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Fig. 3. Carrot root grown in Nemagon fumi- 
gated soil (3 gal/acre). 

embedded  in E p o n  8124. The  blocks were sect ioned wi th  
a glass knife on a Sorvel l  Po r t e r -B lum MT-2 u l t ramicro-  
tome.  Sect ions a round  80 ~m were m oun ted  on the  200 
mesh  copper  grids and  s ta ined w i t h  u rany l  ace ta te  and  
Reyno ld ' s  lead, f inal ly  examined  wi th  a Zeiss EM-9A 
electron microscope.  

Results and discussion. The  prep lan t ing  soil fumiga t ion  
w i t h  Telone  and N e m a g o n  s ignif icant ly  inf luenced t h e  
chromoplas t s  of car ro t  roots  when  compared  wi th  those  
f rom the  non- fumiga ted  plots  (Figures 1-3), especial ly 
the  size, shape, and organiza t ion  of the  chromoplasts .  
The  chromoplas t s  of t he  carrots  grown on the  fumiga ted  
soil were larger and conta ined  more  globules and  crysta ls  
t han  those  grown on the  non- fumiga ted  soil. The  chromo-  
plasts  of the  carro t  roots  f rom Telone fumiga ted  soil 
conta ined  long needle crystals  while  those of the  Nemagon  
fumiga ted  con ta ined  shor t  needle ones. I t  has  been 
repor ted  t h a t  t he  carotenes  of  car ro t  roots  were located 
in the  crystals  and  globules o f  chromoplas t s  5. I t  is pos- 
sible t h a t  the  increase in a m o u n t  and size of crysta ls  and 
globules migh t  result  in the  increase in caro tene  con ten t  

of the  carro t  roots. Ev idence  f rom the  e lectron micro-  
scopic examina t ions  subs tant ia tes  our  previous  f inding 
t h a t  t he  soil fumiga t ion  wi th  Te lone  and N e m a g o n  
increased to ta l  caro tenes  a n d / / - c a r o t e n e  of ca r ro t  roots  ~. 

Zusammen/assung. W e n n  der  Boden vor  der  Aussaat  
yon Daucus carota L. m i t  Telon und N e m a g o n  behande l t  
wurde,  konnten  S t ruk tu rve rSnderungen  in den Chromo-  
p las ten  der  Karo t t enwurze ln  festgestel l t  werden.  
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P R O  E X P E R I M E N T I S  

A Simple Method for Reconstructin~ Serial Sections 

Recons t ruc t ion  of serial  sections is an i m p o r t a n t  and 
somet imes  indispensable  s tep in s tudy ing  the  t o p o g r a p h y  
of  va r ious  organ-sys tems  and  organs  of t he  body  of an  
animal .  A number  of me thods  for such reconst ruct ions  
have  been described by  PETER x. The  more  i m p o r t a n t  
of these are  the  wax  mode l  recons t ruc t ion  m e t h o d  of 
BORN 2-4 using w a x  sheets,  t he  graphic  recons t ruc t ion  
me thod  of KASTSCHENKO s employ ing  squared  paper ,  the  
graphic  recons t ruc t ion  me thod  of KERR e using glass 
p la tes  immersed  in cedarwood oil, and  LEwls ' s  modif ica-  
t ion  7 of BORN'S m e t h o d  by  subs t i tu t ing  p las ter  of Par is  
for wax.  DE BEER s used b lo t t ing  pape r  soaked in wax  
and PusEY ° employed  greaseproof  ' Ske t ch ing  Bank '  
paper  immersed  in xylol .  Most  of these  me thods  are, 
however ,  tedious  and necess i ta te  the  sketching of a 
large number  of drawings.  The  author ,  while  working 

on the  d e v e l o p m e n t  of latero-sensory canals  and  re la ted  
de rmal  bones of the  head in fishes, found t h a t  a s impler  
m e t h o d  could  be equa l ly  useful. I t  is descr ibed below 
wi th  the  aid of a specific example.  

