ge lassen .  Die  V e r s u c h s -  
a n o r d n u n g  w a r  h i e r  inso fe rn  v e r ~ n d e r t ,  a ls  de r  H o l t -  
f r e t e r l 6 s u n g  n o c h  0,5 Vol,  % )~ther  z u g e s e t z t  war ,  

D a  bei  a l l en  V e r s u c h e n  Mi to sen  a n g e t r o f f e n  w u r d e n  
u n d  n u r  in  do t  u n m i t t e l b a r e n  "Wundzone  p y k n o t i s c h e  
K e r n e  a u f t r a t e n ,  k a n n  e ine  s t / i rke re  Sch~tdigung de r  
u n t e r s u c h t e n  G e w e b e  ausgesch lo s sen  we rden .  O s m o t i -  
sche  E f f e k t e  w a r e n  n i c h t  zu e r w a r t e n ,  d a  die H o l t f r e t e r -  
sche  L 6 s u n g  e in  w e i t g e h e n d  i s o t o n i s c h e s  M e d i u m  da r -  
s te l l t .  E b e n s o  k 6 n n e n  d i r e k t e  W i r k u n g e n  des  N e r v e n -  
s y s t e m s  bei  d e r  a n g e w e n d e t e n  V e r s u c h s a n o r d n u n g  
v e r n a c h l ~ B i g t  we rden ,  d a  n u r  die S c h w a n z s p i t z e n  Ver -  
w e n d u n g  f a n d e n  u n d  diese ke ine  d i r e k t e  V e r b i n d u n g  

1 G. TEN CATE, Ned. Tijdschr. Genecsk. 90 (19t6). 1 Vorl~iufigc Mittcihmg. 