A mi l l imete r  (Graph) paper  was taken,  The  head of 
an 11 m m  long la rva  of Ophicephalus punctatus (a tele- 
os tean fish) was cu t  in serial  t r ansverse  sections of 12 ~tm 
thickness.  The  to ta l  n u m b e r  of sect ions ob ta ined  was 225. 
Since each section was of 12 ~m or 0.012 m m  thickness, 
the  to ta l  length  of the  head  to be recons t ruc ted  was 
225 × 0.012 ~--- 2.7 mm.  Since i t  was considered desirable to 
p lo t  a magnif ied recons t ruc t ion  of th is  2.7 m m  long head  
on the  graph paper ,  i t  was a rb i t ra r i ly  decided t h a t  the  
thidkness of 1 sect ion (which, in ac tual  fact, was 0.012mm) 
be deemed equ iva l en t  to  0.5 mm,  and hence, be repre- 
sented  by  1]~ of a 1 mm* divis ion of the  graph  paper.  
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Consequen t ly ,  t h e  t h i cknes s  of 225 sec t ions  (which,  in  
a c t u a l  fact ,  was  225 × 0.012 = 2.7 ram) ,  a cco rd ing  to  t h i s  
scale of magn i f i ca t ion ,  was  d e e m e d  e q u i v a l e n t  to  112.5 m m  
a n d  was  r ep re sen t ed  b y  112.5 one  m m  * d iv i s ions  of t h e  
g r a p h  paper .  Th i s  ' t h i c k n e s s '  of 225 sec t ions  (2.7 ram),  
in  a c t u a l  fact ,  was  t h e  t o t a l  l e n g t h  of t h e  h e a d  a n d  t h e  
m a g n i f i c a t i o n  of th i s  l e n g t h  in t h e  r e c o n s t r u c t i o n  p l o t t e d  
o n  t h e  g r a p h  p a p e r  was  a p p r o x i m a t e l y  42 t i m e s  (112.5ram[ 
2.7 m m ) .  

A g r a d u a t e d  scale  or  t h e  o c u l o m e t e r  was  s l ipped  i n to  
t h e  eye-piece  a n d  a 1 m m  g r a d u a t e d  s l ide  or  t h e  s l ide 
m i c r o m e t e r  was  p l aced  on  t h e  s t age  of a microscope.  
Us ing  a 6 X  eye-piece  a n d  a 10X  ob jec t ive ,  i t  was  f o u n d  
t h a t  50 d iv i s ions  of t h e  o c u l o m e t e r  were  e q u i v a l e n t  t o  
t h e  en t i r e  1 m m  l e n g t h  of t h e  g r a d u a t e d  scale  on  t h e  
sl ide mic rome te r .  I n  o t h e r  words ,  1 d iv i s ion  of t h e  
ocu lome te r  was  f o u n d  e q u i v a l e n t  to  1/50 or 0.02 m m .  

Now, le t  i t  be  a s s u m e d  t h a t  t h e  a i m  was  to  d r a w  a 
genera l  ou t l i ne  of t h e  h e a d  of t he  l a r v a  a n d  to  r e c o n s t r u c t  
w i t h i n  i t  t h e  eye in  a dorsa l  view.  T h e  m e d i a n  sag i t t a l  
p l a n e  of t h e  l a r v a  in t r a n s v e r s e  sec t ions  was  t a k e n  as t h e  
l a n d m a r k  for  t a k i n g  al l  m e a s u r e m e n t s .  A 112.5 m m  long  
l ine (Figure,  a - b )  was  d r a w n  to  r e p r e s e n t  t h i s  p l a n e  on  
t h e  g r a p h  p a p e r  (112.5 m m  b e i n g  t h e  p roposed  l e n g t h  of 
t h e  m a g n i f i e d  r e c o n s t r u c t i o n  of t h e  l a rva l  head) .  Us ing  
t h e  ocu lomete r ,  t h e  d i s t ance  b e t w e e n  t h e  m e d i a n  s ag i t t a l  
p l a n e  a n d  t h e  l a t e r a l  m a r g i n  (Figure,  c -d)  of e v e r y  5 th  
of t he  225 sec t ions  (as for  example ,  5th,  10th,  15th  a n d  
so on) was  measu red ,  l e av i ng  4 sec t ions  in  b e t w e e n  2 
consecu t ive  readings .  E v e r y  5 th  sec t ion  was  t a k e n  u p  
a r b i t r a r i l y  a n d  i t  could  as wel l  h a v e  been  e v e r y  3rd or  
e v e r y  4 t h  sect ion.  T h e  r ead ings  for  these  d i s t ances  were 
o b t a i n e d  in  o c u l o m e t e r  d iv i s ions  a n d  were,  therefore ,  
c o n v e r t e d  i n to  e q u i v a l e n t  r ead ings  in mi l l imete rs .  To  
e x e m p l i f y :  I f  t h e  n u m b e r  of o c u l o m e t e r  d iv i s ions  for  
a n y  r e a d i n g  was  25, i t  was  m u l t i p l i e d  b y  0.02 (since one  
o c u l o m e t e r  d iv i s ion  was  e q u a l  to  0.02 m m )  a n d  t h e n  b y  
42 (since t h e  r e c o n s t r u c t i o n  was  b e i n g  magn i f i ed  42 t i m e s  
f rom t h e  or iginal) .  T h e  r e s u l t a n t  r e a d i n g  in  m i l l i m e t e r s  
in  t h i s  case would  be  25 )<0.02 × 4 2  = 21. 
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Reconstruction of a dorsal view of the lateral half of the head of 
an 11 mm long fish (Ophicephalus punctatus) larva on a millimeter 
(graph) paper showing the eye (E) and the cephalic lateral line 
canals (dotted). The sense organs (N) and pores (P) of these canals 
are shown. × 42. 

E v e r y  r ead ing  ca l cu la t ed  in t h e  a b o v e  m a n n e r  was  
m a r k e d  on  t he  g r a p h  p a p e r  b y  a p o i n t  a t  t h e  c o r r e s p o n d i n g  
d i s t ance  f rom the  m e d i a n  sag i t t a l  p l a n e  a t  t he  level  of 
t h e  c o r r e s p o n d i n g  sect ion.  2 one  m m  * d iv i s ions  were  lef t  
v a c a n t  in  b e t w e e n  2 consecu t ive  r ead ings  on  t h e  g r a p h  
p a p e r  (since t h e  t h i c k n e s s  of 1 sec t ion  h a d  b e e n  d e e m e d  
e q u a l  to  0.5 m m  a n d  s ince 4 sec t ions  were  le f t  in  b e t w e e n  
2 consecu t ive  readings) .  All  these  p o i n t s  were  f ina l ly  
c o n n e c t e d  a n d  a n  ou t l i ne  of t h e  l a t e r a l  ha l f  of t h e  h e a d  
was  o b t a i n e d .  

F o r  t h e  r e c o n s t r u c t i o n  of t h e  eye, t h e  d i s t ances  b e t w e e n  
t h e  m e d i a n  s a g i t t a l  p l a n e  a n d  t h e  i n n e r  m a r g i n  of t h e  
eye  (Figure ,  e - f )  a n d  b e t w e e n  t h e  m e d i a n  s ag i t t a l  p l a n e  
a n d  t h e  o u t e r  m a r g i n  of t h e  eye (Figure ,  g - h )  were  
m e a s u r e d  w i t h  t h e  he lp  of t h e  o c u l o m e t e r  for  e v e r y  5 th  
sec t ion  pas s ing  t h r o u g h  t h e  reg ion  of t h e  eye  ( leav ing  4 
sec t ions  in  b e t w e e n  2 consecu t ive  readings) .  These  read-  
ings  in  o c u l o m e t e r  d iv i s ions  were  c o n v e r t e d  i n to  equ iva -  
l en t  r ead ings  in  m i l l ime t e r s  in  exac t l y  t h e  s ame  m a n n e r  
as  desc r ibed  a b o v e  a n d  t h e n  m a r k e d  on  t h e  g r a p h  p a p e r  
b y  p o i n t s  a t  co r r e spond ing  d i s t ances  f rom t h e  m e d i a n  
s a g i t t a l  p l a n e  a t  t h e  level  of t h e  co r r e spond ing  sect ions .  
On  c o n n e c t i n g  t he se  po in t s ,  a n  ou t l i ne  of t h e  eye was 
ob t a ined .  

T h e  f igure  shows a r e c o n s t r u c t i o n  of t h e  l a t e r a l  ha l f  
of t h e  h e a d  of t h e  l a r v a  o b t a i n e d  b y  t h i s  m e t h o d .  I t  
shows t he  genera l  o u t l i n e  of t he  h e a d  a n d  t h e  t o p o g r a p h y  
of t h e  eye a n d  t he  cepha l ic  l a t e r a l  l ine  cana l s  as seen 
in  a do r sa l  view.  T h e  a u t h o r  m a d e  use  of t h i s  m e t h o d  
p r i m a r i l y  for r e c o n s t r u c t i n g  t he  course  of t h e  l a t e ra l  
l ine  s enso ry  cana ls .  I t  could,  however ,  b e  usefu l ly  em-  
p l o y e d  for  r e c o n s t r u c t i n g  t h e  t o p o g r a p h y  of o t h e r  p a r t s  
of  t h e  b o d y  in  d i f f e ren t  v iews - dorsal ,  v e n t r a l  a n d  
la te ra l .  W h a t  is i m p o r t a n t  is t h a t  t h e r e  m u s t  a l w a y s  
be  a l a n d m a r k  a v a i l a b l e  in  t h e  ser ia l  sec t ions  f r o m  w h i c h  
a l l  m e a s u r e m e n t s  c a n  be  made .  I f  necessary ,  such  a 
l a n d m a r k  or  gu ide l ine  can  b e  i n t r o d u c e d  a t  t h e  t i m e  of 
m a k i n g  t h e  p a r a f f i n  b lock  b y  p a i n t i n g  one  sur face  para l l e l  
t o  t h e  ob jec t  to  be  sec t ioned  w i t h  l a m p b l a c k  a n d  re- 
coa t ing  i t  w i t h  a t h i n  coa t  of pa ra f f in .  Cross sec t ions  of 
t he  t i ssue  will  t h e n  also show cross  sec t ions  of t h i s  l amp-  
b l a c k  l aye r  in  a c o n s t a n t  r e l a t i o n  to  t h e  t issue.  

S h o r t  of g iv ing  a t h r e e  d i m e n s i o n a l  image,  t he  m e t h o d  
desc r ibed  a b o v e  is as useful  as a n y  o t h e r  k n o w n  m e t h o d  
for s t u d y i n g  t h e  a n a t o m y  a n d  i n t e r r e l a t i o n s h i p s  of 
va r i ous  s t r u c t u r e s  t h r o u g h  a r e c o n s t r u c t i o n  of ser ia l  
sect ions .  

Rdsumd. On d6cr i t  une  m 6 t h o d e  s imple  de r econs t ruc -  
t i on  des  sec t ions  s6ri6es qu i  ~vi te  l ' ex6cu t ion  fas t id ieuse  
d ' u n  g r a n d  n o m b r e  de dessins.  B i e n  qu 'e l l e  ne  d o n n e  pa s  
une  image  A t ro i s  d imens ions ,  c e t t e  m 6 t h o d e  es t  auss i  
u t i l e  q u ' u n e  a u t r e  p o u r  6 tud ie r  l ' a n a t o m i e  e t  les r e l a t ions  
s t r u c t u r a l e s  p a r  r e c o n s t r u c t i o n  de  sec t ions  s~ri6es. 
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